
Structural Heart 7 (2023) 100154
Articles and Issues Available at ScienceDirect

Structural Heart

journal homepage: www.structuralheartjournal.org
Review Article
Cardiac Masses Discovered by Echocardiogram; What to Do Next?

Reto Kurmann, MD, MS a, Edward El-Am, MDa , Ali Ahmad, MDa,
Muhannad Aboud Abbasi, MBBCh, MDa, Piotr Mazur, MDd, Elias Akiki, MDa,
Vidhu Anand, MBBS a, Joerg Herrmann, MDa, Ana I. Casanegra, MD, MS a , Phillip Young, MDc,
Juan Crestanello, MDd, Melanie C. Bois, MDa,b, Joseph J. Maleszewski, MDa,b ,
Kyle Klarich, MDa,*

a Department of Cardiovascular Medicine, Mayo Clinic, Rochester, Minnesota, USA
b Department of Laboratory Medicine & Pathology, Mayo Clinic, Rochester, Minnesota, USA
c Department of Radiology, Mayo Clinic, Rochester, Minnesota, USA
d Department of Cardiovascular Surgery, Mayo Clinic, Rochester, Minnesota, USA
A R T I C L E I N F O

Article history:
Submitted 3 October 2022
Revised 6 December 2022
Accepted 21 December 2022
Available online 10 February 2023

Keywords:
Cardiac computed tomography
Cardiac magnetic resonance
Cardiac masses
Cardiac tumors
Echocardiography
Multimodality imaging
Myxoma
NBTE
Papillary fibroelastoma
Primary tumors
* Address correspondence to: Kyle Klarich, MD, M
E-mail address: Klarich.kyle@mayo.edu (K. Klar

https://doi.org/10.1016/j.shj.2022.100154
2474-8706/© 2023 The Authors. Published by Else
license (http://creativecommons.org/licenses/by-nc
A B S T R A C T

Cardiac tumors are rare conditions, typically diagnosed on autopsy, but with the advancement of imaging
techniques they are now encountered more frequently in clinical practice. Echocardiography is often the initial
method of investigation for cardiac masses and provides a quick and valuable springboard for their character-
ization. While some cardiac masses can be readily identified by echocardiography alone, several require incor-
poration of multiple data points to reach diagnostic certainty. Herein, we will provide an overview of the main
clinical, diagnostic, and therapeutic characteristics of cardiac masses within the framework of their location.
A B B R E V I A T I O N S 3D, 3-dimensional; APS, antiphospholipid syndrome; AV, aortic valve; CAT, calcified amorphous tumors; CCT,
cardiac computed tomography; CH, cardiac hemangiomas; CM, cardiac myxomas; CMR, cardiac magnetic reso-
nance; CVA, cerebral vascular accident; LEs, Lambl excrescences; LHAS, lipomatous hypertrophy of the atrial
septum; MAC, mitral annular calcification; MRI, magnet resonance imaging; MV, mitral valve; NBTE, nonbacterial
thrombotic endocarditis; NE, neurologic event (sum of TIA and CVA); PET, positive emission tomography; PFE,
papillary fibroelastoma; TEE, transesophageal echocardiogram; TIA, transient ischemic attack; TTE, transthoracic
echocardiography; TV, tricuspid valve; SLE, systemic lupus erythematosus.

Introduction techniques, they are increasingly being recognized in clinical practice.
It has been estimated that >3 million echocardiography (echo) pro-
cedures are performed annually in the United States. Although cardiac
masses are uncommon, with better and higher resolution imaging
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The differential diagnosis of cardiac masses includes infection, thrombus,
scar, inflammatory lesions, imaging artifacts, neoplasms (benign and
malignant), and foreign bodies.1,2 Thrombi and infections account for the
majority. Clinical and imaging features such as location, mobility, tissue
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characteristics, valve function, and myocardial function are helpful in
characterizing masses and narrowing the differential diagnosis. This re-
view aims to take the reader through discovery of an incidental mass
found by echo to its ultimate diagnosis.

Clinical Approach to a Mass Discovered by Echocardiography

Echo is often one of the first tests in the evaluation of patients with
cardiac symptoms. Both echo modalities, transthoracic echocardiogra-
phy (TTE) and transesophageal echocardiography (TEE), have advan-
tages for assessing the hemodynamic impact, anatomic location, and
tissue characteristics of a mass lesion.1,2

These features are especially important in differentiating between
different etiologies. On many occasions, the diagnosis is not straight-
forward and requires collaboration with colleagues in radiology, inter-
ventional cardiology, cardiac surgery, and cardiac pathology. This often
leads to further imaging like cardiac magnetic resonance (CMR), cardiac
computed tomography (CCT), or fusion imaging (e.g., PET-CT/MRI).
Despite great advances in imaging, histopathologic examination of the
tissue is necessary for definitive diagnosis.3-5

Although this review is not meant to be an exhaustive compendium on
complimentary imaging, we do provide some guidance on imaging
workingup inTable 1. Echo is often thefirst-line cardiac imagingmodality
for most cardiac patients because of its widespread availability, excellent
temporal-spatial resolution, and assessment of hemodynamic impacts.6,7

CMR is often the second-line imaging modality due to excellent tissue
characterization with T1- and T2-weighted imaging, diffusion-weighted
imaging, and patterns of perfusion and late enhancement. These find-
ings may narrow the differential diagnosis, sometimes lead to a conclu-
sive diagnosis, and be useful for staging.8

CCT scans are also increasingly used for evaluation of a cardiac
mass. CCT has very high spatial resolution in a 3-dimensional (3D)
volumetric acquisition, and can assess tumor features including calci-
fication, fat content, perfusion, and enhancement. CCT can depict
tumor margins, indicating tissue invasion which can point toward
malignancy. CCT can define the relationship of the tumor to other
structures such as coronary arteries, valves, pericardium, and medias-
tinal structures to help plan surgical intervention. In addition, nearly
all suspected malignant masses will need tumor staging CT of the
chest, abdomen, and pelvis—providing an opportunity to simulta-
neously investigate the cardiac tumor and perform whole body tumor
staging in a single visit. CCT images are increasingly used to create 3D
printed images which can aid in preprocedural visualization and
planning. Hybrid imaging techniques such as combining CCT and
positive emission tomography (PET) in cardiac mass work-up can be
very impactful.9,10 Additionally, CT and MR images can provide in-
formation about extracardiac conditions that can help with the iden-
tification and diagnosis of cardiac masses.
Table 1
Relative strength of different imaging modalities in evaluating certain charac-
teristics of cardiac masses

Modality
Strength
Tissue

ECHO
Temporal
resolution;
motion

patterns, small
structures

CMR
Tissue

characterization
(edema, fat,

infiltration, fibrosis
and LGE)

CT
Temporal

resolution; fat,
calcium,

foreign body

Fat þþ þþþþ þþþ
Calcium þþþ þ þþþþ
Thrombus þþ þþþþ þþþ
Mobile mass þþþþ þþ þþ
Foreign body þþþ þ þþþ
Extra-cardiac extent þ þþþ þþþþ

CMR, cardiac magnetic resonance; CT, computed tomography; ECHO, echocar-
diography; LGE, late gadolinium enhancement.
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Ideally, after imaging, one has confidence to determine if the mass
needs further intervention or can be followed longitudinally. The imag-
ing sequence may help to differentiate whether the mass is a neoplasm,
thrombus, or vegetation (Figure 1). However, if uncertainty about the
diagnosis remains, transcatheter biopsy or CT-guided biopsy or surgical
removal may be warranted.11

This review will take an anatomic approach, reviewing the charac-
teristics which are most helpful to begin the diagnostic algorithm: loca-
tion, tissue characteristics, tumor behavior, mobility, clinical context,
and the hierarchy of imaging sequences (see Graphical Abstract).

