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Echocardiography is an invaluable procedure for
the evaluation of intracardiac masses, and can
reliably identify mass location, attachment, shape,
size, and mobility, while defining the presence
and extent of any consequent hemodynamic de-
rangement. With careful attention to mass loca-
tion and morphology, and appropriate applica-
tion of clinical information, echocardiography

can usually distinguish between the 3 principal
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intracardiac masses: tumor, thrombus, and vege-
tation. Transesophageal imaging frequently adds
additional important information to the assess-
ment of mass lesions and should always be con-
sidered when image quality is inadequate or per-
tinent clinical questions remain unanswered with
surface imaging. This review will focus on pri-
mary and metastatic tumors of the heart. (J Am

Soc Echocardiogr 2006;19:230-240.)
Echocardiography is an invaluable procedure for
the evaluation of intracardiac masses, and can reli-
ably identify mass location, attachment, shape, size,
and mobility, while defining the presence and ex-
tent of any consequent hemodynamic derangement.
With careful attention to mass location and morphol-
ogy, and appropriate application of clinical informa-
tion, echocardiography can usually distinguish be-
tween the 3 principal intracardiac mass lesions:
tumor, thrombus, and vegetation. Transesophageal
imaging frequently adds additional important infor-
mation to the assessment of masses and should
always be considered when image quality is inade-
quate or pertinent clinical questions remain unan-
swered with surface imaging. This review will focus
on primary and metastatic tumors of the heart.

Echocardiography provides a dynamic evaluation
of intracardiac masses, and can identify and evaluate
associated abnormalities. In addition, unlike other
imaging modalities, a complete echocardiographic
study can be performed at the bedside. However,
echocardiographic image quality can be subopti-
mal, and ultrasound artifact can occasionally be
mistaken for an anatomic mass. In addition, echo-
cardiography provides a relatively narrow field of
view compared with computed tomography and
magnetic resonance imaging. Importantly, current
echocardiographic techniques cannot character-
ize tissue, although contrast enhancement can
demonstrate mass vascularity.
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Careful identification of a mass lesion throughout
the cardiac cycle in more than one imaging plane
with appropriate machine settings and transducers
(eg, high frequency and short focal length for the
evaluation of suggested thrombus at the left ventric-
ular [LV] apex) is an important first step in evaluat-
ing a suggested mass, and will decrease the likeli-
hood of misinterpreting artifact as pathology. A
thorough understanding of normal anatomy, of nor-
mal variants and embryologic remnants, and of the
structural changes seen with certain operative and
interventional procedures is crucial and will fur-
ther avoid misdiagnosis. Lastly, it is important that
pertinent clinical and historic information be
available and thoughtfully applied to the final
echocardiographic interpretation.

NORMAL VARIANTS AND MIMICKERS

Numerous normal anatomic variants exist that can
easily be confused with primary mass lesions. In the
LV, webs and heartstrings, prominent or calcified
papillary muscles, and dense mitral annular calcifi-
cation1 can mimic abnormal pathology (note: some
LV cords may contain conduction fibers of the left
bundle).2,3 Prominent apical trabeculations, true
ventricular noncompaction, and the apical form of
hypertrophic cardiomyopathy can also be confused
with tumors.4-7 (Ventricular noncompaction and
apical hypertrophic cardiomyopathy are significant
and distinct disease processes, not normal variants.
Administration of contrast agents can help to distin-
guish these important entities from mass lesions.) In
the left atrium (LA), beam-width artifact can cause
interpretive confusion, as can the suture lines asso-
ciated with cardiac transplantation. LA cords are rare
but well-recognized findings (at least in the pathol-

