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Abstract
Cardiac myxoma (CM) is by far the most common primary benign cardiac tumor, typically arising in the left atrium with an 
attachment point in the fossa ovalis region. Although the etiology of CM remains unclear, we know that this endocardial-
based mass originates from undifferentiated mesenchymal cells. Continuous technical improvements in the field of echocar-
diography since the 1960s has profoundly changed the diagnostic approach by allowing a good tumor detection as well as the 
preoperative planning by providing crucial information concerning the attachment point location. However, echocardiography 
has its limitations among which lack of tissue characterization and restricted field of view can arise diagnosis difficulties 
in atypical presentations. With the widespread and routine use of echocardiography and chest computed tomography (CT), 
incidental detection of CM is not infrequent. As a consequence, it has become mandatory for cardiologists and radiologists 
evolving in a multimodality imaging world to be familiar with the wide range of presentations of this tumor. The authors 
present here a review of the common and less common aspects of CM using the main imaging modalities available: echo-
cardiography, cardiovascular magnetic resonance imaging, CT, positron emission tomography and coronary angiography.
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Abbreviations
CM	� Cardiac myxoma
CMR	� Cardiovascular magnetic resonnance
CT	� Computed tomography
IAS	� Interatrial septum
LA	� Left atrium
LGE	� Late gadolinium enhancement
PET	� Positron emission tomography
TTE	� Transthoracic echocardiography
TEE	� Transoesophageal echocardiography

T1w	� T1-weighted
T2w	� T2-weighted

Introduction

Cardiac myxoma (CM)—the most common primary benign 
cardiac tumor—accounts for 50–80% of clinical cases [1, 
2] and approximately 70% of operated cases [3]. The diag-
nosis is often challenging owing to its heterogeneous clini-
cal, radiological and histological features. Despite its rarity, 
CM should be considered in the differential diagnosis of 
dyspnoea, embolic events (mainly stroke), syncope, pal-
pitations. Also, in patients with constitutional symptoms, 
including fever of unknown origin or weight loss, CM may 
be the underlying cause. Rarely, it may mimic endocarditis 
or cancer [4]. Although reported, diagnosis of CM made 
at autopsy has become nowadays an exception [5]. His-
torically, the emergence of angiography in 1952 allowed 
preoperative diagnosis [6], but the real break-through to 
noninvasively detect CM coincided with the advent of 
echocardiography in the 1960s [7], substantially improving 
pre-operative planning, surgical tumor resection with overall 
excellent long term survival rates [8]. Nowadays, the goal of 
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imaging—apart from the detection of an abnormal intracar-
diac structure—is to tissue characterize the ‘mass’ providing 
more or less accurate information with regard to histology, 
and to exclude other potential diagnosis. In addition, imag-
ing is needed to provide detailed information with regard 
to tumor insertion and relation of the heart to the chest as 
minimally invasive such as robotic surgery is increasingly 
used to treat cardiac patients.

General features and relation with clinical, 
imaging and pathological findings

Main imaging characteristics of CM are summarized 
in Table 1. The vast majority of CM (80% of cases) are 
located in the left atrium [2] originating at the interatrial 
septum (IAS) (80% of cases) (Fig. 1a). Other locations 
include the posterior and lateral left atrial (LA) wall 

Table 1   Characteristics of cardiac myxoma

80% Interatrial septum attachment
80% Left atrium location
50–80% Of all primary cardiac benign tumors
Mobility Landmark characteristic but inconstant in sessile tumors
30% Obstructive through tricuspid or mitral valve
10–20% Calcifications
Heterogeneous behavior and growth rate
Echocardiography, CMR: heterogeneous aspect depending on hemorrhage, calcification and surface thrombus content
CT, CMR: variable heterogeneous enhancement depending on tumor vascularization
18F-FDG PET: no or low 18F-FDG uptake

