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CARDIAC

Role of magnetic resonance imaging
for evaluation of tumors in the cardiac region

Abstract The aim of this study was
to review the role of MRI in the assessment of heart neoplasm, 25 cases
with heart neoplasm (10 myxoma,
6 rhabdomyoma, 5 angiosarcoma,
2 mesothelioma, 1 lymphoma, and
1 fibroma) were examined with MRI
and echocardiography. Multislice
T1- and T2-weighted spin-echo images and static gradient-echo images
were taken in appropriate directions
with electrocardiogram gating.
Gadolinium enhancement was performed in 21 cases. Transthoracic
echocardiography was performed in
all cases. Except for the 5 patients
with rhabdomyoma, the pathological
diagnosis was obtained. MRI proved
to be useful for tissue characterization of myxoma, angiosarcoma, mesothelioma, and fibroma in cases
with tuberous sclerosis. MRI also
proved to be useful for detection of
the tumor, depiction of contour, relation with other cardiac structures, in
cases with myxoma, angiosarcoma,
mesothelioma, lymphoma, and fibroma. In the differential diagnosis,

Introduction
Among the mass lesion originating from cardiac and
paracardiac tissue, the most common entity is thrombus,
and second is metastasis. Primary heart neoplasm is a
rare disease, which is encountered in approximately
0.1% of autopsy cases. Approximately 79–85% of primary heart neoplasms are benign [1, 2, 3, 4, 5]. The most
common benign tumor is a myxoma, which is usually at-

MRI provided important information
in cases with myxoma, rhabdomyoma, angiosarcoma, and fibroma. In
cases with tumors expanding into the
mediastinum, such as mesothelioma
and fibroma in this report, MRI was
useful in determining the location
and border. In cases with tumors adjacent to pericardium, MRI was useful in detecting pericardial invasion.
Gadolinium enhancement added useful information in cases with myxoma, rhabdomyoma, angiosarcoma,
and mesothelioma. The role of MRI
with and without Gd enhancement
differs somewhat in individual types
of heart neoplasm, and adaptation
must be considered in each kind of
neoplasm. On the other hand, MRI is
an essential examination in all cases
with a cardiac mass, which has not
been diagnosed, since it may provide
useful information for the differential diagnosis.
Keywords Heart neoplasm ·
Magnetic resonance imaging ·
Gadolinium-DTPA

tached to the atrial wall. Rhabdomyoma, which always
originates from myocardium, and lipoma are secondary
common cardiac benign tumors. Among cases with malignant tumor, angiosarcoma, fibrosarcoma, rhabdomyosarcoma, and malignant lymphoma are the most common
types. The most common clinical symptoms of patients
with heart neoplasm are due to heart failure followed by
thromboembolic events, which are characteristically the
initial clinical manifestation for myxoma [2].
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Improvement in diagnostic technology has increased
the number of patients identified with a primary heart
neoplasm in its early stage, and has also improved the
prognosis. It is established that MRI is a useful method
for patients with heart neoplasm. The usefulness of MRI
was described regarding the detection of neoplasm [6, 7,
8], depiction of precise neoplasm location, and border
and impingement on surrounding structures [6, 7, 8, 9,
10], depiction of neoplasm features that include tissue
characterization [6], estimation of the effectiveness of
chemotherapy and radiotherapy [10], and differentiation
of malignancy from benign tumors [11]. The usefulness
of Gd enhancement was also emphasized in this setting
[12, 13].
However, the clinical usefulness of MRI is different
in each type of heart neoplasm, and adaptation must be
discussed in each neoplasm on the basis of clinical experience and reference to the literature. In the present review, 25 patients with myxoma, rhabdomyoma, angiosarcoma, mesothelioma, lymphoma, and fibroma were
subjected to MRI examination, and the role of MRI in
combination with application of a paramagnetic contrast
agent is discussed for each heart neoplasm.

