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Abbreviations

2D = Two-dimensional
3D = Three-dimensional
AR = Aortic regurgitation
AS = Aortic stenosis
ASD = Atrial septal defect

ASE = American Society of
Echocardiography

AV = Aortic valve

CT = Computed tomography
CW = Continuous-wave

DE = Deep esophageal

DT = Deep transgastric

IAS = Interatrial septum

IVC = Inferior vena cava
LAA = Left atrial appendage
LV = Left ventricular

LVOT = Left ventricular
outflow tract

MAC = Mitral annular
calcification

ME = Midesophageal

MR = Mitral regurgitation
MS = Mitral stenosis

MV = Mitral valve

PA = Pulmonary artery

PFO = Patent foramen ovale

PISA = Proximal isovelocity
surface area

PR = Pulmonic regurgitation
PS = Pulmonic stenosis
PV = Pulmonic valve

RVOT = Right ventricular
outflow tract

SAX = Short-axis
SVC = Superior vena cava

TAVI = Transcatheter aortic
valve implantation

TEE = Transesophageal
echocardiographic

TG = Transgastric
TR = Tricuspid regurgitation

TTE = Transthoracic
echocardiography

In the American Society of
Echocardiography (ASE) guidelines
for performing a comprehensive
transesophageal echocardiographic
(TEE) examination, a standard 28-
view (Table 1) imaging protocol as
well as specific structural imaging
assessments  were  introduced.’
Interventional echocardiography is
increasingly recognized as a subspe-
cialty requiring advanced training
for intraprocedural guidance.**
However, acquisition of
preinterventional TEE images by a
level lI-trained echocardiographer
is accepted standard practice. The
purpose of the present document
is to provide a reference guideline
focused on the acquisition of essen-
tial preinterventional TEE images
that would help identify (1) the
mechanism of structural or valvular
dysfunction, (2) the hemodynamic
and anatomic severity of the dis-
ease, and (3) the specific anatomic
features that allow appropriate de-
vice selection or exclusion.
Intraprocedural imaging, whether
by transesophageal or intracardiac
echocardiography, is not covered,
but rather a general approach to
TEE screening of the structural
target (e.g,, aortic valve [AV], mitral
valve [MV], or tricuspid valve [TVI;
left atrial appendage [LAAI; septal
defect) is described. It is not our
intent to suggest that complete im-
aging protocols specific to each
structure should be performed in
all patients. Rather, protocols
should be tailored to be compre-
hensive but focused on the
abnormal structure identified and/
or transcatheter intervention under
consideration, thus facilitating
assessment of device candidacy,
procedural planning, and intrapro-
cedural imaging guidance.

The present document is
divided as follows: section | offers
a review of the comprehensive
TEE examination, including basic
two-dimensional (2D) and three-
dimensional (3D) image acquisi-
tion. Section Il  presents
structure-specific imaging proto-
cols for assessment of the AV,
MV, pulmonic valve (PV), TV,
left atrial appendage, atrial
septum, and ventricular septum.

TV =

UE = Upper esophageall

VSD
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SECTION I: REVIEW OF THE
COMPREHENSIVE TEE
EXAMINATION

Tricuspid valve

= Ventricular septal

defect

A. Two-Dimensional

Echocardiographic
Acquisition

The American College of Cardiology clinical competence state-
ment on echocardiography’ addresses the minimum knowledge
required for the performance and interpretation of transesophageal
and perioperative echocardiography in adults. For structural heart
intervention screening, we recommend acquiring the 28 views of

the
(Table

comprehensive

TEE examination' whenever possible
1). The 2013 transesophageal echocardiography guideline

defined the terminology for probe manipulation (Figure 1A), and
while the 2013 guideline defines the terminology for four levels
of imaging (Figure 1B) as upper esophageal (UE), midesophageal
(MB), transgastric (TG) and deep TG (DT), the current guideline
adds a fifth level of imaging, the deep esophageal (DE) view

Table 1 Comprehensive TEE examination views

30 views of the comprehensive TEE examination®

0 N O WD =

28.

. ME five-chamber view

. ME four-chamber view

. ME mitral commissural view

. ME two-chamber view

. ME long-axis view

. ME AV view

. ME ascending aorta long-axis view
. ME ascending aorta SAX view

. ME right pulmonary vein view

. ME AV SAX view

. ME right ventricular inflow-outflow view
. ME modified bicaval TV view

. ME bicaval view

. ME right and left pulmonary veins view
. ME LAA view

. TG basal SAX view

. TG LV midpapillary SAX view

. TG ventricular apical SAX view

. TG right ventricular basal view

. TG right ventricular inflow-outflow view
. DT five-chamber view

. TG two-chamber view

. TG RV inflow view

. TG long-axis view

. TG to ME descending aorta (SAX)

. TG to ME descending aorta (long axis)

. UE aortic arch SAX to long axis

UE aortic arch SAX view

Additional imaging level and views

29
30

. DE right ventricular two-chamber view
. DE right ventricular inflow-outflow view

RV, Right ventricular.
*For tables of the original 28 views, see Hahn et al.
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HIGHLIGHTS

e Pre-interventional TEE acquired by a level Il trained echocardi-
ographer is standard practice.

e The current reference guideline focuses on the acquisition of
pre-interventional TEE images that would help accurately
identify the mechanism, severity and anatomy of structural/
valvular dysfunction.

e Imaging protocols should be tailored to be comprehensive but
focused on the abnormal structure identified and/or transcath-
eter intervention under consideration.

e Appropriate image acquisition will facilitate assessment of de-
vice candidacy, procedural planning and intra-procedural im-
aging guidance.

between the ME and TG levels, which is particularly useful for im-
aging right heart structures (Table 1, Figure 1B).

In this document we describe the image acquisition required for
valvular disease quantitation, but the reader is otherwise referred to
the referenced guidelines for details of functional assessment.®” Of
note, with any structural heart pathology, an assessment of pulmonary
artery (PA) systolic pressure, derived from the tricuspid regurgitant jet
and an estimate of right atrial pressure, is recommended.® Note that
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when tricuspid regurgitation (TR) is severe, this method may be less ac-
curate.” There are a variety of methods for assessing PA mean and dia-
stolic pressures if these measurements are required.'”

B. Three-Dimensional Echocardiographic Acquisition

The assessment of structural heart disease abnormalities requires a full
understanding of 3D technical principles as well as a systematic
approach to image acquisition, analysis, and display of the various car-
diac structures, including knowledge of the limitations of the different
3D techniques, described in prior ASE guidelines.!" Advanced 3D im-
aging display and navigational tools may be helpful (Figure 2).
Acquiring 3D volumes of the cardiac structures (i.e., valves and
LAA) should be a standard part of the TEE examination, permitting
immediate as well as postacquisition processing.