ogy suite). These cords typically originate at the
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atrial septum and insert into the atrial surface of the
mitral leaflets; no clinical significance has ever been
described, although there is some speculation that
these strings may be the cause of vibratory murmurs
(these cords should not be confused with true
obstructive cor triatriatum.) The most notable de-
scription of an atrial cord came from Goforth8 in
1926: a 12-cm cord passed from the right atrium
(RA) through the interatrial septum, LA, and LV,
looping round the anterior mitral cusp, transfixing
the anterior aortic cusp, and finally inserting into the
aorta nearby. An interatrial septal aneurysm can be
quite provocative and may appear as a cystic mass
bulging into either atrium.9-12 A dilated coronary
sinus can mimic a LA mass in the parasternal long-
axis view, as can a prominent descending aorta from
the apex. A left arm injection of agitated saline will
define a persistent left superior vena cava draining
into the coronary sinus, which is the most common
structural anomaly associated with dilatation of the
coronary sinus. Occasionally multiple lobes of the
LA appendage can be visualized with transthoracic
imaging and can be confused with mass lesions in
the main pulmonary artery; the transverse sinus can
become prominent in this position as well when a
large accumulation of pericardial fluid is present.
Pectinate muscles in the appendage can mimic
thrombus. An inverted LA appendage (typically a
postoperative finding) can also be confused with
tumor.13,14 A hiatal hernia can impinge on both atria
and can be confirmed after ingestion of carbonated
beverage.

A prominent moderator band or tricuspid papil-
lary muscles can create diagnostic confusion in the
right ventricle (RV). A fatty tricuspid annulus can be
quite prominent. Monitoring lines and pacemaker
wires create significant reverberation artifact (but
do occasionally harbor thrombus). The RA can host
a substantial number of congenital remnants, all of
which can create confusion for echocardiographers.
The crista terminalis is a dense muscle ridge that
extends between the right sides of the superior and
inferior caval orifices and continues cephalad to
open into the RA appendage. It can be quite prom-
inent, but is commonly seen in the same image
plane as the superior vena cava, which should be a
clue to its identity.15 Well known to echocardio-
graphers, the eustachian valve is an incompetent
valve flap of variable fullness and mobility that
guards the orifice of the inferior vena cava (IVC)
(interestingly, the superior vena cava has no valve).
The Chiari network is a network of both coarse and
fine fibers with attachments extending from the
region of the crista terminalis to the eustachian valve
or floor of the RA. Although not an unusual echo-
cardiographic finding, and generally of no clinical
significance, these fibers may become the site of

thrombus formation. Entrapment of a catheter in the
network has been described, requiring thoracotomy
for retrieval; several recent reports describe entan-
glement of an atrial septal defect closure device and
septal ablation guidewire in the network.16-18 The
network itself is generally quite mobile, but typically
does not prolapse through the tricuspid orifice.

Pectinate muscles can be seen to layer the interior
of the RA appendage and the free wall of the RA and,
when prominent, can mimic thrombus. Venous
varices (clumps of veins) of the heart, rare lesions of
unknown incidence and with no distinct or specific
echocardiographic characteristics, are surprisingly
well described in the pathology literature.19 They
almost always occur in the RA at the posteroinferior
border of the fossa ovalis. They are clumpy, dilated
venous channels with irregular borders. Reports of
the echocardiographic diagnosis of these lesions
suggest they closely resemble myxomas.20 As noted
previously, a hiatal hernia can mimic a mass lesion
compressing the atria, but the “mass” should opacify
when the patient drinks a carbonated beverage.
Monitoring lines and pacer wires will also be evident
in the RA and can occasionally become coiled,
simulating a mass.

Fatty infiltrate of the atrial septum (“lipomatous
hypertrophy”) is preferential to the RA. Even though
it can occasionally be quite prominent (�6 cm) and
is a true cardiac mass, it should be distinguishable
from a tumor by typical location and shape. Fat
typically spares the fossa ovalis producing a charac-
teristic dumbbell appearance, with infiltrate in the
superior and inferior portions of the atrial septum,
with the preponderance of fat typically in the supe-
rior (cephalad) portion of the septum. When the
atrial septum is massively infiltrated by fat, the
amount of adipose tissue in other parts of the heart
is always increased, particularly the RV epicardial
surface. In the series described by Shirani and
Roberts,21 hearts with widely distributed, massive
deposits of fat actually floated in water. When there
is diagnostic uncertainty regarding the cause of the
infiltrate in the atrial septum, (as might be true if
there is concern about metastatic disease), magnetic
resonance imaging can easily distinguish fat from
thrombus and neoplasm.

