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Abstract

Purpose of Review The purpose of this review is to (1) review the recent evidence examining the use of CT and CMR in the
assessment of a suspected cardiac mass, (2) summarize the typical imaging features of the most common cardiac masses, and (3)
examine the latest developments in the use of three-dimensional reconstructions and models in the preoperative assessment of a
cardiac mass.

Recent Findings CMR can distinguish between tumors and non-tumor masses and between benign and malignant mass with a
high degree of accuracy.

Summary CT and CMR are complementary tools in the evaluation of cardiac masses. CMR is the preferred initial imaging
modality due to its versatile imaging planes and superior tissue characterization. CT better depicts calcification and has a higher
spatial resolution compared with CMR, which is of particular importance in preoperative planning. CT also offers a valuable
alternative in those with contraindications to CMR. Three-dimensional reconstructions, particularly of CT datasets, are a valuable
adjunct in the preoperative assessment of a cardiac mass and may allow a better appreciation of the margins of the mass and its
relationship with surrounding structures. Three-dimensional printing is an emerging technology which may be of additional value
in selected patients with a cardiac mass.
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Introduction

This article is part of the Topical Collection on Cardio-Oncology With the widespread and routine use of echocardiography and

computed tomography (CT), the incidental detection of a car-
diac mass is not uncommon. Cardiac masses can be catego-
rized as non-neoplastic or neoplastic. Non-neoplastic masses,
or pseudotumors, are the most common cardiac masses, with
thrombi, pericardial cysts, and prominent anatomical struc-
tures frequently mimicking true cardiac neoplasms.

True neoplasms can be subdivided into primary or second-
ary tumors. Primary cardiac tumors are exceptionally rare with
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followed by papillary fibroelastomas, lipomas, and hemangi-
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malignant, of which the vast majority are sarcomas.
Angiosarcomas and undifferentiated sarcomas are the most
common histological subtype of malignant cardiac mass in
adults, whereas rhabdomyosarcomas are the most commonly
encountered subtype in children [5].
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Secondary cardiac tumors (metastases) are 30—40 times
more common than primary tumors and can spread to the heart
by hematogenous dissemination, lymphatic spread, venous
extension, or direct invasion [6]. Melanoma and thoracic neo-
plasms such as lung, breast, and esophageal carcinomas are
the most frequently implicated primaries.

It has become mandatory for radiologists and cardiologists
reporting cardiac imaging to be familiar with the imaging
appearance of the most common cardiac masses. In this arti-
cle, we review the recent evidence examining the use of CT
and cardiac magnetic resonance imaging (CMR) in the assess-
ment of a suspected cardiac mass and summarize the typical
imaging features of the most common cardiac masses. We also
examine the latest developments in the use of three-
dimensional (3D) reconstructions and models in the preoper-
ative assessment of a cardiac mass.

Advantages and Disadvantages of Cardiac CT
and CMR

CMR is the preferred imaging modality in the workup of a
cardiac mass due to its excellent soft tissue characterization,
high temporal resolution, and multiplanar imaging
capabilities—a key advantage given the complex anatomy
of the heart. A lack of ionizing radiation is a further advantage
and is of particular relevance in the pediatric population. CMR
however has several limitations. Considerable patient cooper-
ation is required to achieve high-quality images, which may
prove difficult in claustrophobic patients or in those unable to
perform the required breath-holds. High-quality imaging is
reliant on electrocardiographic (ECG)-gating and may suffer
from image degradation in those with arrhythmias. MR-
compatible and MR-safe implantable cardiac devices are be-
coming more widespread; however, there are many patients
with non-MR-compatible devices [7]. Furthermore, not all
centers have the necessary expertise or precautions in place
to safely image those with compatible devices. CMR is also
susceptible to artifact from implantable cardiac devices which
can significantly degrade image quality.