Valvular Masses

It is not unusual to observe a mobile echodensity on heart valves;
therefore, it is important to understand the clinical context of why the
echo is being done. If looking for endocarditis, the mobile echodensity
may be a vegetation which is typically accompanied by valvular
dysfunction. Endocarditis is beyond the scope of this review but is an
important part of the differential diagnosis of echodensities on heart
valves and usually demonstrates an element of valve destruction and
clinical signs of infection.

Papillary Fibroelastoma (PFE)

Clinical Presentation
PFE, often discovered incidentally (48% to 61%), is the most common

primary benign cardiac neoplasm (48% to 61%). 12,13 While many pa-
tients with PFE are asymptomatic, embolic events including transient
ischemic attack and stroke have been well-documented (24% to 30%).
Other signs and symptoms include heart murmur or valvular heart dis-
ease (19%), chest pain possibly secondary to emboli to the coronary ar-
tery (12%), and arrhythmias (9%). Although PFE has been described on
all endocardial surfaces—even a pacemaker lead,12 heart valves are the
most common site (aortic valve [AV] > mitral valve [MV] > tricuspid
valve [TV] > pulmonic valve). The median age of presentation is in the
seventh and eighth decades; however, they have been reported in all
ages.12,13 One study reported that PFEs located on the AV and those with
increased mobility tend to be associated with an increased risk of
stroke13; however, this was not further validated in larger cohorts.12

Pathologic Characteristics
PFE is a tumor consisting of multiple papillary fronds arising from a

central stalk. It is often described to be akin to a sea anemone or pom-
pom on echo (Figure 1, Supplemental Videos 1-3), a feature best appre-
ciated when the tumor is suspended in an aqueous medium (Figure 2).
Histologically (Figure 3), these tumors are avascular, with a single layer
of endocardial cells lining every frond, surrounding the internal matrix of
proteoglycans, elastic fibers, rare spindle cells and/or smooth muscle
cells and fibroblasts.14 Although unusual, dystrophic calcification has
been reported.15,16 PFE may be associated with embolic phenomena
either from tumor disaggregation or shedding of surface thrombus. Such
sequelae have been seen pathologically and retrieved downstream from
coronary arteries, accounting for the clinical presentation of acute cor-
onary syndrome. These are slow growing tumors, probably at a rate of
approximately 1 mm/y.17

Echocardiographic Features and Complementary Imaging
PFEs are identified on echo as small (average size 1 cm, about 0.39 in)

mobile masses, attached to an endocardial surface most often via a stalk
(95%). They demonstrate an independent motion with a fine shim-
mering, stippled or fluffy appearing edge at mass-blood interface, rep-
resenting the ends of the multiple fronds that make up the complex
tumor. The border is best observed under high resolution imaging by
TEE. PFEs are specifically distinguished from simple strands, fenestra-
tions or Lambl excrescences (LEs), which are single or maybe a few linear
echocardiographic densities that do not demonstrate a bulky portion



Table 2
Typical imaging findings of different benign cardiac masses on multimodality imaging

Imaging modality Myxoma Fibroma Lipoma Papillary fibroelastoma Rhabdomyoma

Echocardiography -Hyperechoic
-Well defined mobile mass

attached to endocardial surface
by a stalk

-Distinct and well
demarcated
-Hyperechoic
-Homogenous

-Myocardially embedded,
noncontractile

-Calcified flecks centrally

-Hyperechoic within cardiac
chambers (if located

pericardial
space ¼ hypoechoic)

-Broad-base, usually immobile

-TEE more sensitive
-Usually mobile

-Smaller in size, stippled
borders due to vibration at
blood-tumor attachment

interface

-Small, well
circumscribed solid
hyperechoic masses
-can mimic diffuse

myocardial
thickening

Cardiac Computed
Tomography

-Decreased attenuation
-Calcified attenuating areas

(40-100 HU), more common in
right sided mass
-Intracavitary

-Variable attenuation
depending on contrast
timing (usually low

attenuation)
-Homogenous

-Intramurally located
-Calcified

-Infiltrative/sharp
demarcation

-Non contrast enhancing

-Homogeneous
-Hypoattenuation, resembling

surrounding mediastinal
adipose tissue (~-100 HU)

-Hypoattenuating mass with
irregular borders

-Intramural lesion
-Variable attenuation

-No calcification
-Mild contrast
enhancement

Cardiac Magnetic
Resonance Imaging

-Heterogenous LGE update
-T1: Isointense

-T2: Hyperintense
*T1/T2 can heterogenous due
to varying amounts of myxoid,

hemorrhagic, ossific, and
necrotic tissue

-Hypointense in areas of
calcium

-Minimal/no LGE
-T1: Isointense

-T2: Hypointense

-No LGE
-T1: Hyperintense
-T2: Hyperintense

-LGE: Variable, usually absent
-T1: Isointense

-T2: Variable (can be
hypointense if high fibrous

content)

-No/minimal LGE
-T1: Isointense
-T2: Iso/hyper-

intense

LGE, late gadolinium enhancement; TEE, transesophageal echocardiography.

Figure 1. 73-year-old man, incidental finding of a PFE on echo done for dyspnea and hypertension. (a) TEE 2D image of a PFE on P2 segment of the posterior
leaflet of mitral valve (MV). (b) 3D of PFE measured 10 � 10 mm.
Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; PFE, papillary fibroelastoma; TEE, transesophageal echocardiography.

Figure 2. 73-year-old man, incidental finding of a PFE on echocardiography done for dyspnea and hypertension. (a) PFE on sterile paper, (b) Surgical
specimen suspended in saline which brings out the characteristic fronds classic of PFE.
Abbreviation: PFE, papillary fibroelastoma.
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Figure 3. Microscopic view of PFE. (a) Fibromyxoid frond (H&E, low power). (b) Fibromyxoid frond (H&E, high power) demonstrates the individual fronds sur-
rounded by a single layer of endothelium.
Abbreviation: PFE, papillary fibroelastoma.

Figure 4. PFE in a left atrial appendage. (a) 2-dimensional, x-plane view left atrial appendage (*) with PFE (arrow). (b) 3-dimensional, x-plane view left atrial
appendage (*) with PFE (arrow).
Abbreviation: PFE, papillary fibroelastoma.

Figure 5. CCT of PFE. (a) Standard imaging showing a PFE on a stalk attached to the aortic side of the aortic valve. (b) Close up valvular anatomy. (c) 3D recon-
struction with 3D printing to plan for surgical removal.
Abbreviations: 3D, 3-dimensional; CCT, cardiac computed tomography; PFE, papillary fibroelastoma.
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sometimes referred to as the ‘head’ of a PFE (Figure 4, Supplemental
Videos 4 and 5). It should be noted that up to 20% of patients can have 2
or more PFE; therefore, careful imaging with meticulous search for other
coexisting PFE is warranted12,18 (Supplemental Video 6).

Multimodal imaging is proving valuable in some cases, especially
when the PFE is found on the AV. Surgical planning may include coro-
nary assessment with computed tomography angiography.19 3D recon-
struction may be helpful in finding the aortic cusp and the stalk
(Figure 5). However, cardiac MRI is not generally useful in this patient
population due to the small size and increased mobility of PFE.
4

The differential diagnosis of PFE includes infectious and noninfec-
tious vegetations. Patients with infected vegetations tend to have valve
destruction and usually have risk factors for infective endocarditis, fever,
night sweats, and positive blood cultures.

