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1 | INTRODUCTION

Secondary cardiac tumors are quite rare, and primary tumors are even
rarer; the prognosis of malignant tumors is often poor.}~3 However, in
the recent years the prognosis of several primary malignant tumors
has improved, thanks to the progresses of both surgical and medical
treatments.*

The most frequent secondary tumors are represented by pericar-
dial metastases of carcinomas (mostly lung or breast carcinomas) or
melanoma, myocardial metastases originating by solid or hematologi-
cal tumors, and by intracavitary metastases or extension of gyneco-
logic, urological, or lung tumors.>® The primary tumors are
represented by benign and by malignant tumors; some tumors origi-
nating by a given histotype may grow as benign masses or differenti-
ate in a malignant way (Table 1).” Some tumors (as the inflammatory

myofibroblastic tumor, paragangliomas, and some germ cell tumors)

Abbreviations: CDI, Color Doppler imaging; CT, computed tomography; HF, heterogeneity
factor; MRI, magnetic resonance imaging; PET, psitron emission tomogrsaphy; SDI, spectral
Doppler imaging; SUVmax, maximum standardized uptake; TOE, transoesephageal
echocardiography; TTE, transthoracic echocardiography; UEA, ultrasound enhancement
agents; 2D, two-dimensional; 3D, three-dimensional.
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Cardiac tumors may be primary (either benign or malignant) or secondary (malignant)
and are first detected by echocardiography in most cases. The cardiologist often chal-
lenges their identification, the differential diagnosis and the best therapeutic
approach. Malignant tumors have usually a poor prognosis, which may be signifi-
cantly improved by appropriate and timely therapies. The echocardiographic aspects
of benign and malignant cardiac tumors described in this article, along with a clinical
evaluation may orient the differential diagnosis and aid in choosing the further steps

useful to define the nature of the mass,

cardiac masses, cardiac tumors, diagnostic pathways, echocardiography, multimodality imaging

may also show an intermediate or uncertain clinical behavior; the clas-
sification of cardiac tumors is further complicated by the possible
presence of different histotypes (i.e., myxoid, fibrous, condroid and
bone areas, and so on) in the same mass.”

The benign tumors may either be surgically removed or kept on
follow-up if they do not interfere with the hemodynamics and are not
at risk of embolization. Some tumors-like rhabdomyomas- may also
show a spontaneous regression over time; thus a follow-up strategy is
usually adopted.2~1? However, even benign tumors may cause clinical
symptoms due to hemodynamic impairment (valve obstruction, com-
pression of vessels and cardiac chambers), arrhythmias, and embolism
requiring therapy, either medical or surgical.®*?° Rhabdomyomas
inducing atrial or ventricular arrhythmias have been reported in 16%-
47% of cases; an interesting observation is that the tumor cells are
structurally similar to Purkinje cells and can function like accessory
pathways creating continuity at the atrioventricular junction inducing
a pre-excitation syndrome which disappears with the tumor regres-
sion.?%?2 The mainstay of treatment of hematological neoplasms
(either primary, like some lymphomas, or metastatic) is chemotherapy,
and a surgical approach is seldom required.2>-2> Also, for metastatic
melanomas,

the standard approach is target therapy and/or
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TABLE 1
have a malignant counterpart

Simplified classification of the most common benign and malignant cardiac tumors. The arrows show the benign tumors which may

Benign Malignant
Myxoma >>>> Myxosarcoma
Rhabdomioma >>>> Rhabdomiosarcoma
Angiomas >>>> Angiosarcomas
Fibromas >>>> Fibrosarcoma
Lipoma >>>> Liposarcoma
Schwannoma >>>> Malignant peripheral nerve sheat tumor (MPNST)
Cystic tumor of the atrio-ventricular node Other (myxofibro, leiomyo, undifferentiated
pleomorphic, synovial, extrasketal osteo, etc.)
sarcomas
Papillary fibroelastoma Lymphomas
Metastatic tumors
Mesothelioma
Intermediate or uncertain behavior
Paraganglioma
Inflammatory myofibroblastic tumor
Germ cell tumors Mature teratoma >>>> Immature teratoma

Yolk sac tumor

FIGURE 1
four-chamber modified. B. The color Doppler helps to better define the irregular shape, typical of tumor thrombi. C. Right atrial mass without any
relationship with the inferior vena cava, in a patient with metastatic sarcoma. TTE-2D Apical four chamber. The mass has the same echogenicity
of the intrapleural metastasis (red arrow). This mass should be considered a metastasis

immunotherapy.?® For primary cardiac sarcomas, on the contrary, the
mainstay of treatment is surgery, which often must be associated with
chemo- or radiotherapy.?” To improve survival both radical surgery
and a multi-therapeutic approach are relevant.?®

