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Abstract

OBJECTIVE—The objectives of this article are to discuss key radiologic features that
differentiate primary and secondary cardiac masses. Clinical scenarios are included to highlight
stepwise radiologic workup of tumors of the pericardium, epicardium, myocardium, valves, and
chambers. The involvement of key cardiac anatomic structures will also be emphasized to
determine resectability and guide surgical planning.

CONCLUSION—Multimodality imaging plays a pivotal role in diagnosis and surgical planning
of cardiac masses. Clinical features, such as patient age, location, and imaging characteristics of
the mass will determine the likely differential diagnosis. In addition to radiologic evaluation of the
mass itself, involvement of valvular apparatus, extent of myocardial involvement, or presence of
associated coronary artery involvement is necessary to determine resectability and surgical
technique.
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Introduction

In the case scenarios to follow, several examples of primary and secondary cardiac masses
are described, including pericardial, myocardial, valvular, and subendocardial tumors.
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Scenarios 1A and 1B

Clinical History of 1A

A 62-year-old man presented with a hypertensive crisis after colonoscopy (Fig. 1).

Clinical History of 1B

A 37-year-old woman with no medical history of cardiac disease presented with nausea,
vomiting, headache, and hypertension (Fig. 2). A mass was detected in the atrioventricular
groove on echocardiography, and urine catecholamines were elevated raising the suspicion
of a pheochromocytoma.

Conclusion

The atrioventricular groove mass shown in Figure 1 is a pheochromocytoma
(paraganglioma). The patient presented with clinical features of hypertensive crisis, which
would be consistent with catecholamine excess. These masses are typically echogenic on
echocardiography and on MRI they are T1 isointense or hypointense to myocardium, T2
hyperintense, and show avid enhancement after IV contrast administration [1].

Cardiac pheochromocytomas are typically 3-5 ¢cm in size and found in an epicardial location
in the roof of left atrium or anterior to the aortic root. Central necrosis is seen in 50% of
cases, and calcifications are seen rarely [2]. At CT, cardiac paragangliomas are low
attenuation on unenhanced imaging and after 1\ contrast administration enhance to the same
degree as myocardium. Borders can be poorly defined as in this case (Fig. 1) [3]. Both
octreotide and 1311-metaiodobenzyl guanidine are used to detect pheochromocytomas and
paragangliomas, with similar sensitivities of approximately 90% [2, 4]; 18F-FDG avidity in
paragangliomas is variable [5].

Surgical resection is the optimal management of cardiac paragangliomas. Preoperative tissue
diagnosis can be obtained via catheterization or echocardiographic guidance. Preoperative
percutaneous embolization of these tumors due to the increased vascularity has been
described [6]. Cardiac bypass or cardiac autotransplantation may even be required because
of the size of the tumor and complex anatomic relationship to the cardiac structures [7].
Paragangliomas anterior to the aortic root may necessitate aortic root replacement [7].

Coronary angiography in this patient with atrioventricular groove paraganglioma (Fig. 2)
identified a patent but encased right coronary artery without evidence of ischemia distal to
the site of involvement (no late gadolinium enhancement or regional wall motion
abnormality in the right coronary artery perfusion territory). The patient underwent right
coronary artery bypass grafting with saphenous vein graft from the aorta to the distal right
coronary artery. MRI and echocardiography identified the tumor encroaching on the
territory of the tricuspid annulus necessitating tricuspid valve replacement with a porcine
valve. Because of the extent of pericardial and myocardial involvement, resection of the
tumor necessitated patch replacement of the right atrial and right ventricular free wall with
bovine pericardium. Preoperatively, identification of the length and depth of involvement of
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the myocardium is necessary because, depending on the extent of involvement, a patch
repair may or may not be feasible.

Scenario 2

Clinical History

Conclusion

A 46-year-old man presented with progressive shortness of breath and dizzy spells (Fig. 3).

The radiologic characteristics of this right atrial invasive mass with enhancement and flow
voids are consistent with a right atrial angiosarcoma. Angiosarcoma is the most common
primary cardiac malignant neoplasm in adulthood and typically occurs in middle-aged men
[8]. Progressive dyspnea over months is the typical presentation [9]. Sarcomas occur
typically in the right atrium with or without extension into the epicardial space and
pericardium. Angiosarcomas may have a lobulated cauliflower configuration. These
malignant tumors are typically isointense on T1-weighted MRI and hyperintense on T2-
weighted MRI and show a heterogeneous enhancement pattern [10]. The heterogeneous
enhancement is likely due to necrosis. The mass can show a characteristic sun-ray pattern
because of diffuse intense enhancement [3]. Flow voids due to vascular structures within the
mass may be present.