Cardiac CT is commonly employed as a complementary
imaging modality [8]. Technological advances such as sub-
millimeter detector arrays enabling submillimeter spatial res-
olution, accelerated gantry rotation times allowing improved
temporal resolution, and ECG-gating to reduce artifact from
cardiac motion have resulted in improved imaging quality [9,
10]. The superior spatial resolution of CT compared with
CMR allows for accurate assessment of the location of the
mass, the degree of local invasion, as well as encasement of
the coronary arteries or involvement of any adjacent valvular
apparatus. Additionally, calcification and macroscopic fat are
readily detected. For example, heterotopic calcification in the
region of the mitral valve can have a mass-like appearance on
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CMR but is easily identified on CT. The primary disadvan-
tages of CT include exposure to ionizing radiation, a small risk
of contrast-related adverse events, and limited tissue charac-
terization and temporal resolution relative CMR. However,
prospective ECG-gating has reduced radiation exposure,
which is now in the 1-2 mSv range for CT coronary angiog-
raphy performed with contemporary equipment [11, 12].

In practice, TTE and CMR are the preferred primary imag-
ing modalities in the diagnosis, assessment, and monitoring of
a cardiac mass. CT offers a valuable complementary tool due
to its superior spatial resolution and ability to detect
calcification.

Benign vs Malignant Masses

Accurately distinguishing between benign and malignant tu-
mors is important for patient management and surgical plan-
ning. As malignant tumors have a high risk of local recur-
rence, standard resection techniques are often inadequate
and a more aggressive approach is warranted. Neoadjuvant
chemotherapy, radical surgical resection, and
autotransplantation may be considered in such cases. As not
all lesions are amenable to biopsy, preoperative imaging plays
an important role in differentiating between benign and ma-
lignant tumors. Table 1 summarizes the most common benign
and malignant masses by their typical location.

No recent studies have evaluated the accuracy CT in
distinguishing between benign and malignant masses; howev-
er, several have examined the diagnostic performance of
CMR. Kassi et al. prospectively compared the imaging fea-
tures on CMR of 27 benign tumors and 39 malignant tumors
and found a significant difference between the two groups
[13+]. Malignant tumors were more likely to have irregular
borders (80% vs 26%) and were more likely to infiltrate into
the free wall (54% vs 0%) or adjacent structures (49% vs 0%).
Large tumor size (> 5 cm) and concurrent pericardial effusion
were also associated with malignancy. Likewise, enhance-
ment on first pass perfusion was evident in all malignant tu-
mors but only one third of benign tumors. Late gadolinium
enhancement was also present in all malignant tumors but was
also seen in 60% of benign tumors. Overall, no single feature
could be used to definitively distinguish between benign and
malignant tumors; however, tumor size, local invasion and
enhancement on first pass perfusion were the strongest predic-
tors of malignancy.

A 2012 series of 161 patients, of whom 42 subsequently
had a cardiac mass proven at biopsy, found CMR was 89%
sensitive and 100% specific at distinguishing between benign
and malignant masses and was 94% sensitive and 91% spe-
cific at distinguishing between tumor and non-tumor masses
[14]. In a 2016 review examining the value CMR in the as-
sessment of a suspected mass on CT or transthoracic
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Table 1 Benign and malignant

masses by location, with Benign Malignant
characteristic imaging features
Any chamber Lipoma (fat density/signal) Metastasis
Hemangioma (avid enhancement) Rhabdomyosarcoma (intramural)
Right atrium Angiosarcoma (polypoid or infiltrative)
Lymphoma
Right ventricle Fibroma (solitary, LGE enhancement) Angiosarcoma (polypoid or infiltrative)
Rhabdomyoma (multiple) Lymphoma
Left atrium Myxoma (stalk-like attachment) Sarcoma, other than angiosarcoma
Thrombus (variable signal, no enhancement*)
Left ventricle Fibroma (solitary, LGE enhancement)
Rhabdomyoma (multiple)
Thrombus (variable signal, no enhancement*)
Valvular Papillary fibroelastoma

Vegetation

Thrombus (variable signal, no enhancement*)

*Chronic thrombus may occasionally show mild peripheral enhancement due to fibrosis

echocardiography (TTE), CMR correctly identified malignant
masses in 19/19 (100%) cases and correctly characterized
thrombus vs benign masses in 59/66 (89%) cases [15].