When a cardiac mass is detected in a patient with a known sys-
temic tumor, obtaining a differential diagnosis between a thrombus
and metastasis is essential to orient the therapeutic approach and has
a relevant prognostic role.?*°

Thus, the differential diagnosis is of utmost importance to plan
the most appropriate therapy, and a multimodality imaging approach

is often required.*31-3°

Tumor thrombus extending from the inferior vena cava to the right atrium in a patient with liver carcinoma. A. TTE-2D Apical

2 | GENERALDIAGNOSTIC APPROACH
For an appropriate diagnostic approach, the first step is differentiating
between cardiac tumors and other cardiac masses such as thrombi or

vegetations. Four steps should be followed to orient the diagnosis.*®

1. The clinical setting. In a patient with fever and positive blood cul-
tures, or any other sign suggesting infective endocarditis, an aortic
mass is more likely vegetation rather than a tumor. In a patient
with coronary artery disease, with severe mitral stenosis or long-

lasting atrial fibrillation not on anticoagulant therapy, a mass on
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TABLE 2 Clinicopathologic features of primary heart tumors

Age Site in heart
. . Fetuses, Syndromic
Histologic type infants Children  Adults Layer Location Multiplicity  association
Benign congenital tumors
Rhabdomyoma ++ + Myocardium? Ventricles Usual Tuberous
sclerosis
Fibroma + ++ + Myocardium Ventricle, ventricular Rare Gorlin
septum syndrome
Histiocytoid ++ +/1 Endocardium, Ventricles, atrial, and Always
cardiomyopathy myocardium AV SA nodes
Benign acquired tumors
Myxoma +/— AFaF Endocardium LA, atrial septum Rare Carney
complex
RA, atrial septum
Papillary fibroelastoma ++ Endocardium Valves > atria > Occasional
ventricles
Hemangioma® + + + Myocardium Atria > ventricles Unusual
Endocardium*®
Lipomatous ++ Myocardium of atrial
hypertrophy septum
Lipoma ++ Myocardium, epicardium,  All sites Rare
endocardium
Inflammatory A 4 +/— Endocardium Valves > atria Occasional
myofibroblastic
tumor?
Germ cell tumors
Teratoma ++ + +/— Pericardial cavity No
Ventricular septum (rare)
Yolk sac tumor ++ + Pericardial cavity No
Ventricular septum (rare)
Malignant tumors
Angiosarcoma +/— ++ All layers Right atrium, Occasional
pericardium
UPS/ 4= +/- ++ Endocardium Left atrium Rare
myxofibrosarcoma
Other sites
Rhabdomyosarcoma +/— ++ + Myocardium Ventricles No
Leiomyosarcoma +/— ++ Endocardium Left atrium No
Lymphoma +/— ++ Myocardium Right atrium, others Occasional

Abbreviations: AV, atrioventricular; LA, left atrium; RA, right atrium; UPS, undifferentiated pleomorphic sarcoma; SA, sinoatrial; WHO, World Health
Organization.

“Boldface indicates an exclusive site.

PHemangioma is considered alternatively as a congenital tumor, especially in children.

“Especially, the capillary type.

YInflammatory myofibroblastic tumors are sometimes considered low-grade malignancies, although none in the heart has metastasized. Reproduced, with
permission, from Ref.”

the akinetic left ventricular wall or -respectively- in an enlarged without any relationship with the inferior vena cava and with the
left atrium is probably a thrombus rather than a tumor. On the same echogenicity of intrapleural metastasis of sarcoma is proba-
other hand, a mass extending from the inferior vena cava into the bly a metastasis (Figure 1). Tumor thrombus is a consequence of
right atrium in a patient with a history of liver carcinoma is proba- tumor invasion into the venous system, with activation of the

bly a metastasis or a tumor thrombus (Figure 1). A right atrial mass coagulation and the simultaneous growth of both tumor and
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thrombus; it is rather frequent in the portal system in patients with
hepatocarcinoma, but it can be observed also in the inferior vena
cava invaded by a liver, gynecological or other abdominal cancers
and requires a therapeutic approach not limited to anticoagulation
(as is the case of simple thrombosis).>’ ? Tumor thrombi have
been reported also in the pulmonary veins.*?

