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Advanced intra-procedural imaging techniques have been integral to technical and procedural success transcatheter devices. A novel leaf-
let approximation therapy, the PASCAL Transcatheter Valve Repair System (Edwards Lifesciences, Irvine, CA, USA) has demonstrated
high procedural success, acceptable safety, and significant clinical improvement in patients with severe mitral and tricuspid regurgitation
and has CE mark approval in Europe with pivotal trials underway in the USA. This review outlines the pre-procedural imaging views and
advanced transoesophageal imaging protocols both mitral and tricuspid valve device implantation.
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Introduction

Despite the poor outcomes associated with untreated significant
mitral (MR) and tricuspid regurgitation (TR), surgical interventions
to treat these valvular conditions have been underutilized" result-
ing in a large population of symptomatic patients with limited
options. Recent trials have shown significant benefits with trans-
catheter edge-to-edge repair (TEER) device for primary® and sec-
ondary* MR. A novel leaflet approximation therapy, the PASCAL
Transcatheter Mitral Valve Repair (TMVr) System (Edwards
Lifesciences, Irvine, CA, USA) has demonstrated high procedural
success, acceptable safety, and significant clinical improvement in
compassionate use patients.” The 1-year results of the PASCAL
TrAnScatheter Mitral Valve RePair System (CLASP) early feasibility
study (NCT03170349) showed low complication rates and high
survival, sustained MR reduction, and significant improvements in
functional status and quality of life.®

The compassionate use of the PASCAL Transcatheter Tricuspid
Valve Repair (TTVr) device for TR reported a 30-day mortality
of 7.1%, acceptable safety metrics’ with 85% achieving mild or

mitral regurgitation e tricuspid regurgitation e transcatheter repair

moderate TR following device placement (P <0.001). The single-arm,
multicentre, prospective CLASP TR Early Feasibility Study
(NCT03745313) recently reported its 30 days results showing a fa-
vourable safety profile with low major adverse events rate and no
mortality at 30 days. The PASCAL TTVr device received CE mark in
May 2020.

Although multiple prior imaging reviews have been published out-
lining the intra-procedural imaging for TEER guidance,®” there are dif-
ferences in the procedural steps for the PASCAL device. Both the
pivotal CLASP IID/IIF trial (NCT03706833) for degenerative and
functional MR as well as the pivotal CLASP Il TR trial
(NCT04087145) for TR, are currently enrolling, and require pre-
procedural transoesophageal echocardiography (TEE) for determin-
ation of valve morphology, severity of disease and adequacy of
required intra-procedural imaging. This review will outline the stand-
ard TEE views for both pre-procedural and intra-procedural imaging
and highlight the procedural differences with TEER. Patients whose
images were used in this review were participants of the CLASP and
CLASP TR studies. The studies were approved by the Columbia
University Institutional Review Board.
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Figure | The PASCAL Repair System. There are features unique to the PASCAL repair system including a central spacer and adjacent paddles and
clasps that attach the implant to the native leaflets to reduce regurgitation. (Note: all dimensions are in millimeters).

4 Chamber MV View
(ME)
Biplane: 4Ch/2CH

Commissural MV View
(ME)

Biplane:
Commissural/LAX

3 Chamber MV View
(ME)

Transgastric MV SAX
and LAX Views

3D Volumes MV and
1AS (ME)

Abbreviations: 3D = three-dimensional, DE = distal esophageal, DT = deep

transgastric, IAS = interatrial septum, LA = left atrium, LAX = long axis, LV = left

ventricle, ME = mid-esophageal, MV = mitral valve, SAX = short axis, TG =
transgastric, TV = tricuspid valve

[| 4 Chamber TV
(ME)

RV Inflow/Outflow
View ME (SWEEP)

2 4 Chamber TV
(DE)

Alternate Grasping
Views (ME and DE)

TG TV SAX

DT RV view

3D Volumes

Figure 2 Primary imaging views for the mitral and tricuspid valve. The primary imaging views used for pre-procedural planning and intra-procedural

guidance are shown in this figure.

