Kardiologie

Austrian Journal of Cardiology
Osterreichische Zeitschrift fiir Herz-Kreislauferkrankungen

Evaluation of Congenital Heart
Disease and Cardiac Masses hy
Magnetic Resonance Imaging
Frank H

Journal fiir Kardiologie - Austrian
Journal of Cardiology 2003; 10
(1-2), 19-25

Homepage:

www.kup.at/kardiologie

Online-Datenbank mit
Autoren- und Stichworisuche

Offizielles Organ des ‘, \
Osterreichischen Herzfonds

Member of the (@) ESC-Editors’ Club Member of the

Indexed in EMBASE/Excerpta Medica/Scopus www.kup.at/kardiologie

Krause & Pachernegg GmbH - VERLAG fir MEDIZIN und WIRTSCHAFT - A-3003 Gablitz

P.b.b. 02Z031105M, Verlagspostamt: 3002 Purkersdorf, Erscheinungsort: 3003 Gablitz



www.kup.at/db/index.html
http://www.kup.at/cgi-bin/popup.pl?url=http://www.kup.at/kardiologie

kiause & Pachenegg

2012: Abo-Aktion zum Kennenlernen

Wenn SieArzt sind, in Ausbildung zu einem &r ztlichen Ber uf, oder im Gesundheitsbereich tétig, haben
Siedie M oglichkeit, die elektronische Ausgabe dieser Zeitschrift kostenlos zu beziehen.

Die Lieferung umfasst 4-6 Ausgaben pro Jahr zzgl. allfélliger Sonder hefte.

Das e-Journal steht als PDF-Datei (ca. 5-10 MB) zur Verfigung und ist auf den meisten der
mar ktiblichen e-Book-Readern, Tablets sowie auf iPad funktionsfahig.

Inkludiert im PDF sind im Laufe des Jahres eine Serviceseite fur Vortragende, mit direktem Zugriff
auf hochauflésende Grafiken und — so vorhanden — embedded Video-Clips.

Bestellung kostenloses e-Journal Abo

A



http://www.kup.at/gratis-abo.html

Evaluation of Congenital Heart Disease and
Cardiac Masses by Magnetic Resonance Imaging

Abstract: As a tomographic method with a good spatial
resolution, MRI allows identification of visceral atrial si-
tus, type of ventricular loop, and relationship of the great
vessels. From a comparison with angiographic and 2-D
echocardiographic images, MRI provides accurate anato-
mic diagnosis in complex congenital heart diseases. In
some instances, MRI can replace the need for invasive
cardiac catheterization or reduce the number of catheteri-
zations required in management of patients with complex
congenital heart disease. MR imaging of complex con-
gential heart diseases is necessary for preoperative
assessment in adults and in infants, and influences surgi-
cal planning by knowledge of the anatomic topography of
the vascular malformation and relation to the bronchial
system.

In cardiac tumors magnetic resonance imaging pro-
vides a non-invasive and three-dimensional assessment
of masses involving the cardiac chambers, the pericar-
dium, and the extracardiac structures. MRI has become
an established method to yield complementary diagnostic
information and to guide cardiac surgeons in the design of
an appropriate therapeutic strategy. Furthermore, MRI al-
lows to some extent characterization of tumor tissue. The

H. Frank

goal of MRI for assessing cardiac and paracardiac masses
includes (1) to confirm or to exclude a mass suspected by
X-ray or echocardiography, (2) to assess the location, mo-
bility and its relationship to surrounding tissues, (3) to im-
age the degree of vascularisation, (4) to distinguish solid
from fluid lesions, and (5) to determine tissue characteris-
tics and the specific nature of a mass.

Kurzfassung: Magnetresonanztomographie in der
Diagnostik von kardialen Raumforderungen und
komplexen kongenitalen Vitien. Die Magnetreso-
nanztomographie (MR) wird vermehrt fiir die Diagnostik
von komplexen kongenitalen Vitien, auch vorwiegend im
padiatrischen Bereich sowie in der Nachkontrolle, einge-
setzt.

