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Transcatheter structural heart intervention (TSHI) has gained popularity over the past decade as a means of cardiac

intervention in patients with prohibitive surgical risks. Following the exponential rise in cases and devices developed over

the period, there has been increased focus on developing the role of “structural imagers” amongst cardiologists. This re-

view, as part of a growing initiative to develop the field of interventional echocardiography, aims to highlight the role of

echocardiography in myriad TSHIs available within Asia. We first discuss the various echocardiography-based imaging

modalities, including 3-dimensional echocardiography, fusion imaging, and intracardiac echocardiography. We then

highlight a selected list of structural interventions available in the region—a combination of established interventions

alongside novel approaches—describing key anatomic and pathologic characteristics related to the relevant structural heart

diseases, before delving into various aspects of echocardiography imaging for each TSHI. (JACC: Asia 2023;3:556–579)

© 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
T here has been an exponential rise transcath-
eter structural heart intervention (TSHI) be-
ing performed worldwide.1-3 Data from the

UK-TAVI (Transcatheter Aortic Valve Implantation)
trial demonstrated an almost 10-fold increase in the
number of annual cases from 2007 to 2016 being per-
formed in the UK, with numbers estimated to rise
further over the coming years.2,3 Interests in the field
of TSHI has since spread across the globe, including in
N 2772-3747

m the aUniversiti Teknologi Mara Sungai Buloh, Jalan Hospital, Sungai B

d Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Natio

onesia; cThe Prince Charles Hospital, Chermside, Queensland, Australia;

rdiology, St Marianna University School of Medicine, Miyamae Wa

rasound, Xijing Hypertrophic Cardiomyopathy Center, Xijing Hospital,

ina; gDivision of Cardiology, Department of Medicine, Taipei Veteran

titute of Health Sciences, The Chinese University of Hong Kong; iDe

anghai Jiao Tong University, Shanghai, China; jYonsei University College

uth Korea; kMinistry of National Guard—Health Affairs, King Saud Bin A

g Abdullah International Medical Research Center, Jeddah, Saudi Arab

tro Manila, Philippines; and the mMayo Clinic, Rochester, Minnesota, US

e authors attest they are in compliance with human studies committe

titutions and Food and Drug Administration guidelines, including patien

it the Author Center.

nuscript received March 1, 2023; revised manuscript received May 24, 20
Asia, with many regional registries having been
developed and guidelines being published as a
result.4-7

Unlike open and thoracoscopic cardiac surgery,
direct visualization of the cardiac anatomy is not
possible during TSHI. Therefore, it is entirely
dependent on imaging techniques available in
the catheterization laboratory for procedural guid-
ance to achieve optimal procedural success, and
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AB BR E V I A T I O N S

AND ACRONYM S

3D-MPR = 3-dimensional

multiplanar reconstruction

ASD = atrial septal defect

FO = fossa ovalis

IAS = interatrial septum

ICE = intracardiac

echocardiography

IVC = inferior vena cava

LA = left atrium

LAA = left atrial appendage

LAAO = left atrial appendage

occlusion

MDCT = multidetector

computed tomography

MR = mitral regurgitation

MV = mitral valve

PTMC = percutaneous

transvenous mitral

commissurotomy

PVL = paravalvular leak

RA = right atrium

RV = right ventricle

SVC = superior vena cava

TAVI = transcatheter aortic

valve implantation

TAVR = transcatheter aortic

valve replacement

TEE = transesophageal

echocardiography

TEER = transcatheter edge-to-

edge repair

THVI = transcatheter

heterotopic valve implantation

TR = tricuspid regurgitation

TSHI = transcatheter structural

heart intervention

TSP = transseptal puncture

TTE = transthoracic

echocardiography

TV = tricuspid valve
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to avoid complications. The ability to appreciate
cardiac structure in 3-dimensional (3D) space and
to guide the manipulation of catheters and devices
is key to safe and successful TSHI. Following
increasing interest in developing TSHI services
regionally, the role of interventional echocardiog-
raphy equally needs to be developed. This in-
cludes advocating for a separate, stand-alone
subspecialty and driving for more educational en-
deavors among cardiologist and fellows-in-training
interested in the field.8

The aim of this review is to illustrate the role of
procedural echocardiographic imaging in TSHI
currently available in the Asia-Pacific region. We first
discuss various imaging techniques available within
the region, including 3D multiplanar imaging, fusion
imaging, and intracardiac echocardiography (ICE).
This is followed by discussions on the relevant anat-
omy and pathophysiology of individual cardiac
structures and disease processes with known TSHIs
available regionally, highlighting the roles of echo-
cardiography periprocedurally (Table 1). Because
structural heart disease and their interventional de-
vices have a distinct landscape different from in the
Western world, this review aims to encompass dis-
eases that are prevalent or unique in Asia, and de-
vices and techniques invented and developed in this
part of the world.

ECHOCARDIOGRAPHIC MODALITIES IN TSHI

Transesophageal echocardiography (TEE) is an
essential tool in the cardiologist’s armamentarium
when performing TSHI.9-11 An integral part of struc-
tural imaging includes the integration of 3D imaging.
Novel 3D techniques have since been developed,
including multiplane (with unlimited plane combi-
nations), live 3D-multiplanar reconstruction (3D-
MPR), and photorealistic imaging, to better assist in
TSHI.12 Multiplane imaging allows for simultaneous
views of separate planes with an unlimited combi-
nation of tilting and rotation between them, allowing
for thorough interrogation of cardiac structures. Live
3D-MPR allows for real-time 2-dimensional (2D)
visualization of structures in multiple views. This
allows for minimization of errors of parallax and
visualization of otherwise impossible views through
conventional 2D imaging, while circumventing the
need for alteration of views and probe position during
imaging. Photorealistic imaging, including trans-
illumination imaging (TI), uses a virtual freely mobile
light source to simulate light-tissue interactions,
leading to photorealistic images with shad-
owing. TI enhances the sense of depth and
space, allowing images to appear more real-
istic and helps detect subtle structures and
pathologies. Both 3D-MPR and TI can super-
impose color Doppler onto anatomic data, to
refine visualization of regurgitation jets or
shunt flows.

Fusion imaging has also taken prece-
dence following the rise in popularity of
transcatheter intervention.13-15 From having
to operate in 2 separate coordinated spaces,
there is now appreciation for close integra-
tion of information obtained through
various imaging modalities, aligning them
in both time and space (ie, co-registration).
Overlay of TEE images onto fluoroscopic
projections can provide improved visual
guidance for the interventionalists and fa-
cilitates communication between imagers
and interventionalists during procedures.
Co-registration allows images to be auto-
matically updated, and overlay can occur in
real-time while fluoroscopy is made active
and as the C-arm moves through concurrent
tracking of the TEE probe (Figure 1). This
technology will continue to evolve in the
field of TSHI because it has the novel ability
to harness the strengths of both modalities
to improve the safety and efficacy of
transcatheter procedures.

