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Introduction

Echocardiography is the most frequently used imaging modality in the assessment of cardiac tumors.
Historically, this evaluation had been based on the analysis of 2-dimensional (2D) echocardiographic
sectors of the heart. The information obtained from orthogonal tomographic planes from several acoustic
windows was used in an attempt to mentally reconstruct a model of how the tumor would actually look in
3 dimensions and how it would relate to its adjacent structures.

New technology using matrix-array-transducers has permitted the development of real-time three-
dimensional echocardiography (RT3DE), bringing cardiac imaging to a new dimension. Now it is possible
to capture and analyze the entire volume of a cardiac tumor in a single cardiac cycle. This new imaging
modality provides valuable clinical information that empowers echocardiographers with new levels of

confidence in the diagnosis of heart disease.!

This manuscript discusses the added value of this new technology in the echocardiographic assessment

of cardiac tumors.

Echocardiographic Assessment
of Cardiac Tumors

The complete echocardiographic evaluation of a
cardiac tumor is summarized in Table 1. It starts with a
thorough description of its location and relationship to
adjacent structures. Tumors can be either intra- or extra-
cardiac. The description should include the location and
mechanism of implantation of the tumor to the heart
(for instance, “pedunculated mass attached to the basal
segment of the inferior wall through a long stalk”),
the malignancy’s route of access to the heart (such as
superior or inferior vena cava, pulmonary veins, direct
access through a wall), and whether or not the tumor is
primarily attached to the heart (Figure 1).

The characterization of the shape, longest dimen-
sions, and ideal volume of the mass is essential. A
description of the hemodynamic consequences of the
mass should also be reported. The echocardiographer
should then integrate all the information to generate a
differential diagnosis.

The anatomic assessment of the tumor should be
complemented with an accurate calculation of cardiac
chamber dimensions, left ventricular volumes and
ejection fraction (EF).

Once all this information is taken in consideration, a
decision can be made as to the most appropriate treat-
ment for the patient (chemotherapy, immune therapy,
radiation or surgery).

The 3D Examination

Three acquisition modes are used with RT3DE in
the evaluation of cardiac tumors: full volume, live 3D
and 3D zoom (a smaller, magnified pyramidal data at a
higher resolution).?

Unlike the other modes, the full-volume (wide angle)
acquisition usually requires electrocardiographic gating.
Depending on the vendor and the resolution desired,
the gating requires somewhere between 2 to 6 car-
diac cycles, as the dataset is compiled by merging the
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Table 1. Echocardiographic evaluation of cardiac masses

1. Characterization of the mass

a. Location: Intra- or extra-cardiac

b. Relationship with adjacent structures

c. Site and mechanism of implantation

d. Route of access to the heart

e. Shape, size and volume

f. Hemodynamic consequences

2. Differential diagnosis

a. Benign

1. Embryonic remnants

2. Normal variants (false chords, heavy trabeculation,
accessory papillary muscles)

3. Thrombi (mural or associated with catheter or
devices)

4. Benign cardiac tumors

5. Cardiomyopathy (apical HCM, noncompaction
cardiomyopathy)

6. Vegetations

b. Malignant

1. Primary

2. Metastatic

3. Accurate estimation of LV volumes and
ejection fraction

4. Therapeutic decision making

narrower pyramidal scans during the consecutive heart-
beats. To minimize reconstruction artifacts, data should
be acquired during suspended respiration. Full-volume
acquisitions can be obtained from the parasternal,
apical 4-chamber, apical 2-chamber, and sub-costal
views. However, the availability of a larger amount of
data in these big pyramids of information comes at the
expense of lower image resolution. Hence, imaging with
narrow angles (live 3D) is recommended if high-resolu-
tion images of the cardiac mass are desired.

