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3D TEE During Catheter-Based Interventions

Guidance of catheter-based procedures is performed using fluoroscopy and 2-dimensional transesophageal

echocardiography (TEE). Both of these imaging modalities have significant limitations. Because of its 3-

dimensional (3D) nature, 3D TEE allows visualizing the entire scenario in which catheter-based procedures take

place (including long segments of catheters, tips, and the devices) in a single 3D view. Despite these

undeniable advantages, 3D TEE has not yet gained wide acceptance among most interventional cardiologists

and echocardiographists. One reason for this reluctance is probably the absence of standardized approaches

for obtaining 3D perspectives that provide the most comprehensive information for any single step of any

specific procedure. Therefore, the purpose of this review is to describe what we believe to be the most useful

3D perspectives in the following catheter-based percutaneous interventions: transseptal puncture; patent

foramen ovale/atrial septal defect closure; left atrial appendage occlusion; mitral valve repair; and closure of

paravalvular leaks. (J Am Coll Cardiol Img 2014;7:292–308) ª 2014 by the American College of Cardiology

Foundation

Advances in technology and human skill have made
possible the adoption of percutaneous catheter-
based procedures in a wide spectrum of structural
heart diseases that over the past 2 decades would
have required open-heart surgery. Typically, guid-
ance of these catheter-based procedures is per-
formed using fluoroscopy and 2-dimensional (2D)
transesophageal echocardiography (TEE). Both of
these imaging modalities have significant limita-
tions. Fluoroscopy is limited by its 2D projections of
a complex 3-dimensional (3D) heart, and its
inability to delineate soft structures precisely; 2D
TEE, because of its tomographic nature, needs
multiple planes and adjustments to visualize the
course of intracardiac catheters and their complex
relationship with cardiac structures.

3D TEE has the unique ability to depict cardiac
structures as they are in reality (1,2). Moreover,
because of its 3D nature, long segments of catheters,
tips, and the devices can easily be intersected by the
pyramidal ultrasound beam and displayed without
excessive probe manipulations. Finally, the entire
scenario in which most of the catheter-based pro-
cedures take place (i.e., atrial septum, left atrial
appendage [LAA], left atrium, and mitral valve) can
be shown in a single 3D view (3–5). Theoretically,
3D TEE should be the ideal guidance-imaging
tool for catheter-based procedures. Despite its un-
deniable advantages, 3D TEE has not yet gained
wide acceptance among most interventional cardiol-
ogists and among those echocardiographists involved
in catheter-based procedures.

Several reasons may explain the reluctance to shift
from 2D to 3DTEE.Historically, 2DTEEwas used

to guide these procedures, thus interventional cardi-
ologists and echocardiographists became accustomed
working with 2D TEE imaging. Because of its
tomographic nature, 2D TEE needs multiple planes
and adjustments to accurately track catheters moving
in a 3D environment. For this reason, its use, espe-
cially during some complex catheter-based in-
terventions, has been carefully standardized and both
echocardiographists and interventional cardiologists
have a clear notion of which plane(s) must be used
for each step of the procedure (6).

The use of 3D TEE as guidance imaging mo-
dality during catheter-based procedures was first
described by Perk et al. (3), who collected data from
5 institutions with great expertise with this new
imaging tool. However, this first experience was not
followed by an effort to select (and hence stan-
dardize) those 3D views that might provide the
most useful data for each step of any specific pro-
cedure. Even when 3D TEE is described as a useful
tool for guiding interventional procedures (4,7–10),
there are no systematic descriptions of how to ac-
quire those perspectives that can provide the best
images of catheters, devices, and their relationships
with target structures. The need to provide specific
3D views derives from the fact that the “volumetric”
acquisition includes many cardiac structures that, in
turn, can be imaged from countless perspectives.
However, only a few of them are very innovative and
useful, others are redundant and useless, and some
are just confusing. Moreover, from some view-
points, target structures may be covered by sur-
rounding tissue that needs to be removed. Finally,
reverberations (i.e., multiple reflections) and
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