®

Check for
updates

Cardiac Masses

12

Bader S. Alshammari and Dipan J. Shah

Abstract

Cardiac magnetic resonance (CMR) imaging plays a pivotal role in the investigation and
diagnosis of cardiac masses. In this chapter, we will present some illustrative cases.
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Introduction

Primary cardiac tumors are uncommon (0.02-3%) [1, 2].
Cardiac masses and pseudomasses represent a diagnostic
challenge to multiple imaging modalities. Echocardiography,
cardiac magnetic resonance (CMR), and computed tomogra-
phy (CT) are very important for detection of cardiac masses.
Most primary cardiac tumors are benign [1]. Atrial myxoma
is a benign tumor and by far the most common primary car-
diac tumor while the majority of primary malignant cardiac
tumors are angiosarcomas in adults or rhabdomyosarcomas
in children. It is important to remember that cardiac metas-
tases are 10—40 times more frequent than primary cardiac
tumors, melanoma being the most common tumor preferen-
tially metastasize to the heart [2].

Most cardiac masses are initially detected by echocar-
diography, which is a first line modality for imaging of the
heart for a variety of conditions. However, echocardiography
has several limitations: poor image quality in those with dif-
ficult acoustic windows, limited field of view, and limited tis-
sue characterization [1, 2]. Cardiac MR (CMR) has become
the modality of choice in this setting because of its excellent
spatial resolution, ability to obtain multiple imaging planes,
precise localization, and excellent tissue characterization
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which allows a more comprehensive characterization of the
mass and aids in generation of a differential diagnosis.

Role of CMR in the Evaluation of Cardiac
Masses

The excellent soft tissue definitions that CMR provides
allow clear delineation of the myocardium, pericardium and
vascular structures, which facilitates the identification of
abnormal mass. In addition, tissue characterization by CMR
can assist in generating a differential diagnosis, and can dis-
tinguish different types of cardiac tumors. Tissue character-
ization is done by imaging the mass using a variety of
different MR sequences (e.g. T1 weighted, T2 weighted,
first pass perfusion or delayed contrast enhancement), which
can assist in generating a differential diagnosis of cardiac
masses (Table 12.1).

Typical magnetic resonance protocol used in assessment
of cardiac masses consists of:

1. Multiplanar locator in order to know the position of the
heart in the thorax.

2. Functional sequences, cine-MRI, of “bright blood” based
on gradient echo, (fast imaging with steady-state preces-
sion, SSFP). They are sequences with mixed T2 and T1
weighting (T2/T1), with great differentiation in the signal
intensity of the blood and the myocardium, which facili-
tates the detection of intracavitary lesion.
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Table 12.1 CMR characteristics of cardiac masses

Cardiac mass

T 1 Weighted

T2 Weighted

Post contrast

Myxoma

Isointense, heterogeneous

Hyperintense, heterogeneous

Heterogeneous enhancement

Papillary fibroelastoma

Isointense

Slightly hyperintense

Hyperintense

Rhabdomyoma Iso- or hyperintense Slightly hyperintense Hypointense or isointense
Fibroma Iso- or hyperintense Hypointense Hyperintense
Hemagioma Isointense Hyperintense or heterogeneous | Hyperintense or heterogeneous
Paraganglioma Iso- or hypointense Hyperintense Hyperintense
Intravenous leiomyomatosis Isointense Isointense Heterogeneous
Bronchogenic cyst Hypointense Hyperintense None
Angiosarcoma Isointense, with hyperintense Iso- or hyperintense Hyperintense

areas
Undifferentiated sarcoma Isointense Isointense Nonspecific
Rhabdomyosarcoma Isointense Isointense, heterogeneous Central nonenhancing areas
Osteosarcoma Hyperintense Hyperintense Nonspecific
Malignant fibrous histiocytoma Isonintense Hyperintense, heterogeneous Nonspecific
Leiomyosarcoma Isointense Hyperintense Nonspecific
Fibrosarcoma Isointense, heterogeneous Hyperintense Central nonenhancing areas
Lymphoma Hypo- or isointense Hyperintense Variable

Fig. 12.1 (a) Cine steady-state free procession in the four-chambers
view showing a prominent crista terminalis in the RA (black arrow)—a
normal structure in the right atrium that can appear as a cardiac mass on
echocardiography. (b) Cine steady-state free procession of Eustachian

3. Morphological and tissue characterization sequences
based on spin echo. T1 and T2 weighted sequences
will be obtained with or without fat suppression sequences.