The methods available for 3D data acquisition include (1) simulta-
neous multiplane or biplane imaging, (2) real-time or live 3D imaging,
and (3) electrocardiographically triggered multiple-beat 3D imaging.
The 3D study usually starts with real-time imaging modes such as
live and narrow-angle acquisition. However, gated 3D modes,
including 3D color Doppler, should also be used whenever electrocar-
diographic gating is possible to take advantage of the improved spatial
and temporal resolution of these wide-angle acquisitions (Figure 3).

Current 3D systems have different resolutions for each of the three
dimensions, with axial resolution (~0.5 mm) better than lateral or
azimuthal (~2.5 mm) and elevational resolutions (~3 mm).'?

B

(UE) Upper
Esophageal

(ME) Mid
Esophageal

(DE) Deep
Esophageal

(TG) Transgastric

(DT) Deep Transgastric

Figure 1 Probe manipulation and levels of imaging. The terminology for probe manipulation (A) is as follows: (1) advancing or with-
drawing the probe within the esophagus, (2) rotating the probe clockwise (toward the right chest) or counterclockwise (toward the left
chest), (3) axial flexion of the probe (anteflexion and retroflexion), (4) lateral flexion of the probe (right flexion and left flexion, and (5)
mechanical rotation (forward rotating by increasing the degrees of rotation and backward rotating by decreasing the degrees of rota-

tion). The five levels of imaging (B) are UE, ME, DE, TG, and DT.
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Figure 2 Real-time 3D image cropping and rendering tools. Real-time cropping of the volume-rendered image can be performed with
on-cart cropping tools. In a patient with a flail MV P2 segment (A and B, red arrow), real-time cropping tools allow the imager to rapidly
position the crop plane (yellow lines), resulting in the real-time display of the MV from a surgeon’s view (A) or looking at the lateral
commissure (B). Panels C and D are examples of real-time 3D multiplanar reconstruction of the TV (without and with color Doppler,
respectively), with on-axis alignment of the tricuspid regurgitant coaptation gap (blue lines) and a SAX image of the regurgitant orifice
in the blue plane (blue box). Various rendering tools such as surface rendering (E) and photorealistic imaging (F, yellow arrow points to
a flail P2 segment) may be useful. A, Anterior; AL, anterolateral; Ao, aorta; P, posterior; PM, posteromedial.

These differences create “nonisotropic voxels” such that slight
changes in imaging angles or levels may result in a different 3D echo-
cardiographic appearance of the same cardiac structure. Awareness of
these limitations will help determine the best imaging plane(s) for a
specific abnormality. Optimization and alignment of cross-sectional
2D imaging planes within the 3D volume, or multiplanar reconstruc-

tion, allows accurate quantification of structural dimensions and areas.
Measuring directly on a 3D-rendered image is discouraged because
(1) the object to be measured may be off axis in the 3D volume,
changing the structural appearance compared with an on-axis image
(i.e., parallax), and (2) increased slice thickness of a 3D volume may
accentuate structures in the near or far field, preventing a clear
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Figure 3 Three-dimensional volume acquisition methods. Three-dimensional images can be acquired as a single-beat 3D volume or
multibeat spliced volume (A). To increase the temporal and spatial resolution of a 3D image, splicing acquires narrow volumes of infor-
mation over several heartbeats and then stiches them together to create a larger volumetric data set. This method of data acquisition
compensates for the poor temporal resolution of a single-beat full volumetric real-time 3D echocardiographic acquisition (B). In a patient
with atrial fibrillation, the systolic time interval shows less variability (C, green arrows) compared with the diastolic time interval. Thus, ina
3D color Doppler volume of MV regurgitation using six subvolumes (D, E), stitch artifacts in diastole (D) may not be prominent in systole
(E), although undetectable splice artifacts can exist. Panels A and B reproduced with permission from Lang et al."”

delineation of the structure of interest. A three-step approach,
described in Figure 4, can be used to align a 2D imaging plane within
the 3D volume using on-cart software. More recent advances (real-
time multiplanar reconstruction) enable 2D reconstruction of real-
time 3D acquisitions. A multibeat spliced image is not typically
used when precise measurements (e.g., aortic annular area or perim-
eter) are required because undetectable splice artifacts may signifi-
cantly affect the measurements. When multibeat acquisitions are
required (e.g., to optimize volume rates), using this multiplane display
will depict the subvolumes in the elevational plane, allowing the
imager to choose multibeat volumes without obvious splice artifacts.
Other 3D artifacts are listed in Table 2."

SECTION lI: STRUCTURE-SPECIFIC IMAGING PROTOCOLS

A. Assessment of the AV

Transcatheter AV implantation (TAVI) has become standard therapy
for many patients with severe aortic stenosis (AS).* In addition,
commercially available'* and investigational >'® devices have been
used to treat native aortic regurgitation (AR). Although its role has

evolved, echocardiography continues to be essential before, during,
and after TAVL'” Preprocedural TEE imaging to evaluate the AV
and aortic root complex may be appropriate, particularly when
contrast-enhanced computed tomography (CT) is contraindicated
or unavailable or when anatomic features seen by transthoracic echo-
cardiography (TTE) raise concern for TAVI feasibility or suggest a high
risk for complications. Physicians involved in the care of TAVI patients
should be familiar with the acquisition and interpretation of relevant
TEE images and be able to use them for shared decision-making
before interventions.’