Durch den Vorteil des groRen Field-of-view (FOV)
kdnnen GefaBanomalien sowie intrathorakale Malforma-
tionen sowohl auf normalen Spinecho-Sequenzen wie
auch auf Gradientenecho-Sequenzen diagnostiziert wer-
den. Aus diesem Grund sind kongenitale Vitien wie DAB,
TOF, DORV, TGA etc. mittels MR gut beurteilbar. Auch im
Follow-up, gerade durch die Beurteilung von Regurgita-
tionsvolumina, durch die velocity encoded CINE-MR-

Technik bei Pulmonalinsuffizienz, ist diese nichtinvasive
bildgebende Methode als geeignet anzusehen.

Beziiglich der intra- und extrakardialen Raumforde-
rungen ist die MR gerade durch Verwendung von T2-
Sequenzen und Gadolinium-DTPA eine fiir den
klinischen Alltag wesentliche Technik. Durch den Vor-
teil einer Gewebedifferenzierung aufgrund der unter-
schiedlichen Signalintensitaten tragt die MR in der
wesentlichen Tumordiagnostik bei. So weisen maligne
Raumforderungen ein starkeres Signal-Enhancement
auf als benigne. Kriterien der Malignitét sind weiters
das Vorliegen eines hamorrhagischen Perikardergusses
sowie das infiltrative Wachstum. Alle diese Kriterien
kénnen durch Beurteilung der morphologischen Ver-
héltnisse mittels T1 und T2 sowie durch Kontrastmit-
telgabe beurteilt werden.

Zusammenfassend ist die MR sowohl in der Beurtei-
lung von komplexen kongenitalen Vitien, aber auch in der
Diagnostik von intra- und extrakardialen Tumoren ein
wesentliches und bedeutendes Untersuchungsverfahren,
das auch fiir die Planung chirurgischer Eingriffe wesent-
liche Zusatzinformationen bietet. J Kardiol 2003; 10:
19-25.

B Congenital Heart Disease

As a tomographic method with good spatial resolution, MRI
allows the identification of visceral atrial situs, type of ven-
tricular loop, and relationship of the great vessels [1]. From a
comparison with angiographic and 2-D echocardiographic im-
ages, MRI provides accurate anatomic diagnosis in complex
congenital heart diseases. In some instances, MRI can replace
the need for invasive cardiac catheterization or reduce the
number of catheterizations required in the management of pa-
tients with complex congenital heart disease. MR imaging of
complex congenital heart diseases is necessary for pre-opera-
tive assessment in adults and in infants, and influences surgical
planning by knowledge of the anatomic topography of the vas-
cular malformation and relation to the bronchial system.

Visualization of atrial septum defects (ASD) by MRI with SE-
technique is well established, as is the use of dynamic imaging
with GRE-technique to visualize ASD shunt flow [2]. SE-
technique allows delineation of the atrial septum in two
orthogonal views (short axis and four chamber) perpendicular
to the plane of the septum. Large atrial septal defects can be
easily identified as absence of, or a large deficit in, the inter-
atrial septum. MRI has high sensitivity and specificity in the
diagnosis of primum, secundum and sinus venosus ASDs [1].
False positive diagnoses of ASDs can occur due to the low sig-
nal intensity of the atrial septum in the region of the fossa
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ovalis. The differentiation between signal dropout in the area
of the fossa ovalis and a true secundum atrial defect is espe-
cially difficult in images of suboptimal quality. Thus, SE
imaging can give erroneously large measurements of secun-
dum ASD size. Ostium primum and sinus venosus ASDs are
located primarily in thicker parts of the septum, these lesions
being defined more reliably by septal discontinuity in SE im-
ages [3].