Certain valvular structures can be confused with
mass lesions as well. The nodules of Arantius and
lunulae, and the threadlike Lambl’s excrescences
(Figure 1), which are commonly found on the aortic
valve in patients older than 60 years, can be con-
fused with vegetations. Redundant supporting appa-
ratus and redundant leaflet tissue of the mitral valve
may mimic vegetations as well. Thoughtful applica-
tion of clinical information is necessary to distin-
guish degenerative processes from infectious mech-
anisms. Excess epicardial fat may be confused with
tumor contained in the pericardium, as can fibrinous

debris in free pericardial fluid. Atelectatic segments
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of lung can be misinterpreted as primary masses in
the pleura.

PRIMARY TUMORS

The first description of an intracardiac mass was
published in 1559. Before 1960, cardiac tumors
were rarely diagnosed before death. An accurate
premortem diagnosis was not made until 1934,
when a primary cardiac sarcoma was identified. The
first successful resection of a cardiac myxoma was in
1954.22-26 Today, although still rare, cardiac tumors
represent an important group of cardiovascular ab-
normalities that, at least in the case of myxoma, have
the potential for complete cure with timely diagno-
sis and surgical excision.

Primary tumors of the heart and pericardium are
difficult to diagnose because they are so uncommon
and because their clinical presentation is so variable.
The incidence of primary tumors at autopsy ranges
from 0.002% to 0.3%.27,28 Approximately 75% of
primary cardiac tumors are benign. In adults the
most common cardiac tumor is the myxoma; in
children younger than than 15 years, the most
common tumor is the rhabdomyoma.28 Rhabdomy-
omas are strongly associated with tuberous sclerosis.
Of the primary malignant tumors, sarcomas are by
far the most common, including angiosarcoma,
rhabdomyosarcoma, and fibrosarcoma. Mesothelio-
mas and primary intracardiac lymphomas comprise
approximately 6% of the malignant tumors of the
heart.29 Primary malignant cardiac tumors are rare in
children.

The most common cardiac tumor is the myxoma,
accounting for 25% of all cardiac neoplasms and 50%

Figure 1 Transesophageal long-axis view of left ventricular
outflow tract (LVOT) and aortic (AO) valve, demonstrat-
ing threadlike Lambl’s excrescence (arrow) prolapsing
through valve in diastole.
of the benign tumors of the heart in adults (Figure 2).
Approximately 75% of myxomas are found in the LA,
with 20% in the RA and the remaining 5% equally
distributed between the LV and RV.29-33 Valvular
origin of these tumors is uncommon. Typically
myxomas are pedunculated (approximately 10% are
sessile) and attached in the region of the fossa ovalis.
Depending on the size, the tumor may prolapse
through the mitral orifice in diastole, occasionally
producing a tumor “plop” and accounting for the
common misdiagnosis of mitral stenosis. Myxomas
are usually globular and irregular in shape (grape
cluster), and appear heterogeneous on echocardiog-
raphy, occasionally demonstrating cavitations and
protruding frondlike extensions. Color flow and
spectral Doppler are useful to evaluate functional
obstruction to LA emptying. Work by Malekzadeh
and Roberts34 suggests that myxomas grow on aver-
age 1.8 cm or 14 g each year.

Myxomas usually present between the ages of 30
and 60 years, and can be sporadic, familial, or
complex (syndrome myxoma). The sporadic variety
is by far the most common. The familial variety
constitutes approximately 7% of all myxomas, pre-
sents earlier in life, may be part of a syndrome
(Carney’s complex, NAME, LAMB), frequently in-
cludes multiple tumors in several chambers, and has
a high rate of tumor recurrence.27 If the patient is
young with multiple tumors, screening of first-de-
gree relatives is indicated. The complex variety, also
known as Carney’s complex, may include a combi-
nation of the following: (1) multiple pigmented skin
lesions (lentigines); (2) breast adenomas; (3) skin
myxomas; (4) endocrine overactivity (eg, pituitary
adenomas); and (5) cardiac myxomas, often multi-
ple.35,36 Syndrome myxoma is also occasionally re-
ferred to as the NAME syndrome (nevi, atrial myxoma,
myxoid neurofibroma, ephelides) or the LAMB syn-
drome (lentigines, atrial myxoma, and blue nevi).36