1. AV Anatomy. The AV is composed of three cusps attached in a
semilunar fashion along the entire length of the aortic root, with the
highest point of attachment at the level of the sinotubular junction
and the cusp nadirs defining the “virtual annulus”'® (Figure 5).
Short-axis (SAX) images from the aortic side at the level of the cusps
(Figures 5A and 5B) are the most useful for determining cusp
morphology and pathology. Imaging from the left ventricular (LV)
side (Figures 5C and 5D) may uncover subvalvular pathologies. The
majority of the annulus is composed of the base of the interleaflet
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Area = 0.70 (11 %

Figure 4 Three-step approach to quantify cardiac structures. Step 1: two orthogonal 2D planes (green and red boxes) are oriented
perpendicular to the structure to be measured. In the examples shown, the green and red planes are perpendicular to the MV orifice
(A) or the regurgitant MV color Doppler jet (B). Step 2: the third orthogonal 2D plane (blue box) is now the SAX view and is positioned at
the level of the structure to be measured. In the examples shown, the blue plane is placed at the level of the mitral leaflet tips (A) or
regurgitant vena contracta (B). Step 3: the structure in the SAX plane (blue box) is measured. In the examples shown, the MV area (A)
or vena contracta area (B) is planimetered. Note that the 3D image in the lower right-hand corner can be used to confirm the orien-

tation of the three orthogonal imaging planes.

triangles, or trigones (Figures 5E and 5F). The ventricular-arterial junc-
tion between the ventricular myocardium and fibroelastic wall of the
aortic root has muscular and fibrous elements and includes the mitral-
aortic curtain and membranous septum and adjacent conduction sys-
tem.'” The length of the membranous septum may be an important
anatomic predictor of heart block following TAVI.*°

2. General Imaging Protocol for the AV
(Table 3). ME Views. ME SAX (40°-60° mechanical rotation),
long-axis (110°-140° mechanical rotation), or biplane imaging of
the AV (Figure 6) is integral for assessing valve morphology: a
tricuspid AV (Figures 6A and 6B) or bicuspid AV (Figures 6C and
6D) can be distinguished by visualizing cusp opening and closing

with 2D (Figures 6A and 6C) or color Doppler (Figures 6B and
6D) imaging. The long-axis view of the AV is essential for analyzing
leaflet pathology (Figures 6E and 6F), the basal LV septum, and sub-
aortic pathology. Aortic measurements are performed from the ME
long-axis view at end-diastole, using the leading edge—to—leading
edge technique (Figures 7A and 7B).”' The aortic annular diameter
is measured in the sagittal plane, from a high-resolution, zoomed
ME long-axis view of the AV with the LV outflow tract (LVOT) aligned
with the aortic root, perpendicular to the ultrasound beam
(Figure 7C). From this view, the interleaflet trigone between the non-
coronary and left coronary cusps is typically seen posteriorly, while
the image should bisect the right coronary cusp anteriorly with the
leaflet nadir identifying the level of the annulus (Figure 7D). The
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Table 2 Artifacts of 3D imaging
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Type of artifact

Mechanism

Impact on images

3D example

Stitching

Dropout

Blurring

Blooming

Railroad-shaped

Reverberations

Shadowing

Gain

Incorrect juxtaposition at the
interface of sequential
subvolumes (because of
arrhythmias, breathing,
probe/patient motion)

Poor echocardiographic signal
strength due to weak
echoes

Indistinct edges of structures
due to the assembly of
nonisotropic voxels (2° to
differences in
axial > lateral > elevational
resolution)

Metallic structures when
intersected by ultrasound
produce fringes extending
beyond the borders of the
metallic devices/catheters

In large catheters with wide
lumens, two surfaces are
perpendicular to the
ultrasound beam, producing
strong echoes, while the
other two are tangential,
producing very weak
echoes

Multiple reflection of metallic
component of catheters

Inability of ultrasound to pass
through strong reflecting
catheters/devices

Variation of gain may produce
significant variation in the
size of structures

Strong demarcation between
subvolumes leading to a
“broken” image

These artifacts can be
misdiagnosed as true holes/
perforations

Thin structures (i.e., sutures)
appear thicker than they are

Metallic structures appear with
irregular, thick edges

Single catheter appears as two
linear structures

Depending on the perspective
and the position of catheter,
reverberations may appear
to lengthen the catheter

Lack of tissue posterior to
catheters/devices that may
appear as a “tear” of
cardiac structures

Orifices may appear larger or
smaller according to gain
variation

Cathetefl "
‘,
d .
rals

Ot

wverberation

Modified with permission from Faletra et al.’®
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LVOT or annular measurement in systole should use the right cusp
hinge as the anterior point of measurement and the posterior aortic
root at the base of the interleaflet trigone (perpendicular to the aortic
root) as the posterior point. Although guidelines suggest that the
LVOT measurement should be made 0.5 to 1.0 cm from the annulus,
studies indicate that calculating AV area using the LVOT measured at
the annulus is more reproducible and accurate.>*> Other aortic anat-
omy, such as the coronary height above the annular plane and length
of the AV cusps, can be measured from 2D reconstructed images us-
ing a 3D zoomed volume (Figure 7E). This information is used to
determine the risk for coronary artery occlusion during valve deploy-
ment or balloon valvuloplasty. Three-dimensional rendered or multi-
planar imaging can also be used to define morphology and quantify
valve area or regurgitation severity (Figure 8).

TG and DT Views. DT views are essential for assessing AV function.
The DT five-chamber view (Figure 9A) is important for comprehen-
sive Doppler assessment of AV function. With AS, the pulsed-wave
Doppler sample volume is positioned just proximal to the flow
convergence in systole (Figure 9B), whereas for AR, the sample vol-
ume should be at the level of annulus in systole. The stroke volume
is calculated using the systolic LVOT diameter from ME views
(Figure 7A,C). Continuous-wave (CW) Doppler across the AV is
used (Figure 9C) to calculate AV area. A TG long-axis view at 80°
to 120° should be attempted (Figure 9D), as this imaging plane typi-
cally will allow ultrasound beam alignment with jets that are directed
more anteriorly or toward the right. Studies have suggested that up to
50% of patients with AS will have the maximum velocity recorded
from the right parasternal window on TTE,** and the TG view at
80° to 120° is a close approximation of this imaging window. If a for-
ward stroke volume is required for calculation of AR volume, then the
right ventricular outflow tract (RVOT) stroke volume should be ac-
quired (Figure 9E-9H). For accurate assessment of stroke volume,
we recommend obtaining PW Doppler from the TG or DT view
for both the LVOT and RVOT calculations. Alternatively, the UE
view can be used for RVOT stroke volume if the TG views are not
feasible and this alternative view is aligned with the ultrasound beam.

3. AV Stenosis. Valve Morphology and Severity of AS. The
severity of AS is accurately determined by transthoracic 2D and
Doppler echocardiography.” In the setting of nondiagnostic TTE,
TEE imaging can be used to determine the morphology of the AV
and aortic root. Whereas prior studies had questioned the accuracy
of 2D and 3D planimetry of the AV area,>” more recent studies
have suggested that 2D planimetry of the AV area with TEE imaging
is accurate compared with 3D ex vivo scanned valves*® as well as
CT.?”?® However, this method requires experience to identify the
appropriate image of the leaflet tips without acoustic dropout and
may not be possible in 15% to 25% of studies.””*®

Aortic Annulus and Root. Measurement of the “virtual annular”
perimeter, diameter, or area may be used to size TAVI valves. A
user-defined 3D zoom acquisition should be acquired to perform
these measurements, being careful to include the entire annulus,
but limiting the size of the volume to optimize frame rate
(Figure 10). Once the annulus is identified on multiplanar reconstruc-
tion (Figure 10A), measurements of the annular area, perimeter, and
orthogonal diameter can be performed. Manual indirect methods
(Figure 10B) have been validated against CT,'” but more recently
introduced automated software packages (Figures 10C and 10D) still
require adequate validation.

