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Abstract
Cardiac and pericardial masses may be neoplastic, 
benign and malignant, non-neoplastic such as thrombus 
or simple pericardial cysts, or normal variants cardiac 

structure can also be a diagnostic challenge. Currently, 
there are several imaging modalities for diagnosis 
of cardiac masses; each technique has its inherent 
advantages and disadvantages. Echocardiography, 
is typically the initial test utilizes in such cases, Echo-
cardiography is considered the test of choice for 
evaluation and detection of cardiac mass, it is widely 
available, portable, with no ionizing radiation and 
provides comprehensive evaluation of cardiac function 
and valves, however, echocardiography is not very 
helpful in many cases such as evaluation of extracardiac 
extension of mass, poor tissue characterization, and it is 
non diagnostic in some cases. Cross sectional imaging 
with cardiac computed tomography provides a three 
dimensional data set with excellent spatial resolution 
but utilizes ionizing radiation, intravenous iodinated 
contrast and relatively limited functional evaluation of 
the heart. Cardiac magnetic resonance imaging (CMR) 
has excellent contrast resolution that allows superior 
soft tissue characterization. CMR offers comprehensive 
evaluation of morphology, function, tissue charac-
terization. The great benefits of CMR make CMR a 
highly useful tool in the assessment of cardiac masses. 
(Fluorine 18) fluorodeoxygluocse (FDG) positron emis-
sion tomography (PET) has become a corner stone in 
several oncological application such as tumor staging, 
restaging, treatment efficiency, FDG is a very useful 
imaging modality in evaluation of cardiac masses. A 
recent advance in the imaging technology has been the 
development of integrated PET-MRI system that utilizes 
the advantages of PET and MRI in a single examination. 
FDG PET-MRI provides complementary information 
on evaluation of cardiac masses. The purpose of this 
review is to provide several clinical scenarios on the 
incremental value of PET and MRI in the evaluation of 
cardiac masses. 

Key words: Cardiac; Pericardial tumors; Echocardio-
graphy
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Core tip: With the commercial availability of positron 
emission tomography- magnetic resonance imaging 
(PET-MRI) true simultaneous PET and MRI in a single 
study is real. Several studies have demonstrated the 
feasibility and incremental value of combined PET and 
MRI in many clinical applications. A combination of 
PET and MRI can provide incremental information in 
many cardiovascular scenarios. Evaluation of cardiac 
tumors may be most straightforward application for 
PET-MRI because it offers a unique opportunity to 
evaluate the tumor morphology, characterization, infiltra-
tion to adjacent structures, local and M staging and 
comprehensive cardiac evaluation in a single study. 
The purpose of this review is to provide several clinical 
scenarios on the incremental value of PET and MRI in 
the evaluation of cardiac masses. 

Fathala A, Abouzied M, AlSugair AA. Cardiac and pericardial 
tumors: A potential application of positron emission tomography-
magnetic resonance imaging. World J Cardiol 2017; 9(7): 600-608  
Available from: URL: http://www.wjgnet.com/1949-8462/full/v9/
i7/600.htm  DOI: http://dx.doi.org/10.4330/wjc.v9.i7.600

INTRODUCTION
Primary cardiac tumors, Benign and Malignant, are 
rare with an estimated prevalence of 0.002%-0.3% 
at autopsy[1]. The primary benign cardiac tumors 
are common and include myxomas, fibromas, rhab-
domyomas, lipoma, fibroelastomas, hemangioma, 
and paragngliomas. The primary malignant cardiac 
neoplasm is generally sarcomas, mesotheliomas, or 
lymphoma. Cardiac metastases involving the heart 
and pericardium (secondary cardiac tumors) from 
direct invasion or hematological spread are 20%-40% 
more common than primary cardiac tumors and us-
ually associated with poor prognosis primary related 
to advanced stage of primary malignancy[2]. However, 
the most common type of cardiac mass is in fact 
psedutumors or tumors like structures such as intra-
cardiac thrombus, pericardial cyst, valvular vegetation, 
perivalvular abscess, or normal cardiac variant such as 
crista terminalis.