Dynamic imaging with GRE-technique can visualize ASD
shunt jet, especially in increased interatrial pressure gradients.
However, this technique may be inadequate, if the jet velocity
is low, in presence of a low interatrial pressure gradient. In
such cases, shunt flow can be missed entirely. Studies using
velocity-encoded cine-GRE (VEC) of the cross section of the
shunt stream at the orifice allowed identification and assess-
ment of ASD size that is not apparent in the magnitude image.
This technique can yield ASD dimensions and shape with suf-
ficient accuracy and can identify patients, who require surgi-
cal repair versus those who may be suitable for non-surgical
ASD closure by catheterisation techniques [3]. Velocity-en-
coded cine-GRE is also an accurate and reproducible method
for measuring QP/QS. Use of velocity-encoded GRE to demon-
strate unequal levels of pulmonary and systemic flows in a few
patients with various forms of congenital heart disease has al-
ready be reported [4]. Studies have demonstrated that veloc-
ity-encoded GRE can quantify QP/QS in patients with a left to
right shunt and that these results correlate closely with oxi-
metric data obtained at cardiac catheterization [5].

Ventricular septum defects (VSD) can be diagnosed by either
SE pulse-sequences using transverse or coronal planes or by
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GRE technique. Despite the reported accuracy with SE imaging,
small ventricular septal defects will be missed and muscular de-
fects not identified. GRE imaging, however, has resulted in im-
proved detectability of VSD because the actual shunt flow is
identified. The overall sensitivity of MRI in diagnosis of VSDs
was calculated to be 100 % at the 95 % specificity levels [1].
Defects in the trabecular portion of the septum can be identified
very easily by MRI. These defects penetrate the muscular
septum, are surrounded entirely by muscle, and are not related to
the aortic or atrioventricular valve. Conoventricular defects, char-
acteristically with one border formed by the mitral, tricuspid, and
aortic fibrous continuity, are often seen on transverse SE images.
The morphology of this defect and its relationship to the septal
leaflet of the tricuspid valve are particularly important because
some of these defects are partially covered by the valvular struc-
ture, making the defect appear relatively small. Also important
is the relationship of this defect to the aortic valve [6]. In these
cases, selection of a small slice thickness of 5 mm is very impor-
tant for accurate diagnosis. Supracristal defects are usually re-
lated to the pulmonary and aortic valves and are clearly demon-
strated by contiguous transverse sections upward to the plane of
the pulmonary valve.

Patent Ductus Arteriosus (Fig. 1)

An important application of MRI is in visualization of a pat-
ent Ductus arteriosus. Compared to other non-invasive
imaging techniques, MRI allows detection and measurement
of the extent of a patent Ductus arteriosus. The best demon-
stration is by transverse sections at the level of the great ar-
teries and by coronal sections. The left anterior oblique
plane in SE- and GRE-technique is very helpful in visualiz-
ing the ductus and verifying blood flow between aorta and
pulmonary artery. Best results are achieved, if a slice thick-
ness between 3 mm and 5 mm is selected. However, the accu-
racy of MRI for diagnosis of a patent Ductus arteriosus is
still uncertain [6].

Anomalous Venous Connection

Although echocardiography is superior to MRI for detection of
valvular abnormalities, MRI is better for showing anomalies of

Figure 1: Left anterior oblique plane in SE-technique of a patent ductus arteriosus
(arrow)
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pulmonary venous connection [7]. Visualization of pulmonary
veins and diagnosis of an anomalous venous connection
requires performing the MRI study with this intention. Partial
anomalous pulmonary venous connection (PAPVC) is identi-
fied from the course of the pulmonary veins to their point of
drainage and by demonstration of lack of communication to
the left atrium on one side and the route of the anomalous
connection on the other. The pulmonary veins may be
connected to various sites, commonly classified as supra-
cardiac, cardiac, infracardiac and mixed. Supracardiac con-
nection is to the right superior vena cava (Fig. 2) or to the
innominate vein. Cardiac connection may be to the coronary
sinus or directly to the right atrium. Infracardiac connection is
through a vertical vein to the inferior vena cava. Transverse
SE-sections at the level of the left atrium and at the anomalous
connection identify the anomaly. Sections of the lung at diffe-
rent levels and the inferior vena cava on transverse and
coronal sections can also delineate anomalous drainage of the
pulmonary veins.