. The histology-based likelihood and the age of the patient at the time
of presentation. (Table 2). The most frequent benign tumors in adult
age are myxomas and papillary fibroelastomas. In fetal life and in
early childhood the most frequent benign tumors are rhabdomyo-
mas (which may be associated with tuberous sclerosis, neurofibro-
matosis, or other hereditary syndromes) and fibromas. The primary
malignant tumors, both in children and in adults, are mostly repre-
sented by sarcomas (in adults, by angiosarcomas).**~#¢ Amongst
the tumors with uncertain behavior, the inflammatory myofibro-
blastic tumor, teratomas and yolk sac tumors are typical of fetuses
and children; paragangliomas are more common in adults.”

. The tumor location. The intracardiac tumors can arise in every cardiac
cavity or in every cardiac wall, even though each type of cardiac
tumor prefers a well-defined location. Myxomas are most commonly
detected in the left atrium. The most common tumors on cardiac
valves are papillary fibroelastomas (Figure 2; Video clip 1). Unlike
vegetations in patients with native valve endocarditis, papillary
fibroelastomas are usually attached downstream of the valve (on the
aortic side of the aortic valve or on the left ventricular side of the

kHz/4.0 MHz

(A)

mitral valve) (Video clip 2). The malignant tumors are usually sessile
(with a broad implant) and often infiltrate the surrounding structures.
Angiosarcomas, the most frequent primary malignant tumor, usually
originate from the right atrial walls (near the inferior vena cava or
involving the whole free wall, atrial roof, and interatrial septum) and
often extend to the pericardium and to the right ventricle (Figures 2B
and 3) but may be found also in the left chambers.*”=* The tumors
arising in the pulmonary artery or in the aorta are usually intimal sar-
comas; in other cardiac cavities (atria, ventricles) the most frequent
histotype are spindle cell sarcoma and leiomyosarcoma.*° Left atrial
tumors occupying also one or more pulmonary veins may be an

extension of lung cancer, cardiac or other intrathoracic tumors.>*~>”

Cardiac lymphomas may occupy any cardiac chamber or the peri-
cardial space and show usually a very fast growth (Figure 4).

Tumors may also arise from atypical sites. Myxomas have been
described as attached to the inferior part of the atrial septum, below
the fossa ovalis region, or to the lateral wall of the left atrium, and
even in the left or right ventricle.>®

4. The morphological and functional characteristics: size, shape, mobil-

ity, tissue characterization, vascular supply, and metabolic activity.

Points 3 and 4 may be investigated using different imaging tech-
niques: echocardiography, computed tomography (CT), magnetic

FIGURE 2 A Papillary
fibroelastoma of the aortic valve.
TTE-2D Long x is in diastole. Thin
stalk at the aortic surface of the
cusps (red arrow). B. Right atrium
Angiosarcoma. TTE-2D apical
four chamber. Broad insertion on
the lateral right atrial wall, with
infiltration of the tricuspid
annulus (yellow arrow). The mass
has a lobulated surface

FIGURE 3 Two cases of
angiosarcoma. A: Apical four
chamber view of a huge mass
infiltrating the right atrium, right
ventricle and the pericardium. B:
TOE-2D is focused on the right
chambers. The mass infiltrates
the interatrial septum, the roof
and the lateral wall of the right
atrium
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FIGURE 4 Two cases of lymphoma (TTE-2D Apical four-chamber). A. The mass infiltrates the interatrial septum, the roof of the right atrium
and the superior vena cava. B: A large massoccupying most of the right atrlum infiltrating the lateral wall, the atrio-ventricular groove and the
right ventricle BIS. Pericardial lymphoma. A. TTE-2D Apical four-chamber. B. TTE-2D subcostal four-chamber The huge mass infiltrates the free
wall of the right ventricle and is not homogeneous (haemorrhagic foci). The mass takes up pericardial effusion. Cardiac MRI, CT scan and PET
were performed. Biopsy allowed the phenotypic characterization and the tailored chemiotherapy TER. The same patient of BIS. A-B-C TTE-2D
subcostal four-chamber. Echocardiography was performed within 2 months of each other to assess the efficacy of chemiotherapy. In C the
lymphoma is no longer recognizable

resonance imaging (MRI), and positron emission tomography/
computed tomography (PET/CT). Each technique has advantages and
disadvantages in terms of costs, availability, and diagnostic power:
often they must be used in combination.>°?

Transthoracic echocardiography (TTE) and transoesophageal
echocardiography (TOE), thanks to their availability and low cost, are
generally the initial diagnostic tests utilized for the evaluation of a sus-
pected cardiac tumor.

In this article, we will analyze the echocardiographic aspects of

cardiac tumors.