Scenarios 3A and 3B

Clinical History of 3A

A 63-year-old man with a history of prior coronary artery bypass grafting was found to have
a left atrial mass at routine follow-up echocardiography (Fig. 4).

Clinical History of 3B

Conclusion

An 82-year-old man presented with atypical chest pain (Fig. 5).

Radiologic features of the mobile pedunculated left atrial mass arising from the interatrial
septum (scenario 3A) were consistent with a myxoma. In scenario 3B, the location of the
mass is atypical for a myxoma, but the pedunculated mobile enhancing mass structure raised
the question of myxoma.

Cardiac myxomas typically occur in middle-aged adults (30-60 years) and in women more
commonly than men [11-13]. Cardiac myxomas, the most common cardiac neoplasm in
adulthood, are typically solitary and most commonly found in the left atrium (left atrium,
75%; right atrium, 25%) with the site of attachment most often adjacent to the fossa ovalis
[14]. Myxomas are characteristically mobile, irregular, pedunculated masses that are
isointense to myocardium on T1-weighted imaging, T2 hyperintense due to intracellular
water, and have variable enhancement patterns. There may be hemorrhage within the
myxoma, which will show variable signal intensity depending on chronicity [1, 10].

AJR Am J Roentgenol. Author manuscript; available in PMC 2015 April 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buckley et al.

Page 4

Although the stalk of the myxoma typically attaches to the interatrial septum at the border of
the fossa ovalis, the tumor may originate from anywhere in the left atrium, including the
atrial appendage. Myxomas have been reported to arise from the mitral valve apparatus [15],
tricuspid valve, pulmonary artery and vein, and vena cava [16-18]. In a review of 49
patients with cardiac myxoma, 6.1% arose from the mitral valve [19]. When the mitral valve
is involved, the mass may prolapse through the valve and may cause obstructive symptoms
leading to life-threatening obstruction of the left ventricular outflow tract [15, 20].

Single atrial myxomas are generally sporadic, and the risk of recurrence is low after
resection [21]. Multiplicity and right ventricular location are less commonly seen.
Ventricular myxomas are more common in women and children and are often multiple; they
typically arise from the free wall of the right ventricle and near the posterior papillary
muscle of the left ventricle. Multiple tumors, atypical location of tumors, and recurrence
after resection are seen in 7% of cases and are more common in younger men with a familial
predisposition [21]. An example of such familial predisposition is the Carney complex,
which consists of endocrinopathy; cardiac, cutaneous, and mammary myxomas; testicular
neoplasm; LAMB (lentigines, atrial myxoma, mucocutaneous myxoma, and blue naevi); and
NAME (naevi, atrial myxoma, myxoid neurofibroma, and ephilides) syndromes [22-25].

Indications for surgery include peripheral embolism, heart failure (mitral valve obstruction),
right heart failure (right atrial tumor), and constitutional symptoms. Rarely, myxomas can
undergo malignant degeneration [14]. Surgical resection of an atrial myxoma can involve a
uniatrial or biatrial approach. Transaortic resection has also been used [20]. In many cases,
resection from the valve is possible, rarely requiring valve replacement [26, 27]. A biatrial
approach allows careful identification of the pedicle and prevention of perioperative
embolization [28].

Scenario 4

Clinical History

Conclusion

A 76-year-old man with a history of lymphoma and atrial fibrillation was found to have a
right atrial mass on echocardiography (Fig. 6). Twelve years previously the patient had
undergone aortic valve replacement.

When thrombus may be the cause of an intracardiac mass, high-inversion-time (600-800
milliseconds) turbo FLASH single-shot magnitude images can be used to differentiate a
thrombus from a mass [29]. The signal from thrombus is nulled at these high inversion
times, and thus the thrombus becomes hypointense to myocardium. Thrombus will also fail
to enhance with IV contrast administration. It is important to recognize that the signal
isohyperintensity of the mass at an inversion time of 300 milliseconds does not represent
vascularization of the mass but is due to the different null time of thrombus. This patient was
at risk for both metastasis from known lymphoma and thrombus because of the known
arrhythmia and the prosthetic valve. Therefore, this radiologic differentiation was crucial for
guiding management.
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Scenario 5

Clinical History

Conclusion

A 60-year-old man presented with near syncope (Fig. 7).