ICE has also shown promise in TSHI,
including in left atrial appendage occlusion
(LAAO), transcatheter aortic valve replace-
ment (TAVR), and mitral valve (MV) and
tricuspid valve (TV) interventions.16-19

Catheter oscillation and imaging variability
can pose a challenge, especially in a
hyperdynamic heart, leading to a steep
operator learning curve. Other limitations
include lack of far-field imaging and 3D
capability at present, risk of venous vascu-

lature injury and arrhythmias during manipulation,
and ongoing struggles with financial reimbursement
for the imaging modality. Furthermore, there con-
tinues to be a lack in consensus on standardizing
procedure protocols, although individual protocol
by institutions do exist in the literature. Recently,
however, a Chinese expert consensus paper has
been published to address the issues surrounding
standardization of use of ICE, which has been a
great move forward.20



TABLE 1 Summary of Periprocedural Echocardiographic Views, Probe Position, and Maneuvers for Structural Heart Intervention

Procedure Echocardiography View Probe Position and Maneuvers Periprocedural Function of Views

Transseptal puncture 2D ME bicaval 80�-100� Superior-inferior orientation

2D ME short-axis 30�-45� Anterior-posterior orientation

Multiplane and 3D-MPR 80�-100�

30�-45�
3D orientation of atrial septum

2D ME 4-chamber 0�-15� Alternative view for anterior-posterior orientation

ASD closure 2D ME bicaval 80�-100�

Withdrawing probe will show superior
defects and rim. Advancing probe with
anteflexion will show inferior rim.

1. Superior-inferior orientation
2. When the ASD is in view on aortic-level short-axis

view, mechanical rotation to this view shows
superior and inferior rims.

2D ME short-axis 30�-45� 1. Anterior-posterior orientation.
2. Single plane will demonstrate the posterior and

aortic rims. Further angulation to 45�-90� allows for
visualization of the inferior rim as well.

2D ME 4-chamber 0�-15� 1. Anterior-posterior orientation
2. Posterior and AV rims assessment

3D imaging (Live 3D, 3D Zoom, or
Full Volume)

3D view from RA Allows for visualization of all rims

2D multiplane using ME bicaval
and short-axis

80�-100�

30�-45�
1. Wires and catheters crossing defect
2. Balloon-sizing
3. Push-and-pull test, followed by device release
4. Color Doppler for residual shunt

Mitral valve TEER Transseptal puncture See Transseptal Puncture, above Lower punctures are used for lateral lesions, and higher
ones for medial lesions.

2D ME bicommissural 60�-90� “Index” view: medial and lateral device location and
precise localization of the area of interest

2D ME long-axis 110�-135� “Grasping” view: shows the shaft of the delivery system,
and if it approaches from too much of an anterior
position (ie, “aorta-hugger” position), needing
remedial maneuvers

3D en-face 3D surgical view (LA perspective) Assessment of perpendicularity

2D multiplane imaging
(simultaneous ME
bicommissural view and
long-axis view)

60�-90�

110�-135�
Review of clip being pulled back toward the MV (with arms

fully extended), leaflets being grasped by the grippers,
clip closure, and drawing in of the leaflets

3D en-face 3D surgical view Assessment of tissue bridge, nature of the dual-orifice
anatomy, and position and volume of regurgitant jets

Mitral VIV Transseptal puncture See Transseptal Puncture, above A postero-inferior puncture site preferred, with a <3 cm
height

2D ME bicommissural 60�-90� 1. A combination of single planes and multiplanar im-
aging employed during prosthesis deployment.

2. This is done in conjunction with fluoroscopy.
3. Postdeployment review includes monitoring leaflet

motion, PVL and trans-valvular regurgitation, LVOT
flow, thrombus, and effusion.

2D ME long-axis 110�-135�

2D multiplane imaging
(ME bicommissural view and
long-axis view)

3D en-face 3D surgical view (LA perspective)

Continued on the next page
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COMPETENCY IN INTERVENTIONAL

ECHOCARDIOGRAPHY

The American Society of Echocardiography has
recently released a recommendation paper on the
subject which may be adopted for those interested in
progressing within the field.21 Clear distinctions are
made between conventional echocardiography com-
petencies and those related to interventional echo-
cardiography, because imaging is performed and
interpreted in real time, is dependent on noncon-
ventional views with 3D reconstruction being pivotal,
and requires effective communication with other
members of the TSHI team. The paper highlights
institutional requirements, entry requirements for
training, and prerequisite competencies via various
routes (ie, cardiology or anesthesiology). There is
currently no similar structured curriculum being
developed within the Asia-Pacific region, although we
hope that this may change in the near future. We also
recognize that developing skills in interventional
echocardiography will require not only having a
structured curriculum to assure competency, but also
balancing accessibility to novel echocardiographic



TABLE 1 Continued

Procedure Echocardiography View Probe Position and Maneuvers Periprocedural Function of Views

PTMC Transseptal puncture See Transseptal Puncture, above See Transseptal Puncture, above

2D TG short-axis 0 -30�

Anteflexion from midventricular level
reveals LV base and 2D en-face MV

1. Alignment and orientation of catheter
2. Monitors position of inflated balloon

3D en-face from LA perspective
(Live 3D, 3D Zoom, or Full
Volume Mode)

3D surgical view 1. Alternative view for en-face MV (LA perspective).
2. LV perspective can show splitting of both commis-

sures after PTMC.

Tricuspid valve TEER 2D ME bicaval 80�-100� 1. Introduction of guide catheter into RA
2. Introduction of CDS and advancement into RA2D ME 4-chamber 0�-15�

3D overhead perspective of RA

2D TG multiplane imaging (both
short-axis and long-axis)

30�-50�

110�-135�
Steering of guiding catheter toward the TV plane

2D multiplane of ME inflow-
outflow and 4-chamber

60�-80�

0�-15�
Axial alignment of CDS

2D TG long-axis 110�-135�

2D TG short-axis 30�-50� Clip arm orientation, to ensure perpendicular to the line of
coaptation between anterior and septal leaflets3D-MPR en-face view

2D TG multiplane imaging (both
short-axis and long-axis)

30�-50�

110�-135�
Leaflet grasping

2D multiplane of ME inflow-
outflow and four-chamber

60�-80�

0�-15�

2D TG short-axis 30�-50� Leaflet insertion

2D ME four-chamber 0�-15�

2D ME short-axis 30�-45�

2D TTE apical 4-chamber – Additional view for monitoring of leaflet grasping and
confirmation of leaflet insertion

Tricuspid
annuloplasty
device

2D/3D ME bicaval 70�-110� with clockwise/counter-clockwise
rotation of the probe from the ME
bicaval view

1. Introduction of guide wire, guiding catheter and
device delivery system into RA

2. 3D imaging to adjust the delivery catheter
(demonstrate the head of the delivery catheter
pointing into the RA above the antero-posterior TA
junction)

3D TV en-face view (3D work
plane)

3D TV en-face 1. Visualize the posterior TA and the trajectory of
incoming catheter and delivery system, to help steer
toward TA.

2. Both work planes: assess annular tissue depth and
monitor anchor deployment.

3. Multiplane demonstrates delivery catheter
advancing toward the annular target, and a tapping
screw is anchored into the predetermined TA spot.