Fig. 1   The typical localization 
of CM is an attachment point 
on the interatrial septum (a). 
Atypical localizations include 
the pulmonary vein ostia (b), 
the mitral valve (c) and the right 
atrial posterolateral wall (d)
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(including the pulmonary vein ostium), the left append-
age, the mitral and tricuspid valve, the posterior right 
atrial (RA) wall and, exceptionally, the right, left ventri-
cle and pulmonary artery [2, 9] (Fig. 1b–d). The endocar-
dial attachment point is either broad, sessile or narrow, 
pedunculated. The latter are typically mobile—the degree 
of mobility depends on the length of the stalk—and they 
may prolapse across the atrioventricular valve during the 
diastole hereby restricting ventricular filling (Fig. 2a, b). 
The term “narrow stalk”, however, is prone to discussion 
and likely responsible for the great differences reported 
in the literature on the percentage of pedunculated tumors 
(range 30–85%) [2, 10]. Although CM has a mean size of 
3–4 cm according to recent publications, tumor size can 
be highly variable [11, 12]. Tumor size determines its 
mobility as well as its potential for obstructing the atrio-
ventricular valve [4]. Tumor contours are either smooth 
or lobulated (most common), or irregular, with villous 
expansion or even fragmented presentation [3, 7, 13, 14] 
(Fig. 2c, d). The latter is associated with a higher embolic 
event rate [2, 10, 13, 15]. It is important to emphasize that 

embolic events are not size-related [10] and frequently 
occur in small tumors as well [16]. This concept is sup-
ported by the fact that the rate of embolic presentation 
(10–20%) is nearly unchanged since the first publications 
on CM despite the ability to detect much smaller lesions 
with modern invasive modalities. Myxomas are non-
invasive and thus do not reach the epicardial part of the 
cardiac wall. As a consequence, pericardial involvement 
(e.g. effusion) is not part of the spectrum of CM. Histo-
logically, myxomas have a myxoid matrix with embed-
ded myxoma cells. Frequently, the tumour contains area 
of (ancient) haemorrhage with pigmented macrophages 
and hemosiderin, as well as intratumoral calcifications 
(9–17%) [2, 3]. Finally, the tumor surface may be covered 
by a thrombus. As discussed more extensively in the fol-
lowing paragraphs, tumor histology determines imaging 
features (Fig. 3). Myxomas are considered a benign tumor 
with a variable vascularization and growth rate (Fig. 4). 
A mean growth rate of 4–5 mm/month has been reported 
[17]. However, some found nearly unchanged dimen-
sions for several years [18, 19] while others reported 

Fig. 2   The attachment point to 
the endocardium can be broad 
(sessile tumor, a) or with a 
stalk (pedunculated tumor, b). 
The latter presents mobility 
during the cardiac cycle with 
potential prolapses through the 
atrioventricular valve during 
the diastole. CM are generally 
well-defined lesions with round 
or lobulated shape (a, b). How-
ever, the lesion may be irregular 
with villous expansion (c, white 
arrow) or be fragmented (d, 
white arrow)
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Fig. 3   Typical presentation of a CM in the left atrium (LA). TEE (a) 
demonstrated a hyperechoic area nearby the attachment point on the 
interatrial septum (arrow). At CMR, the mass was isointense at T1w 
(b) and hyperintense at T2w (c) imaging, with a nodular hypointen-
sity nearby the attachment point on the interatrial septum (arrows). 
LGE images demonstrated no significant enhancement (d). Cardiac 
CT showed a homogenous mass (29 HU), with a punctiform calcifi-
cation (arrow) (e) and no enhancement (f). At histology, Pearls stain-

ing showed the presence of hemosiderin in macrophages and calci-
fications nearby the attachment point (g, magnification ×0.36, left 
part of the image), while the main part of the tumor was a homog-
enous myxomatous tissue (light pink). Magnification at ×40 (h) bet-
ter showed the presence of hemosiderin in macrophages (arrows) and 
calcifications in Gamma-Gandy bodies (*). These findings matched 
with the hypointense area in CMR images

Fig. 4   68-year-old patient with 
recent history of oral squamous 
cell carcinoma. At the follow-up 
CT, a small mass appeared in 
the left atrium near the right 
inferior pulmonary vein and was 
initially missed (a, arrow). One 
year later, the mass measured 
35 mm with villous expansion 
(b). After CMR findings (not 
shown), a surgical resection 
revealed a myxoma
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high growth rates mimicking malignant processes [20]. 
Rarely, CM may present atypical at histology showing the 
presence of mitoses or pleomorphic cells that could lead 
to misdiagnosing CM as a malignancy such as sarcoma 
(“malignant myxoma”) [2, 21].