mens, Erlangen, Germany; Horizon, General Electric Medical
Systems, Milwaukee, Wis.). T1- (effective TR/TE: 630±85 ms/
22±6 ms) and T2-weighted (effective TR/TE: 1890±295 ms/
66±3 ms) spin-echo images (T1 SE, T2 SE) were obtained in all
examinations with multislice–multiphase technique. Triggering
was performed to every third heart beat on T2 SE. Slice thickness
was from 5 to 9 mm and slice gap was 1 mm. Except for 4 patients
(1 myxoma, 1 rhabdomyoma, 1 lymphoma, 1 fibroma), Gd enhancement T1-weighted spin-echo imaging was performed with
0.2 ml/kg Magnevist (Japan Shering, Osaka, Japan) intravenous
injection. The image interpretation was performed by two trained
radiologists individually, and consensus findings were used. The
degree of enhancement was classified into high and low grade,
when tumors represented superior and equivalent enhancement
compared with myocardium. Static gradient-echo (effective
TR/TE: 621±62 ms/18±0.2 ms, flip angle 30°) images (GRE) were
obtained in 15 patients (10 myxoma and 5 angiosarcoma). The
phase image of the GRE sequence was calculated from the same
data set in 4 examinations (1 myxoma and 3 angiosarcoma).
Transthoracic echocardiography was performed within 20 days
of the MRI examination in all patients. All examinations (MRI
and echocardiography) were performed under clinical indications
in preparation for surgical operation or to obtain a precise diagnosis.
The interval between surgical operation and MRI examination
was 17.4±11.3 days (n=16). All surgical specimens were fixed
with formalin and embedded in paraffin for photomicroscopy.
Glutaraldehyde-fixed and epon-embedded specimens were prepared for electron microscopy. One trained pathologist decided the
diagnosis.

Materials and methods
Twenty-five patients with cardiac tumors (10 myxoma, 6 rhabdomyoma, 5 angiosarcoma, 2 mesothelioma, 1 lymphoma, and 1 fibroma) were examined by MRI and echocardiography. Their age
ranged from 2 to 67 years and the male to female ratio was 13 to
12. Except for the 6 patients with rhabdomyoma, surgical/postmortem specimen or autopsy determined the pathological diagnosis. All 6 patients with rhabdomyoma were diagnosed clinically as
having tuberous sclerosis.
Electrocardiogram-gated MRI examination was undertaken
with 1.5-T super-conducting MRI equipment (Magnetom, Sie-

Results
The morphological and MR signal characteristics of each
tumor is cumulated in Table 1.
All myxomas were localized in the left atrium and attached to the atrial septum. The MR signal of myxoma
was isointense on T1 SE and higher on T2 SE compared
with that of normal myocardium and tumors had an irregular contour with heterogeneous signal intensity in-

Table 1 Cumulated morphological and MRI characteristics of each tumor
Morphology

MR signal intensity

MR signal characteristics

T1

T2

Homogeneous

Enhancement

Special features

No

Weak–strong
Irregular

Attachment to atrial
septum

Yes

Strong
Homogeneous

Proton

Myxoma

Intra-atrial
Irregular shaped

Iso

High

Rhabdomyoma

Intra-myocardium
Clear contour

Iso

Iso

Angiosarcoma

Intra-arterial
Irregular shaped

Iso

High

No

Strong Irregular

Mesothelioma

Expansive
Intra-pericardial
space

Iso

High

T1, yes; T2, no

Strong Irregular

Lymphoma

Clear contour

Iso

Iso–high

Yes

Iso

Iso

Yes

Fibroma

Mildly
high

Iso iso signal intensity compared with myocardium; High high signal intensity compared with myocardium