4. 3D work plane monitors pull-back test to confirm
tapping screw is deployed at the desired position.

Multiplane imaging using ME RV
inflow–outflow view as the
primary view, (multiplane work
plane)

60�-80 �

3D TV en-face view, 3D work
plane)

3D TV en-face 1. Adjustment of clip arms and clamping of annular
tissue.

2. Guides clip arms to open at appropriate angles and
rotate delivery catheter so that the plane of the clip
arms is at a cross-section with the TA area of
interest.

3. 3D work plane will show clip arms aligned parallel to
the tangent line with the TA, and the target TA
tissue being lifted and slowly clamped, forming a
multilayer structure of TA tissue with the anchor
clutched in the clip arms.

2D and 3D imaging, with color
Doppler

Multiple views including 3D-MPR and TG
short-axis (30�-50�)

Assessment of valve function and residual regurgitation

2D multiplane imaging using ME
RV inflow–outflow view as the
primary view

3D TV en-face view 1. Assessment of clutch status
2. Verifies clip position and stability before locking
3. Visually determines clip stability and by calculating

the annular reduction length3D TV en-face view 60�-80�

Transcatheter
heterotopic valve
implantation

2D ME bicaval (with simultaneous
multiplane imaging for
prosthesis apposition)

80�-100�

Probe withdrawal and 110�-120�

angulation reveals more of the SVC

1. Introduction of wires, catheters and device delivery
system into SVC

2. SVC prosthesis positioned above the RPA-SVC
crossing junction on fluoroscopy

2D LE bicaval 80�-100�

Advancing probe reveals more of the IVC
IVC and RA junction

2D TG basal short-axis (ie, IVC and
HV view)

30�-60� 1. IVC and HV intersection
2. IVC prosthesis positioned at height of diaphragm

with “skirt” visible just above the HV inflow (5 mm
safety margin)

Continued on the next page
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TABLE 1 Continued

Procedure Echocardiography View Probe Position and Maneuvers Periprocedural Function of Views

TAVR 2D ME 5-chamber 0�-10� 1. Retrograde wires crossing into the LV, with a clear
view of LV apex.

2. Ensures wires are not entangled in the MV
apparatus.

2D ME long-axis 120�-140�

2D ME long-axis 120�-140� 1. Positioning of prosthesis during balloon dilation and
live depiction of AV calcification behavior during
implantation (especially when less visible
fluoroscopically)

2. Monitors AV leaflet behavior when pushed into the
sinuses

3D ME long-axis 30�-45�

2D multiplane imaging (ME long-
and short-axis)

2D ME 5-chamber 0�-10� 1. Postprocedurally for success and complications.
2. Differentiate transvalvular and paravalvular leaks.2D ME long-axis 120�-140�

2D ME short-axis 30�-45�

PVL closure 2D ME with multiplane imaging Multiple planes depending on location of
leaks

1. Confirm the size and location of defects.
2. Identify site for transseptal puncture depending on

PVL locations.
3. Crossing of wire and catheter through defects.
4. Verify device placement and orientation, no inter-

ference with prosthetic occluders, and disc motions.
5. Evaluate results and final residual leak after

deployment.
6. Detect any complications.

3D (Live 3D, 3D Zoom, or Full
Volume Mode)

3D-MPR

LAAO Transseptal puncture See Transseptal Puncture, above See Transseptal Puncture, above

2D ME “sweep” (0�-135�) Advancement, anteflexion and lateral
flexion are used to optimize imaging.

Single-plane and multiplane imaging
should be performed at 0�, 45�, 90�, and
135�.

1. Ostial dimension: taken 1-2 cm from the tip of the
left upper pulmonary vein limbus

2. Largest landing zones width
3. LAA depth: measured from the level of landing zone

to distal lobe.
4. Assessment of LAA thrombi
5. PW Doppler for LAA emptying velocity

2D multiplane

3D en-face 3D reconstruction using 3D-MPR and
transparency imaging

1. Measurement of the maximum and minimum LAA
dimensions.

2. Transparency imaging allows detailed assessment of
the internal structures and LAA morphology.

3D overhead perspective of LAA – Navigation within the LAA and LAA engagement by wires

3D en-face view of LAA

Live 3D-MPR – LAA sizing (with corresponding fluoroscopic views)

2D ME multiplane views of LAA 0�-60� (corresponding to fluoroscopic
RAO-cranial view)

120�-135� (corresponding to fluoroscopic
RAO-caudal view)

1. Implantation, and visualization of lobe expansion
and disc opening

2. Tug test

Live 3D-MPR – Device position after release and for residual leak

PIMSRA 2D TTE in various apical and
parasternal windows

– 1. Transapical needle insertion and advancement
within the myocardium is performed under 2D and
color Doppler.

2. The ablation area should include both basal and
middle segments of the anterior and posterior IVS.

3. 3-5 mm distance from ablation area is kept to pro-
tect conduction system. If arrhythmias occur, the
procedure is suspended until baseline rhythm is
resumed.

Myocardial contrast
echocardiography

– 1. Preprocedural: assess septal hypertrophy, charac-
terize hypertrophic pattern, and map coronary dis-
tribution to determine ablation area and path for
safe needle approach path.

2. Postprocedural: monitor outflow gradient, myocar-
dial thickness, ablation area size, and cardiac
function.

2D ¼ 2-dimensional; 3D ¼ 3-dimensional; 3D-MPR ¼ 3-dimensional multiplanar reconstruction; ASD ¼ atrial septal defect; AV ¼ atrioventricular; CDS ¼ clip delivery system; HV ¼ hepatic vein; IVC ¼ inferior
vena cava; LA ¼ left atrium; LAA ¼ left atrial appendage; LAAO ¼ left atrial appendage occluder; LE ¼ lower-esophageal; LV ¼ left ventricle; LVOT ¼ left ventricular outflow obstruction;
ME ¼ midesophageal; MV ¼ mitral valve; PIMSRA ¼ percutaneous intramyocardial septal radiofrequency; PTMC ¼ percutaneous transvenous mitral commissurotomy; PVL ¼ paravalvular leak; PW ¼ pulsed-
wave; RA ¼ right atrium; RAO ¼ right anterior oblique; RPA ¼ right pulmonary artery; RV ¼ right ventricle; SVC ¼ superior vena cava; TA ¼ tricuspid annulus; TAVR¼ transcatheter aortic valve replacement;
TEE ¼ transesophageal echocardiography; TEER ¼ transcatheter edge-to-edge repair; TG ¼ transgastric; TTE ¼ transthoracic echocardiography; TV ¼ tricuspid valve; VIV ¼ valve-in-valve.
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FIGURE 1 Echocardiography-Fluoroscopy Fusion Imaging

(A) Biplane transesophageal echocardiography (TEE) showing the mitral valve (MV) in the left ventricular outflow (purple) and bicommissural (green) planes. After co-

registration, the TEE data set is aligned in the echocardiographic-fluoroscopy fused images. (B) The purple and green sectors of the corresponding 2-dimensional TEE

views. (C) The MV within the boundaries of the 3-dimensional pyramidal data set is aligned in the anterior-posterior fluoroscopic projection. The red arrow denotes the

wire in the ventricle. (D) Another example shows the ideal transseptal puncture site being determined by biplane TEE in the bicaval and short-axis views. (E) Placement

of fiducial marker (red circle) will be displayed on fluoroscopy. (F) In addition, superimposing the color Doppler TEE data set of the MV during a transcatheter edge-

to-edge repair to indicate origin of the regurgitation jet can be performed. LA ¼ left atrium; RA ¼ right atrium; SVC ¼ superior vena cava.

