
In patients with cancer, cardiac and chest imaging is a com-
mon occurrence. In the course of this frequent imaging, cardi-

ac masses can be discovered and must be categorized as either 
neoplastic or non-neoplastic. In patients with cancer, this differ-
entiation has important prognostic and treatment ramifications. 
In this article, clinical and imaging features that help to narrow 
the differential diagnosis of cardiac tumors are reviewed. 

Cardiac tumors are uncommon, and are classified as either prima-
ry or secondary tumors [Figure 1]. Primary cardiac tumors orig-
inate within the heart. These are very rare, with an overall inci-
dence of 0.001–0.3% [1]. Of these, 75% of primary cardiac tumors 
are benign, with myxomas being the most common [1,2]. A much 
smaller proportion of primary cardiac tumors are malignant, with 
sarcoma being the most commonly represented (64.8%), followed 
by lymphoma (27%) and mesothelioma (8%) [3]. 

Secondary cardiac  tumors, meaning those originating out-
side of the heart, are far more common than primary cardiac 
tumors. A study of cardiac neoplasms at autopsy indicated that 
metastatic cardiac neoplasms were 132 times more common 



than primary cardiac neoplasms [4]. The bulk of these sec-
ondary tumors represent metastatic disease in patients with 
a known primary malignancy. In one series, the reported fre-
quency of secondary metastatic tumors to the pericardium, 
myocardium, and coronary arteries in the general population 
was between 0.7% and 3.5%, whereas in patients with known 
malignancies it was 9.1% [5]. Melanomas are known to fa-
vor cardiac involvement [6]. However, other tumor types can 
metastasize to the heart. 
Primary lung cancer ac-
counts for 36–39% of 
cardiac metastases, followed by breast cancer (10–12%) and 
hematological malignancies (10–21%) [5]. This distribution 
reflects the high prevalence of these tumors in the general 
population. Direct invasion, trans-venous extension, and lym-

phatic or hematogenous routes are well-described mechanisms 
for tumors to spread to the heart. 

Presentation and location

Many cardiac tumors are found incidentally on cardiac or chest 
imaging. However, others are heralded by symptoms that then 

prompt imaging. Patients 
may experience new car-
diovascular symptoms such 

as chest pain, dyspnea, palpitations, or syncope. They may even 
experience systemic symptoms such as fever or weight loss [7]. 
The size and location of the tumor can impact its clinical mani-
festation as well. Some cardiac tumors can interfere with valvular 



function while others invade the conduction system or myocardi-
um leading to arrhythmias or cause systemic and/or pulmonary 
embolic phenomenon [7]. Location is extremely important in 
narrowing the differential diagnosis. Some benign primary tu-
mors have typical locations 
[Figure 2]. For example, 
myxomas are typically found in the left atrium attached to the 
interatrial septum in the region of the fossa ovalis, and papillary 
fibroelastomas are usually found on the downstream side of the 
valves [8,9]. Malignant angiosarcomas are known to be large and 
infiltrate the right atrium [10]. The age of the patient can also 
help narrow the differential, as rhabdomyomas and fibromas are 
the most common benign cardiac tumors in children [11]. Unfor-
tunately, cardiac tumors do not always adhere to the rules, and 
while these guidelines are helpful to acquire a differential diagno-
sis, tumors can still present with unexpected patterns. 

Cardiac imaging plays a critical role in the evaluation of cardi-
ac tumors. Quite often more than one imaging test is performed. 
Many cardiac tumors are first discovered on transthoracic echo-
cardiogram (TTE) and then further characterized with advanced 
cardiac imaging such as cardiac magnetic resonance imaging 
(CMR), cardiac computed tomography (CT), and 18F-fluorodeox-
yglucose positron-emission tomography/computed tomography 
(18F-FDG PET/CT). Regardless of the imaging modality select-
ed, the goals of cardiac imaging in evaluating a cardiac tumor 
are to determine the origin 
and size of the tumor, its 
borders, any hemodynamic 
impact, and its proximity to 
other cardiac and vascular 
structures. The latter can be useful in planning surgical resection. 
Last, imaging offers a means of assessing results post-resection, 
evaluating response to chemotherapy, or providing surveillance 
for reoccurrence. While the gold standard for tumor diagnosis is 
tissue biopsy, use of multimodality cardiac imaging can certainly 
refine the differential diagnosis in a noninvasive manner. Each 
imaging modality adds value in a unique way. 