Journal of the American Society of Echocardiography
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4. AV Regurgitation. Valve Morphology and Severity of
AR. Assessing AR uses the same imaging windows as for AS and in-
cludes annular measurements and assessment of risk for coronary ar-
tery obstruction (Figure 7). Although TTE may be sufficient to assess
AR severity, TEE imaging is frequently needed to assess the AR mech-
anism (Figure 11) and for further quantification of eccentric jets, as
these may be difficult to visualize with TTE."®*°

AR Quantitation. Doppler assessment of AR should be attempted
whenever the jet is aligned with the ultrasound beam. Because leaflet
prolapse is a common etiology of AR (Figure 12A), regurgitant jets
may be eccentric and thus aligned parallel to the ultrasound beam
from on-axis (or slightly off-axis) ME views (Figure 12B).
Assessment with CW (Figure 12C) and color (Figure 12D) Doppler
can be performed. If the AR jet is perpendicular to the ultrasound
beam from ME views, Doppler assessment can be performed from
DT views. This assessment should include proximal isovelocity sur-
face area (PISA) quantitation when possible (Figure 12E), LV stroke
volume calculation, using pulsed-wave Doppler with the sample vol-
ume at the level of the aortic annulus (Figure 12F), and CW Doppler
to assess AR pressure half-time, velocity-time integral, and jet density
(Figure 12QG). It is important to remember that color Doppler jet area
and length should not be used to quantify AR and that the width of
the vena contracta may be overestimated from TG views because
of suboptimal lateral or azimuthal resolution. Diastolic flow reversal
in the descending aorta should be assessed from both TG
(Figure 12H) and mid to high esophageal (just distal to the aortic
arch) views; significant AR is more likely when holodiastolic flow
reversal is detected in distal portions of the aorta (Figure 12D).

D. Assessment of the MV

1. MV Anatomy. The MV is a complex structure comprising the left
atrial wall and annulus, leaflets, commissures, chordae tendineae,
papillary muscles, and left ventricle.*°>? The mitral annulus is
defined by the convergence of the atrial and ventricular muscular
walls, the hinge line of the mitral leaflets, epicardial adipose tissue, a
discontinuous cord of fibrous tissue on its posterior aspect, and a
band of robust connective tissue (mitral-aortic curtain or
intervalvular fibrosa) on its anterior aspect (Figure 13A).>* The mitral
annulus is often described as having a saddle-shaped morphology on
3D studies with anterior and posterior peaks, and with nadirs near the
fibrous trigones.”* The horn of the saddle is the continuous transition
from the anterior MV leaflet to the mitral-aortic curtain (Figure 13B);
however, the hinge point of the anterior mitral leaflet is ventricular to
the aortic annulus (Figure 13C), making the anterior horn more virtual
rather than a well-defined anatomic structure. Measurement of the
annulus on multimodality imaging often uses the trigone-to-trigone
distance, converting the annulus into a “D-shaped” structure; the
straight component is conventionally named the anterior mitral
annulus, while the curved component is the posterior mitral annulus
(Figure 13A).%°

Two leaflet segmentation schemes have been proposed: the orig-
inal Carpentier classification’® and a modification thereof.>”
Because the posterior leaflet typically has two well-defined indenta-
tions, the classic Carpentier scheme refers to separate scallops as P1
(anterolateral), P2 (middle), and P3 (posteromedial). The anterior
leaflet is typically devoid of indentations, and its segments are named
according to the opposing posterior leaflet scallops: Al, A2, and A3
(Figure 13A). Commissural tissue varies from several millimeters to
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Figure 5 Anatomy of the AV and annulus. Panels A and B are 3D TEE images showing the AV leaflets from an aortic perspective in (A)
systole and (B) diastole. The left coronary cusp (L) lies below the ostium of the left main coronary artery (red asterisk, B). The anteriorly
positioned right coronary cusp (R) is adjacent to the RVOT (note that the right coronary artery is notimaged). The noncoronary cusp is
adjacent to the IAS. Imaging from the ventricular perspective in (C) systole and (D) diastole helps identify LVOT abnormalities. The
aortic root and sinuses of Valsalva (E) are shown by computed tomographic images (electronic endocast). The dotted line follows the
hinge of the leaflets, which assumes a crown-shaped configuration. The three red dots identify the nadir of the hinge lines and thus the
plane of the “virtual annulus” (white ellipse). The noncoronary sinus of Valsalva (N), right sinus of Valsalva (R), and left sinus of Valsalva
(L) are noted. This anatomical specimen (F) shows the ventricular-arterial junction, which is partially muscular (black dotted doubled
arrow) and partially fibrous (red and violet dotted double arrows). The fibrous component comprises the mitral-aortic curtain (red dou-
ble arrow) and the membranous septum (violet double arrow). ILT, Interleaflet triangle; L, left coronary cusp or sinus of Valsalva; LA,
left atrium; LVOT, left ventricular outflow tract; N, noncoronary cusp or sinus of Valsalva; R, right coronary cusp or sinus of Valsalva;
RVOT, right ventricular outflow tract.
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Imaging level: ME AV SAX view 40°-60°

Acquisition protocol:

e Clockwise or counterclockwise rotation of
the TEE probe will show various aspects of
the AV or prosthesis.

e Counterclockwise rotation or retroflexion for
visualization of LVOT SAX.

Planar imaging

Volumetric imaging Functional imaging

o 50 180

102/34

102/34

N 3D user-defined
‘ acquisition '

-

-~

(Continued)
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Imaging level: ME AV SAX view 40°-60°

A. AV ME SAX images showing three aortic

valve leaflets in systole.

B. Counterclockwise rotation, retroflexion, or

advancement from A to visualize LVOT just
below the AV leaflets.

A. User-defined 3D acquisition in triplane

view from a primary ME SAX view ensuring
acquisition of entire aortic root. The
primary view and two orthogonal planes
are represented in the triplane display.

B. Three-dimensional en face view of the AV

during systole demonstrating leaflet
anatomy.