J A C C : A S I A , V O L . 3 , N O . 4 , 2 0 2 3 Raja Shariff et al
A U G U S T 2 0 2 3 : 5 5 6 – 5 7 9 Echocardiographic Imaging in Transcatheter Structural Intervention

561
modalities and strong networking among the
echocardiography community within the region
(Central Illustration).

TRANSSEPTAL PUNCTURE AND ATRIAL

SEPTUM DEFECT CLOSURE

ATRIAL SEPTAL ANATOMY. The interatrial septum
(IAS) separates the left (LA) and right atrium (RA).
The fossa ovalis (FO), making up approximately 20%
of the IAS, is considered the “true” septum and is the
only area that can be crossed safely without risk of
entering into extracardiac space (Figure 2).22 The IAS
itself has 3 components: septum primum, septum
secundum, and septum of the atrioventricular canal.
Atrial septal defects (ASDs) are the third most com-
mon congenital heart disease and can be classified
based on their anatomic location.23,24 Secundum
ASDs are the most common form, and transcatheter
closure is now the preferred approach for most
secundum ASDs.24-27

TRANSSEPTAL PUNCTURE. Transseptal puncture
(TSP) is commonly performed in various TSHIs, such
as percutaneous transvenous mitral commissurotomy
(PTMC), MV transcatheter edge-to-edge repair
(TEER), and LAAO.25-27 TEE is essential in the pre-
procedural assessment of IAS anatomy and
morphology. Furthermore, TEE helps guide punc-
turing toward the FO while avoiding injury toward



CENTRAL ILLUSTRATION Developing Interventional Echocardiography in Asia

Left Atrial Appendage Intervention

Percutaneous Closure of Paravalvular Leak

Regional Networking
Competency in Echocardiographic Guidance of

Transcatheter Structural Heart Intervention
Echocardiographic Modalities in

Transcatheter Structural Intervention

Transseptal Puncture and Septal Defect Closure

Intervention for Hypertrophic CardiomyopathyTranscatheter Valvular Intervention

Raja Shariff RE, et al. JACC: Asia. 2023;3(4):556–579.

Development in interventional echocardiography requires having a structured curriculum to ensure competency in the field, access to novel echocardiographic mo-

dalities, and close networking within the region.

FIGURE 2 Imaging of the Interatrial Septum (IAS)

(A) Three-dimensional TEE shows the IAS seen from the right atrium. The red dashed line corresponds to the bicaval view and the blue dashed line to the short-axis

view. (B) Biplane TEE demonstrated tenting of the IAS (white arrows) seen from bicaval view (left) and short-axis (right) planes. Ant ¼ anterior; AoV ¼ aortic valve;

IVC ¼ inferior vena cava; Post ¼ posterior; other abbreviations as in Figure 1.

Raja Shariff et al J A C C : A S I A , V O L . 3 , N O . 4 , 2 0 2 3

Echocardiographic Imaging in Transcatheter Structural Intervention A U G U S T 2 0 2 3 : 5 5 6 – 5 7 9

562



FIGURE 3 Normal Structure of IAS

Three-dimensional (3D) TEE showing (A to C) right and (D) left septal perspectives of the IAS: (A) 3D spatial relation of the IAS to adjacent

structures can be assessed in great detail; (B) transillumination imaging with virtual light source placed in the LA behind the IAS allows

appreciation of the thinness, location, and limbus of the fossa ovalis (FO); (C) photorealistic transparency (“glass”) rendering of the IAS; and

(D) transillumination of the FO from the left septal perspective with virtual light source in the RA. AV ¼ atrioventricular; CS ¼ coronary sinus;

TV ¼ tricuspid valve; other abbreviations as in Figures 1 and 2.
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surrounding structures. The presence or absence of
other key structures can be reviewed simultaneously,
including patent foramen ovale, ASDs, Eustachian
valve, Chiari network, pericardial effusion, and
thrombi. Primary views are as highlighted in Table 1.
3D imaging through multiplane and 3D-MPR often
allow for better orientation. “Tenting” of the catheter
tip onto the FO marks a potential site for entry into
the LA (Figure 2). Postprocedurally, TEE allows for
evaluation of residual shunt flow, pericardial effu-
sion, or new thrombi formation within chambers that
may require intervention.
ASD CLOSURE. Preprocedural transthoracic echo-
cardiography (TTE) offers information about the type
of defect and hemodynamic consequences due to
shunting, along with other associated congenital
cardiac defects.27-29 However, TEE remains essential
in detailed assessment of the defect because bone and
lung shadowing are avoided and, owing to its prox-
imity to the LA, it allows for remarkable images of
atrial structures and the IAS.9-11 Preprocedurally, it is
important to recognize the morphology of ASD and its
relationship to surrounding structures, such as the
superior vena cava (SVC), inferior vena cava (IVC),



FIGURE 4 Interrogation of the ASD Rims

(A) ASD en face from 3D TEE view, looking in from the RA. Colored lines represent the degree of views correlated with the respective TEE 2-dimensional views. (B)

corresponds to the blue line in A and shows the posterior rim and the aortic rim (midesophagus, at 0�-45�). (C) corresponds to the green line in A and shows the IVC

and aortic rim (midesophagus, at 45�-90�). (D) corresponds to the red line in A and shows the IVC and SVC rim (midesophagus, at 100�-130�). (E) corresponds to the

purple line in A and shows the AV valve and the posterior rim (midesophagus, at 150�-180�). Abbreviations as in Figures 1 to 3.
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pulmonary veins, MV, TV, and coronary sinus. 3D TEE
allows “en-face” display of the defect and allows
appreciation of the spatial relationship with these
structures (Figure 3). Multiplanar imaging also allows
for accurate measurements of the ASD dimensions to
ensure that an appropriately sized occluder device is
selected, which is important because it is often not
circular in shape.

Information on the defect should be determined,
including the type of ASD, shunt direction, size,
location, shape, and number of defects visible.
Interrogation of the ASD rims also is essential.
Sequential interrogation of the rims should be per-
formed beginning at the midesophageal short-axis
window, with stepwise increase from 0� to 180�

(Figure 4). Patients with inadequate rims (<5 mm)
especially in the postero-inferior rim, may have
higher risk of procedural failure or device emboliza-
tion. Periprocedurally, TEE is needed during ASD
sizing and device deployment, ensuring a parallel
position of the device disc and IAS. A “push-and-pull”
maneuver may be performed to ensure device sta-
bility, which can be demonstrated on TEE. TEE is also
crucial to assess the final position of the device
holding the IAS (by identifying atrial septal tissue
between the device discs) and for any significant re-
sidual shunt before release.