Figure 2 Transthoracic apical 4-chamber view demonstrat-
ing typical left atrial myxoma (arrow). LV, Left ventricle.
Transesophageal imaging is usually indicated when a
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myxoma is suggested to characterize the morphol-
ogy and extent of the mass, and to exclude the
presence of additional tumors. Surgical removal for
all varieties of myxomas is the treatment of choice
and intraoperative transesophageal echocardiogra-
phy post-tumor excision is indicated to identify any
residual tumor fragments. Careful follow-up is also
indicated in patients with familial or syndrome
myxoma as the tumor recurrence rate for these
patients may be as high as 21%.37

Papillary fibroelastomas are uncommon cardiac
neoplasms of unknown prevalence.29 They are gen-
erally small (�1 cm), usually single, almost always
attached to valve surfaces, and may be pedunculated
with some mobility (Figures 3 and 4). Recently, Sun
et al38 of the Cleveland Clinic published a compre-
hensive review of 162 patients with fibroelastomas
identified during a period of 16 years, 141 of whom
underwent echocardiography. Approximately 45%
of the tumors were on the aortic valve (24 on the
right coronary cusp (RCC), 6 on the left coronary
cusp (LCC), and 19 on the non-coronary cusp (NCC)
with 40 tumors on the aortic side of the valve. A
total of 40 tumors were identified on the mitral valve
(23 on the anterior and 17 on the posterior leaflet),
with 32 on the atrial surface of the leaflets. These
tumors can also attach to the supporting apparatus
of the mitral valve. Typical echocardiographic fea-
tures of fibroelastomas were identified, including:
(1) the tumor is round, oval, or irregular in appear-
ance with well-demarcated borders and a homoge-
neous texture; (2) most are small (99% � 20 mm);
(3) many have stalks, and those with stalks are
mobile; and (4) fibroelastomas may be single or
multiple and are most often associated with cardiac
valve disease, although in no patient in this series
was the fibroelastoma believed to be responsible for
the valve disease. Although fibroelastomas are often

Figure 3 Transthoracic basal short-axis view demonstrat-
ing fibroelastoma of pulmonary valve (arrow). Ao, Aorta;
LA, left atrium; PA, pulmonary artery; RVOT, right ven-
tricular outflow tract.
diagnosed incidentally, cerebral embolization, an-
gina, sudden death, acute myocardial infarction,
pulmonary emboli, and retinal artery emboli related
to fibroelastomas have been described; in the Cleve-
land series, 23 of 26 patients with prospectively
diagnosed tumors had symptoms that could be
attributable to embolization.38-43 Echocardiography
is a reliable means of evaluating the extent and
anatomic attachment of these very small tumors, but
many go undetected. In the Cleveland series, 141
patients had echocardiograms, and 48 patients had
fibroelastomas confirmed by pathologic examina-
tion that were not visible on echocardiography
because they were less than .2 cm. The Cleveland
authors reasoned that the tumors went unidentified
because: (1) the tumor was masked by an associated
lesion; (2) the tumor was too small; (3) the exami-
nation was not done carefully with a significant
index of suspicion; or (4) there were no significant
characteristics that enabled differentiation of fibro-
elastoma from degenerative valve disease. Surgical
excision may be indicated in patients with large,
mobile, left-sided tumors.

Rhabdomyomas are the most common cardiac
tumor of infants and young children, are commonly
multiple, and occur with equal frequency in the LV
and RV.44,45 As previously noted, rhabdomyomas
have a strong association with tuberous sclerosis, a
familial neurologic syndrome characterized by
hamartomas, epilepsy, mental retardation, and skin
lesions. One study has indicated that 80% of patients
with cardiac rhabdomyomas have tuberous sclero-
sis, and 60% of patients with tuberous sclerosis
younger than 18 years have cardiac rhabdomyo-
mas.45 When associated with mechanical complica-
tions such as outflow tract obstruction, surgical
excision may be indicated. Spontaneous resolution
of these tumors is well described, however, and
surgical intervention is usually not necessary in the

