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Abstract

Purpose of Review This review will discuss the application of
various imaging modalities including their advantages and
disadvantages in the evaluation of the most common pericar-
dial masses with a focus on pericardial cysts, tumors, and
hematomas.

Recent Findings Accurate identification of pericardial masses
and assessment of potential hemodynamic compromise is im-
perative for management. Cardiac imaging plays a central role
in tissue characterization as well as evaluation of extension
into neighboring structures. Currently, echocardiography is
the preferred modality for the initial evaluation due to its
low cost and widespread availability. However, due to poten-
tial limitations with echocardiography, computed tomography
(CT), and cardiac magnetic resonance (CMR) imaging have
become robust complementary imaging tests. CT provides
superior spatial resolution and is the ideal test for evaluation
of calcified masses while CMR provides excellent tissue char-
acterization through various CMR sequences. Finally, posi-
tron emission tomography (PET) imaging can provide addi-
tional unique information in the assessment of potentially ma-
lignant tumors.

Summary An integrated, multi-modality imaging approach is
helpful to evaluate the pericardium and diagnose pericardial
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masses. Advancements in imaging technology have provided
improved diagnostic accuracy, with CT and CMR currently
serving as complementary imaging techniques to traditional
echocardiography imaging. Because each imaging modality
has its unique sets of advantages and disadvantages, the
choice of modality must be individualized to each patient.
Through careful consideration, an integrated imaging ap-
proach is crucial in noninvasively providing information on
cardiac structure, morphology, function, and associated com-
plications that are important to the diagnosis and management
of a variety of pericardial masses.

Keywords Pericardial masses - Multi-modality imaging -
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Introduction

The pericardium consists of the visceral pericardium, com-
posed of mesothelial cells along with collagen and elastin
fibers, and the parietal pericardium, a 2-mm structure which
is mostly acellular but composed of collagen and elastin fibers
[1]. Although the pericardium has a variety of functions, in-
cluding maintaining the heart in a constant position,
preventing transmission of infections, and secreting prosta-
glandins, the lack of a pericardium does not appear to have
negative repercussions [1]. Masses of the heart and pericardi-
um are classified as neoplastic (both primary and secondary),
or non-neoplastic. Primary cardiac tumors are rare, with a
0.001 to 0.03% incidence found in autopsies while secondary
tumors are more common with an incidence of 1.7 to 14% [1].
Secondary tumors can occur either through direct extension
into the pericardium, or through hematologic or lymphatic
pathways [2]. Pericardial tumors are even less common than
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other cardiac tumors and account for only 6.7-12.8% of all
primary cardiac tumors [3, 4]. A classification scheme of the
most common pericardial tumors encountered is shown in
Table 1 with mesothelioma being the most common and lym-
phomas, melanomas, and lung and breast carcinomas as the
most common secondary pericardial tumors [5].

Imaging Modalities
Echocardiography

Echocardiography is a type of ultrasound imaging in which
high-frequency sound waves are emitted from piezoelectric
crystals, reflected off internal structures, and then back to the
transducer from which microprocessors generate an image [1].
Echocardiography is considered the first-line imaging modal-
ity of choice for the assessment of pericardial masses as well
as potential hemodynamic consequences, which can be
followed through serial studies. Echocardiography often read-
ily displays the mass in question (Fig. 1, Videos 1 and 2) is
safe, readily available, and low cost. [6°¢] Currently, 2D echo-
cardiography techniques are most often used to assess tumor
characteristics such as shape, size, tumor attachment, and lo-
cation as related to adjacent structures [7]. While transthoracic
echocardiography (TTE) is a useful starting point, it has a
reported sensitivity of 55-93% in the detection of intracardiac
masses [8]. Thus, transesophageal echocardiography (TEE)
can be a complementary diagnostic test that is especially help-
ful in characterizing masses in the posterior structures of the
heart, particularly in the left atrium, left atrial appendage, right
heart, and descending thoracic aorta [8]. Further use of 3D

echocardiography can be helpful by allowing for measure-
ment of the entire volume of a mass, which may be
underestimated by 2D echocardiography [9]. Additionally,
3D echo provides incremental diagnostic yield by allowing
for more accurate assessment of the size, location, mobility
of the mass, and feasibility for surgical resection [7]. Further
information on tumor identification can be obtained through
using ultrasound contrast agents. Highly vascular or malig-
nant tumors result in contrast hyper-enhancement of the tumor
compared to the adjacent myocardium while stromal tumors
which have poor blood supply show hypo-enhancement and
thrombi show no enhancement [10]. Although echocardiogra-
phy is considered the first-line test, image quality is operator
dependent, and may be limited depending on the acoustic
windows available to visualize the heart along with limited
tissue characterization [6°¢].