Tetralogy of Fallot

Tetralogy of Fallot is a complex lesion with ventricular septal
defect, aortic override of the defect, right ventricular outflow
obstruction and right ventricular hypertrophy. A frequent
associated anomaly is a right-sided aortic arch. The associa-
tion of tetralogy of Fallot and absence of pulmonary valve
leads to enlarged pulmonary arteries, which may cause bron-
chial obstruction.

MR tomograms in transverse, sagittal and coronal plane
demonstrate all characteristic lesions of tetralogy of Fallot.
The dimensional difference between aorta and pulmonary ar-
tery is revealed on transverse images. Sequential transverse
and sagittal images can be used to demonstrate pulmonary ste-
nosis. Sagittal images are helpful in the assessment of right
ventricular wall thickness [8]. Pulmonary and bronchial arter-
ies can be distinguished on transverse planes at the level of the
carina. The origin of bronchial arteries from the descending
aorta can be visualized on transverse and coronal images. Cine
MRI has been used to demonstrate the right ventricular out-
flow tract and to identify pulmonary regurgitation [9] which
particularly occurs when a transannular patch is used for relief
of the outflow tract obstruction of the right ventricle. In case
of residual pulmonary regurgitation, right ventricular over-
load may predispose to development of ventricular arrhyth-
mia, a risk factor for sudden death. Several studies suggest
that postoperative pulmonary regurgitation may be partly re-
sponsible for abnormal right ventricular haemodynamics or
limited exercise capacity in otherwise asymptomatic patients
with tetralogy of Fallot [10, 11]. Attempts have been made to
estimate severity of pulmonary regurgitation using Doppler
echocardiography, contrast ventriculography or videodensito-
metry. VEC-MR provides measurement of volumetric flow
and is an accurate and non-invasive method for volumetric
quantitation of pulmonary regurgitation in patients after surgi-
cal repair of tetralogy of Fallot [12]. In addition, the ability of
MRI to measure right ventricular volumes tomographically
allows a more comprehensive study of pulmonary regurgita-
tion in postoperative tetralogy of Fallot.

MRI provides good visualization of vessel morphology and
mediastinal structures, and is superior to echocardiography in
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detection of additional vessel abnormalities, such as left
brachiocephalic truncus and dextropositioned aorta. In tetral-
ogy of Fallot associated with absence of the pulmonary valve,
MRI makes imaging of the bronchial system possible and ena-
bles diagnosis of airway obstruction. Neither ultrasonic nor
radiographic examinations allow accurate assessment of bron-
chus anatomy or malstructure. This additional information in
tetralogy of Fallot, and in complex congenital heart disease in
general, is necessary for preoperative assessment and planning
of surgery [13].

Complete Transposition

In D-transposition of great arteries the aorta arises anteriorly
from the right ventricle, whereas the pulmonary artery arises
posteriorly from the left ventricle. In L-transposition, the mor-
phologic left ventricle lies to the right, the morphologic right
ventricle to the left. In this congenitally-corrected aortopul-
monary transposition, there is an atrioventricular and ventri-
culoarterial discordance.

Transverse and coronal scans of the heart base reveal the
origin of pulmonary artery and aorta. The anatomic right ven-
tricle is recognized by the moderator band. In complete D-
transposition, sequential transverse images show the anatomic
right ventricle with an originating right-sided aorta. Right
atrium and right ventricle are normally connected. In trans-
verse MR tomograms, the aorta is anteriorly positioned and to
the right of the pulmonary artery. In congenitally-corrected L-
transposition, the aorta is visualized anterior and to the left of
the pulmonary artery. Additional planes are needed to distin-
guish aorta and pulmonary artery unequivocally. The pulmo-
nary artery may be recognized by following transverse images
cranially to the pulmonary arterial bifurcation, whereas the
ascending aorta is characterized by the aortic arch and brachio-
cephalic vessels.

The advantage of MRI in congenital heart disease is that
additional malformations can be visualized due to the greater
field of view. Several other congenital heart anomalies are as-
sociated with L-transposition, and can so be detected by MRI.
The most frequent additional malformations are ventricular
septal defect, valvular and subvalvular pulmonal stenosis, and
Ebstein’s anomaly of the left-sided atrioventricular valve.