Real Time 3D Evaluation of Cardiac Tumors

In our institution, the evaluation of a cardiac tumor
using transthoracic RT3DE includes, at the minimum,
performing a full-volume acquisition in the parasternal
long axis and in the apical 4-chamber views. If the mass
in question is located in the right atrium, a full-volume
acquisition and live 3D images are obtained from a
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Figure 1. Full-volume acquisition (A) and cropped image (B) obtained

from the apical 4-chamber view of a 22-year-old male with a recurrent
metastatic osteosarcoma. The images show the tumor accessing the
heart through the right upper pulmonary vein.

modified right ventricular inflow view and the subcos-
tal window.

Live 3D images of the right parasternal and
supraclavicular windows have been used in the
echocardiographic assessment of thrombus in the
innominate vein and the superior vena cava (SVC).3 If
the clinical question is not successfully answered by the
transthoracic RT3DE, a real-time 3D matrix array trans-
esophageal echocardiogram (3D-MTEE) is performed.
In addition to the 2D images obtained following our lab
protocol, a full-volume acquisition of the left ventricle
(LV) is obtained. Depending upon the location of the
mass in question, 3D-zoom images are captured from
the mitral valve (MV), the tricuspid valve (TV), the left
atrial appendage (LAA), the left upper pulmonary vein
(LUPV), and the interatrial septum (IAS). Full-volume
and live 3D acquisitions in the bicaval view are useful
in characterizing masses in the SVC, inferior vena cava
(IVC), inter-atrial septum, and right atrium.
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Figure 2. Full-volume acquisition obtained from the parasternal long
axis view of a 35-year-old female with a primary cardiac sarcoma.
There is evidence of a large exophytic mass originating from the base
and mid segments of the inferolateral wall. An intracavitary mass is
also visualized, originating from the mid segment of the inferior wall.

Differential Diagnosis

The differential diagnosis of intracardiac masses
includes tumors (benign, malignant or metastatic),
normal structures or their variants, embryonic rem-
nants, thrombi, masses associated with the presence of
cardiomyopathy (apical hypertrophic cardiomyopathy,
noncompaction cardiomyopathy and hypereosinophilic
syndrome) and masses, or complications associated
with device implantation (Table 1).

Primary tumors are far less common than metastatic
tumors in the heart, occurring in at least 7 out of 10,000
people (Figure 2).* Benign primary cardiac tumors
occur more frequently than malignant ones. The most
common cardiac tumor is a myxoma. In a large,
single-institution series of primary cardiac tumors at
the University of Minnesota, 42% were cardiac myxo-
mas and 16% were malignant tumors (sarcomas).’

Added Value of RT3D Echocardiography in
the Assessment of Intra-Cardiac Benign,
Malignant, and Metastatic Cardiac Tumors

Unlimited slicing and cropping

Once a full-volume 3D data set is acquired, it can
be sliced and cropped in many different ways. This
allows manipulation of images in space, obtaining
views and planes, and aligning structures in ways that
were impossible to get with 2D imaging.

This feature is particularly useful in the way in
which echocardiography is practiced in the United
States, where images are captured by a sonographer and

Figure 3. Cropping of a full-volume acquisition obtained from the
apical 4-chamber view of the patient with primary cardiac sarcoma
mentioned in Figure 2. The tumor originates from the inferior,
inferolateral and anterolateral walls of the LV. A large pleural effusion
is seen with large amounts of echodense material visualized floating
in the space.

Figure 4. Full-volume acquisition obtained from a modified right
ventricular inflow view of a 31-year-old patient with hepatocellular
carcinoma. The mass accesses the heart through the IVC. The mass
prolapses into the right ventricle through the tricuspid valve.

interpreted later by a physician. The availability of the
full-volume acquisition allows the echocardiographer to
slice and crop the heart in as many ways as required to
obtain a comprehensive tomographic evaluation of the
mass (Figure 3). The full volume allows for a detailed
description of the location, shape, attaching interface
and relationship to adjacent structures of the cardiac
mass (Figure 4). In addition, it is well known that 2D
echocardiography is very operator dependant. RT3DE,
on the other hand, permits acquisition of the cardiac
mass images with less dependence on the operator’s
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skill level. It is also important to realize that the avail-
ability of all of the information in just one capture can
significantly reduce the time needed to fully character-
ize the cardiac tumor.