3 | ECHOCARDIOGRAPHIC APPROACH

All modalities of TTE and TOE examinations are used to obtain the

most accurate information about the tumor characteristics. Two-

dimensional (2D), three-dimensional (3D), Color Doppler imaging
(CDI), spectral Doppler imaging (SDI), and additional techniques such
as the use of agitated saline as well as ultrasound enhancement
agents (UEAs) are used to make the diagnosis. TOE-2D, TOE-3D and
intracardiac ultrasounds are also used as a guide to the bioptic proce-
dure necessary for obtaining a histology specimen.®%¢1

The natural contrast between the mass and the blood of cardiac
chambers or the intraluminal blood of the vessels facilitates the visual-
ization of intracavitary tumors. The color Doppler may help to define
the contours of some tumors with low intrinsic echogenicity
(Figure 5).

Cardiac tumors, regardless of their nature, primary or meta-
static and benign or malignant, are studied using a systematic
approach with the goal of defining morphologic and dynamic
appearance, evaluating hemodynamic consequences, and the possi-

ble therapeutic interventions.



PINO ET AL.

FIGURE 5 Patient with
mitral bioprosthetic valve and
diagnosis of left atrium sarcoma.
A low-echogenic mass occupies
almost entirely the left atrium.
The color Doppler allows the
identification of the contour line
of the mass. TTE-2D 4 chamber
(top) and short axis (bottom) pre
(left) and after (right)
chemotherapy. After
chemotherapy, the mass is
markedly reduced in size and the
color fills most of the left atrial
cavity and the pulmonary veins

FIGURE. 6 TTE-2D. Four-chamber apical view in six patients with left atrial myxomas of different sizes

4 | SIZEOF THE TUMOR Goswami reported in his experience in 70 consecutive patients with

73 cardiac myxomas a range in size from 2.0 to 9.5 cm in maximum diam-
Cardiac tumors can range in size from a few millimeters to several eter assessed by 2D echocardiography. The echocardiographic dimension
centimeters. In many cases, the size of the tumor may be correctly correlated very well with the anatomic measurement at surgery.? In our

evaluated by TTE. experience, cardiac myxomas show high variability of size (Figure 6).
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However, for their distensibility and mobility, very soft tumors
(myxoid or gelatinous type mass) when prolapsing deform and elon-
gate, modifying their size. Also, in the case of irregularly shaped
tumors, 2D echocardiography may lead to an erroneous assessment
of the largest diameter. 3D Echocardiography in full volume modality

images the entire volume of the tumor and facilitates linear measure-

ments along orthogonal planes and allows volume measurements
(Figure 7).

FIGURE 8 Left atrial
myxoma attached to the fossa
ovalis (usual site). TOP: TTE-2D
Apical four chamber. Systole (A),
Diastole (B). The red arrow
indicates left atrial mass. The
yellow arrows indicate the site of
attachment. Bottom: transmittal
Doppler study assessing the
obstruction (C), And the surgical
specimen

5 | SITEAND MODALITY OF
ATTACHMENT

The attachment site gives an important clue to defining the type of
cardiac tumor. Left atrium myxomas are usually attached to the fossa
ovalis region of the atrial septum (Figure 8). Right atrium angiosarco-
mas from any part of the right atrial wall (Figures 2B, 3 and 9). Tumors

may also arise from atypical sites. Left atrium myxomas may be

V max 245 cmis
Vmedia 169 cmis
PG max 24.1 mmHg
PG medio 12.5 mmHg

102 cm

254 cmis

Pendenza 346 cm/s*
_PHT ___ 215ms-~300

MVA (PHT) 1.02cm? -
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attached to the inferior part of the atrial septum, below the fossa ova-

lis region, or to the lateral wall of the left atrium (Figure 10).

Tumors are attached via a stalk (pedunculated tumors) or directly
to the cardiac structures (sessile tumors). The stalk is usually narrow in
papillary fibroelastomas (Figure 11) but is of different sizes in myxo-
mas (from narrow, the most common feature, to broad) (Figures 6-8
and 10) and in other tumors. Sometimes it is difficult to detect where
the mass is attached because the stalk is not clearly seen with TTE.
The stalk, depending on its position, can be easily detected with TOE.
TOE-3D allows the exact location of the attachment of the stalk and
its relationship with surrounding structures (Figure 7; Video clips 2
and 3).

Sessile cardiac tumors are broad-based and, when malignant, may
extend and infiltrate the surrounding structures (Figures 2B, 3-5,
and 9).