Patients with primary cardiac tumors may present 
with a range of symptoms that can simulate cardiac 
disease. The clinical personation is determined mostly 
by location, size, and texture, the rate of growth and 
invasiveness of the tumor. For example, patients with 
mechanical obstruction related to cardiac mass in 
outflow tract may present with heart failure or valvular 
disease, systolic dysfunction or diastolic dysfunction 
related to impaired contractility. Pericardial disease 
may present as pericardial effusion, pericardial 
tamponade, or pericardial thickening and nodularties. 

Several imaging modalities are used in the evalua-
tion of cardiac and Pericardiac tumors with their in-
herent advantages and disadvantages. Transthoracic 

echocardiography is widely available and is considered 
the procedure of choice for diagnosis of intracardiac 
tumors. It provides information on the size, mobility, 
shape and location of the cardiac mass but limited 
information on mass tissue characterization. In certain 
patients, such as obese patients or patients with chro-
nic obstructive lung disease trans esophageal echo-
cardiography offers a diagnostic alternative[3]. Cardiac 
computed tomography (CT) is a noninvasive technique 
which offers a high spatial resolution and sufficient 
temporal resolution. Both cardiac and intracardiac mass 
can be very clearly depicted as well as their degree 
of myocardial and pericardial involvement; however, 
radiation and iodinated contrast injection are some of 
CT imaging[4]. Cardiac magnetic resonance (CMR) has 
several advantages in the diagnosis of patients with 
cardiac tumors. The greatest advantages of CMR over 
various imaging modalities, is that CMR have a unique 
ability to characterize tissue composition based on the 
inherent T1 and T2 relaxation of different tissue; in 
addition CMR provides excellent temporal and spatial 
resolution, multiplanar 3D imaging capabilities, large 
field of view, evaluating adjacent vascular structures, 
lymph nodes involvement and mediastinum[5,6]. Posi-
tron emissions tomography (PET) offers an accurate 
evaluation of the metabolic activity of the tumors 
via utilizing (fluorine 18) fluorodeoxygluocse (FDG). 
FDG PET is very helpful for staging malignancies, opti-
mizing biopsy location, radiation therapy planning 
and detection of tumors recurrence and response to 
therapy. In cases of cardiac metastases FDG pet can 
detect both primary lesions such as lung cancer and 
cardiac metastases. The extent of FDG uptake by 
tumors is useful for differentiation between benign and 
malignant tumors[7]. 

Positron emission tomography-magnetic resonance 
imaging (PET-MRI) hybrid scanners are a newly 
developed type of clinical imaging system. PET-MRI 
benefits from the advantages of both PET and MRI. 
MRI provides tumors tissue characterization with 
T1 and T2, and different pulse sequence with and 
without gadolinium injection, extent of the tumors 
invasion and local metastasis, in addition, CMR offers 
a comprehensive examination of the heart and any 
complication related to the tumors such as pericardial 
effusion or valvular dysfunction. PET asses the meta-
bolic evaluation of the tumors, and evaluation of the 
primary extracardiac tumors or other distant meta-
stases. Integrated PET-MRI systems provide improved 
spatial and temporal alignment, CMR image based 
motion correction is also improved, artefacts such 
as motion and partial volume effect in PET scanning. 
Integrated PET-MRI system significantly reduces time 
of imaging acquisition compared to performing two 
separate examinations, improve throughput and also 
reduce patient’s discomfort[8,9]. In this review, we will 
discuss several clinical scenarios in which CMR and 
PET provides additive information, these illustrated 
cases performed as sequential examinations, not 
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on integrated PET-MRI scan, these includes: (1) 
characterization and Localization of abnormal FDG 
uptake in the heart; (2) characterization and Locali-
zation of abnormal FDG uptake adjacent to the heart; 
(3) differentiation between tumoral thrombus from 
bland thrombus; (4) distant Metastasis (M staging); 
(5) evaluation of aggressiveness of the lesion and 
assessment of cardiac involvement; and (6) other 
potential indications.