Evaluation of the size of the cardiac mass
Echocardiography is the method of choice to establish
the diagnosis and prognosis of cardiac masses, whether
they are thrombi, vegetations or tumors.® Maximum
diameter measurements from 2D echocardiography are
routinely used to determine mass size. The size of an
intracardiac mass has important clinical implications
in predicting embolic events, congestive heart failure,
and death, and as an efficacy assessment after treatment
(anticoagulation, antibiotics and chemotherapy).®
However, most masses are irregularly shaped,
making it difficult to accurately image or select the
largest diameter. Nanda et al. reported that 2D mea-
surements from a transthoracic or a transesophageal
study underestimates the true maximum diameter
of irregularly shaped structures.” In the case of car-
diac masses, this can lead to a misrepresentation of the
patient’s prognosis. RT3DE images the entire volume
of a mass, which allows for accurate measurements in
multiple planes. Asch et al. conducted a study testing
the hypothesis that measurements of the maximum
diameter of a mass by RT3DE are larger than those
obtained by 2D. He reported that 2D transthoracic
and 2D transesophageal consistently underestimated
the maximum diameter by 24.6% (P<0.001) and 19.8%
(P=0.01), respectively, as compared to RT3DE. The mea-
surements were fast and with excellent intraobserver
and interobserver variability (better than 2D echocar-
diography). The authors suggested that RI3DE may be
the technique of choice for the noninvasive evaluation
of intracardiac mass size.®

Evaluating the composition of the tumor

One of the critical aspects of characterizing a cardiac
tumor is the evaluation of its composition (Figure 5).
Mehmood et al. demonstrated in a preliminary study
the superiority of live 3D over 2D transthoracic echocar-
diography (2D-TTE) in assessing left atrial (LA) tumors
in patients with myxomas and hemangiomas. Because
of the unique ability of live RT3DE to systematically sec-
tion and view the contents of an intracardiac mass, LA
myxomas in the patients studied could be more confi-
dently diagnosed by noting isolated echolucent areas
consistent with hemorrhage/necrosis in the tumor mass.
In patients with hemangiomas, live RT3DE showed
much more extensive and closely packed echolucencies
with little solid tissue, as compared to a myxoma con-
sistent with a highly vascularized tumor.® Other studies

Figure 5. (A and B) Orthogonal views from live 3D-MTEE obtained at
0 degrees from a 61-year-old male with a metastatic thymoma. The
mass appears homogenously echodense in frame A. When the mass
is cropped from the orthogonal plane, it appears to have a cystic
component as well.

have demonstrated that RT3DE provides a more com-
prehensive assessment of the inner structure of the
mass that correlates better with pathologic findings
(necrosis, hemorrhage, cystic areas or fibrotic bands).” 1°

Unparalleled level of anatomic detail

Recent advances in ultrasound transducer technol-
ogy have lead to the miniaturization of matrix array
transducers, allowing their incorporation into the tip of
an esophageal probe and, in turn, the ability to perform
3D-MTEE.

Sugeng et al. recently published the initial experi-
ence of her group using 3D-MTEE. They tested the
feasibility and clinical utility of this new technology in
the imaging of different cardiac structures, including
mitral, aortic, and tricuspid valves, interatrial septum,
LA appendage, and pulmonic veins. The percentage of
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Figure 6. Cropped full-volume acquisition obtained from a 3D-MTEE
at 90 degrees from the patient with metastatic thymoma mentioned
in Figure 5. The tumor completely obliterates the superior vena cava
(SVC) and extends through the right atrium into the tricuspid valve
annulus. Please note the mass is heterogeneous. The mass appears
uniformly echodense in the SVC and at the cavo-atrial junction, and
appears cystic as it gets close to the tricuspid valve annulus.

patients in whom each cardiac structure was assigned
an optimal score of 2 was 85%-91% of all scallops for
both mitral valve leaflets, 84% of the interatrial septum,
86% of the left atrial appendage, and 77% of the left
ventricular endocardium.!