Imaging modalities

First described at autopsy in 1854, pre-mortem diagnosis 
of CM was only achieved in 1952 with the use of angiog-
raphy [6]. First echocardiographic detection of myxoma 
was reported in literature in 1959 [22] and made a pro-
found impact on detection and management of myxoma. 
More recent imaging modalities include computed tomog-
raphy (CT) first reported in 1978 [23], cardiovascular 
magnetic resonnance imaging (CMR) in 1984 [24] and 
positron emission tomography (PET) in 1999 [25].

Angiography

Before the introduction of cardiac ultrasound, angiocardi-
ography with left heart catheterization was the only imag-
ing modality allowing preoperative diagnosis in 78% of 
cases [26]. In 1969, tumor vascularity in LA myxoma was 
demonstrated by selective coronary arteriography [27]. 
In 31–56% of patients, cardiac catheterization shows a 

tumor blush [2, 28–30]. Given its posterior localization, 
CM is commonly supplied by either the right coronary 
or the left circumflex artery (Fig. 5). Tumor neovascu-
larization is not specific of CM and can be encountered 
in other primary cardiac tumors such as angiosarcoma or 
paraganglioma.

Echocardiography

Until the 1970s, M-mode transthoracic echocardiography 
(TTE) was the only available method to depict CM. Nowa-
days two-dimensional TTE is the first and most frequently 
used imaging technique to detect this tumor. TTE accurately 
defines the location, size, shape, attachment, and mobility of 
CM as well as hemodynamic consequences. The appearance 
may be homogenous or heterogeneous [16] with presence of 
calcifications in less than 10% of cases—not infrequently 
without a retro-acoustic shadow (Figs. 3, 6, 9). Pure cystic 
forms have been seldomly reported as well [31, 32] (Fig. 7). 
Rarely, vascularization can be demonstrated at color-Dop-
pler imaging [33].

Suboptimal image quality at TTE, due to poor echogenic-
ity, may hamper CM detection in up to 5% of patients [26]. 
Moreover, the exact location of the attachment point may 
be impeded, especially in RA myxoma. Transoesophageal 
echocardiography (TEE) with high frequency transducers 
(7 MHz) improves spatial resolution. The proximity of the 
transducer to the atria improves the ability to characterize 

Fig. 5   Highly vascularized myxoma in an asymptomatic 84-year-old 
woman. TTE (a) revealed a sessile mass (arrow) in the left atrium 
(LA) with an interatrial septum attachment and was better visualized 
at TEE (b). Coronary angiography showed abnormal vessels aris-
ing from the right coronary artery (c, arrows). CMR showed a mass 

hyperintense at T2w imaging (d), hyperintense with punctiform area 
of hypointensity at cine imaging (“blackberry” appearance) (e) and 
a heterogeneous enhancement at LGE imaging (f). Myxoma was not 
visible at cardiac CT before contrast medium injection (g) and after 
showed a strong enhancement (h)
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the tumor appearance, dimensions and location [34] (Fig. 5a, 
b). Hence, TEE is superior to TTE for myxoma detection 
(100% vs 95%) and attachment point identification (95.2 
vs 64.5%) [26], especially for RA myxomas [35, 36]. More 
recent improvements in echocardiography include perfusion 
imaging and 3D imaging. Quantitative perfusion imaging 
may be helpful to demonstrate differences of perfusion 
patterns between malignancies (hyperenhancing pattern), 
benign stromal tumors (hypoenhancing pattern) and throm-
bus (non-enhancing pattern) [37–39]. However, the diag-
nostic yield of perfusion imaging is still limited to differen-
tiate within the group of poorly vascularized masses (e.g., 
myxoma and thrombus) and the group of highly vascularized 
masses (e.g. sarcoma and hemangioma). Finally, 3D echo-
cardiography provides valuable information about shape, 
site of attachment, and surface characteristics of intracavi-
tary masses compared to 2D echocardiography [40].