6 | SHAPE AND SURFACE

On 2D-3D echocardiography, the shape of tumors depends on several

factors: size, consistency, mobility, and size of the recipient chamber.
Primary benign tumors usually have a regular shape and are

grossly rounded. Atrial myxomas show the most variability in shape

FIGURE 9 Right atrium
angiosarcoma. TOE-2D mid-
upper position. The two views
are focused on right chambers in
systole. An irregular and
dishomogeneous giant mass

(60 x 45 mm) infiltrates the free
wall and the tricuspid annulus
and protrudes into the right
atrium

FIGURE 10 A left atrial
myxoma attached on atrial
septum below the fossa ovalis
(unusual site). Tee-2d apical four
chamber. Systole (A), Diastole (B).
The red arrow indicates left atrial
mass. The yellow arrows indicate
the stalk

and consistency. Capsulated myxomas are round/ovoid with regular
borders and a smooth surface.

Papillary and gelatinous myxomas, not capsulated, have a more
irregular shape and are soft with a multilobate surface. A high rate of
embolization characterizes this irregular-shaped myxoma because of
the fragmentation of its surface. The ovoid shape becomes elongated
when prolapsing in the ventricle.

Papillary fibroelastomas are club-shaped. The head and peduncle
are well-defined and rarely are strand-like. The surface is usually
smooth (Figure 11).

Intramural tumors that develop inside ventricular walls are grossly
ovoid.

Primary malignant tumors are usually broad-based and arise in a
cardiac chamber with a multilobate or polyploidy shape. The shape of
metastatic tumors depends on the mechanism and site of invasion

(intrapericardial, intramyocardial, and intracavitary).

7 | MOBILITY
The mobility of tumors depends on several factors: location and site
of attachment, length and width of the stalk if present, size and tissue

characteristics.
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+ Dist 1.32cm

FIGURE. 11 Top: TEE long axis view of an aortic papillary fibroelastoma. The mass is measured on zoomed still frames (1.32 mm). Red arrow
indicates the head of the mass. The yellow arrow indicates the stalk. The attachment is on the ventricular side of aortic cusp at level of the mid

portion. (An unusual site of attachment, Bottom: surgical specimen

Picco Strain Sistolico
ANTLSEPT

FIGURE 12 A Sarcoma infiltrating the pericardium and the lateral wall of the left ventricle (Red arrow). B. Global Longitudinal strain shows
low values of strain (—11% and - 8%) at level of infiltrated walls (Yellow arrow)

Intramyocardial or intrapericardial tumors move with the entire
heart, but they do not have intrinsic mobility. They can, however,
limit the cardiac kinetics (Figure 12, video clip 4).

Intracavitary tumors show high mobility inside the cardiac
chamber if pedunculated or when, even if broad-based, they have
some prolapsing extension (Video clip 5). Papillary fibroelastomas
are usually highly mobile, with a fine fluttering when prolapsing
into the cardiac chambers. Even not prolapsing papillary fibroelas-
tomas may have any way high intrinsic mobility (Video clips 1
and 2).

More significant variability is shown by myxomas with a range
from immobility to a higher degree of mobility. A broad-based, capsu-
lated, solid myxoma may appear as a no-mobile mass. A huge, narrow-
stalked, gelatinous, and polypoid myxoma may be hypermobile when
prolapsing (video clip 6).

Sometimes it is difficult to identify the origin of the atrial masses
or masses attached to the cardiac valves at TTE. Both 2D and 3D-
TOE allow identifying the exact location of the attachment of the
mass, the type of insertion (stalk vs. sessile), its relationship with sur-
rounding structures, and a better definition of the characteristics of
the whole mass and of its mobility, including the borders (regular or

irregular) and, in the real-time display, if there is any vibration of the

surface. These aspects are relevant in the decisions about the thera-
peutic approach because tumors with thin stalks, irregular and/or

vibrating surfaces have a higher risk of embolism.63-¢

8 | TISSUE CHARACTERIZATION

Tumors, according to their 2D-3D echocardiographic intra-mass
appearance, may be either homogeneous or inhomogeneous as
defined by echogenicity which provides some preliminary information
regarding the tissue characteristics of the tumor.

Rhabdomyomas, rhabdomyosarcomas, and leiomyosarcomas usu-
ally show a homogenous echogenicity; hyperechogenic and hyperlu-
cent central areas may represent foci of necrosis or of calcification.
Lipomas may show different aspects, from hypo- to hyperechoic, but
are usually homogenous.®’ "%’ Fibromas show usually an increased
echogenicity compared to the normal myocardium.”®-72 Hemangi-
omas, angiosarcomas and lymphomas usually show an inhomoge-
neous echogenicity with scattered echolucent areas (Figure 13).”3-8!

