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ortic annulus anatomy has become a crucial com-
ponent of preprocedural planning in transcatheter
aortic valve replacement (TAVR) procedures.!
Annulus sizing is essential to procedural success
and to avoid complications such as perivalvular regurgita-
tion, annular disruption, valve embolization, and coronary
occlusion.>* There is increasing evidence that echocardio-
graphic sizing of the aortic annulus is accurate and is com-
parable to multidetector computed tomography (MDCT)
sizing.>® This article describes two-dimensional (2D) and
three-dimensional (3D) echocardiographic methods to
measure the aortic annulus for accurate annular sizing.

CHALLENGES IN MEASURING THE AORTIC
ANNULUS

The aortic annulus is a dynamic structure that changes
shape during the cardiac cycle. In systole, the aortic
annulus becomes less elliptical due to the shift of the
aortomitral continuity from the membranous septum.
During diastole, the aortic annulus becomes more ellip-
tical.® Because of the dynamic changes to the aortic
annulus, any linear measurement, especially if made in
the smallest dimension, can underestimate the aortic
annulus size. Some studies have even proposed that
the annular perimeter may be a better way to size the
aortic annulus because it integrates annular diameters
and shows minimal variation during the cardiac cycle’
In addition, after transcatheter valve implantation, the
aortic annulus itself changes shape, going from a more
elliptical structure to a circular structure, especially with
the balloon-expandable transcatheter valves.'®!

TWO-DIMENSIONAL ECHOCARDIOGRAPHY
Two-dimensional echocardiography plays a crucial role
in transcatheter valve implantation procedures and can
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also be used in aortic annular sizing. In fact, MDCT and
echocardiography may be complementary techniques
in this situation. According to the American Society of
Echocardiography, the aortic annulus is measured in

the parasternal long axis view on transthoracic echocar-
diography (TTE) or the midesophageal long-axis view on
transesophageal echocardiography (TEE).™ The distance
is measured between the leaflet insertions of the leaflet
on the top of the image to that of the bottom of the
image (Figure 1A).

The problem with this technique is that measure-
ments made using the leaflet insertions may not transect
the full diameter of the aortic annulus; instead, the mea-
surement could be a tangent across the aortic annulus,
thus grossly underestimating the annulus size (Figure 1B).
When measuring the aortic annulus, care should be
taken to exclude or to measure around the significant
calcification that can be frequently present along leaflet
attachments in patients with severe aortic stenosis. In
addition, one must ensure that the measurement of the
annular plane is perpendicular to the long axis of the
aorta, as this can prevent some of the problems encoun-
tered with tangential measurements of the annulus
(Figure 1C).

In biplane imaging, bisecting the short axis of the aor-
tic valve produces a longitudinal image and may help in
obtaining the largest annular diameter (Figure 1D). This
may overcome some of the issues of tangential measure-
ments of the annulus. Despite the limitation of 2D echo-
cardiography for annular sizing, it can give a quick idea of
what the appropriate valve size would be for any given
patient. For instance, in the case of balloon-expandable
valves, a 2D linear measurement of 24 mm would imply
the use of a 26-mm valve, and a 2D linear measurement
of 27 mm would imply the use of a 29-mm valve.



Figure 1. Two-dimensional TEE measurement of the aortic
annulus (A). The measurement is made under the aortic valve
from the hinge point of one leaflet to another. This measure-
ment should be undertaken in the midesophageal long-axis
view of TEE. The orange arrow (B) demonstrates measuring a
smaller dimension than what the annulus actually is. This is
one of the limitations of 2D TEE annular dimension measure-
ment. The white arrow (B) demonstrates the true sagittal
measurement. However, because the annulus is not a perfect
circle, the coronal measurement may be larger, again under-
estimating the annular size. Note that the 2D linear measure-
ment is perpendicular to the long axis of the aorta (C). Biplane
imaging across the short axis of the aortic valve may help
prevent some of the issues with off-axis measurements of the
aortic annulus (D).

However, studies have shown that there are differ-
ences even between TTE- versus TEE-derived aortic
annulus area. Although 2D TEE gives one linear mea-
surement of the aortic annulus, 3D TEE, similarly to
MDCT, provides sagittal and coronal measurements of
the annulus. Sagittal measurements are smaller than
coronal measurements, hence underestimating the
annulus when using 2D echo. Three-dimensional TEE-
derived coronal and sagittal measurements have been
shown to correlate well with MDCT-derived measure-
ments of the annulus.™
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Figure 2. A 3D full-volume acquisition obtained in a long-axis
view on TEE (A). The initial 2 X 2 screen that shows up when
QLAB and the 3DQ function are accessed (B).