On the other hand, nonbacterial thrombotic endocarditis (NBTE) can
be due to antiphospholipid syndrome (APS) or other rheumatologic
conditions, with systemic lupus erythematosus (SLE) being the most
common (see discussion on NBTE below). For that reason, laboratory
testing is crucial in differentiating NBTE from infectious endocarditis.
Other possibilities for valvular masses include healed vegetation, cardiac
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myxoma (CM), fibrous/sclerotic or redundant tissue, and very rarely
valvular hemangioma. Therefore, attention to details in the mass char-
acteristics is very helpful in distinguishing PFE from other masses, as will
be discussed below.

In certain circumstances, serial imaging may be helpful when the
diagnosis in doubt. For example, repeating a TEE (in 6-12 months) to see
if there is a change in size may be reasonable. PFE growth is about 0.5
�0.9 mm/y17 whereas myxomas tend to grow at about 1 mm–7 mm/mo
(avg. 5 mm/mo).20 In addition, a consideration of therapeutic anti-
coagulation (with warfarin or direct oral anticoagulant) may be war-
ranted when there is suspicion for thrombus which usually tends to get
smaller or resolve completely with treatment.

Management
The management of suspected PFE is focused on preventing emboli-

zation, particularly to the central nervous system, retina, or coronary
arteries. The mechanism of embolism is two-fold: either from the tumor
directly or adherent surface thrombus. Patients with PFE have a 3.5 times
risk of stroke compared to age- and sex-matched controls.12 The absolute
risk of a neurological event is 6% at 1 year and 13% at 5 years.

Based on available data, the current treatment of choice is surgical
removal of PFE after shared decision-making and careful assessment by
the medical and surgical teams (Figure 6).

Typically, a surgical approach is reserved for low-risk surgical candi-
dates (Society of Thoracic Surgeons Risk Score �1%). Surgical interven-
tion, in expert hands, has been shown to bring patients back to
background risk of embolism.12,18,21 In a single-center study of 294
patients undergoing surgical PFE removal, operative mortality was 0%,
the native valve was preserved in 96%, and postoperative stroke occurred
in 3 patients (2%).18 In select cases, a robotic approach is possible espe-
cially with PFE located on the MV.22,23 Postsurgical recurrence has been
reported with a recurrence rate of up to 16%.12,17,18 This could be
explained by incomplete PFE removal, unrecognized presence of other
PFEs at the time of surgery, or a new PFE forming in a different location.24
Figure 6. Management of patient with clinically high suspicion of PFE.
Abbreviations: PFE, papillary fibroelastoma; SBE, subacute bacterial endocarditis; SL
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When the patient is not a surgical candidate, or declines surgery,
then antiplatelet therapy is recommended despite limited evidence
regarding its efficacy. There have been reports of recurrent emboli on
warfarin.13,20

Lambl Excrescence

Clinical Presentation
LEs are typically found incidentally on echo examinations. They are

thin, highly mobile, and filiform strands of echodensities, typically seen
on the aortic and/or MV. The prevalence of LEs on native valves is about
46.4% (�2.2%) in asymptomatic patient volunteers aged�45 yrs.25 They
have been reported in association with rheumatic heart disease, prior
endocarditis, and hypertension.26

It has been debated whether they are a cause of stroke, however,
contemporary data suggest that these are more likely degenerative and
not associated with NE. A community-based study from the SPARC
Olmsted County database in which patients were followed for 6 years did
not find an association between LEs and NE.26

Pathologic Features
Histologically, they typically are thin, <2 mm, and usually 5 to 10

mm in length, but occasionally have been reported to be as long as 25mm
in length.27 While grossly more simplistic than PFEs, histologically LEs
bear resemblance to the PFE and are composed of a fibroelastic, avascular
core enclosed by single layer of endothelium (Figure 7).

Echocardiographic Features and Complementary Imaging
LEs are typically single, thin filamentous linear echodensities,

although occasionally they can be in a cluster. However, they do not have
significant mass to them and are better seen by TEE where they appear as
a filamentous structure with independent motion. To our knowledge,
there have been no other complementary image studies done to define
LEs (Figure 8, Supplemental Video 7).
E, systemic lupus erythematosus; STS, Society of Thoracic Surgery.



Figure 7. Pathology of Lambl excrescences. (a) Gross specimen of Lambl excrescences on aortic valve closure margin and leaflet edges, (b) Fibroelastic fronds,
surrounded by a single cell layer of endothelium.
Abbreviations: H & E stain, hematoxylin and eosin; VVG stain, Verhoeff–Van Gieson stain.

Figure 8. Lambl excrescences examples on the aortic valve (AV). (a) TEE mid esophageal view at 129 degrees of Lambl (arrow) on LVOT side AV. (b) 3D of the
aortic valve showing 3 Lambl excrescences (arrows) on the aortic side of the AV.
Abbreviations: 3D, 3-dimensional; LVOT, left ventricular outflow tract; TEE, transesophageal echocardiography.

Figure 9. Pathologic specimens of degener-
ative strands and fenestrations aortic valve
(AV). (a) Pathologic origin of degenerative
strands and fenestrations due to the wear and
tear of the valve structures. (b) 3D echo of aortic
valve (AV) and fenestration (arrows) correlated
with pathology. (c) Gross surgical specimen of
the fenestrated aortic valve (arrow).
Abbreviation: 3D, 3-dimensional.
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Management
Currently there are no definitive guidelines for the management of

patients with LE. In our opinion, we typically consider them degenerative
changes. The prevalence is quite high, and therefore we do not recom-
mend medical or surgical intervention. The differential diagnosis in-
cludes PFE and degenerative strands (see below). PFE will typically have
more volume and often a discernible stalk with a rounded head.

Fenestrated AV

Clinical Presentation
Fenestrated AVs are typically associatedwith degenerative changes. It

is rare to have clinical symptomatology except in the setting of under-
lying valvular pathology such as aortic stenosis or aortic regurgitation
which may be coexistent.

Echocardiographic Features and Complementary Imaging
Often there may be single or multiple bright linear echodensities

on the aortic side of the AV. Classically, this is noted to be in the
6

setting of bright, sclerotic, and even calcified AV leaflets, plus or
minus stenoses of the AV. MRI and CT are generally reserved for
challenging patients, or for cases in which imaging the rest of the
aorta or coronary tree is of additional use (Figure 9, Supplemental
Video 8).
Pathologic Features
Fenestrations appear as ovoid defects of the lunular portion of the

valve cusp (Figure 9).
Management
Compared to other AV masses, fenestrations are typically echo dense,

whereas LEs are typically thinner and more filamentous by echocardio-
graphic criteria, and PFE will typically have a stalk and head with
shimmering blood-mass margins.

Since fenestrations have not been shown to be independently asso-
ciated with embolic phenomena, the management is determined by the
presence/absence of underlying valvular pathology.