Lipomas are typically found in adults and can be found anywhere in the heart but are more
commonly found in the epicardial region [9, 12]. Typically the tumors are slow growing and
in the epicardial location can reach a large size and cause symptoms secondary to
compression of the coronary arteries or can cause pericardial effusions [30]. Subendocardial
lipomas are typically small and sessile and can cause obstructive symptoms [30].
Intramyocardial tumors can cause arrhythmias. Lipomatous hypertrophy of the interatrial
septum is a benign condition commonly incidentally seen at echocardiography. Typically,
this entity is identified as a nonenhancing smoothly marginated homogeneous dumbbell-
shaped mass of fat attenuation that is confined to the interatrial septum [31]. On FDG
PET/CT the maximum standardized uptake value of prominent lipomatous interatrial septal
fat can be higher than that of the chest wall subcutaneous fat and can be mistaken for a mass
[32] because of the presence of brown fat containing abundant mitochondria [33].

In this case, the tumor was large and the patient was symptomatic, requiring surgical
resection of this mass. Despite being a benign tumor, the size of the mass necessitated
resection of the right atrium and septum with reconstruction of the right anterior pulmonary
veins, atrial septum, and right atrial wall with a bovine and autologous pericardial patch.

Scenario 6

Clinical History

Conclusion

A 77-year-old woman with shortness of breath on exertion was evaluated with
echocardiography and found to a have a mass adherent to the aortic valve (Fig. 8).

The mass arising from the aortic valve is a fibroelastoma. The typical radiologic features of
a fibroelastoma include a small pedunculated mass that is mobile with cardiac motion [9].
These are rare cardiac tumors but are among the more commonly seen benign cardiac
tumors, most frequently in older adults (> 60 years) [9]. Fibroelastomas constitute 75% of
all valvular tumors [34]. These tumors are found more commonly on the aortic and mitral
valves but tricuspid and pulmonic valve fibroelastomas have been described [1, 34-38].
Typically, fibroclastomas are filiform projections measuring up to 1 cm which are found on
the value leaflets or endocardial surface of the valve. Valvular function is not typically
compromised by the lesion [34]. Often, these tumors are found incidentally because patients
are frequently asymptomatic. The tumors are often seen on autopsy assessment of the valve
or assessment of the valve after resection. Although histologically benign, these tumors can
cause systemic embolization, resulting in stroke or embolization into the coronary arteries
causing chest pain or myocardial infarction [39, 40].
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Lambl excrescences are filiform fronds originating at sites of valve closure, unlike
fibroelastomas that occur anywhere on the valve [40]. In the echocardiographic literature,
these are often referred to as valvular strands [41, 42]. They are also associated with surface
thrombi, and patients may experience embolic events and hence anticoagulation may be
needed [41]. Differentiation between fibroelastoma, thrombus, and vegetations can be
difficult.

Fibroelastomas are resected if the tumor is mobile or pedunculated and prolapses into the
valve or outflow tract, if it is seen to grow, or if it is symptomatic. If patients are undergoing
cardiac surgery for any other reason, the mass may also be resected at the same time.
Typically, valve sparing surgery is feasible [43], although sometimes leaflet reconstruction
with a pericardial patch may be required [43, 44]. Recurrence is rare [9, 45].

Most fibroelastomas are successfully resected without the need for valve repair, as was the
case in this patient. If there is concomitant valve degeneration, valve repair is often
considered at the time of resection.

Scenario 7

Clinical History

Conclusion

A 47-year-old woman presented with shortness of breath. Echocardiography showed a
pericardial effusion that was drained and sent for microbiology and cytologic analysis. Four
months later, the patient presented with increasing shortness of breath and underwent
cardiac CT and cardiac MRI (Fig. 9). She had no skin lesions, and her complete blood count
was normal. Mammography and breast examination findings were normal. Her lung
parenchyma was normal with no focal lesions.