“Cauliflower”-appearance
Tubular structure with
flow void
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Fig. 1a–d Magnetic resonance
imaging of a cardiac myxoma.
The signal intensity of the
myxoma is isointense on a axial T1 spin-echo (SE) with
b a little heterogeneous enhancement, and hyperintense
on c axial T2 SE compared
with that of normal myocardium. In 2 cases, low signal intensity lesions scattered inside
the tumor (black arrow) are obvious on d axial gradient-echo
(GRE) image. The attachment
to the atrial wall is well depicted (a, b, d)

side on T1 SE, T2 SE, and GRE. All tumors showed heterogeneous enhancement, and three tumors had low, and
six tumors had high grade of enhancement.
Echocardiography depicted all of the tumors as heterogeneous echo tumors with attachment to the atrial
septum. In 2 cases, low signal intensity lesions were
scattered inside the tumor on GRE (Fig. 1). These lesions were echogenic, with corresponding calcifications
noted in surgical specimens. The attachment of tumor to
atrial wall was well depicted in all cases. The width of
the attachment was greater on T1 SE (1.9±1.0 cm) than
on GRE (1.7±0.8 cm).
Rhabdomyoma was intramyocardial in 5 cases with
prominent extension into the left ventricle in 1 case
(Fig. 2). All tumors were homogeneous and isointense
on T1 SE and T2 SE compared with normal myocardium. The difference in signal intensity between the tumor
and myocardium was emphasized on proton-densityweighted images (Fig. 2). The signal intensity was increased homogeneously with Gd enhancement augmenting signal intensity contrast against normal myocardium
in 5 cases (Fig. 2). All tumors were detected with echo-

cardiography. In 1 case, MRI without Gd enhancement
could not distinguish the intramyocardial tumor from
normal myocardium, whereas echocardiography could
detect the tumor in this case. Gadolinium enhancement
was not performed in this case because the patient had
asthma.
In all 5 patients with angiosarcoma, the signal intensity of the tumors was heterogeneous, and tubular structures with flow-void phenomenon and high-intensity lesions on T1 SE and T2 SE were detected (Fig. 3). On T1
SE, cauliflower appearance [14] was depicted in all
cases. The contour was irregular and invasive, and these
findings were confirmed by surgical observation. Gadolinium enhancement depicted strong and irregular enhancement. On GRE, low-intensity lesions with strong
phase shift were detected (Fig. 3). In surgical specimens,
many vascular structures and hemorrhagic lesions were
seen inside the tumor. In echocardiography, all tumors
were detected as extremely heterogeneous echo masses
with irregular contour.
The signal intensity of mesothelioma was homogeneous and similar to that of myocardium on T1 SE, and
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Fig. 2a–c Magnetic resonance
imaging of a cardiac rhabdomyoma. The rhabdomyoma is
homogeneous and isointense on
a axial T1 SE. The contrast between the tumor and myocardium is more emphasized on
b Gd-enhanced image and
c axial proton-density-weighted
image

heterogeneous and higher on T2 SE. This tumor expanded into the pericardial space, and the continuity of the
pericardial fat plane surrounding the tumor indicated the
non-invasive nature of the tumor to pericardium (Fig. 4).
Surgical observation proved the absence of macroscopic
invasion to the pericardium, vessels, and cardiac structures. The tumor demonstrated somewhat irregular enhancement with Gd injection, because of the presence of
necrotic tissues, proven by examination of the surgical
specimen inside the tumor. The border between the tumor and myocardium was initially clarified by Gd enhancement since the tumor was isointense to myocardium on T1 SE (Fig. 4). Echocardiography can detect
these tumors as heterogeneous masses; however, it cannot depict whole tumor since a considerable amount of
the tumor was in mediastinum. Echocardiography also
failed to clarify whether or not the tumor invaded the
pericardium.
The pathological diagnosis in this immunocompromised case was non-Hodgkin’s lymphoma (diffuse, large
B-cell type) based on a post-mortem specimen. No extracardiac lesion was detected. The signal intensity of the
lymphoma was the same as other tumors, iso- to slightly
hyperintense to myocardium on T1 SE and hyperintense