R. Kurmann et al. Structural Heart 7 (2023) 100154
Nonbacterial Thrombotic Endocarditis

Noninfectious lesions on heart valves have been described in different
clinical scenarios and thus given multiple names, such as Libman-Sacks
endocarditis in SLE patients, verrucous endocarditis in cardiac imaging,
or marantic endocarditis in oncology patients. Currently, NBTE is used as
an umbrella term. It was first described by Zeigler28 in 1888 but fully
characterized by Libman-Sacks in 1923.28 It describes sterile deposits of
fibrin and platelets, usually on the valves. NBTE has been strongly
associated with malignancies, and inflammatory or hypercoagulable
states. Malignancies associated with NBTE are mostly adenocarcinoma of
the lung, breast, and pancreas. Among inflammatory states, NBTE has
been associated with SLE, rheumatoid arthritis, Behcet disease, connec-
tive tissue diseases, adult-onset Still disease, systemic hyper-eosinophilic
syndrome, severe burn cases, HIV infection, and even COVID-19. The
most associated hypercoagulable states are APS and disseminated intra-
vascular coagulopathy.29-35

The pathophysiology of NBTE has not been well-established. It is
hypothesized that circulating cytokines lead to local tissue damage and
endothelial dysfunction. This is a substrate for fibrin and platelet ag-
gregates mediated by activation of the coagulation or deposition of im-
mune complexes over the damaged endothelium. Active inflammation is
rarely seen on pathology.36

Clinical Presentation
NBTE is usually asymptomatic unless the thrombus dislodges and

embolizes. Embolization can occur in any vascular bed, including spleen,
kidneys, skin, but embolization to the brain and coronaries may present
with more devastating symptoms.35,37 Other complications include
valvular dysfunction.38

A thorough medical history may uncover clues for an underlying
diagnosis. Specifically, a history directed to identify malignancy, auto-
immune diseases, or hypercoagulable states is indicated. Family and
obstetric history and may be of yield in the search for hypercoagulable
states. In addition, it is important to query about any history of malig-
nancy, autoimmune diseases, as well as previous thrombotic or obstetric
events.

The first step if NBTE is suspected is to rule out infective endocarditis.
Three sets of blood cultures are needed prior to starting therapy. Other
microbiological studies, such as blood and urine antigen studies, may
also be indicated within the correct clinical scenario. Other testing that
should be obtained as first line include: complete blood count with dif-
ferential to rule out hematologic malignancies and thrombocytopenia,
autoimmune disease markers (including antinuclear antibody, extract-
able nuclear antigens, rheumatoid factor, anti-ds-DNA), and basic coag-
ulation/disseminated intravascular coagulopathy panel. APS needs to be
excluded in all patients with lupus anticoagulant, anticardiolipin anti-
bodies, and beta2 glycoprotein (IgG and IgM). Some groups advocate
testing for anti-phosphatidyl serine antibodies, but its association with
valvular disease has not been well established. There is no consensus on
the extension for a workup for malignancy but starting by age-
appropriate cancer screening and obtaining imaging studies or bio-
markers if the medical history or review of symptoms offer clinical clues
or if there is a high index of suspicion.

Pathologic Characteristic
NBTE is characterized by sterile depositions of fibrin and platelets.

Occasionally, granulation tissue, red cells, and valvular fibrosis with or
without calcification can be encountered. Patients may have one or
multiple lesions ranging from submillimeters up to multiple centime-
ters.36,39 It is important that examination excludes the presence of
microorganisms.

Echocardiographic Features and Complementary Imaging
NBTE vegetations are usually present on the left side of the heart, with

the mitral and AV most affected. Involvement of right-sided valves is
7

rare. Single valve involvement is most common, and usually occurs on
the edge of the valves or areas exposed to high sheer stress.38 Lesions
tend to be located along the closure lines of the valve leaflets often
referred to as “kissing lesions.” They are typically sessile, mobile, and
attached along the closure margin without a stalk (in contradistinction
with PFEs, which typically have a stalk). NBTE vegetations can vary in
size from very small to impressively large and obstructive in nature
(Figures 10 and 11, Supplemental Video 9). They also may be associated
with valvular regurgitation. AV NBTE can be hard to distinguish from
nodules of Arantius—which will not demonstrate independent mobility
(Figure 10). In a patient in whom there is a high suspicion of NBTE with
negative/inconclusive TTE, a TEE is indicated and considered the gold
standard.

A PET could also be considered to rule out culture-negative endo-
carditis by organisms such as T. whipplei.40,41 Cardiac MRI has been re-
ported to distinguish between thrombus and vegetation42; however, its
use is limited given relatively low spatial resolution. An embolic pattern
on a head CT and/or brain MRI raises suspicion of NBTE. In one study,
diffusion-weighted MRI can help differentiate between infective and
noninfective sources for a cardioembolic stroke.36,38 As with PFE, CTmay
be useful to preoperatively evaluate the coronary arteries noninvasively
and may also allow a complementary look at the vegetation and its
relationship to the valve.

Management
In addition to addressing the underlying cause, the mainstay of NBTE

treatment is anticoagulation to prevent embolization. Agents of choice
include unfractionated heparin, low-molecular-weight heparin, and
vitamin K antagonist. Although older studies suggest that warfarin may
be less effective in the setting of patients with cancer, the treatment plan
should be individualized. Our practice is to start with low-molecular-
weight heparin and transition to an oral agent after documenting
regression or stability of the lesions. There are no clinical trials assessing
the efficacy of the direct oral anticoagulants, however, there are several
case reports of failure of these agents to prevent embolic events.43-45 This
may be because at least in the subset of APS, they have not been as
effective as warfarin to prevent arterial events.46 Surgical management
for NBTE is rarely indicated, and is usually reserved for patients that have
other indication for cardiac surgery or those with recurrent emboli with
cardiac vegetations that are resistant to anticoagulation.47 Recurrence of
NBTE has been also described.48 Hence, treating the underlying etiology,
if possible, remains a cornerstone of NBTE treatment.

Blood Cyst

Blood cysts (BCs) are a rare type of cardiac tumor with unclear
pathogenesis that may present during infancy and adulthood. This entity
has been described in more than 64 patients, based on a recent
comprehensive review,49 with the largest case series containing 5 pa-
tients. It is most reported on the MV, followed by the TV, pulmonary
valve and one on the AV.

Clinical Presentation
The tumor has no sex predilection and may be discovered at any age.

In most cases, the tumor is an incidental finding. Due to its typical
occurrence on the atrioventricular valves (MV > TV), some symptomatic
patients present with palpitations, chest discomfort, and exertional dys-
pnea. Other presentations also include left ventricular outflow tract
obstruction, hemiparesis, syncope, stroke, and severe valvular
disease.50-55

Pathologic Characteristic
Grossly, BCs usually appear as uni- or multi-lobular round or oval-

shaped masses, either bluish or yellowish, and usually range from a
few millimeters up to multiple centimeters.49 Histologically, they consist
of endothelium-lined cysts containing blood or blood products.



Figure 10. Nonbacterial thrombotic endocarditis. (a) NBTE arising in the context of antiphospholipid syndrome affecting the mitral valve (MV) in diastolic kissing
lesions is well visualized. (b) In systole the MV kissing lesions more difficult. (c) Associated mitral regurgitation (MR). (d) Patient with pancreatic cancer and pre-
senting with a stroke TEE zoom view of the aortic valve (AV) in short axis during systole with thickened midportion of all 3 leaflets (arrows) can be subtle and confused
with nodules of Arantius. (e) Showing the AV in systole, short axis view, measurements of the left and right aortic cusp NBTE vegetations (arrows). (f) Showing the AV
in systole, long-axis view, measurements of the left and right aortic cusp NBTE vegetations (arrows).
Abbreviations: NBTE, nonbacterial thrombotic endocarditis; TEE, transesophageal echocardiography.
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Echocardiographic Features and Complementary Imaging
A fluid-filled round cystic structure usually appears on echocardiog-

raphy; however, it may take multiple irregular shapes.55 The cyst may
change size during cardiac cycles, as a lumen may form between cysts
and ventricles, allowing for the systolic pressure to be maintained over
time.55,56 Contrast can help to highlight the cystic nature and show
bubbles within that cyst that are felt to maintain some connection with
Figure 11. Nonbacterial thrombotic endocarditis in 61-year-old women with rh
mitral regurgitation and stenosis. (a) TEE of zoom view of the mitral valve (MV)
mitral regurgitation (MR). (c) Diastolic mean gradient 13 mmHg. (d) MV in diastole sh
noninfectious vegetations (V) around MV orifice. (f) Extracted gross pathology of M
Abbreviation: TEE, transesophageal echocardiography.
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the chamber preserving the cyst that tend to regress in children, making
this finding less common in adults (Figure 12, Supplemental Video 10).