Figure 4 Transthoracic 4-chamber image demonstrating
fibroelastoma of tricuspid valve (arrow). RA, Right atrium;
RV, right ventricle.
asymptomatic patient.46,47
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Fibromas are found primarily in the LV and are
typically intramural.27 They commonly invade the
septum, anterior apex, and free wall, and may
appear as markedly disproportionate, irregular hyper-
trophy. These tumors are histologically benign but
frequently have a malignant course, accounting for
lethal ventricular dysrhythmias and intractable heart
failure associated with dyspnea and fatigue.48-50 Fibro-
mas localized to the apex can be confused with
thrombus or true apical hypertrophy, but perhaps
can be distinguished by their abnormal texture.
Although successful surgical resection is common
now, these tumors can be extensively infiltrative,
and resection may cause further myocardial dysfunc-
tion. Transplant has been described as an alterna-
tive.49

Lipomas are tumors composed of mature fat cells,
and may occur throughout the heart, including the
pericardium. Although most are small and of no
consequence, they may be massive (�4 kg) and can
occasionally result in dysrhythmias or conduction
abnormalities.51 Most lipomas occur in the subepi-
cardium or subpericardium; approximately 25% are
intramuscular. The most common sites affected are
the LV, RA, and interatrial septum27 (Figure 5).
Intrapericardial lipomas may cause compression of
the heart and pericardial effusion, or present as
cardiac or mediastinal enlargement on chest radio-
graph. Surgical excision is indicated when tumor
size and location produce symptomatic complica-
tions.

Although lipomas are true neoplasms, the previ-
ously mentioned fatty infiltrate of the atrial septum
(lipomatous hypertrophy) is a nonencapsulated hy-
perplastic accumulation of mature adipose tissue
within the atrial septum. This fatty infiltrate can be
quite large (�7 cm), favors the RA, and is a common

Figure 5 Parasternal long-axis view demonstrating lipoma
(arrow) at base of heart. Tumor was confirmed by magnetic
resonance imaging. Ao, Aorta; LV, left ventricle.
finding in women who are elderly and obese.21 A
variety of atrial dysrhythmias have been attributed to
this infiltrate, but a definite cause-and-effect relation-
ship has not been established.21 Echocardiographers
should recognize this lesion by its characteristic
dumbbell shape, the result of sparing of the fossa
ovalis (Figures 6 and 7). Magnetic resonance imaging
is reliable at characterization of fat if diagnostic
issues remain.

Angiomas, teratomas, and mesotheliomas of the
atrioventricular (AV) node, and endocrine tumors
are extremely rare, representing less than 7% of all
cardiac tumors.29 Hemangiomas are commonly
found in the interventricular septum or the AV node,

Figure 6 Four-chamber view by transthoracic imaging
demonstrating right atrial mass lesion in superior portion of
atrial septum (arrow). There is thickening of inferior por-
tion of atrial septum as well. LV, Left ventricle.

Figure 7 Transesophageal bicaval view from same patient
as in Figure 6, demonstrating massive fatty infiltrate of atrial
septum. Note preponderance of fat involves right atrial
(RA) side of interatrial septum. There is sparing of fossa
ovalis. Because patient had history of melanoma, magnetic
resonance imaging was done to confirm lesion was fat. LA,
Left atrium.
where they can cause complete heart block and
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sudden death. Angiomas are vascular tumors, and
myocardial contrast echocardiography has been
particularly useful in determining their vascular
nature.52-54 Teratomas are usually found in the
mediastinum. Only rarely are they intracardiac,
and are usually within the pericardial space. These
tumors most commonly occur in children. Terato-
mas have elements of all 3 germ cell layers, and
can have skin, hair, and muscle. Large bloody
pericardial effusions causing hemodynamic com-
promise are a well-described presentation of this
uncommon tumor.55,56 Fetal echocardiography
has been useful in identifying mediastinal masses
causing cardiac compression, with associated ac-
cumulations of pericardial fluid.