on T2 SE (Fig. 5). The tumor was attached to the wall of
the right atrium with prominent extension into the right
atrium (Fig. 5). Lobulation was detected on MRI. Thickening of the pericardium was observed indicating tumor
involvement of pericardium, but no pericardial effusion
was detected. Echocardiography also detected the tumor
and the thickening of pericardium in this case.
The signal intensity of fibroma was similar to, and a
little higher on, T1- and T2 SE. The tumor was characterized by a relatively low intensity on T2 SE compared
with the other cardiac tumors reviewed in this article
(Fig. 6). Fibroma also appeared as a homogeneous, welldemarcated tumor on T1 SE and T2 SE. This tumor extended into the pericardial space, and the contour of the
tumor was clear. The tumor showed continuity into the
anterior myocardium in a limited region, and most parts
of the tumor were located in the intrapericardial space
(Fig. 6). Echocardiography could not depict the tumor
location or its nature precisely in this case, because of
limitation of the echo window.

L5

Fig. 3a–d Magnetic resonance
imaging of a cardiac angiosarcoma. The signal intensity of
this tumor is heterogeneous on
a axial T1 SE, b GRE, and T2
SE with an irregular and invasive contour. Tubular structures
with flow-void phenomenon
and c hyperintense lesions on
T1 SE (arrow) and T2 SE are
detected. On T1 SE, “cauliflower” appearance is depicted
in all cases. On GRE, hypointense lesion with strong phase
shift (arrowhead) on d phase
image from raw data of image
b is detected

Discussion
Myxoma
Myxoma usually originates in the left atrium [5, 15, 16,
17, 18, 19] and is attached to the atrial septum. The signal intensity of myxoma is similar to myocardium on
T1 SE, and high on T2 SE similar to water, and shows
low to high enhancement on Gd-enhanced images as
described in a previous report [20]. The signal intensity
of myxoma is heterogeneous on T1 SE, T2 SE, and
GRE, reflecting the tissue diversity in this tumor [21],
such as calcification [22, 23, 24] and hemorrhage. The
tumor contour is clearly depicted in all cases; however,
on T1 SE and T2 SE, signal arising from slow flow
around the tumor precluded distinguishing of the tumor
contour. This is the reason why the tumor attachment to
the atrial wall was wider on T1 SE than that on GRE
(Fig. 1).
The imaging of myxoma is performed mainly by
echocardiography, and MRI has a supplemental role
[25]. The main role of MRI is tissue characterization [13,
20]. Gadolinium enhancement is not essential for detection of myxoma, since this tumor can easily be depicted

on plain T1 and T2 SE, GRE, and especially cine-mode
MRI [26].
The differential diagnosis includes thrombus, vegetation, and other tumors. Subacute thrombus has characteristic MR finding [27] and can be differentiated from
myxoma. Organized thrombus is more difficult to differentiate, and Gd-enhanced images provide important information [20]. The location within the atrium and existence of a stem are also useful features for the differential diagnosis between thrombus and myxoma. Vegetation can be diagnosed by echocardiography, with some
exceptions [28, 29]. Clinical symptoms and/or history
are also important for the differential diagnosis.
Rhabdomyoma
In cases with intra-myocardial rhabdomyoma, the contour of the tumor was unclear on T1 and T2 SE without
Gd enhancement. Proton-density-weighted images are
more useful in distinguishing this tumor from myocardium; however, Gd enhancement is an established method
for depiction of the tumor contour. In 1 case, echocardiography proved more sensitive than MRI without Gd en-
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Fig. 4a–d Magnetic resonance imaging of a mesothelioma in cardiac region. The signal intensity of the mesothelioma is homogeneously isointense on a axial and b coronal T1 SE, and heterogeneously hyperintense on c axial T2 SE. This tumor expanded into
the pericardial space, and the pericardial fat plane surrounding the
tumor was continuous on axial T1 SE. The enhancement was
somewhat irregular on d coronal Gd-enhanced image. The Gd enhancement was effective in distinguishing the tumor contour from
myocardium