[y

Figure 2: Coronal T1-weighted sections delineates the anomalous drainage of the
pulmonary veins into the superior vena cava

Truncus Arteriosus

Truncus arteriosus is a common vessel that overrides both
ventricles and the large ventricular septal defect. Coronary
arteries, systemic and pulmonary vessels arise from this com-
mon vessel. The branching pattern into pulmonary and aortic
circulations allows classification of the different forms of
truncus arteriosus [14]. In type I truncus, there is a common
pulmonary artery arising from the truncus, whereas the branch
pulmonary arteries arise separately in type II truncus. In type
III truncus, one of the branch pulmonary arteries is absent and
one pulmonary artery is fed from a persistent patent Ductus
arteriosus. Type IV truncus represents coincidence of a type [
truncus with aortic arch interruption, where the ascending
aorta is small and the descending aorta is perfused through a
widely patent Ductus arteriosus. Transverse SE-sequences are
recommended for visualization and classification of the differ-
ent forms of truncus arteriosus. The site of origin of the pulmo-
nary arteries can be discerned using thin slices (5 mm) on trans-
verse or coronal tomograms. MRI can reliably classify truncus
arteriosus by assessing pulmonary artery anatomy. The size of
pulmonary artery and of its branches can be measured on trans-
verse, coronal and sagittal planes. For assessment of pulmonary
arteries a slice thickness of 3—-5 mm is recommended.

B Cardiac Masses

Magnetic resonance imaging (MRI) provides a non-invasive
and three-dimensional assessment of masses involving the
cardiac chambers, the pericardium, and the extracardiac struc-
tures. MRI has become an established method to yield com-
plementary diagnostic information and to guide cardiac sur-
geons in the design of an appropriate therapeutic strategy. Fur-
thermore, MRI allows to some extent characterization of tu-
mour tissue. The goal of MRI for assessing cardiac and
paracardiac masses includes (1) to confirm or to exclude a
mass suspected by X-ray or echocardiography, (2) to assess
the location, mobility and its relationship to surrounding tis-
sues, (3) to image the degree of vascularization, (4) to distin-
guish solid from fluid lesions, and (5) to determine tissue
characteristics and the specific nature of a mass.

Figure 3: Axial GRE-sequence demonstrating a myxoma (5 cm in diameter) in the left
atrium. Typically, the myxoma shows low signal intensity at GRE-sequences, areas of
increased signal intensity are consistent with haemorrhage
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B Benign Tumours of the Heart

Primary tumours of the heart are very rare, with an incidence
between 0.0017 and 0.19 percent in unselected patients at au-
topsy. Three quarters of the tumours are benign and nearly half
of them are myxomas and about 10 % are lipomas [15-21].
Rhabdomyomas, fibromas, haemangiomas, teratomas, and me-
sotheliomas are found less frequently. Granular cell tumours,
neurofibromas and lymphangiomas are very rare [22].

Myxomas comprise 30 % to 50 % of all primary cardiac tu-
mours and usually occur sporadically between the third and
sixth decade of life [23]. In about 75 percent myxomas originate
from the left atrium, and in 15 to 20 percent from the right
atrium. They usually develop from the interatrial septum close
to the fossa ovalis. Only a few myxomas are located in the ven-
tricles. The histologic structure shows typically a myxoid ma-
trix, large blood vessels at the base and often cysts and areas of
haemorrhage and calcification [24]. They are generally poly-
poid, often pedunculated, round or oval with a smooth surface,
often covered with thrombi and ranges in tumour size between 1
to 15 cmin diameter [15]. Clinical symptoms appear as a conse-
quence of embolism or intracardiac obstruction and are deter-
mined by size, location and mobility of the myxoma [25, 26].
On MRI, myxomas are mainly diagnosed by the typically
pedunculated, jelly-like and prolapsing appearance and certain
SI characteristics [27]. Therefore, cine display should be ob-
tained to show the mobility of the tumour [28]. Due to the endo-
cardial origin, myxomas are characterized by an intermediate,
but variable SI on SE-images, similar to that of myocardium.
On gradient echo images, myxomas often have a low SI, which
is caused by partial calcification. Therefore the tumour can al-
ways be distinguished from the higher SI of the surrounding
slowly flowing blood [29, 30]. Intratumorous areas of subacute
or chronic haemorrhage are typically characterized by high sig-
nal intensity on both short and long echo times [31]. Caused by
vascularisation, myxomas show a moderately high contrast en-
hancement after i.v. administration of Gd-DTPA [16, 29].