PASCAL repair system

Features unique to the PASCAL repair system including a central spa-
cer and adjacent paddles and clasps that attach the implant to the

native leaflets to reduce regurgitation and is available in two sizes
(Figure 1). The narrower width of the ACE device has been favoured
for manoeuvring through dense chordal structures. The spacer and
paddles are a single structure of interwoven nitinol wires acting as a



e96

R.T. Hahn and S.K. Kodali

Figure 3 Three-dimensional imaging of the mitral and tricuspid valves. Standardized imaging display for the en face view of the MV with both lateral
and Z-plane rotation (A) and without Z-plane rotation (B); ruptured P2 chordae are seen (asterisk). A real-time 3D en-face view of the TV without Z-

plane rotation, results in leaflet orientation similar to the transgastric view (C). Creating multi-beat colour Doppler 3D volumes of the systolic regur-
gitant jet, allows planimetry of the MR VCA post-device (D). MR, mitral regurgitation; MV, mitral valve; TV, tricuspid valve; VCA, vena contracta area.
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Figure 4 Biplane imaging from the MV commissural view. Using simultaneous biplane imaging with the mid-oesophageal MV commissural view as
the primary image, a sweep of the entire commissure can be performed. (A) The position of the orthogonal image (white arrow) at the lateral com-

missure (A1-P1 scallops). (B) The position of the orthogonal image at the midline (A2-P2 scallops) where a small flail posterior scallop is imaged (yel-
low arrow). (C) The position of the orthogonal image at the medial commissure (A3-P3 scallops). MV, mitral valve.
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Figure 5 Four levels of imaging for the tricuspid valve. The path of the oesophagus allows for the generation of four imaging levels for the tricuspid

valve: mid oesophageal level, deep oesophageal level , transgastric and deep transgastric. A, anterior leaflet; Ao, aorta; LA, left atrium; LV, left ven-
tricle; P, posterior leaflet; RA, right atrium; RV, right ventricle; S, septal leaflet.
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Figure 6 Biplane imaging from the TV commissural view. The mid-oesophageal right ventricular inflow-outflow view (at ~50-80°) is considered

the TV ‘commissural’ view with the anterior (blue line) and posterior (green line) leaflets imaged and the septal leaflet (yellow line) behind the imaging

plane. Moving the orthogonal biplane cursor towards the posterior wall (A) images the posterior and septal leaflets. Moving the orthogonal biplane
cursor towards the aorta (B) images the anterior leaflet near the aorta and the septal leaflet. TV, tricuspid valve.

flexible frame to capture the leaflets and minimize leaflet stress.'®"
The nitinol clasps have a horizontal row of four retention elements
near the top of the clasps intended to run parallel to the mitral leaflet
collagen fibres, potentially reducing leaflet injury. The clasps can be

actuated simultaneously or independently when grasping the leaflets
allowing for optimization of leaflet insertion. An elongation mechan-

ism allows positioning and repositioning with less risk of chordal
entrapment.
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Lateral Orifice = 1.96 cm?

Medial Orifice = 0.46 cm?

&

Figure 7 Post-device orifice area. Three-dimensional imaging is
used to directly planimeter the MV orifice areas separately since the
medial and lateral orifices are not typically in the same horizontal
plane. Aligning the short-axis plane at the tips of leaflet in diastole
(blue lines) allows the lateral orifice area (A) to be planimetered
from the short-axis view (blue box). Realigning the short-axis plane
for the medial orifice is shown in (B). MV, mitral valve.

Transoesophageal
echocardiography imaging
protocols

The PASCAL repair system is implanted under TEE and fluoroscopic
guidance. The imaging protocols will be divided into the following
sections: (i) standard views for pre-procedural planning, (ii) pre-
procedural assessment of valve morphology and function, and (iii)
guidance of the procedure. Each step will be divided into mitral-
specific and tricuspid-specific imaging protocols.

Standard views for pre-procedural
planning

Appropriate 2D and 3D imaging with Doppler should be performed
prior to and following device placement to quantify valve function.
Figure 2 shows the primary imaging levels and views required for as-
sessment of MV and TV morphology and function utilizing the probe
manipulations described in prior guidelines.'” The standard four lev-
els of imaging include: high oesophageal (HE), mid oesophageal (ME),
shallow transgastric (TG), and deep transgastric (DT). For the MV

and TV, the HE level is rarely used. A new distal oesophageal (DE)
imaging level has been added for imaging the TV.

Because of anatomic variability not only of the cardiac structures
themselves but also the relationship of the oesophagus to the heart
structures, it is important to confirm complex valvular anatomy using
3D imaging.”® The ‘surgeon’s view’ imaging display for the en face
view of the MV (Figure 3A) is advocated™ which requires varying
degrees of Z-plane rotation depending on the acquisition image. The
3D en face MV view acquired from the 2D commissural view will
image the posterior leaflet in the near field prior to Z-plane rotation
(Figure 3B); some imagers/interventionalists prefer this image which
minimizes image manipulation and mimics the 2D image by position-
ing the lateral commissure on the right and the medial commissure
on the left side of the screen. Similarly the 3D en face TV view
acquired from the 2D commissural view (and without Z-rotation),
positions the interventricular septum on the right side of the screen,
the aorta at 5 o'clock and the posterior leaflet in the near field
(Figure 3C), an orientation similar to the TG SAX view." Creating
multi-beat colour Doppler 3D volumes without splice artefacts for
measurement of systolic regurgitant jet vena contract area (VCA) is
possible even with irregular rhythms (Figure 3D).

