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ABSTRACT

The recent availability of real-time 3-dimensional (3D) transesophageal echocardi-
ography (TEE) can drive forward the diagnostic capability of ultrasound imaging.
Real time 3D TEE has evolved into the imaging modality of choice when it comes to
percutaneous interventions, as in many cases it serves as the ‘eyes of the operator’ to
evaluate, guide, and assess the results of the procedures in the catheterization labora-
tory. Moreover, it has been shown to provide additional insight into the anatomical,
morphological and hemodynamic status. Up to date, real time 3D TEE has been inte-
grated into the following percutaneous non-coronary procedures: closure of atrial or
ventricular defects, aortic valve replacement, paravalvular leak occlusion, mitral valve
repair with clips, and more recently left atrial appendage occlusion with use of closure
devices. Further technological advancements will lead to more accurate and wider use
of this imaging technique.

INTRODUCTION

Over the past few years transesophageal echocardiography (TEE) has emerged
as one of the most innovating imaging modalities available today in modern clinical
cardiology, as it has served as a valuable adjunct in clinical decision making.' The 2-di-
mensional (2D) multiplane TEE though widely used in a variety of clinical scenarios,
it has the inherent limitation of obtaining non-simultaneous and limited cutting planes
that occasionally are unable to provide comprehensive and diagnostic cardiac images.
Moreover the existence of only 2 spatial dimensions often necessitates the acquisition
of multiple planes in order to mentally reconstruct three dimensional structures.?

In this setting, novel real-time three-dimensional (3D) echocardiography appears as
the holy grail of cardiovascular imaging, as it can produce multiple anatomic views of
any given structure, thus avoiding any geometrical assumptions. The recent availability
of real-time 3-dimensional transesophageal echocardiography might drive forward the
diagnostic capability of ultrasound imaging.
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TECHNICAL CONSIDERATIONS

Current real-time three-dimensional transesophageal
echocardiography (RT 3D TEE) employs a dedicated novel
matrix-array technology, with a large number of transducer
elements, containing more than 2500 active elements as op-
posed to conventional phased array transducer that contains
only 128. It is of similar size when compared with a conven-
tional multiplanar 2D TEE probe, measuring 1.5 cm in width,
1.0 cm in height, and 4.5 cm in length, with a cross-sectional
area of 14 mm.?

Depending on the clinical scenario, there are three major
modes of data acquisition, during RT-3D-TEE. A full-volume
mode enables the acquisition of data as a pyramidal volume.
This mode has the distinct advantage of allowing the acquisi-
tion of wider data volume and enables a complete overview of
cardiac chambers. However, stitching artifacts may impede the
quality of obtained images, leading in diagnostic difficulties.
Three-dimensional (3D) zoom enables focusing in a specific
structure, such as a heart valve, with the cost of lower temporal
resolution though. Finally, live 3D allows real-time imaging
of the cardiac structure, which is extremely useful during
interventional procedures as it enables accurate visualization
of catheters and devices within its surrounding environment. 4

The obtained data can be processed off-line using a dedi-
cated software package which allows cropping and rotation of
the 3D images, as well as quantification analysis.

CLINICAL APPLICATIONS

In this article, we will briefly discuss the clinical applica-
tions of RT3D TEE in evaluating patients who are suitable for
percutaneous interventions, before, during and after complet-
ing the procedure. Up to date, RT 3D TEE has been integrated
in the following percutaneous non-coronary procedures: the
closure of atrial or ventricular defects, the aortic valve replace-
ment, paravalvular leak occlusion, as well as the mitral valve
repair with clips. More recently left atrial appendage occlusion
has also become feasible and available.

Real time 3D TEE has evolved into the imaging modality
of choice when it comes to percutaneous interventions, as in
many cases it serves as the ‘eyes of the operator’ to evaluate,
guide, and assess the results of the procedures in the hemo-
dynamic laboratory. Moreover, it has been shown to provide
additional insight into the anatomical, morphological and
hemodynamic status.