CHARACTERIZATION AND 
LOCALIZATION OF ABNORMAL FDG 
UPTAKE IN THE HEART
The patterns and distribution of FDG in the normal 
myocardium may be classified into three types; no 
to faint uptake, regional uptake, and diffuse uptake. 
There is no specific pattern myocardial FDG uptake[10]. 
Furthermore, myocardial FDG uptake in the same 
individual is neither stable nor reproducible unless 
under the same fasting condition. The PM has a 
characteristic location on axial and coronal images. PM 
uptake can occasionally be seen without myocardial 
uptake, this appearance can mimic an intraventricular 
thrombus or tumor[11]. Focal intense FDG uptake 
is frequently observed in the basal septal region in 
patients with active cardiac sarcoidosis[12]. Several 
reports describing FDG patterns in cardiac tumors 
have been published[13,14]. However, the usefulness of 
FDG in the differentiation between benign (including 
thrombus) and malignant tumors.

Different imaging modalities are often necessary for 
approaching final diagnosis of primary or metastatic 
cardiac tumors. The differential diagnosis can be 
narrowed down by clinical history, signs and symptoms 
of the clinical presentation, history of primary neo-
plasm. Normal cardiac variants and variable myo-
cardial uptake of FDG may raise the suspension of 
cardiac metastasis in some PET-CT studies in patients 
with cancer. In such clinical circumstances, CMR is very 
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useful (Figures 1 and 2). 

CHARACTERIZATION AND 
LOCALIZATION OF ABNORMAL FDG 
UPTAKE ADJACENT TO THE HEART 
One of the most and frequent artefact in PET-CT is 
due to respiratory motion during scanning. It typically 
creates mismatch between a specific stage of breath 
cycle during the CT and average of many breath cycles 
of the PET images. The diaphragm that is visualized 
in a single position during fast CT acquisition is dif-
ferent from mean position of PET images or in case 
of respiratory motion. misregistration of CT and PET 
images disrupts images fusion of normal organ and 
may cause erroneous localization of FDG avid lesion in 
the liver, upper abdomen, base of the lung, or adjacent 
to the heart. The best way to correct for respiratory 
motion between CT and PET images would be acquired 
gated images to discriminate different interval for a 
breath cycle[15]. There are some techniques in inte-
grated PET-MRI that correct for motion artifact, motion 
can be derived from MR data without the need for 
navigators, an approach called self-navigation, and 
these techniques require that K-space be sampled in 
a motion sensitive scanner[16]. The motion control and 
gating approaches will continue to be used in integrated 
PET-MRI scanner, the filed will likely move towards 
data-derived approaches[17]. Oncologic PET-CT scans 
may reveal abnormal focus of hypermetabolism in the 
chest, either in or adjacent to the heart. It is often not 
possible to accurately localize this lesion using PET or 
the corresponding low-dose CT scan. In such situations, 
MRI can provide additional information in localizing and 
characterizing these masses (Figures 3 and 4).

DIFFERENTIATION BETWEEN TUMORAL 
THROMBUS FROM BLAND THROMBUS
Tumor thrombosis is often clinically asymptomatic, 

A B

Figure 1  Localization of abnormal fluorodeoxygluocse activity in the heart. A: Axial fused PET-CT image shows focal intense FDG uptake in the heart (arrow) 
in patient with melanoma that thought represents cardiac metastases; B: Selected delayed enhancement short axis image of the same patient with other images (not 
shown) shows no abnormal enhancement or tissue infiltration, the FDG uptake was corresponding to hypertrophic papillary muscle, follow PET-CT was normal. PET: 
Positron emission tomography; CT: Computed tomography; FDG: Fluorodeoxygluocse.
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is a rare complication of solid cancers, with occult 
inferior vena cava tumor thrombosis having a reported 
incidence of 0.11%. Few case reports have described 
the diagnosis of tumor thrombus by PET-CT in 

the diagnosis of tumoral thrombus is usually made 
incidentally, discrimination between benign, and 
tumor thrombus can have significant implications in 
patient’s management. In general, tumor thrombus 