A 2016 study comparing CMR and TTE in 50 patients
reported that CMR identified 6 masses missed on TTE (4 of
which were outside the heart) and was more accurate than
TTE at predicting the histopathologic diagnoses (77% vs
43%) [16]. And lastly, a 2018 series of 158 patients who
underwent CMR for a suspected cardiac mass on TTE,
CMR confirmed the presence of a mass in 72% of cases
(114/158). In 15.8% (18/114), CMR and TTE were in agree-
ment regarding the presence and classification of the mass.
Whereas in 53.5% (61/114), CMR and TTE agreed as to the
presence of a mass, but not as to the specific classification.
However, as histopathology results were not available, the
sensitivity and specificity of each modality could not be de-
termined [17].

In summary, CMR distinguishes between benign and ma-
lignant masses (also between tumor and non-tumor masses)
with a high degree of accuracy, with tumor size, local inva-
sion, and enhancement on first pass perfusion serving as the
most reliable predictors of malignancy.

Benign Masses
Myxoma

Myxomas are the most common primary cardiac tumor
and typically occur in the 4th—7th decade, with a mean
age of presentation of 53 years [3, 18]. A majority of
cases occur in the left atrium and are solitary, although
they may originate in any chamber, inferior vena cava
or from the valve leaflets [18]. Most occur sporadically

but 10% are associated with several familiar syndromes
including Carney complex (cardiac and mucocutaneous
myxomas, pigmented skin lesions schwannomas, and
endocrine tumors), LAMB syndrome (lentigines, atrial
myxomas, blue nevi), and NAME syndrome (nevi, atrial
myxoma, myxoid neurofibroma, ephelides) [19, 20]. In
cases where there is a syndromic association, atypical
intra cardiac locations and multiplicity may be seen.

The typical appearance is of a polypoid intracavitary
mass within the left atrium, attached to the fossa ovalis
by a stalk. On non-contrast-enhanced CT, myxomas ap-
pear as smooth, lobulated, hypodense masses.
Calcification may be present but is more commonly
seen when located in the right atrium. On contrast-
enhanced CT, myxomas appear as intracavitary filling
defects. Necrosis or hemorrhage may give rise to a het-
erogenous enhancement pattern following the adminis-
tration of contrast. Myxomas may be detected inciden-
tally at CT and can often diagnosed with confidence
without the need for CMR due to their typical appear-
ance. The high spatial resolution of CT enables precise
location of the size and insertion of the stalk.

On CMR, myxomas appear isointense to myocardium
on Tl-weighted images and hyperintense on T2-
weighted images due to a high extracellular water con-
tent. As on CT, contrast enhancement is typically heter-
ogenous. Cine images are particularly useful as myxo-
mas are often highly mobile, especially when peduncu-
lated, and may prolapse across the mitral valve leading
to obstructive symptoms [21].

Surgical resection is the treatment of choice. Recurrence
rates range from 4 to 7% in isolated myxomas and from 10
to 21% in those with Carney complex, necessitating close
follow-up in such patients. [22]
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Lipoma

Lipomas are the second most common primary cardiac neo-
plasms accounting for 10% of cases. They are well-
circumscribed, encapsulated masses of neoplastic adipose
cells [3]. They most commonly arise from the epicardial sur-
face but may also originate from the mid-myocardial or sub-
endocardial layers [23]. They are often discovered incidental-
ly and patients typically remain asymptomatic. If large, lipo-
mas may rarely lead to arrhythmias or obstructive symptoms.

On CT, lipomas appear as homogenous, fat-attenuation
mass (Hounsfield units less than — 50). On CMR, they appear
hyperintense on T1-weighted sequences and suppress
completely when fat suppression is applied. Thin septations
may be visible on CMR or on thin slice CT. As lipomas are
avascular, they do not enhance post-contrast. Both CT and
CMR can reliably diagnose cardiac lipomas but CT often
suffices.

Lipomatous hypertrophy of the interatrial septum (LHIAS)
is not a true neoplasm and is but can be reliably distinguished
from a lipoma on CT and CMR by its characteristic appear-
ance. LHIAS is not encapsulated and spares the fossa ovalis
producing a bilobed or dumbbell configuration [24]. LHIAS
can contain metabolically active brown fat and therefore can
present as an incidental pseudotumor on PET/CT [25].
Occasionally, it can also have a mass-like appearance on TTE.