hancement for detecting this tumor as was reported by
Rienmuller et al. [30]. The echocardiography findings
of this tumor are well established and usually no other
imaging is needed for the diagnosis [31, 32]; however,
Berkenblit et al. reported a case in which MRI was superior to echocardiography in depicting the contour of a
rhabdomyoma [33]. Judging from these reports and our
own experience, the role of MRI is still limited in the detection of this tumor itself and its border, and is useful
when echocardiography fails to depict it.
Among cardiac tumors in cases with tuberous sclerosis, rhabdomyoma is most common, whereas lipoma and
fibroma are less frequent [34]. Fibroma has a lower signal intensity on T2 SE compared with that of other tumors. Lipoma shows a characteristic signal intensity

from fat tissue [35]. It is possible to distinguish fibroma
and lipoma from other tumors according to their characteristic MRI features [36].

Angiosarcoma
Angiosarcoma is the most common primary malignant
tumor in the heart. It tends to occur in the right atrium
and involve surrounding structures [37]. In our experience, the signal intensity is highly heterogeneous and the
same level as normal myocardium on T1 SE and very
hyperintense on T2 SE. Tubular structure with flow-void
phenomenon represents the vascular structure inside
the tumor. The hypointense layer on GRE images with
significant phase shift represents susceptibility effect
caused by intratumor hemorrhage. These findings were
derived from the pathological findings, namely that this
tumor has a vascular-rich nature. All these MRI findings
were confirmed by pathological examination. Magnetic
resonance imaging is superior in depicting the tissue
characterization of this tumor. The Gd enhancement depicted strong and irregular enhancement and clearly delineated the tumor margin in our cases. Gadolinum en-
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Fig. 5a, b Magnetic resonance imaging of a cardiac lymphoma.
The signal intensity of the lymphoma was iso- to slightly hyperintense to myocardium on a axial T1 SE and hyperintense on b axial

T2 SE. Lobulation was detected on MRI. Thickening of the pericardium was observed. No pericardial effusion was detected

Fig. 6a–c Magnetic resonance
imaging of a fibroma in cardiac
region. The signal intensity of
the fibroma was iso- or a little
hyperintense to myocardium on
a axial and b coronal T1 SE,
and c axial T2 SE. The fibroma
also appeared as a homogeneously clearly demarcated tumor on T1 SE and T2 SE. This
tumor expanded into the pericardial space. Continuity of the
tumor into myocardium was
detected on coronal T1 SE
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hancement can provide precise information regarding invasion and location of cardiac angiosarcoma. All tumors
were also detectable with echocardiography as heterogeneous echo masses with tubular structure in some cases;
however, echocardiography is not so suitable for tissue
characterization in this tumor compared with MRI.
According to the literature, the MRI features of angiosarcoma include heterogeneous signal intensity originating from intra-tumoral hemorrhage and heterogeneous enhancement [6, 38]. Some unique characteristics on
MRI were a cauliflower appearance on T1 SE [14] and a
“sun-ray” appearance on enhanced MRI [39]. The differential diagnosis of angiosarcoma is not so difficult recognizing these characteristic features on MRI.
Magnetic resonance imaging is useful for detection,
tissue characterization, and localization and diagnosis of
this tumor. Echocardiography is also recommendable for
detection of the tumor and transesophageal echocardiography facilitates transvenous endomyocardial biopsy of
the tumor [40]; however, Inoko et al. [40] and Masauzi
et al. [41] have reported cases with angiosarcoma which
are detectable with MRI but not with transthoracic echocardiography.

determine tumor location and extent in cases with mediastinum tumor. As for tissue characterization, Gd-enhanced
MRI is more suitable compared with echocardiography.