ICE provides an additional means of intra-
procedural imaging during ASD closure.30 Following
fluoroscopy-guided transducer insertion into the
mid-RA, ICE imaging begins with a “neutral” view (ie,
the catheter parallels the spine and the transducer
faces the TV). The transducer is then rotated to face
the IAS (septal view, which allows visualization of the
septum, ASD, coronary sinus, and pulmonary veins)
before further advancing toward the SVC (long-axis
view, in which the SVC and RA relationship can be
viewed). Manipulation at this level allows for



FIGURE 5 Transseptal Puncture Height

A lower puncture is needed when treating lateral lesions, because often the clip will

continue to gain height above the valve as it is passes further. Conversely, a higher

puncture is used when treating a medial lesion, because the clip will have to “dive down”

immediately after transseptal puncture. P1, P2, and P3 ¼ scallops of the posterior mitral

leaflets.
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excellent visualization of ASD rims. “Stop-flow”

diameter of defects can be measured during balloon
sizing and throughout deployment of the closure
device.

MV INTERVENTION

MV ANATOMY. The MV has 2 leaflets � anterior (AML)
and posterior (PML) mitral leaflets. The PML is
divided into scallops (P1, P2, and P3). The AML is
arbitrarily divided into 3 opposing segments (A1, A2,
and A3). Chordal support attaches principally to the
commissural ends of the valve leaflets, from the
posterior-medial and anterior-lateral papillary mus-
cles.31,32 There are key landmarks for the MV, allow-
ing orientation when imaging (Supplemental
Figure 1). Mitral regurgitation (MR) can be divided
into primary (degenerative) or secondary in origin,
the latter being the most common.33,34 For mitral
stenosis, the most common etiology in Asia remains
rheumatic heart disease.35

INTERVENTION FOR MR. Inspired by the Alfieri stitch
technique, MV TEER with the use of the Mitraclip
(Abbott) was developed as a less invasive alternative
for significant MR in those with prohibitive surgical
risk.5-7,18,25,36-38 Despite initial challenges in Asian
countries, the technique has gained traction over the
past decade.5-7,36 Key pre- and periprocedural views
for assessment include the midesophageal bicom-
missural and long-axis views (Table 1). Multiplane
imaging allows simultaneous display of both views.
TEE guidance during TSP is similar to that described
earlier, although there are some specific consider-
ations regarding puncture height (Figure 5). Steering,
grasping and clip closure, and leaflet insertion mea-
surements should always be performed using multi-
planar imaging (Figures 6 and 7, Supplemental
Figure 2).

TRANSCATHETER MITRAL VALVE-IN-VALVE. As the
rates of bioprosthetic valve implantation continue to
rise over the years, so do the rates of degenerative
bioprosthetic prosthesis (DBP). For those with surgi-
cally prohibitive risks, transcatheter mitral valve-in-
valve provides an alternative means to manage DBP.
With the use of a balloon-expandable transcatheter
heart valve (THV), the transapical approach has
largely superseded the transseptal owing to better
recovery and complication rates.39 Preprocedural
multidetector computed tomography (MDCT) is
pivotal for procedural planning and guidance, spe-
cifically in annular sizing and predicting the hypo-
thetical neo–left ventricular outflow tract (LVOT)
area.40 TSP is required when approaching from the
RA, ideally favoring a more posterior-inferior loca-
tion. This is followed by advancement and deploy-
ment of the THV under both fluoroscopy and TEE
guidance (Figure 8 and Table 1). Postprocedural
monitoring normally includes for presence of LVOT
obstruction (which may require surgical bailout or
alcohol septal ablation).

INTERVENTION FOR MITRAL STENOSIS. PTMC is
often the preferred initial intervention in rheumatic
mitral stenosis (MS).37,38 Conventionally, TTE allows
for diagnosis and severity grading of MS, to deter-
mine suitability for PTMC (Supplemental Figure 3).
Various scoring systems exist, including Wilkin’s,
Cormier, and Nobuyoshi scores (Supplemental
Tables 1 to 3).41-43 Key components in ensuring suc-
cessful PTMC include degree of leaflet pliability, de-
gree of degeneration, and calcification of the
commissures, subvalvular apparatus, annulus, and
leaflets. TSP is a crucial step in PTMC. Following
successful puncture, both fluoroscopy and TEE are
used to guide an uninflated Inoue balloon catheter
pass the stenotic MV (Figure 9). Color Doppler is used
to evaluate for the presence and severity of any new
MR that may manifest after balloon inflation. A short-
axis view of the MV by 2D TEE or a 3D “en-face” view
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FIGURE 6 Views for Clip Steering and Perpendicularity

(A) The bicommissural “index” view allows assessment of medial and lateral device location, as well as precise localization of the area of interest. When the shaft of the

delivery system approaches from too much of an anterior position (ie, an “aorta-hugger” position), as seen in (B) the long-axis “grasping” and (C) 3-dimensional en-

face views, remedial maneuvers are frequently required (yellow dashed arrow).

FIGURE 7 Views for Clip Grasping and Closure

(A) Biplane imaging of the clip as it is pulled back toward the mitral valve with arms fully extended and the leaflets have been grasped by the grippers. (B) The clip is

then closed, and the leaflets are drawn into the mechanism. (C) Color-flow Doppler is used to assess for residual regurgitation. (D) Three-dimensional en-face imaging

is used to assess the tissue bridge, the nature of the dual-orifice anatomy, and the position and volume of regurgitant jets.
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FIGURE 8 Transcatheter Mitral Valve-in-Valve

(A) Transseptal puncture performed with X-plane imaging. (B) X-Plane imaging using simultaneous midesophageal bicommissural and long-axis views used to guide

prosthesis delivery and deployment, and to check leaflet mobility after deployment. (C) Three-dimensional reconstruction with color Doppler is used to assess for

paravalvular leaks.
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may be used to illustrate the degree of commissural
splitting and MV area through planimetry measure-
ment. The mean pressure gradient is recalculated,
and reinflation can be performed if suboptimal results
are seen. Procedural success is defined as having
achieved a valve area of >1.5 cm2 with no more
than þ2 MR.37,38,44 Complications such as pericardial
effusion, tamponade, and thrombi formation may
occur after PTMC, and TEE plays an important role in
their early recognition.