Cardiovascular Magnetic Resonance

Cardiac magnetic resonance (CMR) creates images of the
heart by applying magnet forces to align the intrinsic weak
magnetic forces generated by hydrogen protons present in the
human body, then turning off the magnet to allow the protons
to return back to their normal states [1]. CMR is currently used
for assessment of the pericardium and pericardial masses by
delineating tissue characteristics through various CMR se-
quences and determining mobility through cine images and
potential mass effects on ventricular and valvular functions
[11]. Further, since it does not require iodizing radiation,
CMR is the ideal imaging modality in conjunction with echo-
cardiography for pediatric patients or those with renal impair-
ment [12¢]. However, because of its relatively higher cost,

Table 1  Classification of pericardial masses

Neoplastic

Primary Secondary Non-neoplastic Other

Benign Malignant Metastatic Cyst* Hematoma

Lipoma® Mesothelioma® Breast” Pericardial diverticulum Thrombus
Hemangioma Sarcoma Lung Inflammatory pseudotumor Loculated fluid
Fibroma Lymphoma Renal cell carcinoma Pseudoaneurysm
Angioma Lymphoma

Teratoma Malignant teratoma Melanoma Enlarged lymph nodes
Paraganglioma Hemangioendothelioma Thymoma Gossypiboma

Lymphangioma Neuroectodermal tumor
Neurofibroma
Lipoblastoma

Granular cell myoblastoma

Mediastinal tumor
Multiple myeloma
Esophagus
Leukemia

#Most common tumor in each respective category

(Courtesy of: Zhou W, Srichai-Parsia MB. CMR and Pericardial Masses. Accessed January 31, 2017. http://www.acc.org/latest-in-cardiology/articles/

2016/07/12/13/06/cmr-and-pericardial-masses?w_nav=TI) [29]
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Fig. 1 A fifty-eight-year old
woman with myxoid sarcoma.
TTE images in the apical 4
chamber (a) and oblique short
axis (b) views readily
demonstrate a lobulated
heterogeneous pericardial mass
with associated pericardial
effusion that encompasses the left
ventricle. Contrast enhanced CT
images (¢, d) further delineate the
full extent of the pericardial mass
with evidence of compression of
the left ventricle (arrowhead) and
pulmonary veins (arrow). Please
refer to Videos 1 and 2 for
associated movie files

longer acquisition time, and the need for patient cooperation,
CMR may not be feasible on every patient [13]. CMR has
been shown to improve detection of cardiac masses, particu-
larly paracardiac masses, which may not be well visualized on
routine TTE [14, 15]. Studies have demonstrated that 10-20%
of cardiac tumors detected by CMR are missed on routine
TTE [14, 15], with most of them located in the pericardium
or adjacent mediastinum [14]. CMR provides multiplanar im-
aging with a wide field of view, high spatial and temporal
resolutions, and high intrinsic soft tissue contrast without the
need for ionizing radiation or iodinated contrast. Specific se-
quences allow for different tissue weightings and intravenous
contrast can be applied for further insight into the internal
composition of the mass [16] (Fig. 2). Both still and cine
images are often acquired to further characterize pericardial
masses and evaluate for pericardial effusion, myocardial inva-
sion, myocardial infarction, involvement of coronary arteries,
and secondary functional and hemodynamic effects on the
heart such as compression, diastolic dysfunction, and/or con-
strictive physiology. CMR also provides additional informa-
tion on resectability of masses as well as associated compli-
cations such as invasion of mediastinal structures, regional or
distant metastases, and encasement of vital structures.