Papillary Fibroelastoma

Papillary fibroelastomas are the third most common primary
cardiac neoplasm accounting for approximately 10% of cases
[26]. The mean age of presentation is 60 years and men and
women are affected equally [27]. Often presenting incidental-
ly, their prevalence in the general population is uncertain;
however, one autopsy series reported an overall prevalence
0f 0.33% [28].

Papillary fibroelastomas have a frond-like morphology and
consist of dense connective tissue lined by endothelium. They
usually originate from the cardiac valves but can also arise
from the atrial or ventricular wall [27, 29]. Given the high
spatial resolution of CT, these lesions are being increasingly
detected incidentally. Papillary fibroelastomas are small,
hypodense masses, often attached to the valve leaflets by a
short pedicle. The aortic and mitral valves are the most com-
monly affected. They may be difficult to detect on CMR due
to their small size, but typically appear isointense on T1-
weighted images and hyperintense on T2-weighted images.
Surrounding turbulent flow may be seen on cine images and
may be the only abnormality evident if the mass is too small to
visualize. Surgical excision is recommended for left sided tu-
mors, for lesions > 1 cm, or for symptomatic cases (cerebral
embolic events or angina from coronary ostial obstruction).
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The primary differential considerations for valvular pathol-
ogy include thrombus and vegetation, both of which are more
frequently encountered. Thrombus may be difficult to distin-
guish from a papillary fibroelastoma, but may be differentiat-
ed by its signal characteristics and lack of contrast enhance-
ment, if large enough to reliably assess. The appearances of
thrombus are discussed separately below, although, unlike a
papillary fibroelastoma, thrombus may demonstrate high T1-
weighted signal if acute or subacute, or low T2-weighted sig-
nal if subacute or chronic [30]. Vegetation usually arises from
the tips of the valve leaflets, is not attached by a stalk, is
associated with a greater degree of valvular destruction, and
often occurs in the context of suspected endocarditis.

Rhabdomyoma

Rhabdomyomas are the most common primary cardiac neo-
plasm of infancy and childhood [31, 32]. They typically pres-
ent within the first year of life with a mean age at diagnosis of
2 weeks. Males are more commonly affected than females and
80-90% of cases are seen in the context of tuberous sclerosis
[33, 34]. Derived from striated muscle cells, they are micro-
scopically considered to be hamartomas [3]. Macroscopically,
they are well-circumscribed masses arising within the myo-
cardium and are multiple in up to 90% of cases.

On CT, they appear as hypodense intramural masses rang-
ing from a few millimeters to several centimeters. They are
usually confined to the myocardium but may rarely project
into the ventricle [35]. On CMR, they appear isointense to
myocardium on T1-weighted images and hyperintense on
T2-weighted images [36, 37]. They typically demonstrate
minimal to no contrast enhancement.

Most remain asymptomatic and spontaneously regress in
early childhood without the need for surgical intervention
[38]. Surgery is considered in cases of hemodynamic compro-
mise or refractory arrhythmias.

Fibroma

Fibromas are the second most common primary cardiac neo-
plasm of childhood presenting at a mean age of 11 years [39].
Like rhabdomyomas, they also arise in an intramural location,
typically within the left ventricle or interventricular septum
[40]. However, in contrast to rhabdomyomas, fibromas are
usually solitary. Histologically, they are composed of neoplas-
tic fibroblasts interspersed with large amounts of collagen.
Associations include familial adenomatous polyposis,
Gardner syndrome, and several developmental anomalies in-
cluding cleft lip and cleft palate [41].

On CT, fibromas appear as well-defined intramural masses
of soft-tissue attenuation and may contain coarse dystrophic
calcification, which can help distinguish them from
rhabdomyomas. On CMR, fibromas appear isointense to
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myocardium on T1-weighted images and hypointense on T2-
weighted images [42, 43]. Signal intensity is usually homog-
enous unless calcification is present, which may give rise to
central areas of low signal. Fibromas are avascular and there-
fore do not enhance during first pass perfusion imaging.
However, they classically display intense late gadolinium en-
hancement at 7-10 min owing to their large extracellular com-
ponent, which allows gadolinium to diffuse into and remain
within the interstitial space but not across cell membranes
[36].