TV INTERVENTION

TV ANATOMY. The TV complex consists of a fibrous
tricuspid annulus, typically 3 leaflets, 2 discrete
papillary muscles, chordae tendineae, and the
myocardium of the RA and right ventricle (RV).45-47

Approximately 90% of clinically significant tricuspid
regurgitation (TR) cases are considered to be “func-
tional” or secondary TR, commonly due to right atrial
and/or ventricular remodeling, as well as to pulmo-
nary hypertension.48-50

TRANSCATHETER TV INTERVENTION. Currently, TSHI
of the TV capitalizes on TEER devices (ie, TriClip
[Abbott]), annuloplasty systems (ie, K-Clip [Huihe
Healthcare]), and transcatheter TV implantation.48-53

Specific imaging considerations for tricuspid TEER
include: 1) assessment of tricuspid annular dilation
and shape; 2) leaflet length, morphology, and pres-
ence of leaflet tethering; 3) coaptation gap location
and width; 4) RV chamber size, function, and systolic



FIGURE 9 Echocardiographic Guidance of Percutaneous Transluminal Mitral Commissurotomy (PTMC)

3D TEE guides the alignment and orientation of the balloon catheter and further monitors the position of the inflated balloon. These pictures

show the inflated Inoue balloon via (A) real-time 3D and (B) en-face views. (C, D) Left ventricular perspective 3D imaging showing splitting of

both commissures (arrows) after successful PTMC, with increase in valve area and reduction of transvalvular pressure gradient on Doppler

assessment (E, F). Abbreviations as in Figures 1 and 3.
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pressure; and 5) presence and location of RA and RV
structures (ie, Chiari network, Eustachian valve;
trabeculae, papillary muscles, and moderator
band).25,26,45,49 It has been shown that coaptation
depth <10 mm, coaptation gap <7.2 mm
(ideally <4.0 mm), leaflet length >10 mm, and a
central or anterior-septal TR jet direction, with no
pacemaker leads in situ or minimal interaction
between leads and leaflets predict better success after
TEER, whereas greater TR tenting and effective
regurgitant orifice area may predict otherwise.25,26 A
small and restricted septal leaflet is a common
anatomic exclusion for TEER.

TEE remains a crucial imaging tool for TEER.
However, TTE may provide good anatomic imaging
owing to the proximity of TV to the chest wall and



FIGURE 10 Transcatheter Edge-to-Edge Repair of the Tricuspid Valve

(A) Guide catheter and catheter delivery system (CDS) introduction. (B) Steering of the CDS (arrows) toward the tricuspid anteroseptal commissure using an en face

view. (C) Multiplane imaging showing positioning of the CDS. (D) Multiplanar reconstruction with the long axes (red and green) aligned to the CDS. (E, F) Clip arm

orientation adjusted perpendicular to the line of coaptation between the anterior and septal leaflet. (G, H, I) Leaflet grasping is monitored, and leaflet insertion

confirmed with the use of multiple views. 4Ch ¼ four-chamber; AL ¼ anterior leaflet; LAX ¼ long axis; LE ¼ low-esophageal; MPR ¼ multiplanar reconstruction;

PL ¼ posterior leaflet; SAX ¼ short axis; SL ¼ septal leaflet; TG ¼ transgastric; TTE ¼ transthoracic echocardiography; other abbreviations as in Figures 1-3.
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often complements TEE imaging (Figure 10).48,49

Midesophageal bicaval (80�-100�) and 4-chamber
(0�-15�) views are used to visualize the guide and
clip delivery system entering the RA. Other key views
periprocedurally include the transgastric long-axis
(with simultaneous multiplane imaging), trans-
gastric short-axis (with 3D “en-face” reconstruction),
and midesophageal RV inflow-outflow, 4-chamber,
and short-axis views—each with its own role (Table 1).
Multiple views are essential to guide leaflet grasping,
and sometimes TTE is needed if the image quality via
TEE is inadequate. The insertion of leaflets must be
confirmed, with the formation of a tissue bridge and
clip stability being assessed before eventual deploy-
ment. A mean TV gradient <3 mm Hg, after clipping,
is generally acceptable.25,26,45,49

The transcatheter annuloplasty system consists of
a 2-armed clip (with a sheath and delivery system)
that clamps onto the annulus together with a
cockscrew-shaped anchor to ultimately achieve
annular plication and reduction (Figure 11).53-55

Preprocedural MDCT is important to assess the dis-
tance between the right coronary artery (RCA) and the
tricuspid annulus (TA), ensuring distance of at least
4 mm to minimize the risk of RCA injury during
implantation. The system is introduced percutane-
ously via the right internal jugular vein with fluo-
roscopy and echocardiography guidance. The device
is steered toward the posterior TA and is anchored to
the TA through a corkscrew-like anchor (Table 1). The
anchored clip is then opened (oriented along the
annular circumference) and the anchor is withdrawn
to fold the TA tissue into the clip, before subse-
quently being closed to achieve annular and TR
reduction. Coronary angiography confirms the
patency of the RCA before the device is released.

TricValve (P&F Products & Features) involves 2 self-
expandable prosthetic valves being deployed in the
SVC and IVC, anchored at the cavo-atrial inflow.25,26 It
does not involve direct intervention of the TV, but
instead works by reducing caval backflow, which
reduces systemic venous congestion.25,26,47,48,53-55

Preprocedural assessment is essentially like that for TV
TEER, although assessment of TR etiology and severity
and TV annulus dimensions are of less importance
following little direct intervention on the native valve.
Preprocedural MDCT is mandatory to assess the
diameter and area of the: 1) SVC at various levels; 2) IVC
at the RA-IVC intersection; and 3) IVC at 5 cm below the
IVC-RA transition, near the hepatic vein (HV).



FIGURE 11 Tricuspid Valve Transcatheter Annuloplasty Procedure

(A, B) Preprocedural TTE demonstrating tricuspid regurgitation (TR) on computed tomographic imaging. (C) X-Plane imaging using right ventricular inflow-outflow

showing torrential regurgitation. (D) Through the guiding catheter, the K-Clip delivery catheter (KCR) is introduced into the RA and steered toward the tricuspid

annulus (TA). (E) Fluoroscopy showing the anchor of the device to the posterior TA. (F) Retraction of the anchor, pulling annular tissue into the device, which then

closes to fold the annulus within. (G) Annular and TR reduction immediately after implantation. (H) Coronary angiogram confirming right coronary patency after

clipping. (I) Sustained TR reduction at 3-month follow-up. An ¼ anchor; At ¼ annular tissue; GC ¼ guiding catheter; RCA ¼ right coronary artery; other abbreviations

as in Figures 1 and 10.
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Distances between structures are also calculated to
assess for eligibility, while ensuring a <35-mm pros-
thesis landing zone.25,26,49,50 The prosthesis is posi-
tioned at the height of the diaphragm with the skirt
visible just above the hepatic vein inflow, with a 5 mm
safety margin to avoid too low or high a valve position
that could lead to HV obstruction or paravalvular
regurgitation.25,26,49,50 Periprocedural TEE is best
viewed using the mid- and lower-esophageal 2D views
of the IVC-RA junction and transgastric views of the
IVC and HV, both with color Doppler assistance
(Figure 12, Table 1).
AORTIC VALVE INTERVENTION

AORTIC VALVE ANATOMY. The aortic valve is trifo-
liate.56,57 The leaflets are attached throughout the
length of the root and take the form of a 3-pronged
coronet, with hinges from the supporting ventricular
structures forming the crown-like ring. The top of the
crown is marked by the sinotubular junction. Coro-
nary artery ostia usually arise from 2 anterior sinuses
of Valsalva, positioned below the sinotubular junc-
tion, which are important to identify because too low
an ostium (or too high a prosthesis position) may