C. Three-dimensional sector-based color

Doppler from the primary ME SAX view in
biplane view ensuring inclusion of central
AR jetin volume set. For assessment of the
central AR jet, it is not necessary to acquire
the entirety of the annular plane.

. Biplane color Doppler imaging from

primary ME SAX view with tilt plane off-
center elucidates paravalvular leak from
outer edge of medial aspect of prosthetic
sewing ring on the orthogonal view on the
right.

. SAX color Doppler image demonstrating

AR arising from the center of leaflet
coaptation.

Imaging level: ME AV long-axis view 110°-140°

Acquisition protocol

Maneuver: advance, anteflex.

Add biplane views as needed.

Probe advancement * anteflexion used to

see ventricular aspects of prosthetic frame

or native/prosthetic leaflets.

Probe withdrawal = retroflexion used to see
aortic aspects of prosthetic frame or native/
prosthetic leaflets.

Required angle for LVOT and AV imaging is
often >120°.

Planar imaging

Volumetric imaging

Functional imaging

102/34

A 3D narrow-sector acquisition
\

VC=3.8mm
Jet width/LVOTd =(7/20.5mm)=34.5%
|

(Continued)
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Imaging level: ME AV long-axis view 110°-140°

A. AV long-axis view used to measure LVOT
diameter.

B. Biplane image from primary ME long-axis
view with orthogonal image at mid AV

leaflets demonstrating orthogonal tricuspid

A. Three-dimensional narrow-sector view
demonstrating AV anatomy. The narrow
sector in the elevation plane (into screen)
translates to a direct visualization of the
primary three-chamber 2D plane in 3D.

B. Three-dimensional color Doppler narrow-

3C VCA = 30 mm?

A. Aortic long-axis view demonstrating

central AR jet VC (white arrows) measured
at narrowest color Doppler convergence.
Color jet width in LVOT (yellow arrows) is
measured just apical to the AV in the
LVOT.

AV thickened leaflets.
Aortic long-axis view with advancement/

anteflexion with tilt plane on AR jet to
elucidate the paravalvular leak origin on
orthogonal view (red arrow).

C. Three-dimensional VCA measurement on
multiplanar reconstruction. The VC is
localized intwo long-axis planes (upper right
and lower left) and measured by planimetry
in the SAX view (upper left, green box).

sector view in biplane mode, centered on B.
paravalvular jet.

Imaging level: DT view 0°-30°

Acquisition protocol

e From the DT level at 0°-30°, anteflexion
brings LVOT/AV into view.

o Additional probe manipulations to optimize
ultrasound beam alignment (in combination
with anteflexion): counterclockwise rotation,
and/or left flexion.

o

Planar imaging Volumetric imaging Functional imaging

A 3D user-defined acquisition

o 102/34

(- \
(AT

=

r:‘..\’* LA . Z

(Continued)
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Planar imaging

Volumetric imaging

Functional imaging

3D sector-based acquisition

102734

Moan PG 37 mmHg
vTI 14 ecm

-1.0

-

i s

(Continued)
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Planar imaging

Volumetric imaging

Functional imaging

A. The TG five-chamber view to demonstrates
the ventricular aspect of the aortic leaflets
and aligns the LVOT and AV for spectral
Doppler.

B. Two-dimensional zoomed image from the
TG five-chamber view demonstrating flail
leaflet anatomy (flail leaflet shown with red
circle, flail gap shown with yellow circle).

A. Three-dimensional user-defined volume in
biplane mode from a primary TG five-
chamber view to ensure capture of entire
valve for assessment of leaflet anatomy.
The 3D rendering is en face view of the AV
from the LVOT.

B. Three-dimensional sector-based color
Doppler acquisition on triplane view from a
primary TG five-chamber view to ensure
capture of regurgitant jet VC within the
volume. The flail leaflet is shown in the 3D
rendering (red circle).

. Color-compare image from TG five-

chamber view showing a flail aortic leaflet
with expected AR jet direction.

. PW Doppler of LVOT from TG five-

chamber view used to trace LVOT VTI.

. CW Doppler of AV from TG five-chamber

view used to assess AV gradients and AV
VTI for EOA calculations.

. CW Doppler of AR VTI from TG five-

chamber view for PHT, RVol, EROA
calculations.

. AR PISA from TG five-chamber with

baseline shifted in jet direction (toward
LVOT) for hemisphere visualization.

. For pure AR LVOT SV calculation, PW

Doppler sample volume (yellow circle)
should be placed at the level of the AV
hinge points (blue dotted line).

. For AS LVOT stroke volume calculation,

PW Doppler sample volume (yellow circle)
should be placed slightly apical to the level
of the AV hinge points (blue dotted line) to
avoid the flow acceleration zone.

Imaging level: DT view 110°-120°

Acquisition protocol

e From the DT level, withdrawing the probe to
the TG level with mechanical rotation of
110°-120° should generate a TG long-axis
view of the LVOT/AV. Additional flexion may
be needed and/or further advancement (to
DT level) may improve ultrasound beam
alignment.

e Note: TG 110°-120° view is an alternative to
the TG 0°-30° view. Similar information can
be obtained from both views, however, the
insonation angle may be slightly different,
and could result in better alignment with
transaortic flow.

(Continued)
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A Bi-plane interrogation of AR jét'
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Table 3 (Continued)

Journal of the American Society of Echocardiography

January 2022

Imaging level: DT view 110°-120°

A. TG three-chamber view to demonstrate
ventricular aspect of aortic leaflets and
align LVOT and AV for spectral Doppler.

A. Three-dimensional user-defined volume in
biplane mode from a primary TG three-
chamber view to ensure capture of entire

B. Biplane imaging demonstrating prosthetic valve for assessment of leaflet anatomy.
flail leaflet (red circles) and gap (yellow The 3D rendering is an en face view of the
circle). AV from the LVOT.

B. Three-dimensional narrow-sector-based
color Doppler acquisition on biplane view
to ensure capture of the AR jet.

. Biplane image from TG three-chamber

view showing interrogation of prosthetic
valve AR jets of unclear origin. The
orthogonal view clarifies the location of
larger paravalvular jet (red arrow) and
smaller central jet (yellow arrow).

. Tracing of PW Doppler waveform of LVOT

used to determine LVOT VTI.

. CW Doppler of AV from TG three-chamber

view used to assess AV gradients.

. CW Doppler of AR VTI from TG three-

chamber view for PHT, RVol, EROA
calculations.