One of the biggest limitations of assessing cardiac
masses with 2D echocardiography is the possibility
of actually “missing” the mass during the evalua-
tion. As mentioned before, orthogonal planes are used
to evaluate cardiac masses; if the mass happens to be
anatomically located in an area between the imaging

planes, it would not become apparent during the exami-
nation.

3D-MTEE has allowed us to acquire and analyze the
full volume of 3-dimensional structures with a new
level of unparalleled anatomic detail (Figure 6). We are
now able to really understand the 3D nature of the left
atrial appendage and its unique anatomic relationship
with the ridge and the left upper pulmonary vein. With
this new technology, we are also able to visualize the
foramen ovale of the interatrial septum from the left or
the right atrium, taking advantage of its posterior ana-
tomic location.

Evaluation of associated abnormalities

Real-time 3D echocardiography can also enhance the
ability of the echocardiographer to detect associated
abnormalities and conditions that predispose to the
development of a mass, such as an LV apical aneurysm
or rheumatic mitral valve disease.!*'

Added value in the evaluation of embryonic
remnants and normal variants

Normal cardiac structures (moderator band or false
chords) or their variants (accessory papillary muscles)
can be confused with cardiac tumors in a 2D-TTE. In
addressing these questions, we find it useful to obtain
a full-volume acquisition and crop the structure to
understand its 3D relationship. We also receive frequent
referrals to our laboratory to characterize masses in the
right atrium, where the differential diagnosis includes a
normal structure (prominent IVC ridge or a crista
terminalis), embryonic remnants (prominent eustachian
valve or a Chiari network), a thrombus, a tumor or a
tumor-thrombus arising from the IVC.18 The ability

Figure 7. (A) Full-volume acquisition obtained from the short axis view of the patient with osteosarcoma shown in Figures 2 and 3. The mass
was not amenable for surgical resection as it involved the aortic root. (B) Full-volume acquisition obtained from the apical 4-chamber view of a
60-year-old male with metastatic squamous cell carcinoma of the penis. The mass was not thought to involve the tricuspid valve after 2D-TTE
evaluation; however, follow-up RT3DE revealed involvement of the tricuspid valve.
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to use the live-3D mode to see these 3D structures in
motion has in many instances allowed us to answer
questions without conducting more invasive tests such
as a 3D-MTEE.

Surgical planning

Muller et al. conducted a study evaluating the value
of 3D-MTEE as an adjunct to conventional 2D imaging
in preoperative evaluation of cardiac masses. In 37%
of the patients, 3D-MTEE revealed 1 or more items
of additional information regarding type and site of
attachment, surface features, and spatial relationship
to surrounding structures. They estimated that in at
least 18% of all intracardiac masses, 3D-MTEE can be
expected to deliver supplementary information. In 6 of
their patients, the additional findings led to decisions
deviating from those made on the basis of 2D-TEE.
The authors concluded that the information revealed
by 3D imaging facilitated therapeutic decision-mak-
ing, especially the choice of an optimal surgical access
prior to removing the intracardiac mass (Figure 7).

Sugeng et al. demonstrated that 3D-MTEE consis-
tently provided excellent quality, volume-rendered
images of mitral valve components, including ante-
rior and posterior leaflets as well as the annulus and
subvalvular structures. This finding suggests that
3D-MTEE may become one of the modalities of choice
to assess this valve during preoperative planning of
mitral valve surgery, including the resection of tumors
from the valve.' 2 Le Tourneau et al. reported on the
use of live 3D-MTEE in assessing tumors of the aortic
valve (papillary fibroelastomas). In their opinion, the
use of this technology improved their operative plan-
ning.*! However, the visualization of the aortic valve
by 3D-MTEE appeared to be more challenging, as
it is an anteriorly located cardiac structure; optimal
visualization of the aorta from both the aorta and the
LV perspectives was possible only in 18%-22% of the
patients.!! 3D-MTEE has also been used to assess
neoplasms of the pulmonic valve.??