Cytologic analysis of the pericardial effusion was consistent with primary pericardial
mesothelioma. Primary pericardial mesothelioma is the most common primary malignant
pericardial tumor [46]. Mesothelioma may involve the pleura in 88.8%, peritoneum in 9.6%,
and pericardium in 0.7% of cases [46, 47]. This is a rare tumor of the pericardium, occurring
in 0.0022% of patients and in 1% of patients with mesothelioma [46, 47]. This tumor
typically presents with pericardial effusion and nodular pericardial thickening with or
without plaques. Debulking of the tumor was considered, but the involvement of the left
anterior descending artery as well as the right coronary artery (seen on other images)
indicated the tumor was unresectable. Primary pericardial malignancy is rare but can be due
to mesothelioma, lymphoma, sarcoma, or liposarcoma. In cases of primary pericardial
mesothelioma, pericardial nodules or calcified plagque may be present. There can also be
direct secondary invasion of the pericardium by pleural-based mesothelioma.

Pericardial metastases are more common than primary pericardial tumors, most commonly
from breast or lung primaries via lymphatic, hematogenous, or direct spread [35, 48-50].
Lymphoma and melanoma are also known to have a predilection for pericardial spread [50,
51].
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Radiologically, the presence of a pericardial effusion with masslike or nodular enhancing
pericardial thickening that obliterates the epicardial fat planes is concerning for malignancy,
but the differential diagnosis for pericardial thickening with pericardial effusion includes
benign and malignant causes. Malignant pericardial effusions can typically be hemorrhagic
and loculated. Identification of involvement of the epicardial fat or myocardium will
determine whether pericardectomy may be possible. The optimal strategy to make this
determination is using cardiac MRI with double inversion recovery sequences, most helpful
because of high spatial and contrast resolution.

Benign causes of pericarditis typically result in smooth pericardial thickening and
pericardial effusion and include sarcoidosis, rheumatoid arthritis, uremia, or radiation-
induced pericarditis [51]. Tuberculous pericarditis can, however, mimic pericardial
malignancy because it can be associated with nodular pericardial thickening.

Scenario 8

Clinical History

Conclusion

A 23-year-old man with a history of shortness of breath and back pain was found to have a
pericardial mass that was biopsy-proven to represent epithelioid mesothelioma (Fig. 10).
Cardiac MRI was performed to determine whether there was invasion of the epicardial space
and left ventricular myocardium.

In cases of tumor abutting the pericardium with suspected infiltration of the epicardial fat
and myocardium, double inversion recovery images provide high contrast and spatial
resolution imaging of the tissue planes. Where tissue planes are obliterated, dynamic
imaging with steady-state free precession tagged sequences can help to determine the
presence of myocardial adhesions or infiltration.

Scenario 9

Clinical History

Conclusion

A 42-year-old woman presented with progressive shortness of breath and atypical chest pain
(Fig. 11).

This mass was histologically consistent with fibroma, a tumor that is more commonly seen
in the pediatric population [9, 12, 50, 51]. It is usually solitary and occurs in the
interventricular septum or left ventricular free wall [3]. Fibromas can be well or poorly
defined [34]. Atrial location is more commonly seen in patients with polyposis syndromes
such as Gardner syndrome [9, 35]. Focal calcifications may be present. The presence of
calcifications helps differentiation of fibromas from rhabdomyomas, which do not show
calcification [9, 35]. The tumor is typically in the region of 5 cm at diagnosis (range of 2-10
cm) [3, 9]. MR characteristics of fibromas include iso- or hypointensity to the myocardium
on T1- and T2-weighted sequences because of their dense fibrous nature. In contrast,
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rhabdomyomas are isointense on T1-weighted imaging and hyperintense on T2-weighted
imaging [9]. Fibromas frequently show moderate to intense enhancement [10], but the
enhancement pattern is variable [3, 35].

Rhabdomyomas are typically multiple and arise more frequently in the ventricles than the
atria. On T1-weighted images, they are typically isointense with myocardium and iso- to
hyperintense on T2-weighted images. The enhancement pattern is variable [9, 35]. When
small diffuse intramyocardial lesions are present, diffuse myocardial thickening may be the
predominant feature on echocardiography [50]. Contrast-enhanced MRI can be used to
better define the borders of these tumors.

Fibromas are the most common surgically resected primary cardiac tumor in childhood.
Surgical removal with enucleation is successful in some patients, but complete resection is
not always possible, depending on the degree of myocardium involvement and involvement
of critical structures, such as papillary muscles or the conduction system. In this patient,
surgical resection necessitated mitral valve repair because of involvement of the papillary
muscles.