4. First-pass perfusion during rapid IV administration of
gadolinium to assess for mass vascularity.

5. Late gadolinium enhancement (LGE) sequences
(T1-weighted sequences). They can be fast gradient echo
or phase-sensitive inversion-recovery (PSIR) sequences.
The inversion time for this sequence ranges from 150 to
300 ms. However, 500—600 ms inversion time is very use-
ful to identify thrombi.

Cardiac Pseudomasses

There are a number of normal structures that are not true
masses but can mimic a cardiac or paracardiac masses. The

valve showing a thin, mobile membrane (white arrow) extending from
the inferior vena cava into the right atrium. RV right ventricle, RA right
atrium, LV left ventricle, LA left atrium, AV aortic valve, IVC inferior
vena cava

most common of these is a right atrial pseudotumor pro-
duced by a prominent crista terminalis, which can appear as
a right atrial mass on echocardiography (Fig. 12.1a).

A prominent Chiari malformation or Eustachian valve
can also be mistaken as a right atrial mass; these can easily
visualized by CMR (Fig. 12.1b).

Extracardiac structures that can simulate cardiac pathol-
ogy include a large hiatal hernia that can compress the atria.
CMR is superior to echocardiography in identifying hiatal
hernia as a true extra-cardiac mass (Fig. 12.2).

Intracavitary Thrombi

The diagnosis of intracavitary thrombus may be suspected
from echocardiographic findings (such as LV apical location
or association with wall motion abnormality). However, it
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can occur within any cardiac chamber. By far intracavitary
thrombus is the most common intra-cardiac mass [3, 4]. Left
atrial appendage thrombus is most commonly associated
with atrial fibrillation [2].

Intraventricular thrombus usually occurs in the setting of
cardiomyopathy, because decrease contractility predisposes
to sluggish blood flow and can be a substrate for thrombus
formation as shown in Fig. 12.3.

CMR enables thrombus to be detected based on intrinsic
tissue characteristics related to avascular tissue composition.
CMR is more sensitive and specific than echocardiography
for detecting ventricular or atrial thrombi [3]. The sensitiv-
ity is significantly improved by administration of intrave-
nous contrast material. Post-contrast delayed enhancement
inversion recovery images with a long inversion time are
exquisitely sensitive for detection of even small thrombi [5].

Fig. 12.2 Showing an axial Cine steady-state free procession in the
chest with a large hiatal hernia (white arrows), which is compressing
upon left atrium. LA left atrium, LV left ventricle
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The long inversion time allows recovery of signal by vir-
tually all tissue except thrombus, which remains low in sig-
nal intensity and therefore dark on imaging as demonstrated
in Fig. 12.3.

Benign Primary Cardiac Tumors

Benign cardiac tumors are usually classified pathologically
according to histologic features. They can have an intracavi-
tary location and be attached to endocardium or myocar-
dium. They can also be intra-myocardial. Myxoma, papillary
fibroelastoma, and lipoma are the most frequent ones.

Myxoma

Cardiac myxoma is the most frequent primary cardiac tumor
(25-50%) [1]. The vast majority are sporadic and occur in
adults between 40 and 70 years of age. They are usually
asymptomatic or they can be associated with heart failure,
systemic embolism, syncope or sudden death [6]. Nearly
7% of cardiac myxomas can exist as part of the carney com-
plex which is an autosomal dominant syndrome character-
ized by myxoma, hyperpigmentation and extra-cardiac
tumors [7].

They are most commonly located in the left atrium
(75%), they are usually attached by a pedicle to the inter-
atrial septum, close to fossa ovalis and they can prolapse
through the atrial-ventricular valves. Ventricular origin for
myxoma is very rare (<2%) but can occur, as is right atrial
origin [3].