Cardiovascular magnetic resonance imaging

As CMR is comprehensive, it may provide valuable informa-
tion with regard to the diagnosis and differential diagnosis 
of cardiac masses, and is therefore increasingly used in the 
diagnostic work-up of CM. At pre-contrast T1-weighted 
(T1w) and T2-weighted (T2w) CMR, myxoma exhibits 
three different patterns. The most frequent presentation is 
a mass isointense at T1-weighted (T1w) and hyperintense 
at T2-weighted (T2w) imaging with foci of hypointensity at 
one or two of these sequences [14]. At steady-state free pre-
cession (SSFP) cine imaging, the association of punctiform 
area of high and low signal intensity might sometimes give 
a “blackberry” appearance (Figs. 1a, 2a). A second pattern 
includes marked low signal intensity at T1w, T2w and cine 
imaging, a pattern that potentially can mimic a thrombus 
(Figs. 8, 9). This presentation seems to be more frequent 

Fig. 6   Calcified myxoma. A 16 × 10  mm hyperechoic right atrial 
(RA) mass was discovered in a 61-year-old asymptomatic woman 
during routine TTE (a). The mass was isointense at T1w (b), hyperin-
tense at T2w (c) and cine imaging (d) with a peripheral hypointense 

rim. There was no contrast agent uptake at LGE imaging (e). The 
hypointense rim corresponded to peripheral calcifications who were 
only well demonstrated by cardiac CT (f)
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in RA myxomas and could histologically be explained by 
a higher calcification content [2]. A third possible presen-
tation is a homogenous mass with markedly hyperintense 
appearance at T2w imaging (sometimes giving the tumor 
‘pseudocystic’ appearance) (Fig. 7). The pre-contrast CMR 
presentation can be explained by its’ histology. Hyperin-
tensity at T2w and cine imaging is related to its myxoid 
matrix with high water and polysaccharide content, while 
foci of hypointensity (in variable amount) are related to area 
of haemorrhage, hemosiderin (degradation of haemoglobin), 
calcifications or surface thrombus. With the use of older 
gradient-recalled echo cine images, CM were frequently 
hypointense at cine imaging due to the susceptibility effects 
of these components [41–43]. With SSFP imaging, tissue 
contrast mostly depends on the T2/T1 ratio and therefore 
myxoma are typically hyperintense relative to the myocar-
dium at cine imaging [44, 45]. The use of gradient-echo T2* 

images may better show susceptibility artefacts due to hemo-
siderin content (Fig. 10a, b) [46]. However, this sequence 
suffers from considerable artefacts and image quality is often 
poor, limiting its use in clinical practice. Cine imaging is the 
most appropriate sequence to determine the attachment point 
and the tumor mobility. Tumor prolapse through the mitral 
valve has been reported in 30% of cases. Optionally phase 
contrast imaging in the plane of mitral valve may be use-
ful to assess inflow obstruction and to calculate the reduc-
tion of the mitral valve orifice (Fig. 10c, d). At first-pass 
perfusion imaging, myxoma show enhancement in 16–66% 
of cases [14, 47], which however, is often weaker than the 
normal myocardium (hypoperfused enhancement pattern) 
[48, 49] (Fig. 11). Moreover, interpretation of perfusion 
patterns (such as perfusion slope analysis) may be severely 
impeded in mobile myxomas. In about half of patients, het-
erogeneous (patchy of peripheral) enhancement is shown at 

Fig. 7   Pseudocystic myxoma. TTE (a) and TEE (b) showed a sessile 
mass in the left atrium (LA) with interatrial septum attachment and 
cyst appearance. CMR presentation was also unusual with a homog-
enous isointense signal intensity at T1w imaging (c) and very high 

signal intensity at T2 imaging (d). Cine imaging (e) showed a hyper-
intense mass with a mild punctiform heterogeneity (“blackberry” 
appearance). There was no contrast agent uptake at LGE imaging (f)
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late gadolinium enhancement (LGE) imaging. In myxomas 
showing weak or no enhancement at LGE differentiation 
with thrombus may be challenging [14]. Use of longer inver-
sion times at LGE (e.g. 550–600 ms) of post-contrast T1w 
imaging may be recommend to show contrast enhancement 
in these cases (Fig. 10d, e). In our experience, we could not 
find a relation between pre-contrast imaging features (T1w, 
T2w and cine imaging) and LGE enhancement patterns. 
Recent advances in CMR include parametric techniques (T1 
and T2 mapping) providing quantitative data with regard 
to tissue relaxation times. Although designed and normally 
used for myocardial tissue characterization, these sequences 
can be applied to characterize cardiac tumors (Fig. 12). Two 
recent studies showed T1 times varying between 1285 and 
1356 ms and T2 times varying between 76 and 270 ms for 
CM at 1.5 T [50, 51].