The echogenicity of the tumors may change over time, following
both chemotherapy and radiotherapy: chemotherapy may induce

necrotic processes evident at echocardiography as anechoic areas; the



PINO ET AL.

FIGURE 13 Different appearances depending on tissue characteristics. (A) Neuroendocrin tumor infiltrating the interventricular septum:
granular echogenicity (B) non Hodgkin Lymphoma infiltrating the right chambers, with both hyper- and hypoechogenic areas. (C) angiosarcoma
infiltrating the right chambers: irregular echogenicity. (D) Myxosarcoma with condroid areas, which appear hyperechogenic. (E) Extrascheletal
osteosarcoma involving the pericardium, the left atrium and the right chambers: the hyperechogenic areas correspond to calcification.

(F) Pericardial sarcoma with hypoechogenic areas due to necrosis: at 3D reconstruction, with cropping these areas appear as «holes» within
the mass

27/02/2017 14:28:03

FIGURE 14 Changes in echogenicity in a case of pericardial leiomyosarcoma. Left: at diagnosis. Right: after chemotherapy. Large anechoic
areas (necrosis, confirmed by magnetic resonance imaging) are evident
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FIGURE 15 Left ventricular leiomyosarcoma. Left: before RT, homogenous low echogenicity. Middle: during RT, anechoic and echoic areas.
Right: at the end of RT the mass shows a uniform high echogenicity

FIGURE 16 Three cases of angiosarcoma with Color Doppler showing their hypervascularization. A. TOE of a mass originating from the right
atrium and inferior vena cava. B. long axis parasternal view of a mass extended from the right atrium to the right ventricle. C. Apical view of a
mass infiltrating the right ventricular apex.

FIGURE 17 Left atrial
sarcoma, with low echogenicity,
hardly defined at standard TTE
(A). 5 min after the injection of
SonoVue, when the cardiac
chambers are not anymore
opacified, the echogenicity of the
mass is enhanced (B and C). D:
myocardial infiltration by non-
Hodgkin lymphoma. Shortly after
the injection of SonoVue the
myocardium shows a granular
echogenicity

necrosis induced by radiotherapy, on the contrary, may lead to inflamma- optimize the vision of venous flows (Figure 16, Video clip 7) as also
tion and fibrosis which increases the echogenicity (Figures 14 and 15). described for other angiosarcomas.&?
Vascularity of cardiac angiomas and angiosarcomas can also be Ultrasound-enhancing agents (UEAs) have been routinely used in

assessed with color flow Doppler imaging, setting the machine to the echographic detection of tumors, mostly in the liver and other
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14/04/2008 11:19:32

(A)

abdominal tumors, but their use is extending to many other tumors
and to lymph nodes and is not limited to diagnosis.23-8”

Echocardiographic perfusion imaging using UEAs with very
intermittent flash (high-

Mechanical Index flashes) has been used mostly for the detection

low mechanical index and with
of cardiac ischemia, but it can also characterize the vasculariza-
tion of cardiac tumors differentiating highly vascular tumors from
hypo-vascular benign tumors and a-vascular thrombi.88 Even
without the use of intermittent flash, UEAs may improve both the
visualization of the tumor and the CDI of the abnormal tumor
vessels (Video clip 7).

The UEAs tissue characterization is obtained by analyzing the
qualitative and quantitative differences between the levels of
enhancement of the tumor compared with adjacent myocardium.®’
The hyperenhancement of the tumor is due to abnormal
neovascularization necessary to provide nourishment for rapidly
growing malignant tumor cells and is typical of malignant tumors; the
higher the vascularization, the earlier the hyperenhancement
(Figure 17, Video clip 8).7%?* However, also benign, highly vascular-
ized tumors, such as hemangiomas, are enhanced by contrast
agents.”??2 Stromal tumors such as myxomas in which blood supply is
poor are partially enhanced. The avascular thrombi and fibroelastomas

do not show any enhancement.”~1%°

9 | HEMODYNAMICIMPACT
The atrial tumors are defined as obstructive if the mitral or tricuspid
area is smaller than 2 cm? calculated by pressure half-time (Figure 8).

The mechanism of obstruction is the reduction of the atrioventricular

FIGURE 18 Pulmonary
artery sarcoma. (A). poorly
echogenic mass with severe
pulmonary artery stenosis (B).
(C) The mass is better defined
from the TOE approach

—2.74

orifice caused by the prolapsing mass (Video clip 5). Sarcomas and
lymphomas of both the left and right atrium and with rapid growth
may also become obstructive by infiltrating the mitral or tricuspid
annulus; Pulmonary artery sarcomas often induce significant stenosis
(Figure 18). The venae cavae or the pulmonary veins may also be
obstructed by sarcomas extending from the atria (Figures 5 and 16).
Valve regurgitation is a rare complication of the valvular fibroelasto-
mas: the mechanism is the traction of the cusp. The extracardiac
tumors, mainly huge and solid tumors, may produce the compression

of vessels or cardiac chambers.