Mitral valve

Because of the relative positions of the oesophagus and left atrium,
aligning the annulus perpendicular to the insonation beam may re-
quire right flexion in addition to retroflexion. Aligning the annulus
perpendicular to the insonation beam has the following advantages:
(i) both biplane images are typically perpendicular to leaflet coapta-
tion (which allows simultaneous imaging of the clasp arms); (ii) orien-
tation of the real-time multi-planar 3D image or 3D en face view is
easier; and (iii) the trajectory of the system is more accurately
assessed.

The ME MV commissural view at a transducer angle between 50°
and 70°, is often seen as the ‘home’ view for the PASCAL system
(Figures 2 and 4). Using biplane imaging, the orthogonal imaging plane
can be positioned across the commissural line, and thus sweep from
the lateral commissure of A1/P1 (right sector, Figure 5A) to the mid-
line (A2/P2, Figure 4B), and finally the medial commissure (A3-P3,
Figure 4C), without and with colour flow Doppler. TG views may be
useful not only for Doppler of the aortic valve (i.e. to calculate for-
ward stroke volume) but also to evaluate the MV (Figure 2). Although
short-axis views of the MV are rarely used given the use of ME 3D
imaging, occasionally acoustic shadowing prevents an adequate as-
sessment of the tissue bridge and the TG short-axis view can be help-
ful. In addition, commissural regurgitant jets may be aligned with the
insonation beam only from the TG views (Figure 2).

Tricuspid valve

The TV is the largest and most apically positioned of the four cardiac
216 requiring a
larger field of view with greater depth of imaging, both factors result-
ing in a loss of spatial and temporal resolution. In addition, given the
position of the TV in relation to the oesophagus the annulus cannot

valves with a normal orifice area between 7 and 9 cm

be aligned perpendicular to the insonation angle in the ME and DE
views and imaging the thin TV leaflets throughout the cardiac cycle
using lateral resolution, is also more challenging. Finally, the TV leaflet
morphology is highly variable creating a complex regurgitant orifice.'®
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Table |

Anatomic considerations for the PASCAL Repair System

Inclusion

Mitral regurgitation Primary severe, symp-
tomatic MR
Secondary severe,

symptomatic MR

assessment

Tricuspid regurgitation ® Primary severe, symp-
tomatic TR
Secondary severe,

symptomatic TR

Suggested anatomic exclusions

Mitral valve anatomy precludes proper device deployment and function, including:
Evidence of moderate to severe calcification in grasping area

Evidence of severe bi-leaflet/multi scallop prolapse involvement

Presence of significant cleft or perforation in grasping area

Leaflet mobility length <8 mm

Presence of two or more independent significant jets

Mitral valve orifice area <4.0 cm?

Echocardiographic evidence of intracardiac mass, thrombus, or vegetation

Echocardiographic evidence of severe right ventricular dysfunction per core lab

Tricuspid valve anatomy precludes proper device deployment and function, including:
Evidence of severe calcification in the annulus or subvalvular apparatus

Evidence of moderate to severe calcification in grasping area

Excessive chordae structure in grasping area

Presence of perforation in grasping area

Severe leaflet tethering or immobile leaflet

Primary non-degenerative tricuspid disease (e.g. carcinoid, rheumatic, endocarditis, trau-

matic, pacemaker lead-induced, iatrogenic, tricuspid stenosis)

Previous tricuspid valve repair or replacement that would interfere with device placement

® Presence of trans-tricuspid pacemaker or defibrillator leads which would prevent proper

TR reduction due to interaction of the lead with the leaflets

MR, mitral regurgitation; TR tricuspid regurgitation.

Thus, all probe manipulations and four-probe levels are required for
imaging the TV (Figure 2 and 5).">"®

Similar to MV imaging, the ‘home view’ for the TV is the ME RV
inflow-outflow view (mechanical rotation of ~60°) (Figure 6). From
this view (either at the ME or DE level), the anterior leaflet is near the
aorta and the posterior leaflet near the posterior free wall with the
septal leaflet out-of-plane. Using this as the primary view, simultan-
eous biplane imaging can be used to image the entire coaptation line
with the septal leaflet: from the aortic side (anterior-septal commis-
sure) to the lateral side of the valve (posterior-septal commissure).
The ME RV inflow-outflow view can thus be considered the TV ‘com-
missural’ view. Colour Doppler from the TV commissural view
shows the long-axis of the typically elliptical or crescent-shaped jet
along the length of the septal leaflet (Figure 2), and a sweep of the
commissural line will thus identify the location of the regurgitation
orifice. Importantly, the DE view typically images the TV through only
right heart structures with no intervening left heart structures (i.e.
prosthetic mitral devices) and may circumvent the acoustic shadow-
ing from left heart structures.