Cardiac lipomas are the second most frequent benign tumour of
the heart [22]. True lipomas are encapsulated, contain neoplastic
fat cells and occur in young age [32, 33]. About 50 % arise
subendocardially, 25 % subepicardially, and 25 % from the myo-
cardium [34]. Subepicardial lipomas may become quite large and
may alter cardiac function resulting in dyspnoea or fatigue [35],
even an involvement of the coronary arteries is reported [36].
Endocardial lipomas commonly arise from the interatrial septum
and are located in the right atrium. Arrhythmias due to myocar-
dial infiltration have been reported [37]. Lipomatous hypertrophy
of the atrial septum is histologically characterized by infiltration
of lipomatous cells between atrial muscle fibers. Unlike true lipo-
mas they are unencapsulated and contain lipoblasts as well as
mature fat cells [38]. It has been classically described in older,
overweight patients who have frequently atrial fibrillation [39].
On MRI, lipomas are characterized by bright SI on T1-
weighted images and a slight decrease in SI on T2-weighted im-
ages similar to subcutaneous fat [17]. The administration of Gd-
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DTPA is not needed because SI will remain unchanged. A de-
crease in ST using fat pre-saturation technique verifies the diagno-
sis. In lipomatous hypertrophy a bi-lobed atrial septum thicken-
ing with a signal intensity comparable to subcutaneous fat on T1-
and T2-weighted images can be visualized. In contrast to the be-
nign lipomatous hypertrophy of the interatrial septum the very
rare observed liposarcoma shows usually infiltration, inhomoge-
neities and fast tumour growth [41].

Fibromas occur primarily in infants and children. They are
congenital tumours frequently discovered in young adults
[42]. Typically, fibromas are located intramyocardial within
the ventricular septum. The left ventricle is more often in-
volved than the right ventricle. Surgical excision is recom-
mended even in asymptomatic patients [43], due to the poten-
tial risk of sudden death caused by arrhythmias.

On T1-weighted SE images, fibromas are isointense or
slightly hyperintense compared to skeletal muscle. Due to the
short T2-relaxation time of fibrous tissue, fibromas show a de-
crease in SI relative to the myocardium from TI1- to T2-
weighted SE images [44, 45].

A possible problem in diagnosing fibrous tissue might be
the presence of fibromuscular elements within the right
atrium. Small nodular soft-tissue structure isotense to myo-
cardium and nodule or linear strands in the right atrium are
commonly visible and may simulate a tumour [46]. These
structures are representing variable degrees of remnants of the
crista terminalis and the Chiari network in humans [47].

Rhabdomyomas are congenital tumours mainly diagnosed in
newborn infants. Usually they arise from the ventricular myo-
cardium at multiple locations. In about 50 % of patients tuber-
ous sclerosis can be observed [48]. Rhabdomyoma have typi-
cally a solid and homogeneous appearance, which is hypo-
intense to the myocardium on T1-weighted images and
slightly hyperintense on T2-weighted images [49].

There are only few cases reported on arteriovenous haeman-
gioma of the interventricular septum of the heart. The loca-
tion of the tumour is predominantly the right or left ventri-
cle, also septal involvement and multiple locations have been
reported [50]. The distinction between a haemangioma and a
vascular malformation may be difficult [51]. On MRI, hae-
mangioma are characterized as a region of increased signal
intensity on T1-weighted images compared to the myocar-
dium due to slow flowing blood. After i.v. administration of
Gd-DTPA the vascular nature of the tumour can be easily
visualized [52].