About one fourth of all primary cardiac tumors are
malignant, and nearly all are sarcomas.29 Sarcomas
most commonly occur in patients between the ages
of 30 and 50 years, are unusual in children, are
typically found in the right heart chambers, and
occur equally in men and women.27 There are
several unsettling reports of sarcomas developing
around surgically implanted Dacron grafts or pros-
thetic valves, both in the heart and in other periph-
eral vascular sites.57-60 Apparently, as reported by
Oppenheimer et al,61 the common denominator of
tumor-producing materials is a long-chain polymer
structure, such as Dacron. Cardiac sarcomas are
characteristically very aggressive tumors and, once
diagnosed, are associated with a precipitous down-
hill course. They grow rapidly, and death is usually
the result of widespread infiltration of the myocar-
dium or extensive distant metastasis. Sarcomas may
cause right heart failure as a result of obstruction
anywhere in the right heart inflow/outflow tract;
penetration into the pericardial space and subse-
quent pericardial effusion may occur. Dysrhythmias
are common. Cardiac findings are determined by
the location of the tumor. A recent report by Plana
et al62 described a patient with angiosarcoma
compressing the left upper pulmonary vein and
LA appendage, invading the anteroseptal surface
of the LA with extensive involvement of the RA as
well. This patient presented with invasive hemo-
dynamics consistent with mitral stenosis (pulmo-
nary wedge-LV gradient) and effusive-constrictive
pericarditis. Echo characteristics of sarcoma are
not specific, but, less like a myxoma, sarcomas
may attach at any site in the chamber, and many
are sessile. A heterogeneous mass lesion in the
right heart associated with dysrhythmia or con-
duction disturbance should include sarcoma in
the differential. Although not commonly consid-
ered because these tumors metastasize so aggres-
sively, cardiac extirpation, transplantation, and
extensive right heart reconstruction have been

performed with modest success.63,64
METASTATIC TUMORS

Whereas primary tumors of the heart are rare,
cardiac metastases have been described in up to 20%
of patients with malignancies of other organ sys-
tems, and are up to 40 times more common than
primary tumors.29 No malignant tumor preferen-
tially metastasizes to the heart, with the possible
exception of malignant melanoma, which involves
the heart in up to 50% of patients.65 Cardiac metas-
tases are encountered typically in patients with
widespread systemic tumor dissemination; even in
this setting, the heart may still be spared tumor
deposition because of vigorous cardiac contractility
and rapid coronary blood flow.

Tumors spread to the heart by lymphatic chan-
nels, direct/venous extension, and hematogenous
spread.66 The tumors that most commonly manifest
cardiac metastasis are lung, breast, ovarian, kidney,
leukemia, lymphoma, esophageal, and, as noted,
melanoma.27,29 Although solid intracardiac metasta-
sis from melanoma is well described, most com-
monly cardiac extension of melanoma is subclinical
and manifests as “charcoal” heart, with tumor stud-
ding the pericardial surface.67 Both benign and
malignant tumors can extend to the heart through
the IVC. The most commonly reported benign tu-
mor with IVC intracardiac extension is intravascular
leiomyomatosis of pelvic or uterine origin. Of all
tumors that metastasize to the heart by the IVC,
renal cell carcinoma (hypernephroma) is the most
common, with up to 43% of patients with this tumor
demonstrating RA involvement68 (Figures 8 and 9).
Wilms’ tumor (common in children), uterine leiomy-
osarcoma, and hepatomas may also metastasize to
the heart by the IVC. Their point of origin and

Figure 8 Subcostal view of hypernephroma (*) invading
right atrium (RA) by dilated inferior vena cava (IVC).
Tumor is heterogeneous in appearance and abuts superior
border of IVC.
extension into the IVC usually can distinguish these
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metastases from the typical myxoma, and this attach-
ment is best imaged in the subcostal plane. Carcino-
mas of the lung and breast commonly invade the
heart, either by direct extension or by lymphatic
channels, given the proximity of the heart to medi-
astinal lymphatic channels27 (Figure 10).