10 | INTEGRATING THE
ECHOCARDIOGRAPHIC INFORMATION IN A
CLINICAL FRAMEWORK

Most of the information necessary to define the mass (location and
site of attachment, size, shape and surface, tissue characterization,
mobility, spatial relationship to adjacent structures, the hemodynamic
impact of the mass, pericardial effusion) can be assessed by echocardi-
ography. For its good temporal resolution, Echocardiography is an
optimal imaging modality to detect and image small and highly mobile
masses, especially when arising from valves.

TTE is the first diagnostic tool for patients with a suspected
cardiac mass because of its ubiquitous availability but other more
advanced echocardiographic techniques are often required to bet-
ter define the cardiac mass, mostly for intraatrial masses. In fact,
several cases of malignant tumors diagnosed at surgery or after
recurrence after a

reported.101-103

misdiagnosis of myxoma have been
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TABLE 3 Comparison of the five
echocardiographic modalities for

diagnostic features of cardiac tumors Detection

Location

Attachment

Size

Shape/surface
Mobility

Tissue characterization

Hemodynamic impact

TTE-2D TTE-3D TOE-2D TOE-3D UEAs
e + o+ ++ -
+++ ++ ++++ ++++ +

++ ++ -+ -+ -

++ +++ -+ -+ -

++ ++ +++ ++++ -
o e o+ ot

++ ++ -+ ++ -+
+++ ++ +++ ++ -

Abbreviations: TTE, transthoracic echocardiography; TOE, transoesophageal echocardiography; UEAs,

ultrasound-enhancing agents.

Note: Utility: - no, + fair, ++ good, +++ very good, ++++ very very good.

TABLE 4 Preliminary diagnostic hypothesis according to the
clinical presentation and echocardiographic aspects of the mass
Intracavitary
(a) left atrium: myxoma, sarcoma, and lung cancer metastasis
e Interatrial septum, thin stalk: more likely myxoma
e Other sites: consider sarcoma

e Broad insertion: more likely sarcoma (differential diagnosis:
thrombus)

e Continuity with pulmonary vein(s): more likely lung carcinoma,
sarcoma or any other intrathoracic tumor

(b) right atrium, right ventricle: angiosarcoma, liver or ovarian
metastasis, lymphoma

e Atrial wall infiltration, intrapericardial extension: more likely
angiosarcoma, or lymphoma

e Continuity with inferior vena cava: consider liver or ginecological
cancer (differential diagnosis: thrombus, tumor thrombosis)

e Continuity with superior vena cava: more likely lymphoma

e Thin stalk, single mass: consider myxoma

(c) Left ventricle: leiomyosarcoma, myxoma

(d) Valve: papillary fibroelastoma (differential diagnosis: endocarditis)
(e) Pulmonary artery: intimal sarcoma

Intramural

a. Fetuses, newborns, children, teenagers: rhabdomyoma, fibroma,
and angioma

a. Adults with known systemic malignancy: metastasis

a. Adults without other diseases: sarcoma, fibroma, and angioma
Intrapericardial

a. Adults with known systemic malignancy: metastasis

a. Signs of infiltration of the right chambers: angiosarcoma

a. Diffuse mass encasing the heart: angiosarcoma, lung carcinoma,
and lymphoma

TOE-2D, TOE-3D, and UEAs are usually planned according to the
clinical setting and to the further information required.

TOE-2D is usually necessary to obtain a more precise assessment
of the atrial masses and of their relationship with the pulmonary veins
and with the superior vena cava. It is also useful in the study of pul-

monary artery tumors, and of valvular masses.

TOE-3D offers incremental value for the evaluation of intracar-
diac masses by providing more accurate assessment of the location
and site of attachment, size and shape of the tumor as well as tissue
characterization and the relationship between the mass and adjacent
structures. %%

Table 3 summarizes the usefulness of various echocardiographic
techniques in the analysis of different mass aspects.