Echocardiogram

Two-dimensional (2D)-TTE is frequently the first step in the 
diagnostic evaluation of cardiac tumors due to its portability 
and widespread accessibility. It rapidly assesses tumor size, lo-
cation, and hemodynamic consequence without using any ioniz-
ing radiation. However, the technique is limited in patients with 
poor acoustic windows, and the evaluation of peripheral vessels 
and extracardiac structures is constrained by the sector size [12]. 
With 2D-TTE and transesophageal echocardiography (TEE) 
one must mentally reconstruct a 3-dimensional (3D) structure 

-
sional echocardiography (RT3DE) uses a volumetric method to 

capture the entire cardiac mass. The 3D dataset permits tumor 
visualization in any orientation, provides a more accurate as-
sessment of size, shape and attachment point of the lesion as 
well as insight into the composition of the mass [13]. Transillu-

mination (TI) is a new 3D 
echocardiographic imag-

ing tool that uses freely movable virtual light source to enhance 
the contour and dimensionality of cardiac a mass [14]. While 
RT3DE allows for 3D rendering of the image, it is still displayed 
on a 2D monitor. Current studies are evaluating the feasibility of 
virtual reality (VR) to create true 3D visualization, which could 
translate to improved measurements of masses and conceivably 
be used in surgical and treatment planning [15]. Unfortunately, 
2D-TTE, 3D-TTE, 2D-TEE, and 3D-TEE have limited ability 
to evaluate perfusion or other tissue characteristics of cardiac 
masses [12,16]. For this type of image, one must harness the 
advantages of advanced cardiac imaging modalities. 

Cardiac magnetic resonance imaging 

CMR allows for multiplanar imaging without restrictions on the 
field of view. CMR sequences are harnessed to enable localiza-
tion, extension, and tissue characterization including perfusion 
[Figure 3]. When evaluating a cardiac tumor, features that favor 
a malignant lesion include size > 5 cm, involvement of more 
than one cardiac chamber, presence of pericardial or pleural effu-
sions, extension into mediastinum or great vessel, and presence 
of perfusion [17,18]. Once the tumor is localized, T1-weighted, 

T2-weighted, and gadolin-
ium-enhanced sequences 
provide information about 
tissue characterization. For 
example, cardiac masses 

have typical patterns on T1-T2-weighted imaging that can be 
used to help identify the tumor type, although not all tumors 
always adhere to these patterns [17]. Moderate or strong late 
gadolinium enhancement (LGE) or heterogenous LGE favors 
malignancy [19,20]. Last, with cine imaging and tagging, a tu-
mor’s functional impact on the myocardium and valves can be 
assessed. Disadvantages of CMR include its contraindication 
with older generation cardiac devices and also the need for elec-
trocardiographic gating, which in the presence of an arrhythmia 
can lead acquisition artifacts and poor image quality [19,21]. 
CMR evaluation is also hampered when a cardiac tumor is cal-
cified, a situation where cardiac CT may be more fruitful [19]. 

Cardiac CT

Cardiac CT is a valuable imaging modality to evaluate cardiac 
tumors when other techniques are non-diagnostic or contrain-
dicated. Electrocardiogram gating, which reduces artifact from 
cardiac motion, and submillimeter spatial resolution lead to high 
quality multiplanar images that can be obtained rapidly [22,23]. 
Cardiac CT is ideal for calcified masses. It is also helpful for 



pre-operative planning by showing the relationship of the tumor 
to surrounding vascular and extra-cardiac structures while also 
evaluating for coronary artery disease [23]. However, cardiac 
CT achieves this result using ionizing radiation and contrast 
agents. This technique lacks the temporal resolution and tissue 
characterization features of CMR, which spares the patient ion-
izing radiation [22]. 