A B

Figure 2  Localization and characterization of abnormal fluorodeoxygluocse activity in the heart. A: Axial PET-CT images in patient with history of invasive 
thymoma underwent surgical resection shows intense FDG focal uptake in the cardiac apex highly suspicious for cardiac metastases, review CT component of PET-
CT shows area of and soft tissue; B: Four-chamber DE image with triple inversion recovery shows complete fat suppression of the apical activity in keeping with brown 
fat (arrow), with high signal fluid intensity consistent with post-operative lobulated fluid collection (arrowhead). PET: Positron emission tomography; CT: Computed 
tomography; FDG: Fluorodeoxygluocse.

A B

Figure 3  Localization and characterization of abnormal fluorodeoxygluocse activity adjacent to the heart. A: Localization and characterization of abnormal 
FDG activity adjacent to the heart. Axial PET-CT image of the heart shows a non-FDG avid nodule near the base of the heart (arrow), PET-CT was performed 
for incidentally discovered nodule mass on Echocardiography. The study was otherwise unremarkable; B: Axial first pass perfusion image shows highly vascular 
intrapericardial tumors with no evidence of tissue invasion (arrow); this lesion was surgically removed and pathologically proven schwannoma. PET: Positron emission 
tomography; CT: Computed tomography; FDG: Fluorodeoxygluocse.

A B

Figure 4  Localization and characterization of abnormal fluorodeoxygluocse activity adjacent to the heart. A: Axial Ga-68 DOTATATE PET/CT shows a focal 
intense radiotracer uptake adjacent to the heart with difficulty to accurately localize; patient is known to have history of ileocecal area carcinoid and underwent surgery; B: 
Coronal first pass perfusion images show highly vascular lesion in the tip of the left lobe of the liver corresponding to abnormal radiotracer uptake, this location is 
very common for PET-CT misregistration and there was no focal lesion identified in CT component of PET-CT. PET: Positron emission tomography; CT: Computed 
tomography; FDG: Fluorodeoxygluocse.
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inflammatory or infectious thrombus to demonstrate 
some degree of FDG uptake. It is reported that 
inflammatory cells cause significant increase in FDG 
uptake in presence of platelet-aggregation factors 
and cytokines including growth factors[20]. In addition, 
expression of the glucose transporter is also increased 
in activated granulocytes and macrophages[21]. The 
differential diagnosis can be narrowed down by cor-
relating clinical presentation, distinctive clinical fea-
tures, demographics, and relevant laboratory findings 
in association with imaging characterization of the 
thrombus. 

Different imaging modalities are available for distin-
guishing between benign and malignant thrombus. 
PET-CT offers comprehensive anatomical and meta-
bolic evaluation of the thrombus, particularly, if CT 
component performed with IV iodinated contrast. On 
MRI, the signal intensity of the thrombus may vary 
depending on the age of the thrombus. Gadolinium 
contrast is useful for differentiating thrombus from 
tumor, Thrombus typically does not enhance but 
tumors usually enhance on delayed imaging[22]. One 

various cancer including pancreatic, colon, renal cell 
cancer and adrenocortical cancer. In contrast, venous 
thromboembolism (VTE) is relatively common than 
tumor thrombosis in patients with cancer. Cancer has 
been associated with 18% of all cases of incidental VTE. 
Across all patients with cancer, the risk for VTE has 
elevated seven folds, in certain malignances the risk for 
VTE may increase up to 28-folds[18]. 