Rhabdomyomas are typically discovered in the neonatal period. These are frequently
associated with tuberous sclerosis (seen in 50% of patients with tuberous sclerosis), although
they can occur sporadically. Because spontaneous regression of rhabdomyomas is
commonly observed, surgical resection is not frequently indicated. If there is outflow tract
obstruction or arrhythmia, surgical resection may be required [14, 35, 51].

Scenario 10

Clinical History

Conclusion

A 69-year-old man with a history of melanoma with incidental discovery of an
atrioventricular groove mass on echocardiography (Fig. 12).

Malignant melanoma can metastasize to the heart and is most commonly found in the
epicardial regions [52, 53]. Cardiac metastases from melanoma primary tumors are
identified in 2% of patients but at autopsy are found in as high as 50% of patients [53].
Because of the melanin content, melanoma metastases are typically hyperintense on T1-
weighted imaging and will enhance after contrast administration. The extent of T1
hyperintensity is dependent on the amount of melanin in the lesion. Melanoma metastases
are prone to hemorrhage; the presence of methemoglobin can also cause T1 shortening [14].

The most common site of metastasis to the heart is the epicardium, followed by the
pericardium and myocardium [48]. Endocardial metastases are rare but are more commonly
seen in renal cell cancer, hepatocellular cancer, or melanoma and typically involve the right
heart [3]. The most common pathway for tumor spread to the heart is via retrograde flow of
tumor cells through the lymphatic system to the epicardium or via hematogenous spread,
typically to the myocardium.
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Scenario 11

Clinical History

Conclusion

A 65-year-old man presented with a mass and pain in the right shoulder region found to be
secondary to a fibromyxoid sarcoma of the scapula on imaging. He underwent serial
resections and subsequent right forequarter amputation. Follow-up CT over a 9-month
period is shown in Figures 13A-13C. Figure 13A was obtained at presentation with
symptoms of shortness of breath; 13B, was obtained at 3 months after presentation; and 13C
was obtained at 9 months after presentation. Axial T1 unenhanced (Fig 13C) and contrast-
enhanced (Fig. 13E) cardiac MR images were obtained to characterize the extent of
thrombus versus true mass. The resected pathologic specimen is shown in Figure 13F.

The patient had a fibromyxoid tumor of the scapula and underwent right forequarter
amputation. When the masslike filling defect was seen progressively extending from the
right subclavian vein toward the right heart, radiologic differentiation of the extent of
thrombus versus tumor was necessary. The key diagnostic feature was whether the mass
showed enhancement with contrast administration; a solid tumor would be expected to
enhance whereas thrombus would not. Differentiating between thrombus and tumor could be
possible on CT if unenhanced and contrast-enhanced images had been provided to determine
whether enhancement was present. On the late gadolinium-enhanced image shown in Figure
13A, there is enhancement of the mass in the heart with peripheral rim of non-enhancement.
Preoperatively, it was suspected that this represented a solid tumor with a rim of thrombus at
its surface, which was confirmed surgically and histologically.

Leiomyosarcoma is a malignant tumor of smooth muscle and often arises in the pulmonary
vasculature spreading into the left atrium [3]. These tumors are lobulated masses in the left
atrium that can be differentiated from left atrial myxomas by location and invasiveness.
Typically, leiomyosarcomas arise from the posterior wall in the region of the pulmonary
venous confluences as opposed to myxomas, which arise in the region of the interatrial
septum. These tumors can be aggressive, and invasion of the pulmonic veins or mitral valve
can occur [1].

Transvenous spread of tumors is less common and typically seen from tumors extending
from the infrarenal inferior vena cava. Right atrial extension of subdiaphragmatic tumors
can be seen, especially with renal cancers as well as hepatic, adrenal, and uterine cancers.
Ten percent of renal cell cancers invade the inferior vena cava, of which up to 40% spread to
the heart [54]. Extension of tumor along the superior vena cava is rare. Lung cancers can
spread by direct invasion, transvenous spread through the pulmonary vein, and retrograde
lymphangitic spread.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 62-year-old man who presented with hypertensive crisis after colonoscopy
A, T1-weighted image (A) shows round mass in right atrioventricular groove that is

isointense to myocardium. On T2-weighted image (B), mass is hyperintense to myocardium.
C, Axial postcontrast T1-weighted image with fat saturation shows homogeneous
enhancement of the mass.