Computed tomography (CT)

At unenhanced CT, myxoma frequently appears homog-
enous and isodense or slightly hypodense relative to the 
blood (average attenuation : 22 Hounsfield Unit (HU)) [52]. 
After iodine contrast medium injection, tumor enhancement 
is often weak or absent, with a mean attenuation reported 
about 43 HU [11]. However, CM may show high enhance-
ment in some cases (Fig. 3). In most of cases, attenuation 
of myxoma on both pre-contrast and post-contrast injec-
tion images is not sufficient to differentiate myxomas from 
thrombi [11]. Therefore, the interest of CT in CM diagnosis 
is limited. However, CT is the preferred technique to detect 
calcifications (10–30% of cases) [43, 52]. Furthermore, 
the development of dual-energy technique could improve 
differentiation between CM and thrombi. This technique 

Fig. 8   Hemorrhagic myxoma. CMR showed a mass with heter-
ogenous signal intensity at T1w (a), T2w (b) and cine (c) imaging 
with area of hypointensity (arrows). The interatrial septum attach-
ment point was correctly identified on cine imaging (*). LGE imag-
ing showed heterogeneous enhancement (d). Histological examina-

tion revealed large hemorrhage area (e, Hematoxylin-Eosin staining, 
magnification ×0.46) and high hemosiderin content (f, Pearl stain-
ing, magnification ×0.46). In that case, the deposit of hemosiderin in 
Pearl staining perfectly matched the hypointense rim at cine imaging
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highlights the contrast-enhanced structures by measuring 
their iodine concentrations after iodine contrast medium 
injection. In their study, Hong et al. demonstrated a sig-
nificant higher iodine concentration in myxomas than in 
thrombi [12].

18F‑FDG PET

Experience of fluorodeoxyglucose positron emission 
tomography (18F-FDG PET) in cardiac tumors is rather 
limited. Most CM show no or low 18F-FDG uptake with 
standard uptake value (SUV) varying from 1.2 to 5.3 [53] 
(Fig. 13). The reason why some myxomas show 18F-FDG 
uptake while others do not remains unclear [54]. Beyond 
myxomas, in selected cases 18F-FDG PET may be of inter-
est in the diagnostic work-up of cardiac masses [55, 56]. 
A few pitfalls—mainly concerning false positive find-
ings—with 18F-FDG PET should be kept in mind. In par-
ticular, lipomatous hypertrophy of the interatrial septum 
frequently demonstrates mild 18F-FGD uptake due to brown 

fat activation [57]. The association with CT/MRI findings 
remains essential to demonstrate the lipomatous nature of 
this pseudotumor. Cardiac paraganglioma may also show 
high 18F-FDG uptake [58]. Finally, inflammatory or infec-
tious tumors may also be 18F-FDG avid lesions and mimic 
a malignant cardiac mass [59].

Differential diagnosis and impact of imaging 
on clinical management

Theoretically, the list of ‘cardiac masses’ mimicking myxo-
mas is large. Based on tumor characteristics, cardiac imaging 
has the potential to choose the optimal patients’ treatment : 
surgical removal of the mass, anticoagulant therapy, onco-
logic therapy (chemotherapy, radiotherapy) or conservative 
management with or without follow-up [47]. Given the risk 
of embolic events, heart failure or even sudden death and 
the potential high growth rate [60] a confident diagnosis 
is crucial when CM is suspected, for immediate treatment. 

Fig. 9   Cardiac myxoma mimicking thrombus. TEE showed a right 
atrial (RA) mass with acoustic shadowing and the attachment point 
could not be precisely determined (a). At CMR, myxoma was hypoin-
tense at T1w (b), T2w (c) and cine (d) imaging and no noticeable 

contrast agent uptake was discerned at both perfusion (e) and LGE (f) 
imaging. Cine imaging also correctly identified the attachment point 
on the posterior right atrial wall (arrow). Histology revealed myxoma 
with high hemosiderin and calcifications content
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The main differential diagnosis of cardiac myxoma with IAS 
attachment is reported in Table 2.