The TG level of imaging is essential for TV interventions. Right flex-
ion with ante-flexion creates the TG RV inflow—outflow view and
simultaneous biplane imaging at the TV leaflet tips results in a short-
axis view of the TV. A single plane short-axis view can be obtained by
using only anteflexion, at a mechanical rotation of between 25° and

60°." From the short-axis view, the coaptation gaps at the tips of the
three leaflets, as well as the exact origin of the TR jet can be assessed.
This view may be particularly useful for aligning the clasp arms, par-
ticularly when 3D imaging is limited. Further insertion of the probe
towards the apex of the heart results in the DT views which aligns
the Doppler insonation angle for more accurate measurement of
transvalvular flow velocities (Figure 2).

Assessment of valve morphology
and function

Precise identification of atrioventricular valve morphology and func-
tion is required for pre-procedural planning in order to confirm: (i)
severity of regurgitation, (i) number and location of regurgitant jets,
and (i) suitability of anatomy for the PASCAL repair system.
Although suitability for TEER has been delineated,"” defining mor-
phologic suitability for the PASCAL repair system remains speculative
at this time although investigators have shown that poor TEER
patients may be candidates for this device.”

Mitral valve
Mitral valve morphology: both degenerative and functional MR may be
appropriate targets for the PASCAL therapy with anatomic
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Table 2 Procedural steps for implantation of the
PASCAL Repair System

Procedural steps

. Mitral valve implantation of the PASCAL Repair System
a. Transseptal puncture—mitral specific
b. Advancing the delivery system (2D and 3D guidance)
c. Catheter trajectory, implant position, and orientation above
leaflets

d. Clasp identification

®

Positioning and orientation below the leaflets
f. Clasping the leaflets:

i. Simultaneous

ii. Independent

ii. ~Single leaflet optimization (for optimal result)

g. Pre-release assessment
i. MR severity (closed implant)
ii. Confirm leaflet insertion with open implant

ii. Mitral valve orifice area and gradient

h. Elongation—when needed to reposition or to introduce a se-
cond device

i. Implant release

j.  Post-delivery assessment
i. MR severity

ii. Mitral valve orifice area and gradient

. Tricuspid valve implantation of the PASCAL Repair System

a. Positioning in the right atrium

b. Advancing the delivery system (2D and 3D guidance)

c. Catheter trajectory, implant position, and orientation above

leaflets

o

Clasp identification

e. Confirming position and orientation below the leaflets
f. Clasping the leaflets:

i. Simultaneous

ii. Independent

ii. ~Single leaflet optimization (for optimal result)

g. Pre-release assessment
i. TR severity (closed implant)
i. Confirm leaflet insertion with open implant

ii. Tricuspid valve orifice area and gradient

h. Elongation—when needed to reposition
i. Implant release
j.  Post-delivery assessment
i. TR severity (closed implant)
ii. Tricuspid valve orifice area and gradient

MR, mitral regurgitation; TR tricuspid regurgitation.

differences previously reviewed."”'® MV anatomy which may pre-
clude leaflet coaptation device implant or sufficient reduction in MR
are shown in Table 1. Specific patient characteristics should always be
considered when determining anatomic eligibility. For instance, a pa-
tient with a body surface area of 1.5m? could have significant reduc-
tion in MR without an increase in MV gradient with a baseline MV
area of <4.0 cm?.

Mitral valve function: a comprehensive assessment of MV function
both at baseline and following device placement includes:

(1) Assessment of MV orifice area and diastolic transmitral gradient:
peak and mean transmitral gradients should be recorded along with
heart rate."” In the PASCAL compassionate use report, a single de-
vice resulted in a mean MV area reduction of ~47% and mean gradi-
ent = 3.041.0 mmHg.> Because gradients are dependent on loading
conditions and chamber compliance, planimetry of the MV orifice at
baseline and post-device, should also be performed using 3D vol-
umes (Figure 7). Two devices resulted in a mean MV area reduction
of ~59% and mean gradient = 4.0£1.0 mmHg.