Management
Treatment is usually surgical; however, echocardiographic surveil-

lance of intracardiac cysts has also been suggested in asymptomatic pa-
tients with normal valve function.52,57
eumatoid arthritis and progressive dyspnea on exertion echo showed mixed
systole with bulky kissing lesions (arrow) well visualized. (b) Color flow of the
owing kissing lesions (arrows). (e) Surgeons view showing bulky red thrombotic
V with the nonbacterial thrombotic vegetations.



Figure 12. Blood cyst (BC). (a) Blood cyst (arrow) on the anterior leaflet of the mitral valve (MV) ventricular side; (b) Blood cyst (arrow) highlighted by echo
contrast, showing bubbles on the inside of the cystic cavity; (c) Surgical removal of a tricuspid valve (TV) blood cyst.
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Cardiac Hemangioma

Cardiac hemangiomas (CHs) are a rare primary tumor of the
heart accounting for less than 5% of primary cardiac neoplasms. A
study in 2015 provided a comprehensive literature review of all
reported cases of CH, which included 202 patients.58,59 All patients
included had pathological confirmation of the diagnosis after sur-
gery or on autopsy.

Clinical Presentation
Patients included spanned a large range of presentations from the

20th week of gestation to 86 years. Most patients with CH are asymp-
tomatic. Clinical manifestations included dyspnea, palpitations, syncope,
chest discomfort, or stroke presumably due to embolism58,59 Pericardial
effusions, rarely with tamponade physiology, can occur when the peri-
cardium is involved.

Pathologic Characteristics
CH can be in any chamber, on the cardiac valves and in the pericar-

dium. Like their extracardiac counterparts they consist of a benign pro-
liferative endothelial cell lining blood vessels with increasing
vascularization (Figure 13). They are classically categorized based on the
predominant type of the proliferating vessels: cavernous, capillary, or
arteriovenous types. Size varies from 0.5 cm to 14 cm, with most being
under 5 cm.58 While they are typically myocardial, they may also involve
the valves (Figure 13) or the conduction system.59

Echocardiographic Features and Complementary Imaging
Echocardiography is the mainstay of diagnosis where CH presents as

hypoechoic round or irregular mass attached to the cardiac structure,
with or without a peduncle (Figure 13). In one study, multiple cases were
misclassified preoperatively as CM, owing to the similar shape.58 Cardiac
MRI or CT may also be utilized to observe the vascularity and accurate
size as well as evaluate for extracardiac involvement of the CHs.60

Several cases involved the use of PET to diagnose CH, some showing
resemblance to neuroendocrine tumors due to their hypermetabolic
Figure 13. Cardiac hemangioma. (a) Mitral valve (MV) cardiac hemangioma (arro
cavernous hemangioma forming a 0.7 � 0.5 � 0.5 cm nodule.
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nature.61 Coronary angiography is usually performed in patients with CH
to evaluate the presence of tumor blushes, a typical sign of hemangio-
ma.62 CH may involve any cardiac structure, but in the systematic review
mentioned above, most patients had their CHs recovered from the right
atrium (26%) followed by the left ventricle (23%). Involvement of valves
is less frequent than PFEs and NBTE, but valvular involvement is not
uncommon.58

Management
Surveillance, medical therapy, and surgical treatment have all been

reported for CHs. Specifically, medical therapy with vascular endothelial
growth factor antagonists (bevacizumab), beta-blockers, corticosteroids,
interferon, and radiotherapy have been reported63-65 with variable suc-
cess. Surgical management is commonly, primarily because of risk of
embolism, rupture, and other complications. However, the exact
approach remains controversial, due to possible surgical complications
reported, such as arrhythmia (ventricular tachycardia, varying degrees of
heart block) and pericardial effusion.58 In addition, recurrence of
symptoms has been described.66

Intracavitary and Myocardial Masses

Cardiac Myxoma

Clinical Presentation
CMs are one of the most common primary cardiac neoplasms

(recently determined to be second to PFEs) in adults (mean age 50 years
with female predilection of around 70%). The clinical presentation of CM
patients can be highly variable and is dependent on tumor size, growth
rate, mobility, shape, and location.67 Patients with CM can present with
symptoms of heart failure (67%), arrhythmias, or embolization (29%).68

They are isolated, sporadic occurrences in 90% of cases and are identified
incidentally on cardiac imaging in 28% of cases. Embolism due to CM has
been reported frequently, 30% to 50% of patients have stroke, coronary
artery ischemia, and pulmonary embolism as a result of surface thrombi
or degeneration of the tumor itself.69
w) near the base of the anterior leaflet. (b) Zoom view of MV. (c) Pathology of



Figure 14. Cardiac myxoma pathology. (a) Carney faces: typical lentigines along the vermilion border of lips (top panel) and eye lids (bottom panel) in 2 patients
with Carney complex. (b and c) Transesophageal echo images from a patient with Carney complex with 2 cardiac myxoma (CM). (b) Mid-esophageal view in long axis
showing myxoma along the anterior septum left ventricle (arrow). (c) Transgastric view of myxoma on right ventricular septum (arrow).
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Non-syndromic CMs are mostly located in the left atrium (75%) and
tend to form intracavitary masses attached by a stalk to the atrial septum
or fossa ovalis.70,71 CMs occurring outside of the atria or in younger
patients are more likely to be associated with Carney complex, an auto-
somal dominant disorder accounting for ~5% of myxoma patients. Pa-
tients will have pigmented skin lesions, lentigines (freckles on the
vermilion border of the lips and eyelids) known as the Carney facies
(Figure 14), and blue nevi. Patients with Carney complex are at increased
risk for developing neoplasms in other tissues, particularly endocrine
tissue. The myxomas occurring in Carney complex72 are more likely to
recur in unique locations than non-syndromic CMs which typically only
recur after an incomplete resection.

Morphologically, they can be polypoid or papillary. Polypoid tumors
are usually larger in size and present with obstructive symptoms, and the
classic “tumor plop” on physical exam.73 Patients may have constitu-
tional symptoms such as anemia, leukocytosis, and an elevated erythro-
cyte sedimentation rate which is thought to be secondary to release of
Figure 15. Typical sporadic cardiac myxoma left atrial (LA) cardiac myxoma
cough and dyspnea. Transesophageal echo (a) LA CM (green arrow) attached to the
ventricle during diastole. (b) Surgical view of the LA myxoma. (c) Gross pathology
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cytokines by the tumor itself.74 The papillary type is more frequently
associated with embolic symptoms.

Pathology
Cross-sectional evaluation shows gelatinous, firm masses with focal-

to-diffuse hemorrhage and/or cavitation with a short, narrow stalk.
The myxoma cell has a bland ovoid nucleus with amphophilic cytoplasm
and may occur singly or in clusters, particularly around small capillary
channels. They reside in a myxoid background.

Echocardiographic Features and Complementary Imaging
Identification of a mobile mass with a stalk attached to the atrial

septum allows confident diagnosis whether seen with echocardiography,
CCT, or CMRI and therefore biopsy usually does not have a role in diag-
nosis (Figure 15). In cases where a narrow stalk is not present or when the
mass does not arise from the atrial septum (Figure 14 Carney syndrome
left, Figure 16 nonsyndromic CM in atypical location), it is important to
(CM), papillary morphology in a 55-year-old woman who presented with
atrial septum (blue arrow) demonstrating prolapse through mitral valve into left
of CM.