Anatomic variant and pseudotumors do not infrequently 
cause false positive diagnosis at TTE and represent a sig-
nificant portion of patients referred for CMR [61] (Figs. 14, 
15), including lipomatous hypertrophy of the IAS, mitral 
valve annulus (caseous) calcification, prominent crista ter-
minalis or IAS aneurysm. CMR, as well as CT, are reliable 
techniques to identify these pseudotumors (e.g. by showing 
anatomic location or fat or calcified content) and can provide 
a definitive diagnosis [62].

Thrombi are often the first alternative diagnosis in case 
of myxoma suspicion at echocardiography. A confirmation 
is required before initiating an anticoagulation therapy, 
especially because there is no evidence that anticoagulant 

therapy can prevent embolic events in myxomas [63]. 
Clinical context includes left or right atrial dilatation, heart 
failure with reduced ejection fraction, presence of central 
venous catheter or pacemaker (RA). Thrombi exceptionally 
have an IAS attachment [64]. If present on the posterior or 
lateral wall of the LA, it may cause difficulties in differen-
tiating between a thrombus and a myxoma [11]. Thrombus 
has a low mobility and a sessile shape (Fig. 16). At CMR, 
T1w and T2w signal characteristics vary depending on the 
age of the thrombus. Thrombi are frequently isointense or 
hypointense at T1w, T2w and cine imaging, except in rare 
cases of acute thrombus or chronic organized thrombus. The 
Look Locker sequence to determine the optimal inversion 
time for LGE [65] may be helpful to differentiate between 
myxoma and thrombus [66–68]. Indeed, a thrombus has 

Fig. 10   Optional CMR sequences. (a, b) While fast-spin echo T2w 
imaging may be limited in demonstration area of hypointensity (a), 
the use of gradient-echo T2* imaging with longer echo-time (b) 
increases the susceptibility of the sequence and the demonstration of 
area of hemorrhage. (c, d) The atrioventricular valve obstruction can 
be seen at cine imaging (c) or can be assessed by the phase contrast 

sequence (d) in the valve plane allowing calculation of the induced 
mitral valve stenosis (discontinued points) by the prolapse of the 
myxoma (arrows). (e, f) Myxoma may be hypointense on LGE imag-
ing with usual inversion times (e, 240–330 ms), but become hyperin-
tense with use of longer inversion time (f, 550 ms), allowing differen-
tiation with thrombus
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Fig. 11   First-pass perfusion differences between a highly (a–c) and 
a poorly (d–f) vascularized myxoma. A highly vascularized myx-
oma demonstrated higher signal at the myocardial phase images (b) 
compared to ventricular phase images (a) (LA = left atrium). The 
time-intensity curve (c) of myxoma (red curve) was quite similar 

(although inferior) to adjacent normal myocardium (black curve). 
On the opposite, about one-half of myxoma are poorly vascularized 
with no enhancement between ventricular (d) and myocardial phases 
(e) (RA = right atrium). On the time-intensity curve, the perfusion of 
myxoma (red curve) remained very weak (f)

Fig. 12   The use of parametric sequence in myxoma represented in 
Fig. 3 revealed a native T1 time of 2185 ms (T1 mapping, a) in the 
most representative part of the tumor (3T system). Despite no obvi-
ous contrast enhancement was seen on LGE images, there was a 60% 

drop in T1 time post gadolinium injection (840 ms, b). The extracel-
lular volume of cardiac myxoma was 11%. Also, the tumor had a T2 
time of 240 ms (T2 mapping, c), in accordance in high water content 
(myxoid matrix)
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Fig. 13   A 56-year-old woman with fever and weight loss for several months. 18F-FDG PET/CT solely revealed a mildly 18F-FDG uptake area in 
the left atrium (a). TTE (b) and CMR (c) showed a left atrial pedunculated mass suggestive for myxoma

Table 2   Differential diagnosis 
of cardiac myxoma with 
interatrial septum attachment

MIBG meta-iodobenzylguanidine

Lipomatous hyperplasia of the interatrial septum
          Typically elderly population
          Dumbbell shaped appearance
          Signal characteristics at CMR, attenuation characteristic at CT