Pericardial metastasis occurs more often than
myocardial invasion, and manifestations include
pericarditis, pericardial effusion with and without
tamponade, and atrial dysrhythmias.27 Pericardial
effusion is overall the most common echocardio-
graphic finding in metastatic disease. The effusion
may contain solid material adherent to the visceral
or parietal pericardium; these masses may be tumor
or may be clotted blood. As is true of every mass
lesion identified in the heart or pericardium, cyto-
logic examination of pericardial fluid is essential, as
not all pericardial effusions in the setting of other
primary organ malignancy yield malignant cells.
Unfortunately, routine cytologic examination of the
fluid is associated with a false-negative rate of per-
haps as high as 20%.69 When large effusions associ-
ated with tamponade and adherent masses are dis-
covered, constrictive physiology may be operant
after pericardiocentesis. Recurrent effusions in this
setting are common, and pericardial window may be
necessary. Solid pericardial metastasis that extends
into cardiac chambers can be very aggressive, with
the tumor expanding rapidly and causing significant
hemodynamic derangement, including obstruction
to cavity emptying and filling. Because of the aggres-
sive nature of metastatic tumors, patients with int-
racavitary extension are likely to have symptoms
directly related to the tumor. Chemotherapy and
tumor resection or debulking may alleviate symp-
toms and prolong survival.

The carcinoid syndrome (flushing, gastrointes-
tinal hypermotility with secretory diarrhea, bron-
chospasm associated with wheezing, and carci-

Figure 9 Four-chamber view of hypernephroma nearly
filling dilated right atrium (RA). LV, Left ventricle.
noid heart disease) results from circulating
humoral substances secreted by the tumor.70 The
diarrhea probably results from circulating serotonin,
which is secreted in large amounts by carcinoid
tumors; the flushing and bronchospasm are related
to the release of kinin peptides. Patients with pri-
mary carcinoid tumors of the ileum are those who
develop carcinoid syndrome; only those patients in
that group who have liver metastasis develop the
distinctive lesions of the heart. These lesions are
always located on the right side of the heart and
occasionally on the left as well. When the primary
carcinoid tumor is of a pulmonary bronchus, the
carcinoid valvular lesions may be limited to the
left-sided valves. In this setting, the liver may be
tumor free.71 Carcinoid valve lesions are character-
ized by plaquelike, fibrous endocardial thickening
that causes retraction and fixation of the tricuspid
and pulmonary valve leaflets. Tricuspid regurgita-
tion (TR) is a nearly universal finding; tricuspid
stenosis, pulmonary regurgitation, and pulmonary
stenosis may also occur.70 In an extensive review of
76 patients with carcinoid syndrome, Pellikka et al72

from the Mayo Clinic identified 5 patients with
left-sided valve involvement. Carcinoid tumor in-
volved the lung in one of those 5 patients; in 3, a
patent foramen ovale with right-to-left shunting was
identified with contrast echocardiography. One of
those 5 patients had neither lung involvement nor
shunting on contrast echocardiography, but had
been symptomatic for 5 years before the diagnosis of
carcinoid syndrome was made. Carcinoid involve-
ment of all 4 valves was identified, and the patient
underwent replacement of 4 valves. These 5 pa-
tients all had typical right-sided valvular lesions as
well.

As noted, the principal cardiac finding of carci-

Figure 10 Transesophageal image at level of aortic valve,
demonstrating large mass lesion that has eroded into both
atria and originates outside heart. Patient presented with
emboli to both upper extremities, and was subsequently
determined to have metastatic lung cancer. LA, Left atrium;
RA, right atrium.
noid involvement of the heart is TR. The mechanism
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of TR is well described in a review by Roberts.70 The
plaquing occurs nearly entirely on the downstream
(ventricular) side of the septal and posterior tricus-
pid leaflets. On the anterior tricuspid leaflet the
deposits can occur on both sides, which results in
adherence of the leaflet to the underlying mural
endocardium and in significant valvular incompe-
tence and occasionally some degree of stenosis as
well. The dominant pulmonic valve lesion tends to
be stenosis. Carcinoid is the only condition in which
both right-sided valves are uniformly involved, and
the lesions are pulmonary stenosis and TR. The
coexistence of these lesions is particularly unfavor-
able because the pulmonic stenosis increases the
TR. As noted in the review of Pellikka et al,72 the
spectral Doppler display of the TR was characterized
by a fairly low velocity (2.5 M) dagger-shaped pro-
file, with early peaking and rapid fall-off, consistent
with rapid equalization of RA and RV pressures. The
typical valve morphology was of rigid leaflets fixed
in a semi-open position. Doming of the tricuspid
leaflets was not noted in any patients in this series.
Surgical replacement of dysfunctional valves is de-
scribed, but the mortality appears to be fairly high
(30-day mortality of 35% in one series and 56% in
another).73,74 In addition, carcinoid plaquing on
bioprostheses has been observed at autopsy.75