Imaging level: UE, ME, and TG views 0° and 80°-100°

Acquisition protocol

e Counterclockwise rotation from the heart to
the posteriorly positioned aorta, which can
be imaged in SAX (0° mechanical rotation) or
long axis (80°-100° mechanical rotation)
views.

e To align the ultrasound beam with flow for
Doppler assessment, anteflexion or
retroflexion is frequently needed.

\

Planar imaging Volumetric imaging

Functional imaging

(Continued)
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A. Biplane image of the aortic arch
demonstrating severe atheroma (yellow
circles) with ulceration (red circle).

A. Three-dimensional view of the lesser
curvature of the aortic arch demonstrating
atheroma (red circles).

A. Anteflexion or retroflexion of the probe
allows alignment of aortic flow with the
ultrasound beam. PW Doppler sample
volume at the aortic arch shows
holodiastolic flow reversal (yellow bracket)
with high end-diastolic velocity > 20 cm/
sec (red arrow) suggestive of at least
moderate AR. This finding is less specific
with advanced age or concomitant disease
that reduces left ventricular or aortic
compliance.

B. PW Doppler in the abdominal descending
aorta demonstrating holodiastolic flow
reversal (yellow bracket) is specific for
severe AR.

Ao, Aorta, EOA, effective orifice area; EROA, effective regurgitant orifice area; LA, left atrium; LCC, left coronary cusp; LV, left ventricle; LVOT, left
ventricular outflow tract; NCC, noncoronary cusp; PW, pulsed wave; RCC, right coronary cusp; RA, right atrium; RV, right ventricle; RVol, regur-
gitant volume; VC, vena contracta; VCA, vena contracta area; VT, velocity-time integral.

distinct leaflet segments. The modified scheme divides the large mid-
dle segments into lateral (A2L and P2L) and medial (A2M and P2M)
halves, respecting the separate chordal attachments of the leaflets and
the midline chordal-free zone. Thus, A1, P1, A2L, and P2L have chor-
dae arising from the anterolateral papillary muscle, whereas A3, P3,
A2M, and P2M have chordae from the posteromedial papillary mus-
cle. Marginal or primary chordae insert on the leaflet free margins and
help prevent marginal prolapse, whereas secondary or “strut” chordae
insert on the ventricular surface of the leaflets, preventing billowing
while reducing tension on the leaflet tissues (Figure 13D). The papil-
lary muscles arise from a network of trabeculations (Figures 13E and
13F) of the compacted myocardium.

2. General Imaging Protocol for the MV (Table 4). ME
Views. Manipulation of the TEE probe is often required to align
the mitral annulus perpendicular to the ultrasound beam
(Figure 14). The ME four-chamber view is usually acquired with a me-
chanical rotation of 0° to 20°. Withdrawing the probe (and/or using
anteflexion) will bring the lateral commissure into view, while
advancing the probe (and/or further retroflexion) focuses on the
medial structures. The ME mitral commissural view (50°-70°) and
the ME long-axis view (120°—140°) are key views to image the mitral
leaflet coaptation zone. The commissural view should aim for sym-
metric display of papillary muscle heads and chords. Clockwise and
counterclockwise rotation of the TEE probe moves the imaging plane
anteriorly and posteriorly, respectively. The LAA offers a clear land-
mark for the anterolateral commissure and the A1/P1 scallops,
whereas the coronary sinus is adjacent to the posteromedial commis-
sure and the A3/P3 scallops. Generating the 3D en face view of the
MV is shown in Figure 15. Other essential components of a compre-
hensive examination are shown in Table 4.

TG Views. ME 3D imaging of the MV has replaced TG imaging for
identification of leaflet pathology and location of the regurgitant
orifice. However, TG level of imaging can still be used to confirm
MYV pathology (with and without color Doppler), visualize the sub-
valvular apparatus (chordae and papillary muscle), perfform CW
Doppler measurements (particularly with eccentric jets), and quantify
stroke volume.

Although several qualitative and semiquantitative measurements
can be obtained with TEE, quantitative measures of mitral regurgita-
tion (MR) severity should be performed. These quantitative methods
are shown in Figure 16. Biplane measurements of the mitral annulus
may result in the the most accurate calculation of annular area, and
thus regurgitant volume;>%>° however, using the four-chamber mitral
annular diameter in a circular formula has been validated as an alter-
native to biplane imaging or 3D planimetry of the annulus.>®

3. Rheumatic Mitral Stenosis. Mitral stenosis (MS) is
commonly caused by rheumatic heart disease, although degenera-
tive nonrheumatic calcification that originates in the annulus
and extends to a variable degree onto the leaflets may also occa-
sionally cause hemodynamically significant MS. The distinction
between the two etiologies is important, because rheumatic MS
may be successfully treated by percutaneous mitral balloon com-
missurotomy, whereas catheter-based options for mitral annular
calcification (MAC) are largely limited to anecdotal experience,
with percutaneous balloon valvuloplasty used as palliation
or bridge to a definitive procedure and experimental placement
of balloon-expandable valves (valve-in-MAC). Valve-in-MAC
procedures*® can be performed percutaneously?' or with open
thoracotomy.*?

Rheumatic inflammation of leaflets and chords with subsequent
healing inevitably leads to deformation of the MV (Figure 17). The
main pathomorphological changes are as follows:

o thickening, retraction, and rigidity of leaflets (Figures 17A-17C);

e fusion of both commissures and folds between scallops, resulting in a “fish
mouth” orifice appearance (Figure 17D);

e fusion and shortening of chordae tendineae with elimination of interchordal
spaces, contributing to diastolic “doming” of the anterior mitral leaflet,
immobilization of the posterior leaflet, and subvalvular thickening; and

e calcium deposition.

Valve Morphology and Severity of MS. Preprocedural imaging of
the MV before balloon commissurotomy includes thorough assess-
ment of MV anatomy and function (including severity of MR) as
well as left atrial and right atrial size and morphology (e.g., to exclude
thrombus) and severity of pulmonary hypertension. Rate and rhythm
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Figure 6 Imaging of the AV and aortic root. Simultaneous multiplane imaging of the AV and aortic root are shown. In the setting of
bulky calcification, distinguishing the number of cusps may be difficult, but a trileaflet AV (A) has three commissures seen on color
Doppler of systolic SAX images (B), whereas a bicuspid valve (C, D) will only have two commissures. The etiology of AR should also
be assessed. In panel E there is a flail right coronary cusp (green arrow) causing an eccentric regurgitant jet (F, green arrow). Ao, Aorta;
L, left coronary cusp; LA, left atrium; NC, noncoronary cusp; R, right coronary cusp.

should be included when reporting mean pressure gradients. In the
setting of atrial fibrillation, ASE guidelines recommend averaging
values from five beats with cycle lengths that best represent the
average underlying heart rate.*> Leaflet thickening and calcification
must be noted in each view. TG views may better display chordal ab-
normalities, particularly when there is acoustic shadowing due to
valvular and/or annular calcification.