Tumor thrombosis is composed mainly of viable 
tumor cells and usually has high metabolic neoplastic 
activity[19] with subsequent high FDG uptake. FDG 
uptake in malignant cells is mediated through glucose 
transporters receptors. In contrast, benign thrombus is 
composed of activated of platelets, macrophages and 
fibrin. Therefore, benign thrombus is none metabolically 
active, simple, non-infected thrombus called bland 
thrombus. On PET-CT images, bland thrombus appear 
as intravascular filling defect without FDG uptake and 
can be found in veins of any size and location. 

Distinguishing between benign thrombus and tu-
mor thrombus on basis of presence or absence of 
FDG uptake may be difficult, it is quite reasonable for 

A B C

Figure 5  Differnation between tumoral thrombus from bland thrombus. A: Differnation between tumoral thrombus from bland thrombus in patient with history of 
thyroid cancer treated with total thyroidectomy presented with neck mass. Coronal fused FDG-PET image shows intense linear FDG uptake from in the thyroid bed 
(white arrow) and spreading through SCV to the right atrium (red arrow); B: Four chamber cine image shows irregularly defined mass in the right atrium (arrow), the 
rest of cardiac examination was unremarkable; C: Axial HASTE at the junction of superior vena cava and right atrium shows a high signal intensity mass (arrow). PET: 
Positron emission tomography; CT: Computed tomography; FDG: Fluorodeoxygluocse.

A B

Figure 6  Differnation between tumoral thrombus from bland thrombus. A: Differnation between tumoral thrombus from bland thrombus in female patient with 
history ovarian cancer, patient was known to have chronic pulmonary embolism, there was a bland thrombus almost occulting the left pulmonary artery was no FDG 
uptake (arrow); B: Axial CT image shows a left pulmonary artery thrombus. CT: Computed tomography; FDG: Fluorodeoxygluocse.
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phological imaging. Generally, there is correlation 
between glucose accumulation in tumors tissue and 
degree of malignancy, with some exceptions[26,27]. 
However, PET has not yet systematically evaluated 
for characterization of cardiac tumors, furthermore, 
PET imaging can assess the local extent of the tumors 
and tumor infiltration to adjacent tissue. In addition, 
it is not often possible to accurately localize the lesion 
using low dose CT component of PET-CT. Contrast-
enhanced CT visualizes several morphological features 
of cardiac tumors and helps to discriminate between 
benign and malignant tumors. CT high sensitive 
markers for malignancy includes location of the tumors 
outside the heart, tissue inhomogeneity and contrast 
enhancement. The presence of pericardial effusion 
is a high specific feature for malignancy, but tumors 
size is neither specific nor sensitive for malignancy[28]. 
A well-defined tumor without infiltration to adjacent 
structures is highly suggestive for benignity. CMR 
may have benefit over CT in the assessment of local 
tumor extension because MRI provides high soft tissue 
contrast[29,30]. Therefore PET-MRI can have role in the 
detection of T-stage and assessment of local invasion 
and infiltration (Figures 8 and 9).

OTHER POTENTIAL INTEGRATED PET-
MRI APPLICATIONS RELATED TO 
CARDIAC TUMORS 
PET-MRI with optimal coregistration is essential to 
differentiate between residual scar tissue and tumors 
relapse, integrated PET-MRI imaging obviously com-
bines the advantage of both methods in a single exa-
mination. FDG PET- and MRI-imaging yielded 100% 
senstivity and 92% specificity in detecting tumors 
malignancy, but combined PET-MR yielded 100% 
sensitivity and specificity in one small study, one of 
the limitations of this study was small ample size[31]. In 
addition, in integrated PET-MRI, MRI component can 
assess the cardiac function, volume, morphology, and 
metabolism, and accurately assess tumors infiltration to 

study reported, diffusion weighted (DW) imaging 
enables differentiation between portal vein tumoral 
thrombus from bland thrombus in patients with hepa-
tocellular carcinoma (HCC), when apparent diffusion 
coefficient (ADC) of the thrombus to ADC of HCC is 
less than 2 and when the thrombus showed signal 
intensity similar to HCC, DW imaging may be very 
helpful in certain patients, such as patients with 
contraindication for contrast material injection and/
or history of previous reaction to contrast media[23] 

(Figures 5 and 6).