Importantly, the success of these procedures is predicated
upon careful case selection based on anatomic considerations.
A characteristic example of the previous statement is the
pre-procedural selection of patients who are candidates for
the mitral clip implantation. Pre-procedural assessment by
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FIGURE 1. Monitoring ASD closure. ASD = atrial septal de-
fect.

FIGURE 2. RT 3D TEE, short axis view in a patient undergo-
ing TAVL. (a) pre, and (b) post implantation. RT 3D TEE =
real time three-dimensional transesophageal echocardiography;
TAVI = transcutaneous aortic valve implantation.

RT 3D TEE provides incremental information not obtain-
able with 2D TEE through the use of en face views. These
en face views allow better to identify exactly the morphology
of each cardiac region of interest. After off-line analysis ac-
curate measurements can be obtained. Also, the use of color
Doppler in full volume data detects any abnormal flow in the
cardiac chambers. The operator can easily detect the origin
of regurgitant jets, as well as the existence of multiple jets. All
this incremental information leads to better selection of cases
and better planning of the interventional procedures.’

The main advantage of RT 3D TEE is the ability to visual-
ize the entire length of intracardiac catheters as well as the
balloons or devices attached to the catheters, their position
and their anatomical relation to neighboring landmarks or to
important cardiac structures. This is extremely helpful, for
instance, during the transcutaneous aortic valve implantation
(TAVI) procedure, where the accurate imaging of coronary
vessel orifice is of paramount importance. Real time 3D TEE
can provide the interventional cardiologist with the proper ana-
tomic information needed for the safe landing of the prosthetic
aortic valve. An important consideration during performance
of aortic stenting using the Core Valve system is the position
of the device inside the left ventricular outflow tract. Imprecise
positioning can lead to severe aortic regurgitation, especially
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when the device has been drawn back too much into the aorta.
In contrast, malpositioning of the device too much inside the
left ventricle might lead to restricted movement of the anterior
leaflet of the mitral valve.®

One step further, in the post-procedure period, RT 3D
TEE imaging is advantageous over 2D TEE in that off-angle
device placement is more easily appreciated. Recognition
of off-angle device placement by 2D TEE imaging requires
multiple imaging angles to demonstrate the spatial relation-
ship between the device and the cardiac structures. On the
contrary, the employment of RT 3D TEE allows the acquisition
of multiple views which can be cropped and rotated accord-
ingly in order to visualize proper device placement. Finally,
color Doppler confirms the success of the procedure. In cases
that residual problems are defined, the device needs to be
recaptured or deployed.’

Real time 3D TEE has many other advantages. It has high
spatial and temporal resolution, which allows unique detailed
views of cardiac structures. This additional structural informa-
tion helps guide interventional procedures leading to safer and
shorter procedures with higher technical success, decreased
radiation exposure and improved patient outcomes. So far, 2D
TEE and intracardiac echocardiography are frequently used
during the procedure to guide device placement. While these
modalities suffer from poor spatial resolution, on the contrary,
RT 3D has excellent spatial resolution.

LIMITATIONS - FUTURE DIRECTIONS

The RT 3D TEE as a new technique being evaluated in
clinical practice has limitations that will probably be overcome
in the near future. These include the need for additional train-
ing, reduced temporal resolution, particularly while the 3D
zoom mode is used. Furthermore, the lack of standardized
views and tissue dropout are also limitations needing experi-
ence to improve the communication between the echocardi-
ographer and the interventionalist.

We are in anticipation of major improvements in technol-
ogy, in order to be able to acquire all the information in a single
beat even in TEE procedure. Moreover, the advancements in
software, the miniaturization of transducer matrix technology
and probably the online quantitative software will lead to more
accurate and wider use of this imaging technique.

So far, the 2D technology, while it seems adequate, it can
be combined perfectly well with the 3D technology. It seems
that 2D TEE quickly loses luster and appeal. Modern skilled
echocardiographers will undoubtedly be eager to replace their
previous 2D technology with a new 3D one.
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