THREE-DIMENSIONAL ECHOCARDIOGRAPHY
Three-dimensional TEE has many advantages over 2D
imaging and has been shown to closely correlate with
MDCT measurements. It not only measures the sagittal and
coronal planes of the annulus, but also allows direct planim-
etry of the short axis of the annulus. The latter is not feasible
with 2D imaging, as the operator may not be completely
at the annular plane when making the measurement. The
American and European Society of Echocardiography pro-
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Figure 3. After selecting a mid-systolic frame, the red plane
is initially aligned just underneath the aortic valve close to
the hinge points of the aortic leaflets (A). The blue plane then
is aligned parallel to the aorta and perpendicular to the red
plane. Similarly in this figure, the red plane is aligned under-
neath the aortic valve at the leaflet insertions, then the green
plane is aligned parallel to the aorta and perpendicular to the
red plane (B). After aligning the red, blue, and green planes,
the short-axis view of the aortic annulus is obtained (C). This
frame can be magnified for ease of measurement. The sagit-
tal and coronal dimensions can also be measured from this
function, along with the area. This patient had an annular
dimension of 29 X 31 mm, with an area of 682 mm?2.

vide guidelines on image acquisition when using 3D echo-
cardiography to size the aortic annulus.™
Three-dimensional TEE imaging still relies on optimal 2D
images; suboptimal 2D images produce unreliable 3D imag-
es. There are three basic modes of image acquisition when
using the iE33 ultrasound system (Philips Healthcare). The
live 3D function provides an easy view of the aortic valve;
however, despite the higher frame rate, it only allows for
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a narrow sector width. In addition, it does not allow for
offline measurements of the aortic annulus. The second
type of 3D function on this machine is the 3D zoom.

This function allows for image acquisition when there are
arrhythmias, albeit at the expense of spatial resolution and
a low frame rate. There is a full-volume acquisition mode
in which multiple 3D volumes are acquired over several
beats and stitched together. This provides better temporal
and spatial resolution, but this function requires a stable
rhythm and electrocardiography. It is also affected by
patient respiration. Thus, when acquiring images to mea-
sure the aortic annulus, a one- to two-beat capture can be
selected to overcome the problem of a stitch artifact (cre-
ated by misalignment of the various 3D volumes). There is
yet another mode, the high volume rate acquisition mode,
in which the image can be captured in a one-beat acquisi-
tion, which is especially advantageous in the setting of
arrhythmias. However, the tradeoff for this ability is lower
spatial resolution.

Generally, the full-volume 3D function with a one- or
two-beat acquisition provides images that can give reli-
able annular measurements. The depth and gain must
be optimized, and the TEE image has to be acquired
in the long-axis view capturing the aortic valve, aortic
annulus, left ventricular outflow tract (LVOT), aortic
root, and part of the ascending aorta (Figure 2A). Once
this image has been obtained, the commercially avail-
able QLAB software (Philips Healthcare) allows for
manipulation of the 3D volumes, where a short-axis
view of the annulus can be obtained by adjusting the
sagittal and coronal views of the long-axis image. After
opening the 3D quantification (3DQ) package in QLAB,
the following steps can then be undertaken to obtain
the aortic annulus:

1. Once the 3DQ package is opened, a 2 X 2 screen
appears, which provides a coronal, sagittal, and
transverse view of the aortic annulus (Figure 2B).

2. Scroll the image and select the mid-systolic
frame.

3. Select the long-axis image and start adjusting the
planes by dragging the red plane to sit right at
the hinge point of the aortic valve with the blue
plane perpendicular to the red plane (and paral-
lel to the aorta) (Figure 3A).

4. Now select the red plane in Figure 3B and align
it under the aortic valve, right at the hinge point
of the aortic valve, then align the green plane to
be perpendicular to the red plane and parallel to
the aorta.

5. A short-axis image (Figure 3C) can be selected,
along with the “Area” function, and the area can
then be continuously traced.
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6. The coronal and sagittal measurements are dis-
played in Figure 3C, which also shows the area
and the two linear measurements.

This method has some obvious limitations. Besides
the lack of optimal images and the appropriate spatial
resolution, measuring the annulus may prove challenging
when there is bulky calcium extending into the LVOT. It
also requires considerable familiarity and expertise with
the functions and manipulation of the planes and images
to ensure that the annulus is measured in the correct
plane. In addition, it requires the user to be familiar with
the limitations of ultrasound physics and to be mindful
of dropout due to acoustic shadowing,

The advantages of 3D TEE for annular sizing is that
it obviates the need for contrast administration during
CT scanning, especially in patients with renal dysfunc-
tion. It can also be performed in real time during the
procedure. There are other ultrasound vendors that
have automated packages available that, with the push
of a few buttons, should eliminate the need to exten-
sively adjust the various planes. The vendors claim
that this automated method of obtaining the annulus
has been tested in several patients against CT scans.
However, echocardiographers should still ensure that
the images obtained by these automated software
packages correctly measure the true aortic annulus and
understand that even in the best software packages,
significant errors can occur due to suboptimal images
or acoustic shadowing. In addition, there are now 3D
packages that can acquire multiple volumes for a clean-
er, smoother image while eliminating the stitch artifact.

CONCLUSION

Echocardiography is an essential tool in transcatheter
aortic valve procedures. Both 2D and 3D images can be
used to size the aortic annulus, with 3D TEE providing
certain advantages over 2D imaging. Three-dimensional
imaging and annular sizing does require considerable
experience, and it is crucial that echocardiographers
involved in these procedures be extremely familiar with
these techniques. With the rise of these procedures and
the increasing need to be efficient during these cases,
there is a rise in automated software packages that allow
for rapid assessment of the annulus; however, the echo-
cardiographer should be aware of the advantages and
limitations of these technologies as well. ®
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