FIGURE 12 Transcatheter Heterotopic Valve Implantation of the Tricuspid Valve

Following fluoroscopic evidence of the desired SVC position (marked using wires and catheters within the right pulmonary artery [RPA] and subclavian and bra-

chiocephalic veins), (A) the guiding wires and catheters (red arrow), and device delivery system (yellow arrow) is advanced into the SVC, where (B) the upper portion

of the prosthesis (blue arrow) is positioned above the crossing of the RPA catheter and SVC on simultaneous fluoroscopy. Through TEE, this can be visualized best using

the 2-dimensional bicaval window, with 3-dimensional reconstruction if desired. (C) The SVC prosthesis (blue arrows) is fully deployed, and its final positions checked

on (D) TEE and (E) fluoroscopy, before being retrieved back along with the RPA catheter. This is followed by (F) IVC prosthesis (white arrows) advancement,

positioning, and deployment, before a final check on (G) TEE and (H) fluoroscopy. Abbreviations as in Figures 1, 2, and 10.
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affect coronary arterial flow during prosthesis
implantation.
TAVR. TAVR is an established therapeutic option for
the treatment of severe aortic stenosis.2,37,38

Preprocedural assessment remains key to ensure
appropriate indication for TAVR. TTE is crucial in
establishing the diagnosis and to further evaluate
equivocal cases, including those of low-flow, low-
gradient aortic stenosis or with gradient mismatch,
through additional tools such as dobutamine stress
echocardiography or Pedof probes.25,26,37,38 Aortic
root morphology assessment and aneurysm detection
is also important preprocedurally.37,38 Coronary
ostium height is often assessed with the use of MDCT,
although 3D TTE and TEE may provide accurate sizing
in selected cases.9-11,25,26,37,38 Recent studies have
also shown that 3D TEE, preprocedurally and peri-
procedurally, is both accurate and useful in assessing



FIGURE 13 TEE in Transcatheter Aortic Valve Implantation

(A)Midesophageal plane at 135�, confirming that the wire is located around the left ventricular apex, along the ventricular septum, and not entangled with the MV. This

confirmation is useful in preventing complications such as ventricular perforation or MV injury. If the wire entrains the MV, it may affect the balloon’s position and

stability, as well as hemodynamics, by causing mitral regurgitation. (B) A case before balloon inflation and (C) after subnominal inflation by 4 mL. During implantation,

calcification of the aortic valve can be seen pushing through the sinus of Valsalva and protruding into the LA. Known as the “Mt. Fuji” sign, this is a useful endpoint

guide to avoid potential aortic root rupture. Abbreviations as in Figure 1.

FIGURE 14 MV Pro

(A) The aortic valve (

MV is then divided in
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the aortic annulus in cases where contrast-enhanced
MDCT is difficult to perform.25,26,57,58

Limitations associated with TEE use peri-
procedurally include the need for general anesthesia
and interruption of fluoroscopic views by the TEE
probe. Nevertheless, TEE remains beneficial in TAVR,
sthesis on TEE

AV) is anteriorly located (12 o’clock), the IAS is medially located (3 o’clock), an

to 8 quadrants that serve as a common nomenclature to describe paravalvular

, including the (B) midesophageal 135� long-axis and (C) 45� bicommissural

lock position), and a smaller PVL is located anteromedial (1 o’clock position).

ppler and “Trueview”. Abbreviations as in Figures 1 and 2.
as highlighted in Table 1.25,26,56 The position of the
retrograde wire in the left ventricle can be easily
confirmed with the use of TEE via standard mid-
esophageal planes at 0�-135� with clear visualization
of the left ventricular apex (Figure 13). Furthermore,
TEE ensures accurate positioning of the prosthesis
d the left atrial appendage (LAA) is laterally located (9 o’clock). The

leaks (PVLs) among the interventionalists and imagers. Multiplanar

views, permit localization of the 2 PVLs: a larger PVL is located

Both leaks are clearly visible on the (D) surgical en-face view, with



FIGURE 15 PVL Closure

(A) Under direct 3D TEE guidance, the anterolateral mitral PVL is crossed with a wire (blue arrow). (B) After deployment of an occluder device, color Doppler shows

stable placement of the device with trace mitral regurgitation at this site. (C) The mean transmitral gradient is 3 mm Hg, similar to baseline. (D) 3D en-face TEE view

confirms the final stable position of the occluder device (asterisk) with no impingement of the prosthetic leaflet motion. (E) A smaller anteromedial PVL is closed with

the use of a 12-mm Vascular Plug II (red arrow). (F) This is accompanied by an increase in the mean transmitral gradient to 5 mm Hg. (G) Simultaneous deployment of

2 smaller devices with verification of 2 catheters (blue arrows) crossing the anteromedial PVL on live 3D to ensure correct canalization of the PVL gap. (H) Final

position of the 3 deployed occluders (asterisks) with trace residual leak. Abbreviations as in Figures 1, 3, and 14.

J A C C : A S I A , V O L . 3 , N O . 4 , 2 0 2 3 Raja Shariff et al
A U G U S T 2 0 2 3 : 5 5 6 – 5 7 9 Echocardiographic Imaging in Transcatheter Structural Intervention

573
during balloon dilation, alongside fluoroscopy,
allowing clear visualization of wires and catheters,
with minimal to no contrast needed. TEE is also
useful during prosthesis deployment, where it pro-
vides a real-time depiction of aortic valve calcifica-
tions behavior during implantation, as shown in
Figure 13. TEE remains the most useful post-
procedurally in screening for success and complica-
tions. TEE is used to determine the position and
shape of the prosthesis as well as leaflet mobility.
Patients are also evaluated for signs of any compli-
cations, including periaortic root hematoma, intra-
aortic dissection flaps, or new-onset pericardial
effusion. Evaluations of aortic regurgitation mecha-
nisms (ie, transvalvular or paravalvular [PVL] leak)
and severity postprocedurally are important to
determine the need for further intervention.57,59

PERCUTANEOUS CLOSURE OF PVL

MECHANISM OF PVL. PVL occurs when there are gaps
between the native annulus of a surgically or
percutaneously implanted prosthesis. PVL is usually
caused by suture line disruption due to tissue fria-
bility, annular calcification, or endocarditis. Accord-
ing to current valvular heart disease guidelines,
percutaneous closure of PVL is reasonable (Class IIa)
in patients with symptomatic PVL who have prohib-
itive surgical risk and with suitable anatomy.37,38 The
Paravalvular Leak Academic Research Consortium
proposed a 5-class scheme for PVL severity for pur-
poses of reporting (Supplemental Tables 4 and 5).60-62

TRANSCATHETER PVL CLOSURE. For preprocedural
planning of percutaneous PVL closure, it is critical
to assess the number, anatomy, and exact location of
the defects. Regarding the sizing of the PVL, it is key
to determine both the radial and circumferential
extent of the defect, including its orientation in
relation to the sewing ring, prosthetic occluders, or
leaflets and subvalvular structures. Care is taken to
select the most representative frame with optimal
resolution using 3D-Zoom, followed by cine confir-
mation on 2D/3D color Doppler across the gap, to
exclude imaging artifact. Color Doppler is essential

https://doi.org/10.1016/j.jacasi.2023.05.012
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FIGURE 16 TEE of the LAA