Although MV area is most commonly measured using direct
planimetry, areas have been reported or calculated using the pressure
half-time, PISA, and quantitative Doppler approaches. Although the
latter two techniques are rarely used, they may be helpful in patients
in whom planimetry and pressure half-time approaches are subopti-
mal or yield discordant measures of severity.*> The two main advan-
tages of 3D over 2D imaging are a more accurate assessment of
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Figure 7 ME imaging of the AV and root. The ME long-axis view of the aorta in diastole (A) allows measurements of the aorta using the
leading edge-to-leading edge technique: sinuses of Valsalva (orange arrow), sinotubular junction (blue arrow), and sinus height
(green arrow). The nadir of the right coronary cusp (RCC) is seen anteriorly (red dot) and defines the location of the annular plane.
A central coaptation gap can also be appreciated (yellow dot). Withdrawing the probe and reducing the angle results in a UE
view, from which the ascending aortic diameter can be measured (green arrow, B). Typically, when the midline of the aorta is bisected
(C), the interleaflet trigone between the left coronary cusp (L or LCC) and noncoronary cusp (N or NCC) is seen posteriorly (white
asterisk, A and C); thus, in systole the anterior right cusp (R) is often visualized but no posterior leaflet is seen (bottom right image).
The aortic annulus is measured from the inner to inner borders. Multiplanar imaging during 3D acquisition (D) is used to check the
quality of the three orthogonal 2D images. In these systolic views, one can clearly appreciate the annular plane (yellow double-
headed arrows) in the long-axis view (green sector), SAX view (red sector), and coronal plane (blue sector). A small area of acoustic
shadowing (white arrow, red sector) is seen in the SAX view. Panel E demonstrates alignment of the left main (LM) coronary artery
ostium (yellow asterisk) in the coronal plane (blue box and 3D-rendered view). The LM height or distance from the virtual annulus plane
to the coronary ostium (yellow arrow) is measured from the coronal plane (blue box). The left coronary leaflet (LCC; blue curved line) is
seen on the 3D-rendered view and the coronal plane (blue box), and its length is measured from the 2D image. An LCC length that is <2
to 3 mm shorter than the LM height, or an LM height <10 to 11 mm (particularly in the setting of a short root), poses a risk for possible
coronary artery obstruction with transcatheter valve implantation. Ao, Aorta; Asc Ao, ascending aorta; LA, left atrium; LV, left
ventricle; RPA, right PA.

distinguish spontaneous contrast from thrombus. Because balloon
commissurotomy is performed through a transseptal approach, it is
also important to assess the interatrial septum (IAS) for features that
would affect the ease of transseptal puncture, such as a highly mobile
fossa ovalis or severe lipomatous hypertrophy. PA systolic pressure
should be estimated as previously described.*°

commissural fusion and a more precise measurement of valve area
(Figure 4).4445

Additional Imaging Requirements. Assessment of baseline MR is
important because balloon commissurotomy may create or increase
MR. The procedure is contraindicated when baseline MR is moderate
or greater. The multiparametric, integrative ASE approach is recom-
mended for assessing MR severity.® However, because MR is after-
load and preload dependent, changes in loading conditions (e.g.,
blood pressure increases with anxiety or decreases with conscious

4. Degenerative MS. MAC is common and seen on echocardiog-
raphy in >40% of patients >65 years of age.”” Calcification can var-
iably extend onto the leaflets, resulting in both MS and/or MR
(Figures 18A—18D).*® Because of the intrinsic limitations of echocar-

sedation or general anesthesia) should be considered when making
this assessment.

Both the right atrial appendage and LAA should be thoroughly
imaged to exclude intracavitary thrombus. The use of simultaneous
biplane imaging may be helpful but is associated with lower temporal
and spatial resolution. Ultrasound enhancing agents may be used to

diography in the setting of calcified tissue (acoustic shadowing,
blooming artifacts, and limited tissue characterization), preprocedural
planning requires CT performed at experienced sites that are able to
determine the extent and location of calcification, size the annulus*’
(Figure 18E), and predict the area of the neo-LVOT using “virtual
valve” imaging algorithms.>°
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Figure 8 Three-dimensional bicuspid AV pathology. In the 3D-rendered images of a bicuspid AV, panel A has two commissures (red
stars) with a raphe (blue star), whereas the valve in panel B has no raphe. Panel C shows a multibeat 3D color Doppler volume data set
that can be used to quantify the regurgitant vena contracta area with multiplanar reconstruction (D). L, Left coronary sinus; N, non-

coronary sinus; R, right coronary sinus.

Valve Morphology and Severity of MS. Evaluation of the severity
and extent of MAC is essential for determining the appropriateness
and type of transcatheter or surgical treatment for significant, symptom-
atic disease. Although TTE is typically used with a variety of MAC
grading criteria,’'>> preprocedural TEE imaging is essential for
confirming the etiology and severity of MS. The standard methods of
quantifying MS severity, including the pressure half-time method,
PISA, the continuity equation, and planimetry, lack robust validation
in this patient population. Two-dimensional planimetry is particularly
problematic in the setting of an irregular calcific orifice, as well as
nonplanar and poorly defined location of flow limitation. Three-
dimensional TEE studies have suggested that flow limitation typically oc-
curs at the annulus (Figure 18C) rather than at the leaflet tips.>*

Other important morphologic characteristics to be assessed
include the following:

1. Distribution of calcification, as valves will seat best when the calcium is rela-
tively uniform and circumferential. The distribution of calcification is best
displayed with the 3D surgeon’s view acquired from a ME window
(Figure 18B).

2. Shape of the annulus, with marked eccentricity predisposing to postproce-
dural paravalvular regurgitation. This may be assessed with echocardiogra-
phy, although quantitation is best performed with CT.

3. Angle between the mitral annulus and LVOT or AV annulus (mitral-aortic
angle; Figure 18F), resting or provocable LVOT obstruction, and presence

of septal hypertrophy. The echocardiographic approach to assessing the
mitral inflow—to—LV outflow angle mimics that used for CT and is best per-
formed with multiplanar reconstruction on 3D volume data sets. These fea-
tures help predict the likelihood that the valve will obstruct the LVOT, in
which case alcohol septal ablation to reduce septal thickening may be
necessary before a valve-in-fMAC procedure in order to create enough
space for the new valve.>® Alternative procedures such as intentional lacer-
ation of the anterior mitral valve leaflet to prevent LVOT obstruction
(LAMPOON) may also be considered.’®>”
4. Severity of concomitant MR.