Hemangioma

Cardiac hemangiomas, also known as cardiac venous
malformations, are rare lesions accounting for 5—10% of pri-
mary cardiac tumors [3]. They consist of endothelial-lined
channels and may be divided into capillary, cavernous, or
arteriovenous subtypes. They are usually solitary lesions and
are typically found in the ventricles, although they may arise
in any cardiac chamber [44].

On non-contrast-enhanced CT, they appear as heteroge-
nous masses and may contain foci of calcification. On CMR,
they appear hyperintense on both T1- and T2-weighted se-
quences due to slow flow and often contain hypointense fi-
brous septae [36, 45]. Avid enhancement is characteristic and
reflects the vascular nature of the mass [45].

Malignant Masses
Cardiac Sarcoma

Primary cardiac malignancies are uncommon accounting for
25% of primary cardiac tumors. Sarcomas represent the vast
majority (95%) of such cases, with primary cardiac lympho-
mas and pericardial mesotheliomas accounting for the remain-
der [3].

Sarcomas may occur at any age but typically present in the
third to fifth decade of life. Mean age at diagnosis is 41 years.
Dyspnea and orthopnea are the most common presenting
symptoms and are often due to pulmonary venous hyperten-
sion and pulmonary edema. Prognosis is very poor, with mean
survival ranging from 9.6 to 16.5 months [46—48]. Complete
surgical resection with negative margins is necessary for op-
timal survival. A 17-year retrospective study found that pa-
tients who underwent surgery had a mean survival of
12 months compared with a mean survival of 1 month for
those who did not undergo surgery [49]. A Mayo Clinic re-
view of 24 patients who underwent surgery over a 32-year
period found that mean survival was extended to 17 months
for patients who underwent an RO resection (i.e., microscop-
ically negative margins) compared with 6 months following
an R1 resection (i.e., macroscopically negative but

microscopically positive margins) [50]. These findings serve
to highlight the importance of accurate preoperative imaging,
particularly regarding the margins of the mass and the extent
of local invasion.

Undifferentiated sarcomas usually originate in the left atri-
um and may invade and occlude the pulmonary veins and left
atrial appendage [51]. Pulmonary vein involvement often ne-
cessitates a pneumonectomy and is considered a contraindica-
tion to surgery by some surgeons. Macroscopically, they may
appear as either focal intracavitary lesions or diffuse infiltra-
tive masses with central areas of necrosis and hemorrhage.
Angiosarcomas typically demonstrate similar aggressive ap-
pearances to undifferentiated sarcoma and may also present as
a low-attenuation intracavitary mass or as an infiltrative mass
invading the myocardium and pericardium [52]. However,
unlike undifferentiated sarcomas, angiosarcomas usually arise
in the right atrium, right ventricle or, less commonly, the peri-
cardium or pulmonary arteries [49, 53] (Fig. 1). Encasement
and invasion of the right coronary artery is not uncommon and
may necessitate a coronary resection and replacement if sur-
gical management is being considered.

Rhabdomyosarcomas represent 4-7% of cardiac sarcomas
and are the most common cardiac malignancy in infants and
children [3, 33]. Unlike undifferentiated sarcomas and
angiosarcomas, rthabdomyosarcomas demonstrate no predi-
lection for any specific chamber. Similar to thabdomyomas,
multiple sites of origin are not uncommon [54, 55]. On CT,
rhabdomyosarcomas appear as large infiltrative masses that
may surround central areas of necrosis. On CMR, they appear
isointense to myocardium on T1-weighted images and hyper-
intense on T2-weighted images. Enhancement is typically ho-
mogenous, although central areas of necrosis may give rise to
central areas hypoenhancement [18, 36].