Figure 16. Atypically located cardiac myxoma. (a) Intraoperative 2D TEE bicaval view of cardiac myxoma (CM) at the junction of the superior vena cava (SVC) and
right atrium (RA) smooth morphology. (b) 3D zoom demonstration of smooth morphological CM.
Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; TEE, transesophageal echocardiography.
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differentiate a malignant neoplasm (either metastasis or sarcoma) from
benign neoplasms (in particular, hemangioma). Well-circumscribed bor-
ders and mass effect with displacement of adjacent structures without in-
vasion on imaging suggest a benign tumor. On the other hand, irregular
margins and invasion of adjacent structures suggest a malignant neoplasm.
On CCT, the lesions typically demonstrate smooth and rounded margins
andwater attenuation. CMR can add improved tissue characterizationwith
myxoid tissue demonstrating hypointensity on T1-weighted images and
hyperintensity on T2-weighted images, and little to no first pass perfusion
or late enhancement. CMR ismost useful to distinguish CM from thrombus.

Management
Surgical resection of CM is the only effective therapeutic option for

patients who experience embolic complications, and potentially those at
risk for embolic complications 67,75 or obstruction of valves and/or
chambers. Growth rates of CM are also variable, and reported from stable
behavior to over 1 cm in a month—on average 0.49 cm/mo.76 Recur-
rence rate is low in cases where complete resection is achieved; however,
additional tumor development is common in the setting of Carney
complex. Annual transthoracic echocardiogram is recommended in syn-
dromic patients to monitor for such recurrence.77 In cases where Carney
complex is suspected, testing of the tumor for PRKAR1A expression and
peripheral blood to evaluate for a germline PRKAR1A mutation are
recommended.78,79 However, the extent to which surveillance is indi-
cated warrants further investigation.80,81
Rhabdomyoma

Clinical Presentation
Rhabdomyomas account for 75% of childhood primary cardiac tu-

mors. It is often identified in utero and is rarely diagnosed after the age of
Figure 17. Rhabdomyoma in a one-year-old boy. (a) Parasternal long-axis view,
(LVOT). (b) Left ventricular (LV) apical four-chamber view congenital format (apex
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10 years. Presenting symptoms are often related to obstruction or ar-
rhythmias. Rhabdomyoma is strongly associated with tuberous sclerosis
as over 75% of patients with these tumors have a clinical, radiological, or
a family history of tuberous sclerosis.82 They are typically found on echo
in multiples.
Pathology
Morphologically, they are hamartomatous lesions that arise from

cardiac myocytes and are grossly described as homogenous and well-
circumscribed pale tan masses.83 Most commonly located in the ventri-
cles, these tumors can result in arrhythmias or ventricular outflow
obstruction.59
Echocardiographic Features and Complementary Imaging
The differential diagnosis is very limited due to the unique presen-

tation and imaging features of rhabdomyoma. They are usually identified
on TTE as left or right ventricular (rarely atrial) homogenously echogenic
masses with more echogenicity than the surrounding myocardium84

(Figure 17, Supplemental Video 11). On MRI, they are well-defined
masses that are T1 isointense and mildly T2 hyperintense to adjacent
myocardium.
Management
Asymptomatic patients are managed conservatively especially since

many of these lesions spontaneously regress with time. Patients with
large rhabdomyomas and those resulting in ventricular outflow
obstruction should be referred for surgical evaluation.85-87 Noteworthy,
mTOR pathway inhibitors (for example everolimus) have been found to
hasten tumor regression in symptomatic cases, thus preventing surgery in
most patients.88-90
rhabdomyoma (arrows) in the left atrium (LA) and left ventricular outflow tract
down) showing left ventricular lateral wall rhabdomyoma (arrow).
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Fibroma

Clinical Presentation
Fibroma is a benign tumor that is considered the second most com-

mon primary cardiac neoplasm of childhood and has been associated
with Gorlin syndrome (PTCH1mutation, bifid ribs, and nevoid basal cell
carcinomas).59 Around 90% occur in children and 30% of these tumors
occur in children under the age of 191 although they have been reported
in adults.92 Sudden cardiac death can be the initial presentation in 25%
of patients.93 Other presentations include heart failure, syncope, and
arrhythmias. They almost alwaysmanifest as single lesions, which help to
distinguish them from rhabdomyoma.

Pathology
Grossly, these tumors present as well-circumscribed, whirled, tan

masses (Figure 18). Despite gross circumscription, histologically they
interdigitate into nearby myocardium and may show punctate calcifica-
tion. They arise from benign fibroblasts, which may account for their
arrhythmogenic presentation.94

Echocardiographic Features and Complementary Imaging
They are most commonly located within the ventricular septum, fol-

lowed by the left/right ventricular free wall and less commonly in the left
or right atria91,95 (Figure 18). In one case series, most patients had a sus-
pected cardiac fibroma based on imaging findings and clinical context.
Most (68%) were confirmed with histopathology after resection. The other
patients who were imaging-diagnosed did not undergo confirmatory bi-
opsy or resection. This suggests that combined imaging modalities are
sensitive in diagnosis, and in those with stable masses and symptoms, an
invasive procedure, such as biopsy and resection, may not be necessary.

Cardiac MR is more specific in differentiating fibroma showing iso-
intense T1 and hypointense T2 images. Fibromas will display intense and
homogeneous delayed gadolinium enhancement92 (Figure 18). On CT,
they may demonstrate areas of calcification.
Figure 18. Fibroma: 63-year-old incidentally found to have LV mass when she
large anterolateral wall intramyocardial mass (arrow) (b) Mass as seen well in the tra
an incision made in the apex of the left ventricle. (d) A golf ball-sized tumor was noted
without entering the left ventricular cavity, 3.7 � 3.2 � 2.8 cm firm white solid ma
anterolateral wall. (f) There is intense late gadolinium enhancement of the mass.
Abbreviation: LV, left ventricle.
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Management
Spontaneous regression has been reported, although much less

frequently than rhabdomyomas.96 Calcifications are common in fi-
bromas, helping to distinguish them from rhabdomyomas. Management
of patients with cardiac fibroma depends on clinical presentation. In one
study, 43% of the monitored group did not develop cardiopulmonary
symptoms over a prolonged follow-up period. Therefore, in adult patients
who are not severely symptomatic, clinical monitoring may be the best
management option and in patients that present with arrhythmias, a trial
of anti-arrhythmic therapy or implantable cardioverter defibrillator im-
plantation. However, in certain cases, surgical resection may be neces-
sary to control the arrhythmias or obstruction/compression of chambers.
Typically, cardiac fibromas do not recur after surgical resection.92

Lipoma

Clinical Presentation, Pathology, Management, and Imaging
Lipomas are typically solitary tumors, and patients are generally

asymptomatic. Therefore, they are incidentally discovered, and the
clinical challenge is to differentiate these masses as a benign lipoma
from something more sinister.97 Lipomas are well circumscribed,
encapsulated mesenchymal masses of mature adipocytes. They are
usually located on epicardial surfaces but have also been reported on
endocardial and intramural regions.97 They are very slow growing tu-
mors and generally must attain large sizes before causing arrhythmias
or obstruction to blood flow when located intramurally or in the
endocardium.98 There is no sex or age predilection. Lipomas located in
the pericardial/epicardial space appear as hypoechoic on TTE, while
those in the cardiac chambers are visualized as hyperechoic struc-
tures19,99,100 (Figure 19, Supplemental Video 12). Both MRI and CT are
excellent modalities for definitive characterization of macroscopic fat
throughout the lesion. These lesions also demonstrate no enhancement,
and on MRI will demonstrate a characteristic “india ink” artifact on
specific pulse sequences. (Figure 20).
presented with atrial fibrillation. (a) Mid-esophageal 4-chamber view with
nsgastric long axis view inferior-lateral (posterior) wall. (c) Surgeons view from
in the posterolateral wall of the left ventricle. The tumor was completely excised
ss diagnosed as a fibroma. (e) 4-ch Fiesta sequence showing 3.7 cm mass in the



Figure 19. 74-year-old woman with history
of breast cancer TEE 2D bicaval view right
atrial (RA) superior vena cava (SVC) junction
cardiac lipoma on echo. (a) Shows a 1.8 � 1.5
cm homogeneous, well circumscribed rounded
mass, in a posterior-superior position within the
RA, arising from the mouth of the SVC as it
enters the right atrium. (b) Subtle color Doppler
velocity acceleration suggesting mild obstruc-
tion to the SVC by the RA.
Abbreviations: 2D, 2-dimensional; TEE, trans-
esophageal echocardiography.