Cardiac myxomas are heterogeneous masses of variable
sizes (1-15 cm), due to the presence necrosis, calcification,
bleeding, cystic formations or fibrosis [8].

CMR features of myxoma are shown in Fig. 12.4.

Fig. 12.3 A fifty-eight year-old male who presented with acute myo-
cardial infarction and underwent angioplasty of LAD who underwent
cardiac MRI. (a) Cine steady-state free procession showing a large api-
cal thrombus. (b) Showing a thrombus (arrow) after gadolinium injec-

tion of the same patient performed 15 min after administration of
gadolinium, using long inversion time (TI). LAD left anterior descend-
ing artery, RV right ventricle, RA right atrium, LV left ventricle, LA left
atrium
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Fig.12.4 Myxoma in a
68-year-old asymptomatic male
who underwent cardiac

MRI. Cine steady-state free
procession images in the
four-chamber view, (a) demon-
strates a well-outlined and
intracavitary mass (white arrows)
in the left atrium. Note a small
pericardial effusion (asterisk).
(b) In T1-weighted fast spin echo
the mass can be identified in the
left atrium well-outlined and of
intermediate signal. LA myxoma
appears hyperintense to
myocardium on T2-weighted
sequence (c); and heterogeneous
enhancement after gadolinium
injection (d). RV right ventricle,
RA right atrium, LV left ventricle,
LA left atrium

Papillary Fibroelastoma

Papillary fibroelastomas are benign avascular papillomas of
the endocardium. They account for 10% of primary cardiac
tumors [9, 10].

They are small (<1 cm), well-defined lesions, usually
asymptomatic and usually detected incidentally by echocar-
diography that is performed for another indication. Most of
them are usually located on the endocardial surface of the
aortic (29%) or mitral (25%) valves [7].

CMR features of papillary fibroelastomas are shown in
Fig. 12.5.

Lipoma

Cardiac lipomas are benign neoplasms composed of
encapsulated mature adipose tissue, similar to extracar-
diac lipomas [3]. They can be detected at any age. Multiple
cases have been described associated with tuberous
sclerosis [11].

The most common location is the right atrium and the left
ventricle. Other locations are cardiac valves, intramyocardial
or pericardial [12].

Most lipomas do not cause any symptoms, but occa-
sionally can lead to dyspnea if there is obstruction of blood
flow, and/or arrhythmias if there is involvement of the car-
diac conduction system [13, 14]. Given their fatty nature,
cardiac lipomas are high in signal intensity on T1-weighted
sequences with low signal intensity on fat saturation pulses
sequences (e.g. T1 or T2-weighted spin echo).

CMR features of cardiac lipomas are shown in Fig. 12.6.

Lipomatous Hypertrophy of the Inter-Atrial
Septum

Lipomatous hypertrophy of inter-atrial septum is not a true
neoplasm. It is due to hyperplasia of otherwise normal fatty
cells within the inter-atrial septum. The diagnosis is based on
the finding of fatty deposits in the inter-atrial septum, resulting
in a diameter exceeding 2 cm in the transverse dimensions. The
exact etiology is unknown but it appears to be associated with
obesity and advanced age. The exact incidence of this disorder
is difficult to discern but incidences of lipomatous hypertrophy
of the inter-atrial septum were 1% in autopsy series [19].

Lipomatous hypertrophy of the inter-atrial septum is
associated with atrial arrhythmia [20].

CMR features of cardiac lipomatous hypertrophy of inter-
atrial septum are shown in Fig. 12.7.

Fibroma

Cardiac fibromas are congenital neoplasms that typically
affect children. However, 15% of cardiac fibromas occur in
adults [15].

Approximately one-third of patients present with arrhyth-
mias, one-third with heart failure or cyanosis, and one-third
are detected incidentally [15].

They are well-circumscribed tumors located within ven-
tricular myocardium as shown in Fig. 12.8.