The remainder of the cardiac sarcomas are extremely rare
and include osteosarcoma, fibrosarcoma, liposarcoma, and
leiomyosarcoma. Osteosarcomas often contain dense calcifi-
cation and virtually always arise in the left atrium producing
signs and symptoms of congestive cardiac failure [56].
Leiomyosarcomas also has a predilection for the left atrium,
usually arising from the posterior wall, although it may also
arise in the smooth muscle of the pulmonary arteries and veins
and spread to involve the heart.

Primary Cardiac Lymphoma

Primary cardiac lymphoma is rare accounting for <5% of
primary cardiac malignancies. Cardiac involvement of
extracardiac lymphomas is far more common. Almost all pri-
mary cardiac lymphomas are aggressive B cell lymphomas
and usually occur in immunocompromised patients, such as
those with HIV or transplant recipients on long term immuno-
suppressants [57]. Like other primary cardiac malignancies,

@ Springer



103 Page 6 of 12

Curr Cardiol Rep (2019) 21: 103

[N

Fig. 1 Angiosarcoma. a Axial contrast-enhanced CT showing nodular
thickening of the pulmonary trunk and right ventricular outflow tract. A
partially calcified, left lower lobe pulmonary metastasis is also present

prognosis is poor although remission has been reported in
cases of early diagnosis and chemotherapy [58].

Primary cardiac lymphoma usually arises in the right side
of the heart, most commonly in the right atrium, and often
infiltrates the pericardium resulting in a pericardial effusion
[59, 60] (Fig. 2). Extensive nodular infiltration of the myocar-
dium is also often present at the time of diagnosis [61].
Epicardial extension along the surface of the heart and encase-
ment of the aortic root and coronary arteries have been de-
scribed [62].

The imaging appearances of primary and secondary cardiac
lymphoma are similar, usually manifesting as a homogenous
isointense mass on T1- and T2-weighted sequences [63].
Central areas of necrosis and hemorrhage often seen in other
cardiac malignances are rarely seen in cardiac lymphoma,
which may serve as a useful discriminating feature [64].

Cardiac Metastases

Cardiac metastases represent the most common cardiac tu-
mors and are 20—40 times more common than primary cardiac
neoplasms [65]. They are typically asymptomatic but are dis-
covered at autopsy in 10-12% of patients with a known ma-
lignancy [66]. Melanoma is perhaps the only primary tumor
with a tendency for cardiac spread and can involve the myo-
cardium in up to 50% of cases [67]. Other sites of origin
include lung, breast, and esophageal carcinoma as well as
lymphoma and leukemia [68].

Four routes of spread are described: hematogenous dissem-
ination, lymphatic spread, venous extension and direct inva-
sion. Hematogenous dissemination usually results in myocar-
dial deposits and is typically seen with melanoma, lymphoma,
or leukemia. Lymphatic spread is usually the result of retro-
grade propagation through the mediastinal lymphatics and
results in cancerous cells implanting on the epicardium or
pericardium [1]. Thoracic malignancies, in particular lung
and breast carcinomas, account for the majority of such cases.
Venous extension describes tumors propagating along the
veins leading to the heart. Infradiaphragmatic tumors may
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(arrow). b Axial contrast-enhanced CT showing occlusion of the left main
pulmonary artery and encasement of the left upper lobe bronchus (arrow)
by an invasive soft tissue mass

ascend along the IVC and involve the right atrium [69].
Renal cell carcinoma is the typical example, but hepatocellular
and adrenocortical carcinoma may also spread via this route.
Lastly, direct extension is usually seen in thoracic malignan-
cies due to their proximity to the heart and is most commonly
the result of lung, breast or esophageal carcinoma or, less
commonly, pleural mesothelioma.

On CT, cardiac metastases appear as solid enhancing nod-
ules or masses [30]. The margins of the mass may be well-
defined or infiltrative. On CMR, cardiac metastases do not
have any specific appearances but usually appear hypointense
on T1-weighted images and hyperintense on T2-weighted im-
ages. Melanoma is an exception usually appearing hyperin-
tense on T1-weighted images due to the presence of melanin
[67, 70].

Pericardial metastases may present as pericardial thicken-
ing, nodularity, or a pericardial effusion. Malignant pericardial
effusions are typically exudative and often hemorrhagic, and
thus appear denser on CT and more hyperintense on T1-
weighted CMR images compared with simple transudative
effusions.