The LAA segments are illustrated in (A) 2-dimensional TEE view 45� and (B) 3-dimensional TEE 135� photorealistic “glass” view. The ostium is the opening of LA, the

neck is located between the ostial region and lobe demarcated by the left circumflex coronary artery (LCx), and the lobe is situated distal to the neck in adjacent to the

pulmonary artery (PA). (C) The LAA cauliflower morphology projected by 3-dimensional (3D) TEE photorealistic imaging shares great similarity with (D) contrast

angiography at anterior oblique 30�/caudal 30�. LUPV ¼ left upper pulmonary vein; other abbreviations as in Figures 1 and 14.
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for assessment of residual PVL to determine if the
result is adequate or if the device needs to be repo-
sitioned or changed to a different size. Absence of
flow convergence, a change in MV inflow pattern from
a high E-wave dominant to an A-wave dominant
pattern and normalization of pulmonary vein flow
pattern indicate significant abolishment of MR.
rdiographic Measurements of the Landing Zone

l (2D) TEE, landing zone diameter (red lines) measurements should start from

e ligament of Marshall. The LAA depth (green lines) is measured from the lev

ured from 2D imaging of 90�-135�, but this is subject to anatomic variation.

ent of the LAA landing zone that is noninferior to cardiac computed tomogr
Similarly, absence of diastolic flow reversal in the
descending aorta indicates significant reduction in
aortic prosthesis PVL. Standardization of nomencla-
ture and anatomy depiction of PVL is essential for
effective communication between imagers and
interventionalists.33,52 A case example is depicted in
Figures 14 and 15.
inferior part of the ostium (yellow lines) at the level of LCx to an

el of landing zone to the distal lobe. For most cases, the maximum

(B) The state-of-art measurement as shown allows an unbiased and

aphy. Abbreviations as in Figures 1, 14, and 16.



FIGURE 18 Echocardiography in the Percutaneous Intramyocardial Septal Radiofrequency Ablation

(A) Preoperative assessment is done to confirm left ventricular wall hypertrophy and outflow tract obstruction. (B) Transapical needle insertion is performed under

2-dimensional and color Doppler transthoracic echocardiography guidance to avoid vascular injuries, followed by (C, D) ablation of the anterior and posterior septum. (E)

Myocardial contrast echocardiography is performed immediately to evaluate adequacy of ablation, followed by (F) assessment for septal reduction and obstruction relief.
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HIGHLIGHTS

� Transcatheter structural heart interven-
tion services have seen an exponential
rise across the Asia-Pacific region.

� The need for growing expertise in inter-
ventional echocardiography comple-
ments the rise in such interventions.

� Developing interventional echocardiog-
raphy requires a structured curriculum,
accessibility to novel echocardiographic
modalities and regional networking.
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LEFT ATRIAL APPENDAGE INTERVENTION

LAA ANATOMY. The left atrial appendage (LAA) is a
thin-walled blind-ended pouch originating from the
anterolateral part of the LA. The LAA can be divided
into the ostium, the neck, and the distal lobe
(Figure 16).63 Atrial fibrillation is a known etiology of
systemic embolization. Approximately 90% of LA
thrombi reside within the LAA of patients with non-
valvular atrial fibrillation.63,64 TEE is the best imaging
modality to assess for LAA thrombi.65,66 The trans-
verse diameter 10 mm below the ostium is called the
landing zone.

LAAO. Periprocedural guidance is often performed
with the use of both fluoroscopy and TEE. After TSP,
real-time 2D/3D TEE is used to direct wires, cathe-
ters, and the LAAO device toward the LAA. An ideal
location to “park” the wires is within the left supe-
rior pulmonary vein (ie, safest zone to perform ex-
change of catheters for device deployment
sheaths).65-67 This is followed by device sizing
assessment to ensure device stability and sufficient
sealing of the LAA orifice. The selection of a suitable
LAAO device depends on meticulous measurement
of landing zone diameters (at end-systole) where the
device should be about 3-5 mm larger than the
landing zone dimensions to ensure secure implan-
tation. Oversizing may lead to device embolization,
tissue perforation, and cardiac tamponade. Under-
sizing may lead to device migration and peridevice
leakage. The “landing zone,” that is, the transverse
diameter 10 mm below the ostium, requires multi-
planar imaging for accurate assessment (Figure 17,
Table 1).67-71 LAA ostium and implantation depth
measurements are also taken. Too deep an implan-
tation may expose an uncovered lobe, whereas too
superficial may cause device dislodgement. Post-
procedural assessment includes for pericardial effu-
sion, device embolization, thrombi formation, and
peridevice leaks.68,69,71
INTERVENTION FOR

HYPERTROPHIC CARDIOMYOPATHY

PATHOPHYSIOLOGYOFHYPERTROPHIC CARDIOMYOPATHY.

Hypertrophic cardiomyopathy is a common auto-
somal dominant inherited disease, defined histologi-
cally by the presence of myocyte disarray and
hypertrophy along with myocardial fibrosis.72 Preva-
lence ranges from 1:500 to 1:200. Dynamic outflow
obstruction, secondary to basal septal hypertrophy
and systolic anterior motion of the MV leaflets, is
present in up to two-thirds of hypertrophic
cardiomyopathy patients, who have poorer prognosis
and may benefit from septal reduction therapy.

PERCUTANEOUS INTRAMYOCARDIAL SEPTAL

RADIOFREQUENCY ABLATION. Percutaneous intra-
myocardial septal radiofrequency ablation, is a novel,
safety-proven, and minimally invasive procedure of
the interventricular septum (IVS) done under general
anesthesia.73,74 Studies have shown that it is effective
in relieving outflow obstruction, reducing clinical
symptoms, and improving cardiac function, with
acceptable rates of adverse events and complica-
tions.75,76 However, dedicated randomized controlled
clinical trials are needed to validate the procedure in
more patients. By emitting high-frequency alter-
nating current from the tip of a radio-frequency
needle introduced into the IVS, this may induce
irreversible coagulative necrosis and regional
vascular coagulation, leading to IVS reduction and
obstruction relief. The procedure is as described in
Figure 18 and Table 1.

CONCLUSIONS

Structural heart disease remains a health care burden
in Asia that has been severely neglected. Fortunately,
the push to develop various transcatheter and
percutaneous approaches to manage these diseases
opens up a new door in improving care in patients
who would otherwise not receive treatment after
exclusion from surgical intervention. With the advent
of newer approaches in managing structural heart
disease, complementary multimodality imaging
techniques need to be better developed as well.
The role of echocardiography during the periproce-
dural period in TSHI remains invaluable as it provides
imaging in real time with unparalleled temporal res-
olution and spatial orientation compared with other
modalities. This concise review has barely scratched
the surface of things to come in the realm of
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structural interventions. The field of interventional
echocardiography has never been more exciting!
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