The key findings are that they demonstrate reduced signal
on T 2-weighted imaging (due to their limited water content)
and demonstrate very high signal intensity on LGE imaging
(due to their high collagen content) [16].

CMR features of cardiac fibromas are shown in Fig. 12.8.
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Fig.12.5 Papillary
fibroelastoma of the pulmonic
valve (arrow) demonstrated
on cine steady-state free
procession (a, b). Papillary
fibroelastoma of the pulmonic
valve demonstrating
isointense signal on
T1-weighted fast spin echo
(c). After gadolinium
injection imaging
demonstrates intense contrast
uptake by the mass (d). PA
pulmonary artery, LA left
atrium, LV left ventricle

Fig.12.6 Lipoma in a 53 year-old woman with incidental finding of a ~ Chamber T1-weighted fast spin echo image again showing the lesion as
mass on echocardiography who underwent cardiac MRI. (a) Cine having uniformly high signal in keeping with a fat composition due to
steady-state free procession demonstrating a well-defined uniformly  lipoma

high signal lesion within the inter-atrial septum (arrow). (b) Four-
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Fig.12.7 Cine steady-state
free procession demonstrates
lipomatous hypertrophy of the
inter-atrial septum (a, arrow),
and hyperintense on
T1-weighted fast spin echo
due to high fat content of the
inter-atrial septum(b)

Fig.12.8 Fibroma in
asymptomatic 22 year-old
female. Cine steady-state free
procession in the four-
chambers (a) and T-2
weighted imaging (b)
demonstrating a homogenous
myocardial mass in LV apex
which appears isointense on
T2-weighted imaging.
Cardiac fibroma appears
hypointense on T2-weighted
images (c). The most
characteristic feature of
cardiac fibroma is diffuse
homogeneous enhancement
after gadolinium injection (d).
RV right ventricle, RA right
atrium, LV left ventricle, LA
left atrium

Rhabdomyoma

Rhabdomyomas are the most frequent cardiac tumor
in children. They are intramural tumors and can occur
in isolation or associated with tuberous sclerosis [17].
They are usually asymptomatic but can cause obstruc-
tion of the ventricular outflow tract or arrhythmias
[18].

CMR features of rhabdomyomas are described in
Table 12.1 and in Fig. 12.9 [26].

Paraganglioma

Cardiac paragangliomas are exceptionally rare neuroen-
docrine neoplasms. Most of these lesions present with
symptoms of catecholamine excess (hypertension, tachyar-
rythmias, and heart failure). They usually occur between 10
and 60 years of age. Their usual location in the atria and at
the root of the great vessels. They can be isolated or associ-
ated with paragangliomas in other locations (20%) [7].

CMR features of cardiac paragangliomas are shown in
Fig. 12.10.
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Fig.12.9 Intramural left
ventricular rhabdomyoma in a
new born. (a) T1-weighted fast
spin echo showing a large
homogeneous isointense mass
involving the LV wall. (b) Cine
steady-state free procession in
axial plane, showing the
cardiac mass involving the
interventricular septum. (c)
Cine steady state free
procession in four-chamber
view, showing no intracardiac
obstruction. (d) After
gadolinium injection, no mass
hyperenhancement is visible.
Ao indicates aorta, RA right
atrium, RV right ventricle, LA
left atrium, LV left ventricle.
Source: Reproduced with
permission from [26] © 2011
Wolters Kluwer Health

Tumor

b 'y‘ Tumor
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Tumor

Fig. 12.10 Paraganglinoma in a 42 year-old male with dyspnea who  axial plane (d), hyperintense to myocardium on T2-weighted imaging
underwent cardiac MRI. Cine steady-state free procession demonstrat-  in axial plane (e), and demonstrates heterogeneous uptake after gado-
ing a large left atrial mass and extending along the inter-atrial septum  linium injection in axial plane (f). RA right atrium, RV right ventricle,
(a, b). Paraganglinoma on perfusion imaging (c¢) demonstrating first LV left ventricle, RV right ventricle, LA left atrium, LV left ventricle,
pass perfusion comparable to myocardium after gadolinium injection. ~ SVC superior vena cava