Thrombi
          Context: atrial (severe) dilatation, atrial fibrillation, deep venous line or pacemaker
          Very rarely attached to the IAS
          CMR: low signal at T2-weighted imaging; signal characteristics at LGE imaging

Metastasis
          Context of known malignancy often present
          Very rarely attached to the IAS
          CMR presentation depends on malignancy etiology

Lymphoma/chloroma
          �Location often not limited to the IAS with extending to the atrioventricular grooves; sometimes 

extending through more diffusely in the LA wall
          Infiltrative > nodular, not mobile
          CMR: homogenous > heterogeneous; isointense at T2-weighted imaging
          PET: often high 18F-FDG uptake (lymphoma)

Infectious/inflammatory disease (tuberculosis, granulomatosis with polyangiitis)
          Infiltrative > nodular, not mobile
          Pericardial enhancement / involvement
          CMR: high enhancement at perfusion imaging
          PET: often high 18F-FDG uptake

Pheochromocytoma-paraganglioma
          No intracavitary but extracardiac mass often located at the roof of IAS/LA
          123I-MIBG uptake

Lipoma
          Rounded appearance
          Typical signal characteristics at CMR
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an “edge” appearance at inversion times between 240 and 
330 ms but becomes hypointense at longer inversion time 
(550–600 ms). In case of remaining doubt, cardiac thrombi 
show no 18F-FDG uptake at PET/CT imaging [69].

Cardiac tumors Cardiac metastasis are more frequent 
than primary cardiac tumors [70] and a history of cancer 
is not always present (Fig. 17). Presentation depends on 
the type of spread and the histology. At CMR, metastasis 
features include frequent necrosis, pericardial enhance-
ment or presence of lung metastasis. Fortunately cardiac 
metastasis with an IAS attachment is extremely rare, facili-
tating differential diagnosis [71]. Differentiation with the 
two most common primary malignant tumors, i.e. cardiac 

angiosarcoma and primary cardiac lymphoma, is usually 
straightforward as their presentation is different. As CMR 
is superior to evaluate tumor location, and extent as well 
as tissue characterization, this technique is highly valuable 
[72]. Other histological types of primary cardiac sarcomas 
are not infrequently located in the LA and thus more likely 
to be confused with CM [73, 74]. Luckily there rarely have 
an IAS origin [75–77]. However, as theses tumors are very 
rare, the value with regard to the role of CMR is limited 
[78]. Other masses, that may be located in the vicinity of 
IAS include benign cardiac tumor such as hemangioma or 
paraganglioma, and cystic structures such as bronchogenic 
cyst. These tumors may have an IAS origin [79–81] and 

Fig. 14   Lipomatous hypertrophy of the interatrial septum. 77-year-
old woman with history of breast cancer. 18F-FDG PET/CT showed 
intense uptake in the interatrial septum (IAS) with a SUV at 10.7 
(a, b). TEE showed heterogenous hyperechoic mass on the posterior 
part of the IAS (c, arrows) with suspected cardiac metastasis. CMR 
showed thickened IAS but no cardiac mass. The presence of fat was 

well demonstrated with a high signal intensity at T1w (d) and cine 
(e) imaging and low signal intensity after fat signal suppression at 
T2w STIR imaging (f). Also note the prominent crista terminalis (f, 
arrowhead). Final cancer staging was no distant metastasis and was 
confirmed during the follow-up
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may become symptomatic, especially with arrhythmias 
or conduction disturbances (AV block) [82] necessitating 
surgical resection.

Inflammatory and infectious processes Inflammatory 
tumors as granulomatosis (with polyangiitis) or infec-
tious processes as tuberculosis may involve the IAS [14, 
83]. Histiocytic diseases as Erdheim-Chester disease may 
have a RA mass presentation [84]. These pseudotumors 
may have a malignant appearance because they are fre-
quently infiltrative (wall thickening at echocardiography) 
with pericardial enhancement at CMR and high 18F-FDG 
uptake at PET.

Rationalization in the multimodality 
imaging world: do we need anything more 
than echocardiography?