Visualization of the true apex and calculation
of LV volumes and ejection fraction

Besides a thorough evaluation of cardiac tumors
and their hemodynamic consequences, it is essential
to be accurate in the reporting of LV ejection fraction.
The mainstay in the treatment of cardiac sarcomas
continues to be anthracycline-based regimens, which
are known to cause cardiac toxicity in the form of sys-
tolic dysfunction. Hence, the accurate calculation of
volumes and ejection fraction is essential in the initial
and follow-up evaluations of these patients.

A variety of methods are available for calculation

of EF using 2D echocardiography. Unfortunately, they
all have 2 big limitations: they are based on geometri-
cal models that have not considered the architecture of
an abnormal sick heart, and they are strongly affected
by foreshortening of the LV cavity by the tomographic
plane of the 2D image. RT3DE has emerged as a solution
to these problems. The ability to capture a full-volume
acquisition of the LV allows for accurate identification
of the true apex of the heart. An algorithm based on the
detection of the endocardial border in turn allows for
direct quantification of LV volumes without multiplane
tracing or geometric modeling.

Jacobs et al. compared 2D and 3D echocardiography
against cardiac magnetic resonance imaging (CMR) in
their ability to accurately calculate end diastolic volume,
end systolic volume and ejection fraction. RT3DE mea-
surements correlated highly with similar measurements
by CMR (r = 0.96, 0.97, and 0.93 for EDV, ESV, and EF
respectively).?? The small underestimation of volumes,
as compared to CMR, will hopefully be reduced as we
gain experience with this new technique and learn to
trace the endocardium underneath the trabeculations
and not on top of them.!

More recently, contrast has been used to enhance
RT3DE images. Contrast enhancement was found not
only to improve the accuracy and reproducibility of
LV volume measurements in patients with poor image
quality, but also to enhance the assessment of regional
wall motion from RT3DE datasets. The authors found
that, with the use of selective dual triggering to mini-
mize bubble destruction by ultrasound energy, contrast
enhancement increased the accuracy of RT3DE-based
analysis of regional LV function against CMR reference,
and its reproducibility to levels similar to those noted in
patients with optimal imaging quality.** The improved
accuracy and reproducibility of RT3DE-based LV vol-
umes and EF measurements are of vital importance to
patients with cardiac tumors, since clinical decision-
making relies completely in this measurement. In the
study mentioned above by Jacobs, there was evidence
of a wider limit of agreement for EDV, ESV, and EF
(29 mL, 24 mL, and 9.5%) for 2D-TTE, as compared to
RT3DE (17mL, 16 mL and 6.4%).2® This means that when
using 2D-TTE echocardiography, the ejection fraction
can be potentially miscalculated by 9.5 points.

In our institution, anthracyclines are discontinued if
patients have a symptomatic drop of more than 5% of
their ejection fraction below 50% or an asymptomatic
drop of more than 10% of their initial EF. The miscal-
culation of the ejection fraction by 2D-TTE can lead to
the decision by the oncologist to erroneously stop the
anthracycline-based regimen, due to concern for a toxic-
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ity that is actually not occurring and is solely the result

of the inherent limitations of the technology used.

Conclusions

Real-time 3D transthoracic and transophageal
echocardiography have greatly improved the echocar-
diographic detection and evaluation of cardiac masses
and tumors. A detailed characterization of the mass
size, composition, location and relationship to adjacent
structures, in conjunction with an accurate assessment
of LV volumes and ejection fraction, empowers the

echocardiographer with a new level of confidence in the

diagnosis and surgical planning of the patient with a
cardiac mass.
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