Echocardiography may have some limits in assessing accurately
the origin of the mass (especially if it arises from outside the standard
echocardiographic views, or is very large), the extent and relationship
with adjacent structures, and the tissue characterization; moreover,
some benign and malignant tumors (see Table 1) may appear morpho-
logically identical, mostly in the first stages, and the final diagnosis
may be obtained only by pathology. These limits of echocardiography can
be partially overcome by other imaging techniques. The best imaging
technique in differentiating benign masses from their malignant counter-
part (myxoma vs. myxosarcoma, fibroma vs. fibrosarcoma, angioma
vs. angiosarcoma and so on) is PET/CT, which is based on the metabolic
activity of the tissues: using 18-Fluorodeoxiglucose (*]FDG), a high maxi-
mum standardized uptake (SUVmax) and intratumoral glucose metabolic
heterogeneity factor (HF) may discriminate well between malignant (sar-
comas, lymphomas, or other malignant tumors) and benign masses, as well
as in differentiating a tumor thrombus from a simple thrombus.1%>-%1° To
improve the sensitivity and specificity of *®FDG in the particular setting of
cardiac tumors, the physiologic glucose uptake by the myocardium must
be minimized. This can be obtained with a low-carbohydrate, high-fat diet
and with the administration of 50 Units/Kg of body weight of unfrac-
tioned heparin before the injection of'® FDG. 11112 Other tumors, as neu-
roendocrine tumors and paragangliomas, require the use of different
tracings as “®Ga-DOTA-peptide or others. 113114

For ventricular tumors, mostly if they are in close relationship
with a coronary artery, a coronary angiography or a CT scan with car-
diac synchronization and 3D reconstruction may be considered to
better define both the size of the mass and its relationship with the
neighboring structures; CT and MRI may also aid in the tissue
characterization.

In some cases, however, an extensive multimodality imaging

workout may be avoided or delayed following the proposed
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diagnostic algorithm on histology-based likelihood, age, location, and
echocardiographic imaging characteristics. Thus, the second step
should be planned according to the clinical setting (Tables 2 and 4).

e In children with high probability of having a benign tumor with a
tendency to spontaneous regression, a strict follow-up of the mass
dimensions may be sufficient, avoiding invasive procedures or
exposition to radiations.

e In a patient with clinically high suspicion of atrial thrombosis an
attempt of anticoagulation with short term follow up may be con-
sidered. However, at least a TOE should be performed, to visualize
the entire atrium: if the left atrial appendage is free and, on the
contrary, one or more pulmonary veins are obstructed, the possibil-
ity of facing a sarcoma should be considered. (Figure 5). In this case
a CT, MRI and/or a PET/CT scan are necessary to obtain the cor-
rect diagnosis and plan the therapy.

¢ In adults with a highly mobile pedunculated mass attached to a car-
diac valve, with clinical history and blood tests ruling out an infec-

papillary

fibroelastoma can be done; the patient should be immediately
K 115

tive endocarditis a presumptive diagnosis of
referred to a cardiac surgeon, considering the high embolic ris
(Video clips 1 and 2). Also other pedunculated masses may be con-
sidered for primary surgery if they appear at embolic risk and can
be completely resected with a wide margin.

e In the presence of a large mass invading the atria or the ventricles
(with typical features suggesting its malignancy) and causing a
hemodynamic impairment, a transvenous biopsy should be
obtained first, to start timely chemotherapy, even if a CT scan, MRI
and PET/CT will be relevant in the staging process.}*¢"1'? If the
mass is in continuity with a cava or pulmonary vein, suggesting an
extension of an extracardiac tumor, the biopsy might more easily
obtained from the primary mass, if identified (Figure 1, video clip 9).

e Whenever a malignant nature of the mass is suspected, the
diagnostic workout should be planned from the beginning by a
multidisciplinary team with expertise in oncology, including cardio-
oncologists, cardiac surgeons, imaging specialists, and sarcoma
oncologists.??® This is essential for the therapeutic approach,
which might be chemotherapy, surgery (either preceded or fol-

lowed by chemotherapy), radiotherapy or a multimodal treat-
ment. 1-41027.28,31-34

11 | CONCLUSIONS

Echocardiography is the most used imaging tool in the study of car-
diac tumors. When integrated in the clinical setting, it can orient the
diagnosis and recognize the patients who should be referred urgently
to the surgeon, treated for nonneoplastic pathologies, or kept on
watchful follow-up. However, other imaging techniques are often
necessary to differentiate tumors from other masses or to plan the
therapeutic approach: namely CT scan, MRI, and PET/CT. A detailed
analysis of possibilities, advantages, limits and costs of these

techniques is beyond the scope of this article. The selection of the
most appropriate imaging techniques should be done on the basis of
the clinical presentation and—in case of suspect malignant tumor—by
a multidisciplinary team including cardiologists, oncologists, radiolo-

gists, nuclear medicine experts, and possibly a cardio-oncologist.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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