Cardiac Computed Tomography

Cardiac computed tomography (CT) uses ionizing radiation
captured by a detector array synchronized to the cardiac cycle

Spin: _40%
Tift: =121

to convert raw data into computer-reconstructed cross-sectional
images [1]. It is a useful imaging modality for further assess-
ment of pericardial masses after an initial echocardiogram eval-
uation, especially in situations in which CMR is contraindi-
cated or not available. These pericardial masses may be inci-
dental findings on CT; in one series, 40—50% of multidetector
CTs displayed incidental findings with 5-10% of these requir-
ing follow-up [1]. Not only does CT yield high-quality images
with excellent spatial resolution, it is the modality of choice for
imaging calcified masses as well as other non-cardiac intratho-
racic structures [11, 12¢]. Additionally, due to its high-contrast
resolution, CT allows for specific evaluation of pericardial fluid
as well as the pericardium itself and delineation of pericardial
masses (Fig. 1) [6¢]. Specific CT protocols such as variation in
timing of contrast administration with multiphasic contrast ad-
ministration can be further applied to optimize visualization of
the right heart as routine CT contrast studies yield limited visu-
alization of the right heart chambers due to intermixing of
opacified and non-opacified blood. Delayed imaging can also
be used to evaluate for presence of intracardiac thrombus,
which is especially important in patients with atrial fibrillation
[17]. Cardiac CT angiography may be helpful in delineating
presence of coronary artery disease and also degree of
neovascular growth of a tumor, both of which would guide
surgical planning if needed [11]. Some advantages of CT in-
clude fast acquisition time, high spatial and temporal resolu-
tion, ability to create multiplanar image reconstructions, and
evaluation of thoracic, extracardiac structures. Although CT
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Fig. 2 A fifty-two-year-old woman with paraganglioma. TEE image (a)
show an echodensity between the aortic root and pulmonary artery
(asterisk). Contrast CT in an axial plane (b) show patchy contrast
enhancement of the mass (asterisk). PET image in the axial plane (c)
demonstrates mild increased FDG uptake. CMR images in an oblique
sagittal view with various sequences to assess the tissue characteristics.

can add valuable information to the assessment of pericardial
masses, risk of ionizing radiation and contrast-induced ne-
phropathy must be also be considered [6°¢].

Positron Emission Tomography

Positron emission tomography (PET) is a nuclear medicine
imaging technique that uses radiotracers labeled with
positron-emitting isotopes with properties of naturally occur-
ring elements to evaluate myocardial perfusion or metabolism
[1]. "®F-FDG PET is infrequently used to assess cardiac tu-
mors although there have been small studies demonstrating
the use of '*F-FDG for differentiation between benign and
malignant cardiac tumors [12¢, 18]. Fusion imaging of CT
with '"®F-FDG positron emission tomography (‘*F-FDG
PET) can be helpful in distinguishing between benign versus
malignant tumors as increased '*F-FDG uptake indicates ei-
ther primary malignant or metastatic tumors rather than be-
nign tumors (Fig. 2) [12¢]. However, care must be made to
differentiate masses that have increased '*F-FDG uptake due
to high content of brown fat in the mitochondria as seen within
benign lipomatous hypertrophy of the interatrial septum [11].
Although there are no reports of using PET specifically for
assessment of pericardial tumors, this imaging technique may
be a useful tool for assessing the malignant nature of a peri-
cardial mass in question.

Diagnostic Evaluation of Pericardial Masses

Clinical diagnosis of pericardial masses can be difficult since
patients may be asymptomatic or may present with diverse,

@ Springer

The paraganglioma demonstrates intermediate signal intensity on pre-
contrast T1-weighted turbo spin echo sequences (d) and high signal
intensity on pre-contrast T2-weighted inversion recovery sequences (e).
There is minimal contrast enhancement noted on post-contrast T1-
weighted turbo spin echo sequence (f). Please refer to Video 3 for
associated movie file. Ao aorta, PA pulmonary artery, LA left atrium

nonspecific symptoms depending on whether there is associ-
ated pericardial effusion with or without tamponade physiol-
ogy, pericarditis, or invasion of adjacent structures with resul-
tant hemodynamic effects. Thus, imaging plays an important
role in the evaluation of such patients. Pericardial masses may
also be incidentally detected on imaging tests that are per-
formed for other clinical indications. The diagnostic workup
often starts with chest roentgenography and/or transthoracic
echocardiography, which usually identifies the mass. Further
evaluation using TEE may be indicated to complement the
transthoracic echocardiographic assessment. Often, investiga-
tion with other imaging modalities such as CT, CMR, or PET
is warranted for more detailed assessment by visualization of
the entire pericardium, tissue characterization, and evaluation
of surrounding structures [6ee, 13]. Although imaging may
help in identification and characterization of the mass, biopsy
is often needed for definitive tissue diagnosis [1, 6°¢].