D, Coronary angiogram with selective catheterization and injection of right coronary artery
(RCA) shows highly vascular mass receiving perfusion from RCA. In its mid section, RCA
has lost its normal smooth contour and invasion-encasement by tumor is suspected. For
dynamic cine images from angiography, see Figure S1, cine loop, in supplemental data
online.
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Fig 2.
379—year—old woman with no history of cardiac disease who presented with nausea, vomiting,
headache, and hypertension. Mass was detected in atrioventricular groove on
echocardiography and urine catecholamines were elevated, raising suspicion of
pheochromocytoma. See Figure S2, cine loop, in supplemental data online.

A, After injection of 5.8 mCi of 111In octreotide, faint focus of tracer accumulation (arrow),
better seen on anterior planar images, is noted in medial right hemithorax adjacent to
diaphragm in region of right anterior mediastinum.

B, Image shows mass is 18F-FDG avid (arrow).

C, Cardiac MR image confirms well-defined lobular mass in right atrioventricular groove,
lying between right coronary artery and myocardium.
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Fig 3. 46-year-old man who presented with progressive shortness of breath and dizzy spells
A, Axial contrast-enhanced CT image shows enhancing irregular mass containing focal

coarse calcification (arrow).

B, 3D echocardiogram confirms lobulated right atrial mass (arrowhead). Mass does not
involve tricuspid apparatus or reach interatrial septum.

C, T1-weighted double inversion recovery image confirms mass is mildly hyperintense to
myocardium, and punctate flow voids are seen in mass (arrow), corresponding to vascular
structures.

D, Contrast-enhanced T1-weighted fat-saturated double inversion recovery image shows
mass enhances inhomogeneously. Focal calcification is seen as ovoid signal void.
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Fig 4. 63-year-old man with history of coronary artery bypass grafting who was found to have
left atrial mass at routine follow-up echocardiography

A, Axial gated cardiac CT image (acquired after administration of 75 mL of nonionic
contrast material (370 mmol/kg) followed by 40 mL of saline administered at 5 mL/s) with
corresponding dynamic CT (see Figure S4A, cine loop, in supplemental data online) shows
well-defined mobile round mass in left atrium adherent to interatrial septum via thin pedicle.
Dynamic cardiac CT images were acquired using single heartbeat acquisition 320-MDCT
with 0.6-mm spatial resolution and temporal resolution of 175 milliseconds. Tube current
modulation was used to reduce radiation exposure but allow data recovery from full R-R
interval.

B, Gross pathology image of resected specimen shows smooth round mass arising from
interatrial septum, consistent with myxoma.
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Fig 5. 82-year-old man with atypical chest pain
A, Axial gradient-echo CT image shows round pedunculated mass arising from

interventricular septum in basal right ventricle. See Figure S5A, cine loop, in supplemental
data online.

B, Axial postcontrast T1-weighted image illustrates heterogeneous enhancement of mass
with peripheral hyperintensity (consistent with vascular tumor) and central hypointensity
(suggestive of necrosis).

C, Angiogram of left anterior descending artery shows that mass is perfused by septal
perforator branch of left anterior descending artery and is highly vascular mobile tumor.

D, Intraoperative transesophageal echocardiogram obtained at time of resection and 3D
reconstruction shows pedunculated round mass in right ventricle.
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DE CMR: TI'=800ms

Fig 6. 76-year-old man with history of lymphoma and atrial fibrillation who was found to have
right atrial mass on echocardiography. The patient had undergone aortic valve replacement 12
years previously

A-D, MR images show lobulated mass in right atrium (arrow) in this patient with atrial
fibrillation and lymphoma. Susceptibility artifact is seen in region of prosthetic aortic valve
(star). Mass does not enhance with 1V contrast administration as seen on contrast-enhanced
T1-weighted fat-saturation images (A and B). Ten minutes after administration of 1V
gadolinium, at inversion time of 800 milliseconds (C), mass becomes extremely
hypointense. At inversion time of 300 milliseconds (D), myocardial signal is nulled and
mass is isointense. Findings are consistent with right atrial thrombus.
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Fig 7. 60-year-old man who presented with near syncope
A, Contrast-enhanced CT image shows nonenhancing low-attenuation lipomatous mass (12

HU) within right atrium. Homogeneous attenuation, absence of solid elements, and absence
of enhancement make liposarcoma unlikely. The Hounsfield units of this mass are consistent
with fat, not thrombus.

B, T1-weighted four-chamber double inversion recovery image reveals mass is
hyperintense.