Figure 20. 74-year-old woman with history of breast cancer mass was differentiated as a lipoma by CMR. (a) T1-weighted image (fat is bright). (b) Is a T1 fat
suppression series where fat gets dark. (c) T1-weighted spoiled gradient echo pulse LAVA—water only. (d) T1-weighted spoiled gradient echo pulse liver acquistion
with volume acquisition)—fat only.
Abbreviation: CMR, cardiac magnetic resonance.
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Management
Resection for lipoma is only indicated in patients that are severely

symptomatic, which is rare.6

Lipomatous Hypertrophy of the Atrial Septum (LHAS)

Clinical Presentation, Pathology, Management, and Imaging
LHAS is characterized by unencapsulated fatty thickening of the atrial

septum, most commonly within the posterior limbus of the fossa oval,
sparing the valvular portion.101 Generally, it thickens the atrial septum to
1 to 2 cm. LHAS most commonly arises in patients older than 60 years
and tends to be associated with obesity.102 Most patients are asymp-
tomatic but can also present with various arrhythmias and obstructive
symptoms, such as heart failure of the vena cava are obstructed.103

Transthoracic or transesophageal echocardiography is usually sufficient
to diagnose LHAS due to the distinctive dumbbell shape imparted on the
atrial septum. Multimodality imaging can be helpful in unclear clinical
scenarios. Cardiac MRI and sequences such as CINE balanced steady-state
free precession are excellent at detecting fatty attenuation, and thereby
distinguishing between adipose and muscular tissue while delineating
the complex architecture associated with LHAS104 (Figure 21, Supple-
mental Video 13). In addition, due to the metabolically active nature of
brown fat content in LHAS, increased uptake of fluorodeoxyglucose on
PET scan can be helpful in differentiating LHAS, which is a benign entity,
from malignancy.105

Calcified Amorphous Tumor

Clinical Presentation
Calcified amorphous tumor (CAT) appears on echo as a calcified

intracavitary mass in any heart chamber, valvular anulus, or heart valve.
13
Most are found incidentally in asymptomatic patients; however, symptoms
related to obstruction or embolization can occur. CATs embolic potential is
mostly associated with its location, mobility, and size.106 CATs can grow
rapidly, and therefore follow-up is advised. Surgical excision is recom-
mended if the tumor is large, if malignancy has to be excluded, or if the
patient develops symptoms.107 Surgery should be curative, although
recurrence of CAT is documented, if resection was incomplete.108

The scientific data about CAT are still mostly from case reports and
systematic review; publications with large series are lacking. Differential
diagnosis of CAT is calcified myxoma, fibroma, osteosarcoma, and other
calcified structures such as old vegetations.

Risk factors include age, female sex, abnormal calcium metabolism,
and renal impairment especially renal failure.109 Although a benign
condition and generally incidentally found, it requires one to be certain
it is not something more sinister such as myocardial abscess, other tu-
mors, or thrombi. CAT has been reportedly associated with peripheral
embolization.110

Pathology
Cardiac CATs are non-neoplastic masses of degenerating calcium

within a cardiac cavity in any heart chamber, valve, or subvalvular
structure. The pathological compositions are consistent with a calcium
core involving a mixture of fatty acids, cholesterol, and calcium sur-
rounded by amorphous and fibrinous material (Figure 22). The patho-
genesis of CAT is thought to occur owing to a collection of thrombus or
fibrin debris within a cardiac chamber/cavity that most probably mum-
mifies (calcifies) over time. In addition, certain subgroups of CATs are
echogenic spindle-shaped masses that arise from the MV and are
frequently related to bulky mitral annular calcification (MAC). This is
most commonly in the form of annular calcification with central soft-
ening (so called “caseous” or cheese like degeneration of the mitral



Figure 21. 64-year-old woman with mental status changes TTE and MRI in a patient with lipomatous hypertrophy of atrial septum (LHAS). (a) Apical 4-
chamber view left ventricle (LV), left atrium (LA) showing massive LHAS particularly notable in the superior limbus. (b) In the 2 chambers view, the LHAS shows
extensive mass. (c) In the subcostal view, the clearing of the fossa ovalis (FO) sometimes referred to as the ‘dumbbell’ atrial septal configuration and makes a strong
case for the LHAS. (d) Cardiac MRI confirmed echo suspicion of massive LHAS sparing the fossa ovalis in T1-weighted spoiled gradient echo pulse LAVA—water only
sequence.
Abbreviations: MRI, magnetic resonance imaging; TTE, transthoracic echocardiography.

Figure 22. Calcified amorphous tumor 3 different examples of imaging modalities. (a) Upper panel shows a normal mitral annulus and lower panel shows a
calcified amorphous tumor (CAT) with the caseous liquefaction material just under the valve leaflets (arrow). (b) TTE upper panel shows CAT (arrow), lower panel
showing increased gradient across the mitral inflow mean gradient of nearly 4 mmHg. (c) Upper panel shows the CAT on a cardiac CT scan without IV contrast and
lower panel shows the CAT with IV contrast. (d) CAT as visualized on a chest x-ray upper panel frontal view, lower panel lateral view with arrows pointing out the
calcium in the MV annulus.
Abbreviations: CT, computed tomography; IV, intravenous; MV, mitral valve; TTE, transthoracic echocardiography.
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annulus) which is an unusual variant of MAC. It is typically asymptomatic
but may be mistaken for a neoplasm or abscess in certain situations.

Echocardiographic Features and Complementary Imaging
Echocardiographic differentiation between CAT and MAC can often

be hard, as there is a certain overlap. Annular calcification can fissure
and extrude the toothpaste-like material into the cavity—where it
would then be identified as a CAT. CAT can be quite large, echodense
with areas of echo lucency and protrude into the left ventricular and left
atrial cavity posteriorly and laterally greater than medially or anteri-
orly. The mass could appear quite bright compared to the adjacent
myocardium with distinct border. There may be mobile components in
some cases, especially if the caseous material has extruded into the
cavity110 (Figure 22, Supplemental Video 14). Complimentary imaging
with CCT and cardiac MRI can complement echocardiographic imaging
in usually lead to a definitive diagnosis and differentiation of other,
more malign causes.111 In general, obtaining a CT without and with IV
contrast allows for precise delineation of the calcification and rela-
tionship to the adjacent valvular apparatus and myocardium, as well as
the degree of caseous degeneration.
14
Management
Incidental CAT should be monitored without intervention. However,

extensive growth, neurological, or obstructive symptoms might demand
surgical intervention. Furthermore, exclusion of other sinister diagnosis,
especially calcified malignant tumors, is recommended by further im-
aging such as CCT and/or MRI, or via PET fusion imaging.

Pericardial Masses

Pericardial Cyst

Clinical Presentation
Pericardial cysts are rare and benign mediastinal tumors with an

incidence of about 1 in every 100,000 persons. Most pericardial cysts are
congenital in origin but can also be rarely caused by inflammatory pro-
cesses such as rheumatic pericarditis, tuberculosis and echinococcosis
infections or acquired by trauma and post-cardiothoracic surgery. The
trick is to differentiate a relatively benign cyst from something more
sinister such as a sarcoma which is also often on the right side of the
heart.