18F-fluorodeoxyglucose positron-emission tomography/
computed tomography
18F-FDG PET/CT assesses the metabolic activity of a mass, 
which can help differentiate between benign and potentially 
malignant etiologies. It is frequently employed in the diagno-
sis and staging of non-cardiac malignancies and in treatment 
planning. Most such studies are not performed under any spe-
cific dietary instructions 
as they are not needed for 
this indication. However, 
if using 18F-FDG PET/CT to evaluate cardiac tumors, the Eu-
ropean Association of Nuclear Medicine guidelines recommend 
a low-carbohydrate diet 24 hours prior to a 18F-FDG PET/CT 
scan [24]. This diet restriction shifts the myocardial metabolism 
toward fatty acid consumption and prevents false positive re-
sults that might otherwise arise from failure to suppress carbo-
hydrate metabolism [24]. While there are no large-scale studies 
evaluating the diagnostic value to 18F-FDG PET/CT for cardiac 

tumors, reports on its utility in differentiating malignant from 
benign cardiac tumors based on standardized uptake values and 
target blood pool ratios are emerging from small case series 
[25-27]. While this technique may have an expanded role for 
cardiac tumor imaging in the future, the dietary preparation can 
be limiting for some. In addition, radiation exposure associated 
with 18F-FDG PET/CT is a consideration, particularly if done as 
a stand-alone procedure and not in combination with extra-car-
diac PET scans already being performed as part of patient’s on-
cological assessment. 

Although cardiac tumors are rare, it is important to recognize 
the clinical presentation and typical location for the more com-
mon tumor types. Many imaging tools are available to aid in 

the evaluation of cardiac 
tumors, each with spe-
cific features that can be 

harnessed to considerably narrow the differential diagnosis. 
Transthoracic and transesophageal 2D- and 3D-echocardiog-
raphy and CMR are the most commonly deployed, providing 
key information on tumor location, size, extent, and tissue 
characterization. The lack of ionizing radiation for both CMR 
and TTE make them sensible initial choices not only for diag-
nostic assessment but also for surgical planning and post-treat-
ment assessment.



Tay-Sachs disease (TSD) is an inherited neurological 
disorder caused by deficiency of hexosaminidase A (HexA). 
Flotte and colleagues described an adeno-associated virus 
(AAV) gene therapy expanded-access trial in two patients 
with infantile TSD (IND 18225) with safety as the primary 
endpoint and no secondary endpoints. Patient TSD-001 was 
treated at 30 months with an equimolar mix of AAVrh8-HEXA 
and AAVrh8-HEXB administered intrathecally (i.t.), with 75% 
of the total dose (1 × 1014 vector genomes (vg)) in the cisterna 
magna and 25% at the thoracolumbar junction. Patient TSD-
002 was treated at 7 months by combined bilateral thalamic 
(1.5 × 1012 vg per thalamus) and i.t. infusion (3.9 × 1013 
vg). Both patients were immunosuppressed. Injection 
procedures were well tolerated, with no vector-related 

adverse events (AEs) to date. Cerebrospinal fluid (CSF) 
HexA activity increased from baseline and remained stable 
in both patients. TSD-002 showed disease stabilization 
by 3 months after injection with ongoing myelination, a 
temporary deviation from the natural history of infantile 
TSD, but disease progression was evident at 6 months 
after treatment. TSD-001 remains seizure-free at 5 years of 
age on the same anticonvulsant therapy as before therapy. 
TSD-002 developed anticonvulsant-responsive seizures at 2 
years of age. This study provides early safety and proof-of-
concept data in humans for treatment of patients with TSD 
by AAV gene therapy.