Mesothelioma

Fibroma

According to the literature, mesothelioma from pericardium showed homogeneous isointensity compared with
myocardium on T1 SE and greater hyperintensity on T2
SE. The tumor expands into the pericardial space compressing vessels and cardiac structures [8, 42, 43, 44, 45,
46]. These are the characteristic MRI features of this tumor.
The presence of a continuous pericardial fat plane on
MRI indicated that there was no macroscopic invasion to
the pericardium in our cases, and that was confirmed by
surgical findings. On the other hand, invasion to the pericardium is obvious when the hypointense layer of the
pericardium is disrupted and/or focal thickening of the
pericardium was detected [47, 48]. Magnetic resonance
imaging is superior in detecting pericardial invasion of
the tumor.
As was reported before [12, 49], Gd enhancement
was useful for clarifying the contour between mesothelioma and myocardium in our cases. Gadolinium enhancement is also useful for tissue characterization. Many
non-enhanced lesions, which were proved to be necrotic
lesions on pathological examination, were detected inside the tumor. Echocardiography failed to detect these
necrotic lesions when their diameter was small.
The detection of the tumor was easy by echocardiography; however, it is difficult to depict the whole tumor
since the echo window is restricted in the mediastinum,
and to determine pericardial invasion, by echocardiography. Computed tomography and/or MRI are essential to

Fibroma is the second most common benign cardiac tumor in childhood [52], and its differentiation from rhabdomyoma, which is the most common cardiac benign tumor in childhood, is important. The signal intensity of
cardiac fibroma was the same as reported before [52, 53,
54], namely iso- to a little hyperintense compared with
myocardium on T1 SE and hypointense on T2 SE. Burke
et al. [52] and Araoz et al. [53] also reported the hypointensity of cardiac fibroma on T2 SE. This relative hypointensity reflects the abundant fibrous tissue inside the
tumor [55] and is useful for differentiation from rhabdomyoma. Tazelaar et al. [56] and Basso et al. [57] reported that dystrophic calcification is commonly detected in
cardiac fibroma. The presence of calcification is another
important point in the differentiation from rhabdomyoma
[58].
This tumor expanded into the pericardial space with a
little attachment to the left ventricular myocardium. Almost all fibromas arise from the left ventricular area
[52], and to our knowledge, neither cardiac fibroma arising from pericardial tissue nor ones extending from the
myocardium into the pericardial space have been reported. The usefulness of Gd enhancement is not established
for cardiac fibroma. In this case, echocardiography was
not suitable for tumor observation because of the “narrow” echo window, which is one of major defects of this
modality.
In general, MRI is one of the most powerful tools for
detection, differential diagnosis, and tissue characteriza-

Lymphoma
Cardiac lymphoma tends to arise from the right chambers of the heart [50]. In our case, the tumor with lobulation also arose from the right atrium. Magnetic resonance imaging can depict tumor location and morphology precisely. It also depicted the pericardial involvement
as thickening of the pericardium, a finding frequently
noted in cardiac lymphoma [6]. The differential diagnosis is difficult with MRI alone, since the MR features of
this tumor are not specific. It is also difficult with other
imaging modalities, and so thoracotomy, or autopsy or
cytological examination of pericardial effusion fluid
[51], is essential for the diagnosis. Judging from the literature, the major role of MRI for cardiac lymphoma is
tumor detection. Ceresoli et al. reported that MRI has a
>90% sensitivity for the detection of cardiac lymphoma
[50].
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tion of cardiac tumors. It is essential in cases with an undiagnosed cardiac mass, since it will provide useful information for the differential diagnosis. Echocardiography is commonly used and is suitable as the first imaging modality of cardiac tumors, since it is inexpensive
and convenient. Furthermore, it can depict moving pictures and is not affected by paramagnetic metals. The
general benefits of MRI over echocardiography are large
field of view, multiplanar imaging capabilities, reproducible image quality, no restriction of access due to mediastinal structures, and independence from skill of physi-

cians. The usefulness of cine MRI must be mentioned for
providing moving pictures. As reported previously [26,
59], it can depict tumor movement and can increase detectability of tumors. The role of Gd enhancement is
summarized as follows: differential diagnosis from organized thrombus in myxoma cases; depiction of the tumor
and its contour in rhabdomyoma cases; delineation of the
tumor margin in angiosarcoma cases; and clarifying tumor contour against myocardium and tissue characterization in mesothelioma cases.
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