Pseudotumors
Thrombus

Once a cardiac mass is identified, thrombus should be the first
consideration as it is the most common cardiac mass and can
be fatal if left untreated [71]. It can occur in any cardiac cham-
ber but most commonly affects the left side of the heart. It is
usually caused by atrial fibrillation, wall motion of abnormal-
ities from prior myocardial infarction, indwelling catheters or
devices, or hypercoagulable states.

In the left atrium, thrombus usually forms in the setting of
atrial fibrillation and is typically located against the posterior
wall or within the left atrial appendage. CT is highly sensitive
at detecting thrombus within the left atrial appendage but has a
lower specificity as circulatory stasis may mimic a true filling
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Fig. 2 Primary cardiac lymphoma. a Balanced steady-state gradient
recall echo sequence (True FISP). Basal short axis slice showing
extension of primary cardiac lymphoma around the right ventricle. b
Mid ventricular slice showing involvement of the right ventricular free
wall and inferior wall. ¢ Four-chamber view confirming infiltration of the

defect [72, 73]. Specificity however can be improved by
performing an additional delayed phase. A 2015 meta-
analysis reported a pooled sensitivity and specificity of
99.1% and 98.9%, respectively, when delayed-imaging,
ECG-gating and heart rate control were performed [74].
Similarly, a 2018 meta-analysis assessing CMR in the detec-
tion of left atrial and left atrial appendage thrombus reported a
pooled sensitivity and specificity of 100% and 99% if delayed
enhancement sequences were acquired [75¢].

In the left ventricle, thrombus typically forms in
areas of myocardial hypokinesis or within left ventricu-
lar aneurysms, which are usually due to prior myocar-
dial infarction. Left ventricular thrombus usually has a
crescentic morphology with a broad attachment to the
ventricular wall, although pedunculated thrombi mimick-
ing myxomas have been reported [76].

right atrium, right ventricular free wall, and interventricular septum. d T2-
weighted fast spin echo sequence. Four-chamber view showing
encasement of the right coronary artery (arrow) (credit: Dr. Jessica
Webb, Consultant Cardiologist, Guys and Thomas Hospital, UK)

In the right ventricle, thrombus typically forms around in-
dwelling central venous catheters or conduction leads, but has
also been described in the setting of arrhythmogenic right
ventricular dysplasia, systemic lupus erythematosus,
Behcet’s disease, metastases, and trauma [69, 77].

On CT, thrombus appears as an intracavitary filling defect
[78]. Foci of calcification may be seen in chronic thrombus.
On CMR, the signal characteristics of thrombus depend on its
age. In the acute setting, thrombus is composed of oxygenated
hemoglobin and demonstrates intermediate signal intensity on
T1- and T2-weighted images. As it ages, oxyhemoglobin in
converted to methemoglobin, shortening the T1 and T2 relax-
ation times and leading to increased signal on T1-weighted
sequences and decreased signal on T2-weighed sequences
[79]. Hence, subacute thrombus appears hyperintense on T1-
weighted sequences and hypointense on T2-weighted
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sequences. After a further period of time, thrombus is eventu-
ally replaced by fibrous tissue and becomes water-deplete
leading to low signal intensity on T1- and T2-weighted
images.

Contrast-enhanced CMR is the most accurate way of
distinguishing between thrombus and a true neoplasm.
Thrombus lacks a blood supply and will not enhance on
post-contrast sequences. Rarely, however, chronic thrombus
may show mild peripheral enhancement due to its fibrous
content. [69]

Pericardial Cyst

Pericardial cysts are benign, congenital, fluid-filled lesions,
most commonly located in the right cardiophrenic angle
[80]. Their typical location helps distinguish them from other
cystic mediastinal abnormalities such as bronchogenic, thy-
mic, and foregut duplication cysts. They are almost always
asymptomatic but rare cases have been reported of large cysts
causing hemodynamic compromise, or hemorrhage into a cyst
leading it to exert mass effect.