Although carcinoid syndrome with valvular plaque
deposition is the most common cardiac consequence
of carcinoid tumor, solid tumor metastasis may occa-
sionally occur. In a series of 11 patients with patho-
logically confirmed myocardial metastasis, 9 intra-
cavitary tumors were detected by echocardiography
in 6 of the 11 patients.76 The mean tumor size was
2.4 cm. Of the 9 tumors, 4 were located in the LV
myocardium, 4 in the RV myocardium, and one in
the interventricular septum. The tumors were ho-
mogeneous and none were pedunculated or mobile.

Figure 11 Two-chamber transgastric transesophageal
echocardiographic image. LA, Left atrium; LV, left ventri-
cle; MV, mitral valve.
Six macroscopic tumors were noted at autopsy, with
a mean size of .35 cm. None of those tumors were
detected by echocardiography, even on retrospec-
tive review. Interestingly, although all 11 patients
had carcinoid syndrome, the typical valve lesions
were present in only 8 patients.

Although not true neoplasms, cysts are occasionally
found within the heart and pericardium. The most
common cysts that have described echocardiographic
characteristics are pericardial cysts, echinococcal (hy-
datid) cysts, and blood cysts. Echinococcus is a parasite
endemic to Greece and Turkey, and intracardiac
cysts result from the larval stage of the parasite.
Intracardiac cysts account for less than 2% of all
hydatid disease, and invade the myocardium by the
coronary circulation. They are found in the LV free
wall, the interventricular septum, the RV, and the
pericardium. Transesophageal imaging is indicated
for the evaluation of these lesions. They are usually
septated and can occasionally calcify. Rupture, dys-
rhythmia, and emboli are common and can result in
death. Operation is the treatment of choice.77-81

Pericardial cysts are rounded echolucent structures
typically adjacent to the RA. The diagnosis can be
made on chest radiograph by the identification of a
rounded mass along the right heart border. Pericar-
dial cysts are usually asymptomatic, but can become
quite large and cause compression of the RA and RV,
and the surrounding mediastinal structures, including
the bronchus and esophagus. Operation is indicated
when significant symptoms dominate the clinical
picture.82-85 Blood cysts are presumed congenital
cysts typically found on the lines of closure of
valvular endocardium (Figures 11 and 12). They
appear as well-circumscribed masses with thin walls
and an echolucent core. Common findings at infant

Figure 12 Same patient as in Figure 11, in same transgas-
tric transesophageal echocardiographic plane, demonstrat-
ing well-circumscribed, echolucent structure (arrow) in-
volving mitral valve leaflets with extension into supporting
apparatus. At operation, lesion was blood cyst. LA, Left
atrium; LV, left ventricle; MV, mitral valve.
autopsy, these cysts are rare in adults, and only a few
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reports of prospective echocardiographic diagnosis
are available. There is no consensus as to the origin of
blood cysts, but the cysts may form during valve
development as a result of blood pressed and
trapped in crevices that later seal. Because blood
cysts are so rare, consensus is also lacking concern-
ing appropriate treatment. Careful echocardio-
graphic monitoring of the cysts for change in size
and for the assessment of change in cardiac function
may be appropriate, and operation may be indicated
when the cysts are noted to cause cardiac dysfunc-
tion.86-89

Because echocardiography is the procedure of
choice for the evaluation of intracardiac masses,
techniques must be meticulously applied and data
cautiously interpreted. The mandate for the echo-
cardiographer is appropriate knowledge of and care-
ful attention to cardiac anatomy, use of multiple
scan planes, and sound application of clinical infor-
mation.
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