Echocardiography remains the imaging technique with the 
best spatial and temporal resolution. Its performance is 
excellent for myxoma detection and precision of its attach-
ment point, particularly with TEE. Diagnosis of myxoma 
is based on a likelihood knowledge considering the preva-
lence and localization of myxoma. Therefore, one could 
wonder if another imaging modality is really needed. In 
clinical practice, echocardiography restrictions are related 
to its limited tissue characterization [85] and to the lack 
of paracardial environment information (Table 3; Fig. 17). 

Fig. 15   Mitral valve annulus 
caseous calcification/necrosis. A 
70-year-old patient was referred 
to our hospital for suspicion of 
left atrial sarcoma. TTE showed 
a highly echoic mass attached 
to the mitral valve (a). CMR 
showed a homogenous mass 
hypointense at T1w (b) and T2 
w (c) imaging (arrowheads). A 
calcified mass was suspected 
and confirmed by CT (d)



The International Journal of Cardiovascular Imaging	

1 3

Diagnostic uncertainty with regard to the diagnosis of CM 
at echocardiography happens in up 30% of cases [14] and 
are associated with absence of IAS attachment, absence 
of narrow stalk (sessile tumors) [34, 42, 86], history of 
cancer (doubt with metastasis), atypical echocardiographic 
presentation, i.e. cystic appearance, circumstances in 
which a thrombus may be suspected and more rarely poor 
acoustic windows. In these atypical presentations, further 
investigations are needed with additional imaging tech-
niques. CMR shows several characteristics that are helpful 
to confidently characterize myxomas. CMR has proven its 
added value in the management of cardiac masses [47, 
87–90], providing more correct histopathologic diagnoses 
compared to echocardiography [91]. However, some CMR 
limitations must be known. Because imaging is performed 

during several heart beats, artefacts can occur when tumor 
motion is not reproducible between heartbeats. Limitations 
of CMR include tissue characterization (and even detec-
tion) of small masses (below 15 mm), especially when 
mobile, image quality in poorly collaborative patients or 
arrhythmia and some overlap in CM and thrombus pres-
entation [61]. Even if experience is limited and overlap 
may occur between benign and malignant cardiac masses, 
18F-FDG PET/CT might have its interest in selected cases 
especially when a history of cancer is present or in when 
CMR is contraindicated or non-conclusive. CT also offers 
an alternative second-line imaging strategy useful (and 
also often easily available) to (1) exclude a cancer or (2) 
to demonstrate the presence of fat or calcifications. An 

Fig. 16   Left atrial thrombus in 
a 55-year-old man with history 
of atrial septal defect closure 
device. TEE showed a small 
sessile mass attached to poste-
rior left atrial wall (a). Cardiac 
MRI showed a small homog-
enous mass isointense at T1w 
(b) and T2w (c) imaging. LGE 
imaging showed no enhance-
ment (d). Because myxoma was 
not definitely excluded, surgical 
resection of the mass was per-
formed and revealed a chronic, 
organized thrombus
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algorithm for how to choose which imaging modality is 
proposed in Fig. 18.

Conclusion

Due to the variability in location, shape, composition and 
vascularization, a confident diagnosis of CM is not always 
simple in daily practice. When the diagnostic likelihood is 
high based on echocardiography only (LA localization, IAS 

attachment and mobility), additional imaging is optional. 
But, if the diagnosis is not clear/definite, further charac-
terization of the cardiac mass is needed. With its good tis-
sue characterization, CMR provides substantial information 
on the mass and helps the cardiologist in the management 
of cardiac masses. With the development of parametric 
sequences, CMR has a bright future by moving ever closer 
to histology.

Fig. 17   Cardiac metastasis by direct invasion by lung carcinoma. 
(a–c) 73-year-old woman with dyspnea and no cancer history. TTE 
(a) revealed a mobile mass in the left atrium (LA). No interatrial sep-
tum attachment could be demonstrated, also at TEE (b). Diagnosis of 
myxoma was suspected and a surgical resection was initially sched-
uled. Because of chest X-ray abnormalities, a contrast-enhanced CT 

was performed, revealing a lung cancer (*) with metastasis in the LA 
(arrows) by direct invasion of the right inferior pulmonary vein (c). 
(d–f). 63-year-old woman with necrotized lung carcinoma (*) invad-
ing the LA (arrows) via the pulmonary vein at T1w (d), T2w (e) and 
cine imaging (f, oblique sagittal view)
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