The intravenous leiomyomatosis is a rare pathological entity
and all tumours were observed in females, most of them were
white and pre-menopausal [53]. The tumour arise either from
an uterine myoma, or from the wall of the vessel [54]. It gen-
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erally appears as a large mobile mass in the right atrium. Since
the preoperative evaluation should include assessment of all
cardiac chambers and the region of the inferior vena cava,
MRI can be considered to be a primary diagnostic method
[55]. Due to the myomatous tissue, SI characteristics are simi-
lar to that of muscle (Fig. 4).

B Malignant Tumours of the Heart

Nearly 25 % of all cardiac tumours are malignant tumours.
Metastatic formations are 20 to 40 times more common than
primary malignant tumours and appear in 6 % of post-mortem
autopsies in malignant diseases. The most common primary
malignant cardiac tumours are various sarcomas and lympho-
mas [56, 57].

Due to the small number of studied cardiac malignancies,
and the differences in tumour age, vascularisation and a wide-
spread variability in water content, a reliable tissue differen-
tiation of cardiac malignancies is still not possible [58, 59].
Distinct features of malignant tumours are the presence of
necrosis, calcification, a high degree of vascularisation, infil-
tration of the adjacent tissues, inhomogeneous appearance and
peritumorous oedema [60, 61].

Sarcoma

There exist various histologic types of sarcoma, such as angi-
osarcomata, leiomyosarcomata and liposarcomata [22, 57].
An angiosarcoma (Fig. 5) is the most frequent primary
malignant cardiac tumour [22]. It is usually located within the
right atrium and arises from the interatrial septum. In contrast,
other types of sarcoma also occur in the left side of the heart,
where they are often clinically mistaken for myxoma. Typically
an angiosarcoma shows a polymorphical configuration with a
central region of hyperintensity, consistent with necrosis, and
moderate SI in peripheral regions in T1- and T2- weighted MR
images [30]. Due to the high degree of vascularisation, signal
enhancement is seen after i.v. administration of Gd-DTPA.
Primary leiomyosarcomata arise in 75 % from the inferior
vena cava, but also have been reported with an origin of the
superior vena cava [62]. This neoplasm demonstrates a signal

Figure 4: Axial T2-weighted pulse sequence of an ecchinococcus cyst located in the
interventricular septum. Signal increase of the cyst typically found on the T2-weight-
ed image

intensity on T1-weighted SE images slightly higher than liver
parenchyma, but not as bright as the adjacent mediastinal fat.
The advantage of MR imaging is the ability to assess the tu-
mour extension both in the vena cava superior and into the
heart chambers [63].

Liposarcomata often have a pericardial origin and MRI is
able to detect this pericardial mass with heterogeneous high SI
and epicardial infiltration. After administration of Gd-DTPA,
liposarcomata may only show a slight signal enhancement [64].

Lymphoma

In T1- and T2-weighted SE images lymphomas appear iso-
tense or hypotense to cardiac muscle. After administration of
Gd-DTPA, lymphomata appear heterogeneous with less en-
hancing central regions consisting necrosis [59]. Post mortem
studies have shown a cardiac involvement in up to 25 % of lym-
phoma, however, in vivo diagnosis is still rare [60].

Metastatic Tumours

There are three ways of metastatic tumours into the cardiac
tissue: 1) direct mediastinal infiltration of heart tissue in case
of lung cancer, breast cancer or mediastinal lymphomas, 2)
metastatic formation by systemic tumours such as malignant
melanoma, lymphoma, leukaemia and sarcoma, 3) trans-
venous spreading from the vena cava inferior in case of renal
or hepatic tumours and transvenous spreading from the vena
cava superior in case of lung cancer [22, 35].