M STAGING 
CMR is a very helpful imaging technique for diagnosis 
of cardiac tumors which enables evaluation of anatomy, 
function, tissue type, and vascularity and relationship 
to adjacent structures. It also allows searching for 
primary tumors in case of cardiac metastases and detec-
tion for metastases in the thorax and liver/abdomen. 
However, CMR is not adequate for M staging, PET-CT 
is useful technique for M staging of wide varieties of 
cancers, several studies reported that PET-CT is more 
accurate than other conventional imaging staging in 
several cancer such as several types of lymphoma, 
solid cancer such as breast, lung, ovary, and head and 
neck cancers. The newer MRI technique, whole body 
diffusion weighted imaging is used for tumors detection, 
characterization, therapy monitoring. In certain with low 
FDG, uptakes such as neuroendocrine tumors, thyroid 
cancer and several low malignancy lymphomas, whole 
body DW is additive for PET-CT for tumors detection, 
staging, and assessment for response for therapy[24,25] 
(Figure 7).

EVALUATION OF AGGRESSIVENESS 
OF THE LESION AND ASSESSMENT OF 
CARDIAC INVOLVEMENT
FDG PET uptake reflects the metabolic glycolysis in 
tumors and supplies additional information to mor-

Figure 7  M staging. A: M staging: Coronal PET-CT image of patient with lymphoma with unexpected cardiac involvement; B: Axial T1-weighted image at the level 
of interatrial septum shows well defined mass attached to the atrial septum and nearly fills the right atrium and was proved to be lymphoma. PET: Positron emission 
tomography; CT: Computed tomography.

A B

Fathala AL et al . Cardiac and pericardial tumors



606 July 26, 2017|Volume 9|Issue 7|WJC|www.wjgnet.com

simultaneous PET and MRI in a single study is real. 
Several studies have demonstrated the feasibility and 
incremental value of combined PET and MRI in many 
clinical applications. A combination of PET and MRI can 
provide incremental information in many cardiovascular 
scenarios. Evaluation of cardiac tumors may be most 

various cardiac struts such as valves, papillary muscle, 
or coronary artery (Figure 10). 

CONCLUSION
With the commercial availability of PET-MRI true 

A B

A B

A B

Figure 8  Evaluation of the aggressiveness of the lesion and assessment of cardiac involvement. A: Evaluation of the aggressiveness of the lesion and 
assessment of cardiac involvement; whole body PET-CT image of patient with extensive Ewing sarcoma of the left hemithorax, PET-CT images are not sufficient 
to evaluate local extension of the tumor to the heart; B: Axial delayed enhancement image shows large necrotic mass occupying the left hemithorax with direct left 
ventricle (upper arrow) the arrow without circle and left atrial invasion (lower arrow). PET: Positron emission tomography; CT: Computed tomography.

Figure 9  Evaluation of the aggressiveness of the lesion and assessment of cardiac involvement. A: Evaluation of the aggressiveness of the lesion and 
assessment of cardiac involvement; Coronal PET-CT image in a patent with Ewing sarcoma of the left chest wall with direct compression of the left side of the heart; B: 
Coronal Post contrast T1-weighted image of the heart shows no evidence of cardiac invasion with clear separation of the mass from the heart, the mass was surgically 
removed and there was no evidence of cardiac invasion. PET: Positron emission tomography; CT: Computed tomography.

Figure 10  Evaluation of coronary artery involvement by the tumor. A: Coronal PET-CT image in a female patient with history of breast cancer with mediastinal 
and lung metastasis and recurrent chest pain; B: Axial cine image at the base of the heart shows metastatic lesion invading the heart causing mechanical obstruction 
of the right coronary artery (arrow). PET: Positron emission tomography; CT: Computed tomography.
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straightforward application for PET-MRI because it 
offers a unique opportunity to evaluate the tumor 
morphology, characterization, infiltration to adjacent 
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