5. Primary MR. Primary MR is defined by abnormalities in the leaf-
lets, chords, annulus, and/or papillary muscles.**® Whereas both
Carpentier type | (normal leaflet motion with annular dilatation
such as with atrial fibrillation or endocarditis) and Carpentier type
Illa (restricted leaflet motion during diastole and systole such as
with rheumatic disease, collagen vascular disease, and MAC) disease
may cause regurgitation, the most common cause of primary MR is
Carpentier type Il disease associated with excess leaflet motion
and/or leaflet destruction (Figure 19).>® Excess leaflet motion is prin-
cipally caused by one of two fundamentally different pathoanato-
mies: chordal lengthening and chordal rupture. These may coexist
as a spectrum, collectively termed degenerative MR.>” Although an
individual patient may have more than one mechanism, whenever
possible the relative contributions of these mechanisms should be
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Figure 9 Quantifying stroke volume (SV) and aortic valve area (AVA). The deep transgastric (DT) five-chamber view (A) aligns the
transaortic flow with the ultrasound beam, allowing pulsed-wave (PW) Doppler acquisition of the left ventricular outflow tract
(LVOT) spectral profile (B) and continuous wave (CW) Doppler acquisition across the AV (C). Doppler from the transgastric (TG)
view at 80° to 120° (D) should also be attempted, as this imaging plane typically will align the insonation beam with jets that are
directed more anteriorly or toward the right. Calculation of the right ventricular outflow tract (RVOT) SV may be necessary to quantify
aortic regurgitation (AR) and requires measurement of the RVOT diameter, best imaged from the mid-esophageal (ME) level at 70° to
90° (E). Doppler of the RVOT should be obtained from the TG level by centering the RV in the sector and then anteflexing and me-
chanically rotating to about 60° (TG RV basal view; F). Alternatively, a TG RV inflow-outflow view is acquired by right flexion and ante-
flexion at about 0° to 20° (G) or an upper esophageal (UE) view (not shown) can be used if TG views are suboptimal. The PW Doppler
sample volume should be at the annular level in systole (H) to acquire the spectral profile used in calculation of the RVOT SV. Ao,
Aorta; BSA, body surface area; LA, left atrium; PG, pressure gradient; Qp/Qs, ratio of pulmonary flow to systemic flow; RV, right

ventricle; Vmax, maximum velocity; Vmean, mean velocity; VR, velocity ratio; VTI, velocity-time integral.

identified. The more precise Carpentier classification system is
strongly encouraged because it is superior to the simpler dichotomous
primary versus secondary (functional) classification and is particularly
helpful in transcatheter mitral procedures.

Valve Morphology and Severity of Regurgitation. Myxomatous
degeneration and fibroelastic deficiency have different leaflet pa-
thologies, each of which can be associated with severe degenera-
tive MR. The former is typically associated with markedly
thickened and redundant leaflets, frequently with bileaflet pro-
lapse. The latter is associated with thinning and atrophy of the
leaflet and chordal tissues, often with prolapse or flail of an iso-
lated segment. For both morphologic types, it is important to
localize the regurgitation site.

Mitral Leaflets and Chordae. Prolapse, by definition, is present
when leaflet tissue extends =2 mm above the high points of the
mitral annulus in systole. Imaging should clearly identify the timing,
location (e.g., leaflet and scallop), and extent (e.g., end-systolic flail
width and gap) of the abnormal leaflet motion. In addition, deep in-
dentations/folds or clefts and their location relative to jet origin should
be identified, as leaflet grasp may be difficult in the presence of these
anatomic abnormalities. Three-dimensional en face imaging of the
MYV has increased our recognition of “gaps” in the leaflet tissue, but
there is significant variability in the terminology used for these inden-
tations. One study defined indentations that reach the annulus
boundary as a cleft of the anterior leaflet but as a profound indenta-
tion of the posterior leaflet.° It is necessary to distinguish morpholog-
ically a cleft in an otherwise normally structured MV from the
congenital cleft MV, often associated with the trifoliate left compo-

nent of a common atrioventricular valve in patients with an atrioven-
tricular canal septal defect.®’

The transcatheter edge-to-edge repair device has a class 2A recom-
mendation for high-risk patients with appropriate valve morphology,
and assessment of morphology and feasibility of both transcatheter
and surgical repair using TEE imaging is a class 1A recommendation
in current guidelines.* Morphology and feasibility of repair are
comprehensively discussed in the updated expert consensus decision
pathway document.®?

Mitral Annulus. Although annular repair devices currently are
limited to the treatment of secondary MR, transcatheter MV replace-
ment has been performed in primary MR.®* Thus, a full characteriza-
tion of the annulus is important, including motion, the severity of
calcification, dimensions (commissural and anteroposterior), and
area using both 2D and 3D imaging. Mitral annular disjunction is a
variant of degenerative MR in which a wide separation between
the atrial-MV junction and the basal LV myocardium is noted. It is
important to characterize this variant of myxomatous degeneration,
as devices that rely on anchoring at the mitral annulus must redefine
the most appropriate anchor zone (i.e., leaflet hinge or basal myocar-
dium). Significant MAC at the site of device anchoring may also be a
relative exclusion criterion for device placement.

Additional Imaging Requirements. As with MS, preprocedural
planning for devices using a transseptal approach should include a
comprehensive evaluation of the IAS for ideal transseptal puncture
site, presence of an interatrial shunt, or other structural abnormalities
(e.g., prominent Eustachian valve or Chiari network).
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Figure 10 Aortic annular (AA) measurements. A user-defined 3D zoom acquisition is acquired after optimizing the frame rate by
limiting the size of the volume. Direct planimetry (A) is the most common method to measure annular area and perimeter, but acoustic
noise or shadowing (typically from the calcified cusps) may result in inaccuracies. Indirect methods have been validated using CT (B),
which allows the use of orthogonal long-axis planes to define the points around the annulus. Multiple automated software packages
(C, D) have been developed but lack validation against other modalities. AL, Anterolateral; Ann, annular; AP, anteroposterior; Circ,
circumference; Diam, diameter; PM, posteromedial; SoV, sinuses of Valsalva; STJ, sinotubular junction.

6. Secondary (Functional) MR. In contrast to primary MR, sec-
ond