B Intracardiac Thrombus Formation

Intracardiac thrombus is often located in the left atrium in case
of chronic atrial fibrillation and dilatation or in the left ventri-
cle in case of wall motion abnormalities after myocardial inf-
arction [65]. The diagnosis of cardiac thrombus is clinically

Figure 5: Axial SE-sequence (T1) of an angiosarcoma after administration of Gd-
DTPA in a 85-year old woman. Compared to the myocardium, the tumour shows inho-
mogeneous, hyperintense signal intensity with infiltration of the right ventricular
myocardium and the right atrial wall. Note the pericardial effusion.
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important to identify patients at risk for systemic or pulmo-
nary embolisation [66, 67]. However, in most cases the diag-
nosis of cardiac thrombi is coincidental and patients are
asymptomatic. Despite the fact that 2D echocardiography is
the method of choice for diagnosis, false positive rates as high
as 28 % [68] in detection of left ventricular thrombi and 59 %
in left atrial thrombi [69] have been reported.

On MRI images, fresh thrombi on T1-weighted SE images
have often a higher SI than myocardium and the contrast is
further accentuated on T2-weighted SE images consistent
with a high amount of haemoglobin [65]. However, depending
on the age of the thrombus alterations in SI are possible. After
one or two weeks paramagnetic compounds of the organizing
thrombus like desoxyhaemoglobin and methaemoglobin
cause T1- and T2-shortening, which may result in increased SI
in T1- and decreased SI in T2-weighted images [70]. Chronic
organized thrombi are of low SI in consequence of loss of
water and protons. A problem concerning differentiation be-
tween thrombus and slow flowing blood occurs especially in
laminated or immobile thrombi on SE images [71]. Compared
to thrombus formation, slow flowing blood shows an increas-
ing SI on T2-weighted images [44, 72]. On GRE images a
thrombus always has the lowest SI than all other cardiac struc-
tures, while blood appears brightest [70]. If thrombi contain
calcifications, they appear more heterogeneous [31]. To dif-
ferentiate thrombus from tumour, i.v. administration of con-
trast agents may be helpful. Thrombi usually do not show sig-
nal enhancement after intravenous administration of Gd-
DTPA, unless they are already organized [9]. Compared to
other diagnostic procedures MRI and CT offer a similar sensi-
tivity of about 90% with a slightly better specifity as com-
pared to two-dimensional echocardiography [71].

Pericardial Lesions

Magnetic resonance evaluation of pericardial neoplasm in
most cases involves identification of abnormal anatomic
structures and boundaries rather than characterization of rela-
tive tissue intensities. A few exceptions to this are included in
the differential diagnosis of mediastinal masses, such as fi-
broma, lipoma and pericardial cysts. The value of MRI for
evaluation of potential neoplasm lies largely in treatment
planning and particularly preoperative assessment. The loss of
normal anatomic boundaries is an important sign of neoplasm.
Neoplastic involvement of the pericardium results in focal and
diffuse obliteration of the normal pericardial signal. In the
case of malignancy adjacent to cardiac structures, visualiza-
tion of the pericardial line is an indication that pericardial in-
vasion has not occurred.

B Conclusion

Cardiovascular MRI techniques have contributed signifi-
cantly to the ability to detect cardiac and paracardiac masses
and play an important role in the diagnostic evaluation of car-
diac and paracardiac masses complimentary to echocardio-
graphy. Magnetic resonance imaging due to its larger field of
view, adds diagnostic information by assessing extracardiac
components of a mass, such as mediastinal involvement and
extension into large pulmonary vessels. MRI allows to ex-
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clude hiatal hernia, a tortuous descending aorta or a broncho-
genic cyst, which can mimic cardiac tumours. MR-findings
are helpful in defining paracardiac masses and in guiding
therapeutic strategies. Tissue characterization by MRI is lim-
ited to the diagnosis of myxomas, fibromas, thrombi, pericar-
dial cysts and fatty tissue. The signal features of malignant tu-
mours are ambivalent and do not permit a tissue diagnosis.
However, the inhomogeneous appearance of signal enhance-
ment after the administration of Gadolinium-DTPA, the infil-
trative components of a tumour and a hemorrhagic pericardial
effusion makes the diagnosis of tumour malignancy possible.
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