Based on the clinical question and each patient’s unique
characteristics, judicious use of additional imaging should be
targeted to avoid inappropriate or unnecessary testing and also
incomplete or non-diagnostic testing [6¢¢, 19¢¢]. Information
on whether a mass is malignant or benign is important to direct
surgical versus medical management. In addition, the extent of
cardiac and extracardiac involvement is also important to de-
termine potential for complications such as pericardial effu-
sion with or without cardiac tamponade, constrictive pericar-
ditis, superior vena cava syndrome, and valvular disease [1],
and also help track progression of disease. Large masses
deemed to be benign based on imaging can often be complete-
ly surgically excised to not only provide tissue for pathologic
analysis, which remains the gold standard for definitive iden-
tification, but also to provide symptom relief. [2, 6] In
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contrast, primary malignant tumors are often difficult to resect
at the time of diagnosis, with little chemotherapy and radio-
therapy treatment options. Small masses may be best assessed
using CT given its high spatial resolution while larger masses
may be better assessed using CMR due its superior tissue
characterization abilities [12¢]. Progression of disease can be
assessed using TTE if there are optimal acoustic windows or
using CT or CMR if not easily visualized by TTE while met-
abolic response to treatment can be evaluated using PET. A
comparison of advantages and limitations of these 4 imaging
modalities are outlined in Table 2.

Pericardial Masses
Pericardial Cysts

The most common primary pericardial masses are benign peri-
cardial cysts. These fluid-containing structures are thought to
be formed from sections of the pericardium that pinch off dur-
ing embryonic development [16]. Although they can occur
anywhere along the pericardium, they are most commonly seen
in the right cardiophrenic angle [16, 20, 21¢]. Pericardial cysts
are often visualized on chest roentgenography or echocardiog-
raphy (Fig. 3). On TTE, cysts are visualized as echolucent
structures that may abut the right atrium (Fig. 3), with color-
flow and pulsed-wave Doppler used to demonstrate lack of
flow into the structure [13]. Although may provide further de-
tails [22], CT or CMR is often required for further characteri-
zation [19+¢]. On CT, these thin-walled, homogenous structures
are non-enhancing with iodinated contrast and have an attenu-
ation between —10 to 20 HU (Fig. 3) [12¢] (Fig. 1b). On CMR,
cysts display simple fluid characteristics with low signal inten-
sity on T1 and high signal intensity on T2 images without
contrast enhancement [20, 21, 23]. (Fig. 1c). Pericardial cysts
are benign and do not usually have clinical significance except
for rare cases of rupture with resultant cardiac tamponade. As

such, asymptomatic patients are monitored through a conser-
vative, serial imaging monitoring approach using CT or CMR
every 1-2 years while symptomatic patients with large cysts
require percutaneous aspiration or surgical excision [6°¢].

Pericardial Tumors

Primary pericardial tumors are rare and occur much less fre-
quently than secondary pericardial metastasis [21¢]. Primary
tumors can be benign, including lipoma, hemangioma, terato-
ma or malignant, including mesothelioma, sarcoma, and lym-
phoma [24]. Metastatic tumors are usually of breast, lung, and
bone marrow origin [24]. While TTE usually provides initial
identification of pericardial tumors, CT and CMR can provide
further information on tumor location and site of insertion as
well as relationship to adjacent structures, allowing for evalu-
ation of feasibility for surgical resection [12¢, 24], and assess
for additional masses including extracardiac lesions (Figs. 1
and 2). CMR can provide crucial information on the histopa-
thology of cardiac masses (Fig. 2) [14, 21+, 25], although
tissue biopsy is often still required for diagnosis. CMR can
accurately detect the high fatty content of lipoma and
liposarcomas noted by homogenous high T1- and T2-
weighted signal intensity [14, 25]. For most other tumors,
there is medium signal intensity on T1-weighted images but
high signal intensity on T2-weighted images with the excep-
tion of melanoma, which displays high signal intensity on T1-
weighted images due to high content of paramagnetic melanin
[13, 23]. Specific CMR sequences, most notably the T1-
weighted dynamic phase fast gradient-echo (SSFP) sequence,
can be used to assess vascularity of the mass in question [11].
Cardiac CT can also be used for tissue characterization.
Because CT is sensitive in detecting calcification, it can be
used to detect pericardial thickening and calcification as well
as characterize chronic thrombi which often contains spotty
calcification [12¢, 19¢¢]. Further, CT detects fat attenuation
and vascularity of tumors, which help to determine tumor type