The mass is isointense to myocardium on T1-weighted fast spin echo in
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Fig.12.11 Primary angiosarcoma in a 58 year-old male with dyspnea,
peripheral edema and weight loss. (a) Cine steady-state free procession
in axial plane shows a heterogeneous mass with invasion into the inter-
atrial septum with partial obstruction of the SVC (b). Angiosarcoma

Malignant Primary Cardiac Tumors

Malignant tumors comprise approximately 25% of primary
cardiac neoplasms [3]. They are classified by tissue type as
mesenchymal (sarcoma), which represents the majority, or
lymphoid with lymphoma making up most of the reminder.
Imaging characteristics of malignant tumors are quite similar,
with most lesions demonstrating invasion of surrounding struc-
tures and myocardium, poor border definition, and frequent
coexisting pericardial effusion. Various cardiac sarcomas have
many features in common with similar CMR features [3].

Angiosarcoma

Angiosarcoma is the most common form of cardiac sarcoma,
accounting for approximately 40% of cases. Angiosarcoma
has a predilection for the right atrium with more than 90%
originating at this location [21].

Other forms of sarcomas (undifferentiated sarcomas, malig-

appears isointense on T1-weighted fast spin echo image (c), and hyper-
intense on T-2 weighted imaging (d). Primary angiosarcoma demon-
strates heterogeneous uptake (e) after gadolinium injection (arrows).
RV right ventricle, RA right atrium, LV left ventricle, LA left atrium

nant fibrous histiocytoma, osteosarcoma, leiomyosarcoma, or
rhabdomyosarcoma) are bulky and infiltrating masses with a
predilection to arise in the left atrium [22].

CMR features of angiosarcoma are shown in Fig. 12.11.

Lymphoma

Cardiac lymphomas are almost always aggressive B-cell
lymphomas. These neoplasms have increased prevalence in
immunocompromised patients, but also can occur in immu-
nocompetent patients. The average age of presentation is
approximately 58 years. Males appear to have a slight pre-
dominance [3]. Clinical features are typically of dyspnea,
arrhythmia, superior vena cava obstruction or cardiac tam-
ponade due to frequent involvement in the pericardium
resulting in pericardial effusion. They are commonly involv-
ing right atrium, followed by right ventricle [7].

CMR features of cardiac lymphomas are shown in
Fig. 12.12.
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Fig.12.12 Seventy-year-old
male with cardiac B-cell
lymphoma. Cine steady-state
free procession in axial plane
demonstrates a large tumor
(arrows) originating in the
right sided chambers not only
involve cardiac chamber
cavities but also within the
myocardium (a). Cardiac
lymphoma appears isointense
T1-weighted fast spin echo
imaging (b). Cardiac
lymphoma demonstrates
heterogeneous hyperintense
on T-2 imaging (¢) and
heterogeneous uptake on
post-contrast imaging (d). RV
right ventricle, RA right
atrium, LV left ventricle, LA
left atrium, PE pleural
effusion

Secondary Cardiac Tumors

Secondary cardiac tumors are 20 times more common than
primary cardiac tumors [27]. Metastatic disease may result
from contiguous extension, lymphangitic spread, transve-
nous route, or hematogenous spread [23]. Tumors metasta-
sizing to the heart often involve the pericardium also.
Metastatic malignant melanoma has the highest rate of car-

diac metastasis [24]. Metastases to the heart and pericardium
are discovered at autopsy in 10-12% of all patients with
malignancies [25].

Direct extension to involve the heart or the pericar-
dium is often observed in lung carcinoma and breast.
Hematogenous spread is usual for melanoma, leukemia, or
sarcomas. CMR features of cardiac metastasis are shown
in Fig. 12.13.
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Fig. 12.13 Metastasis from skin melanoma in a 74 year-old female
with palpitations demonstrating a well circumscribed intracavitary
mass in LV on cine steady-state free procession in axial plane (arrow,
a). The mass is isointense to myocardium on T1-weighted fast spin
echo imaging (b). Also demonstrates a slight hyperintense lesion on T-2
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