Figure 23. Pericardial cyst in a 54-year-old woman with chest positional chest tightness and dyspnea. (a) Subcostal view showing an echolucent space
adjacent to the right cardiac border (arrow). (b) Gross pathology right cardiophrenic pericardial cyst, 6.6 � 5.7 � 2.5 cm, uninoculated and serous fluid filled
the benign mass.
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They are mostly asymptomatic (~60% of cases) and thus usually
found incidentally on imaging. Symptoms may arise due to compression
of a nearby structure and patients can present with chest pain, dyspnea,
and cough. Rarely serious complications such as cardiac tamponade and
sudden death may occur.

The most common locations are the right cardiophrenic angle in 51%
to 70% of the cases followed by the left cardiophrenic angle in 28% to
38%.112,113

Pathologic Characteristics
Pericardial cysts can be simple or complex. Histologically, they

consist of a fibrous wall with a single layer of mesothelial lining.112

Echocardiographic Features and Complementary Imaging Techniques
Pericardial cyst may present in the echo lab as a hypoechoic, echo

lucent mass often along the cardiac border, most often right side. Echo
contrast can be used to confirm clinical suspicion, since contrast will not
enter the cyst and thereby confirming a loculated pericardial fluid
collection.114 Most pericardial cysts are initially found incidentally as a
mass along the right heart border on chest X-rays in an asymptomatic
patient (Figure 23, Supplemental Video 15).

Once a pericardial cyst is suspected on a chest radiograph or echo-
cardiogram, the American Society of Echocardiography recommends
obtaining a CT or a CMR to confirm the diagnosis. On CT, a pericardial
cyst will typically appear as a non-enhancing cyst with homogenous
water attenuation. MRI is also frequently used to evaluate pericardial
cysts. A cyst will typically produce a hypointense signal on T1-weighted
images and a hyperintense signal on T2-weighted images,115 no internal
enhancement or diffusion restriction, and at most thin smooth peripheral
enhancement.

Management
Asymptomatic cases are conservatively monitored with serial

echocardiography in anticipation of potential cyst rupture, internal
hemorrhage or compression of an adjacent vascular or cardiac
structure.

For symptomatic cases, surgical excision of the pericardial cyst is
recommended. Minimally invasive video-assisted thoracoscopic surgery
is preferred over open thoracotomy procedures as it is associated with
better wound healing and less blood loss. An alternative to surgical
resection is percutaneous aspiration of the cyst and is usually recom-
mended as the first-line procedure for symptomatic patients by the Eu-
ropean Society of Cardiology.116,117

Cardiac Sarcoma

Clinical Presentation
Primary cardiac sarcomas are rare malignant neoplasms of the heart

with a prevalence of 0.0017% on autopsy. Angiosarcomas (37% of the
15
cases) and undifferentiated sarcomas account for most cases of cardiac
sarcomas.118

Angiosarcomas are typically found along the right heart border,
atrioventricular groove, and in the right atrium. Occurrence tends to be
between the third and fifth decades of life with a male to female pre-
dilection of 2 to one. They typically present late with dyspnea, chest
pain, malaise, and fever mainly due to right heart failure and pericar-
dial effusion and tamponade. Cytology of pericardial fluid is typically
negative.119 Metastases develop in 66% to 89% of cases, most
commonly to the lungs.84,120 Undifferentiated pleomorphic sarcomas,
which include undifferentiated sarcomas and malignant fibrous his-
tiocytoma, are more commonly left-sided, often arising in the left
atrium.19

Pathologic Characteristics
Macroscopically, angiosarcomas are red-brown hemorrhagic lesions

with poorly defined borders. They tend to occur at the right atrioven-
tricular groove with extension into contiguous structures such as the vena
cava, TV, and the pericardium. They are characterized as hemorrhagic
neoplasms with pleiomorphic and atypical cells in vasoformative ar-
rangements. Immunohistochemical staining may be positive for factor
VIII, von Willebrand factor, CD34, FLI-1, ERG, and CD31.118

Echocardiographic Features and Complementary Imaging Techniques
Echocardiography is the imaging modality of choice for cardiac tu-

mors. On echo, angiosarcomas appear as broad-based nonmobile masses
with myocardial extension121 (Figure 24). CT imaging depicts an irreg-
ular mass with a variable enhancement pattern with intravenous iodin-
ated contrast. Angiosarcomas usually exhibit significant but
heterogeneous early/arterial phase enhancement due to the vascular
nature. CT will also show pericardial effusion and nodular thickening
when invasion of the pericardium occurs. On MRI, the tumor will have a
cauliflower appearance and will show immediate enhancement on gad-
olinium perfusion due to high vascularity. However, due to peripheral
fibrosis, delayed contrast imaging might show heterogenous enhance-
ment with areas of increased signal intensity and regions of focal hypo-
intensity.19,120 Myxoid sarcomas demonstrate T2 hyperintense signal,
and undifferentiated pleomorphic sarcomas usually demonstrate less
avid and intense enhancement.

Management
Complete excision of the tumor is the preferred treatment strategy in

most cases; however, this is not always possible due to the aggressive
behavior of these tumors and the extent of local invasion and metastases.
Most sarcomas are associated with very poor prognosis. Treatment
choices are limited and not well studied for advanced disease. Short-term
outcomes might be improved with surgical debulking in addition to
neoadjuvant chemotherapy administration.122,123



Figure 24. Angiosarcoma (AS) in a 60-year-old woman that presented with tamponade, and a right atrial (RA) mass. (a) TTE of RA with 2.8 � 1.8 cm mass in
the dome and around the wall atrial chamber. (b) CMR heterogenous, nonobstructive right atrial mass which extends along the posterior and posterolateral wall and
fills the right atrial appendage. Top right most image shows mild perfusion and bottom right shows moderate patchy late gadolinium enhancement. The location along
with these features suggests angiosarcoma as the diagnosis. (c) Surgical view of the tumor upon opening of the RA. (d) Gross pathology of the surgical specimen with
rim of the RA.
Abbreviations: CMR, cardiac magnetic resonance; TTE, transthoracic echocardiography.
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Conclusions

Given the advent of improved cardiac imaging with echocardiog-
raphy, incidental cardiac masses will be encountered more frequently.
The location of the mass on echocardiography is highly informative in
narrowing the differential diagnosis of the type of cardiac mass we
are dealing with (Figure 25). Table 2 gives salient imaging charac-
teristics of the four most common adult and pediatric benign
neoplasms.

These masses may be artifacts, normal structures, vegetations, neo-
plasms (benign or malignant), or primary/secondary manifestations of
Figure 25. The location of the mass is highly informative on echo as to first u
Abbreviations: LHAS, lipomatous hypertrophy of the atrial septum; NBTE, nonba
phic sarcoma.

16
cardiac and noncardiac etiologies. Cardiac tumors are rare but can have
devastating clinical consequences. In general, rapid tumor growth, he-
modynamic or neurological symptoms dictate the urgency of surgical
intervention. Some masses may be appropriately followed over time.
Therefore, establishing diagnostic certainty is important in treatment,
estimation of prognosis, and follow-up recommendations. Often, the
diagnosis of cardiac masses requires a multidisciplinary approach com-
bined with multimodality imaging and regular clinical and cardiac im-
aging follow-up. As newer imaging technologies emerge, they will
improve detection and characterization of cardiac masses and assist in
clinical decision-making.
nderstanding of the type of cardiac mass.
cterial thrombotic endocarditis; UHGPS, undifferentiated high-grade pleomor-
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