C, After application of triple inversion to saturate fat signal, mass becomes hypointense.
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Fig 8. 77-year-old woman with shortness of breath on exertion who underwent
echocardiography and was found to have mass adherent to aortic valve

A, Axial gated cardiac CT image shows 1-cm nodular excrescence arising from noncoronary
cusp of aortic valve. On dynamic gated cardiac CT mass is seen to be mobile within aortic
outflow tract and adherent to cusp by thin attachment (Figure S8A, cine loop, in
supplemental data online). Contrast-enhanced gated dynamic cardiac CT was acquired using
tube current modulation with reduced tube current output during retrospective data
acquisition from full cardiac cycle; 75 mL of iopamidol (Isovue 370, Bracco) was
administered at 6 mL/s followed by saline flush of 40 mL at 6 mL/s.

B and C, Cross-section images from transesophageal echocardiography of aortic valve (B)
and left ventricular outflow tract and aortic root (C) show lobulated echogenic mass
adherent to noncoronary cusp.
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Fig 9. 47-year-old woman who presented with shortness of breath
A, Axial image from cardiac gated coronary CT angiogram after administration of 75 mL of

nonionic contrast (370 mmol/mL) and 20 mL of saline flush all injected at 5 mL/s. There is
circumferential thickening of pericardium and there appears to be well-maintained fat plane
surrounding right coronary artery, but nodular and thickening pericardium more inferiorly in
apical region encases and abuts distal left anterior descending coronary artery.

B, Four-chamber image from late gadolinium-enhanced cardiac MRI shows circumferential
nodular enhancing pericardium. See also Figure S9B, cine loop, in supplemental data online.
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Fig 10. 23-year-old man with history of shortness of breath and back pain who was found to
have pericardial mass biopsy-proven to be epithelioid mesothelioma

A and B, Axial T1-weighted double inversion recovery contrast-enhanced images show
large heterogeneous mass extending from aorta to left hemidiaphragm, encasing right
ventricular outflow tract, pulmonary artery, aortic root, and circumflex coronary artery.
There is loss of epicardial fat in region of mid and distal anterior and anterolateral left
ventricle, concerning for myocardial infiltration. See also Figures S10C and S10D, cine
loops, in supplemental data online.
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Fig 11. 42-year-old woman who presented with progressive shortness of breath and atypical
chest pain

A, Four-chamber static image from fast imaging employing steady-state acquisition
(FIESTA) sequence that has both T1 and T2 properties and is predominantly T2-weighted.
Mass is seen in lateral wall of left ventricular myocardium. Mass is intramyocardial, and
there is displacement of papillary apparatus within ventricle. Mass is predominantly
isointense to muscle, with central areas of hypointensity consistent with predominantly
fibrotic or necrotic tumor.

B, Delayed contrast-enhanced image (acquired 10 minutes after administration of weight-
based dose of gadolinium) shows mass has diffuse homogeneous enhancement.
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c

Fig 12. 69-year-old man with history of melanoma and incidental discovery of atrioventricular
groove mass on echocardiography

A, Short-axis image from T1-weighted double inversion recovery sequence shows mass in
right atrioventricular groove, which is mildly hyperintense relative to myocardium.

B, T2-weighted fat-saturation image shows high-intensity signal surrounding mass,
consistent with edema.

C, After contrast administration (0.1 mmol/kg of gadolinium), there is enhancement of mass
with central low intensity, consistent with central necrosis. Collectively, features are
consistent with vascular tumor of atrioventricular groove. Mild T1 hyperintensity would be
consistent with melanin in melanoma metastasis. Extent of melanin content of primary and
secondary lesion will determine degree of T1 intensity.
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Fig 13. 65-year-old man who presented with mass and pain in right shoulder region found to be
secondary to fibromyxoid sarcoma of scapula

A-C, Coronal images from contrast-enhanced chest CT show filling defect in superior vena
cava (SVC) extending into heart. Patient has undergone right forequarter amputation.

D and E, Axial four-chamber image from T1-weighted sequence (D) and contrast-enhanced
myocardial delayed enhancement image (E) at level of right atrium show large mass in right
atrium and right ventricle, portion of which enhances whereas portion of mass does not,
consistent with combination of tumor and thrombus.

F, Gross pathologic image shows mass excised from SVC and right heart (16.5 x 7.5 x 4.6
cm) that conforms to shape of SVC, right atrium, and right ventricle. Pathology was
consistent with primary fibromyxoid tumor of right clavicle and confirmed transvenous
extension of tumor.
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