On CT, pericardial cysts appear as thin-walled, fluid-
density structures which do not communicate with the peri-
cardial space (unlike pericardial diverticulae) and do not en-
hance post-contrast. On CMR, they demonstrate homogenous
low signal on T1-weighted images and very high signal on
T2-weighted images, as would be expected of a simple cyst
[81].

Pre-op 3D Reconstruction and Planning

Advances in multidetector CT hardware and more sophisticat-
ed post-processing algorithms have made 3D reconstructions
auseful adjunct in the assessment of a cardiac mass [82]. Both
maximum intensity projection (MIP) and volume rendering
(VR) can be used for reconstructing CT datasets and can assist
in displaying information that can be difficult to appreciate on
two-dimensional (2D) images.

MIP images are reconstructed by selecting the highest at-
tenuation voxels in a given volume and displaying them as a
single 2D image. MIP images are optimized for evaluating
vascular anatomy and can be of value in assessing the course
and locations of the coronary arteries and their relationship to
the mass. Volume rendering employs a more complex algo-
rithm and allows for better visualization of soft tissues, bony
structures, and vasculature in a single image. In VR, each
voxel is assigned a color and transparency based on its atten-
uation and the information is displayed as a single image
which can be manipulated to better understand the anatomic
and spatial relationships between the margins of the mass and
the surrounding structures.

@ Springer

Cinematic rendering is a novel technique which is similar
to VR but incorporates a more complex lighting model to
create more photorealistic images. It has not been widely stud-
ied and is not widely available but it has shown promise in
several applications, including cardiac imaging. [83—85]
Rowe et al. published a case of a spindle cell sarcoma of the
right ventricle illustrating how cinematic rendering can be
used to demarcate the margins and extent of the mass [84].

Three-Dimensional Printed Models

Three-dimensional printed models are an emerging tech-
nology which have been incorporated into cardiology
and cardiac surgery in recent years [86, 87]. 3D printing
is a form of additive manufacturing in which personal-
ized 3D models are created from digital images by the
layer-on-layer addition of new material to an existing
surface. While its use in the setting of cardiac masses
is still largely experimental, a substantial literature sup-
ports the benefit of 3D printing in patients with congen-
ital heart disease. [88-90] The Radiological Society of
North America 3D Printing Special Interest Group has
recently published guidelines outlining the specific sce-
narios in which 3D printing is appropriate, with truncus
arteriosus, double outlet right ventricle and double outlet
left ventricle scoring highest on their appropriateness
rating [91].

Although still in its infancy, the field is advancing at a rapid
pace and several reports have now been published describing
the use of 3D models in the preoperative planning of a cardiac
mass, including cases of a poorly differentiated sarcoma infil-
trating the tricuspid valve, a right ventricular fibroma, a left
atrial osteosarcoma and renal cell carcinoma metastatic to the
right atrium [92-94]. In such cases, the additional value in a
3D model over a 3D reconstructed image has been largely
attributed to easier visualization of the margins of the mass
and a better appreciation of the relationship between the mass
and the surrounding structures.

Surgeons’ initial experiences with 3D printed models have
been largely positive. In one study, 4/5 surgeons found the
models helpful in potentially reducing surgical complications
and all five reported that they would recommend it to a col-
league [95].

Conclusion

With the widespread and routine use of echocardiogra-
phy and CT, the incidental detection of a cardiac mass
is not uncommon. CT and CMR are complementary
tools in the diagnosis and preoperative assessment of a
cardiac mass. CMR provides superior tissue characteri-
zation, whereas CT better depicts calcification and has
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superior spatial resolution allowing for precise anatomic local-
ization and detailed preoperative planning. Knowledge of the
epidemiology and typical appearances of the most common
cardiac masses is now mandatory for radiologists and cardiol-
ogists reporting cardiac imaging and facilitates optimal patient
management. 3D reconstructions are a valuable adjunct in the
preoperative assessment of a cardiac mass and may allow for a
better appreciation of the margins of the mass and its relation-
ship with surrounding structures. 3D printing is an emerging
technology which has recently been incorporated into the man-
agement of complex congenital heart disease and may be of
additional value in selected patients with a cardiac mass.
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