Table 2 Advantages and disadvantages of imaging modalities for evaluation of pericardial masses

Echocardiography (TTE) CT

CMR PET

Advantages Readily available, no

radiation, low cost, portable  spatial and temporal

resolution, multiplanar image
reconstruction, imaging

calcified structures,
evaluation of thoracic
structures
Disadvantages Limited windows, operator
dependent image quality,
limited tissue
characterization

contrast

Fast acquisition time, high

Ionizing radiation, iodinated

No ionizing radiation, high
temporal resolution,
multiplanar imaging
reconstruction, unrestricted
field of view

High sensitivity of tumor
detection, serial physiologic
quantitative assessment of
whole tumor mass

Long acquisition time,
contraindication in those with
implanted magnetic devices

Limited availability, ionizing
radiation, limited spatial
resolution
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Fig. 3 42 year old man with
pericardial cyst. Chest X-ray (a)
demonstrates abnormality at the
right heart border (arrow). TTE
(b) shows echolucent structure
noted inferior to the right atrium/
right ventricle on short axis view
(arrow). Contrast enhanced CT
(¢) demonstrates low attenuation
round mass attached to the
pericardium along the right heart
border (arrow). CMR (d) image
with T2-weighted IR sequence
demonstrates high signal intensity
(arrow) which is characteristic for
fluid filled simple cyst

[12¢]. Compared to benign tumors, malignant tumors often
demonstrate additional features of nonmobility, associated
pericardial effusion, and myocardial invasion [14]. On both
CT and CMR, presence of disrupted pericardium, hemorrhag-
ic effusion, invasion into the epicardial fat, myocardium, or
cardiac chambers and associated mediastinal or pericardial
lymphadenopathy are additional signs of aggressive disease
[12¢, 19¢¢]. Despite the limited use of PET in the evaluation of
cardiac tumors in clinical practice, it does provide serial quan-
titation of physiologic and biochemical processes of the tumor
tissue (Fig. 2). Specifically, PET can help track tumor re-
sponse to therapy for prognostication as well as earlier detec-
tion of potential non-responding tumors [26].

Pericardial Hematomas

Pericardial hematomas are a common mimic of tumors, making
differentiation between the two entities essential. Hematomas
usually form after surgery or trauma [27], and although can be
initially diagnosed by echocardiography, CT or CMR is often
performed for confirmation and delineation of the extent of in-
volvement. In an acute hematoma, CT will detect the high atten-
uation of initial blood, which decreases as time progresses. As
the hematoma matures, CT will detect fibrosis and calcification
with high sensitivity. Further, hematomas do not enhance with
iodinated contrast. [28] CMR has been shown to have excellent
accuracy in the differentiation of cardiac thrombi or hematoma
from tumors [14, 21+, 25]. In general, thrombi tend to be smaller,
more homogeneous, and less mobile compared to tumors [21¢]
while tumors often demonstrate increased hyperintensity on T2-

@ Springer

weighted images and contrast enhancement [14]. Acute phase
hematomas display high intensity on T1- and T2-weighted se-
quences [23]; subacute-phase hematomas appear as a fluid col-
lection with heterogeneous intermediate to high signal on T1-
and T2-weighted sequences; and chronic-phase hematomas dis-
play low signal with a dark rim due to its lower water content
[23, 27].

Conclusion

An integrated, multi-modality imaging approach is helpful to
evaluate the pericardium and diagnose pericardial masses.
Advancements in imaging technology have provided improved
diagnostic accuracy, with CT and CMR currently serving as
complementary imaging techniques to traditional echocardiog-
raphy imaging. Because each imaging modality has its unique
sets of advantages and disadvantages, the choice of modality
must be individualized to each patient. Through careful consid-
eration, an integrated imaging approach is crucial in noninva-
sively providing information on cardiac structure, morphology,
function, and associated complications that are important to the
diagnosis and management of a variety of pericardial masses.
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