(2) Location and Severity MR: using the ME commissural view, simultan-
eous biplane imaging with a ‘sweep’ of the MV coaptation zone
(Figures 2 and 4) allows the imager to identify the location and ap-
proximate size of the regurgitant jet(s). Standard measures of MR
severity should be performed as per society guidelines.’*?'
However intra-procedurally, the most efficient method for assess-
ing MR severity both at baseline and following device placement is
planimetry of the 3D VCA (Figure 3D).** Finally, following transcath-
eter leaflet repair, 3D VCA has been shown to accurately assess
MR severity? and predict outcomes.”*

(3) Pulmonary venous inflow: systolic reversal of pulmonary vein inflow
is a specific sign for severe MR 2 Following leaflet repair, improve-
ment of forward systolic flow in the pulmonary veins has become
an important measure of device efficacy, and a predictor of
improved outcomes.?>*

(4) Other parameters: following device placement, recent American
Society of Echocardiography guidelines suggest other indicators of
improvement in MR severity including: appearance of spontaneous
contrast in the left atrium, an increase in forward stroke volume and
a reduction in ejection fraction.”’

Tricuspid valve
Tricuspid valve morphology: similar to MV morphology, TR can be div-
ided in primary and secondary disease. Primary TR is relatively rare
with one study showing cardiac implantable devices the most fre-
quent cause.”® Secondary TR is far more common and can be mor-
phologically characterized as atrial functional and ventricular
functional TR.2?

Tricuspid valve function: a comprehensive assessment of TV function
both at baseline and following device placement includes:

(1) Assessment of TV orifice area and diastolic transtricuspid gradient:
planimetry of the TV orifice should be performed using 3D multi-
planar reconstruction and peak and mean transtricuspid gradients
should be recorded along with heart rate.

(2) Location and severity of TR: using the 2D ME RV inflow-outflow
view and 3D biplane sweep of the TV coaptation zone, location and
approximate size of the regurgitant jet(s) can be determined.
Standard measures of of TR severity should be performed as per
society guidelines.**' However new methods of assessing severity
of TR as well as an extended severity grading scheme is current-
ly being used in early feasibility and pivotal trials of transcatheter TV



Intra-procedural imaging for PASCAL

e101

Mitral Valve Imaging Examples of Imaging Caveats of Imaging
Recommendations

Procedural Step for PASCAL Repair System: Transseptal puncture and introduction of catheters

Locate the position and
direction of transseptal
catheter puncture ~4.5 cm
above the annular plane in
the mid-to-posterior fossa
(adjacent to the mitral
commissural line) with a
posterior and superior

SAXview (~60°) | ACHNIEW(~0%)

Superior
Fossa

Height Above
Annulus

Posterior
Fossa

direction of the catheter

3 Imaging views are used to
confirm the position: bicaval
view (superior/inferior
position), SAX view
(anterior/posterior position)
and the 4Ch view (height
above the annular plane).

3D Full Volume
= (6-beat caj

Position the PASCAL
delivery system so that the
tip (double-echodensity, red
star) is across the interatrial
septum (IAS).

Procedural Step for PASCAL Repair System: Advancing the Delivery System

Follow the entrance of the
elongated implant (green
asterisk) into the left atrium,
ensuring that the implant is
clear of adjacent anatomy.
(Note: Guide catheter tip
noted by red arrow)

Image implant closure (blue
asterisk)

Te01 W03

Guide manipulation of the
steering mechanisms to
position the implant (blue
asterisk) above the desired
mitral valve scallops.
Confirm the appropriate
catheter trajectory, implant
position

«Realtime 3D MPR

w

Mal-positioned
transseptal puncture
results in difficulty
achieving the optimal
trajectory of the
implant

3D Imaging of the
interatrial septum
helps identify the
location of the medial
MV commissure and
transseptal pucture
site (red asterisk)

Maintaining the guide
across the interatrial
septum is
recommended but
not absolutely
required to steer the
implant in the left
atrium.

Avoid trauma to
adjacent structures
with guide or
elongated implant

3D imaging is optional

3D imaging is
essential and the
primary imaging
modality for guiding
implant the valve and
confirming
appropriate catheter
trajectory

Real-time 3D multi-
planar
reconstructions
allows for live
imaging of the 2
orthogonal long-axis
view,short-axis view
and 3D en face view

Figure 8 Procedural steps for PASCAL mitral device implantation. (A) The imaging requires for transseptal puncture, advancing the delivery system
(2D and 3D guidance) and implant orientation. (B) The next procedural steps of positioning and orientating the device below the leaflets, clasping the
leaflets and pre-delivery assessment. (C) The imaging necessary for post-implant assessment of mitral valve function as well as haemodynamic benefit,
and safe removal of the delivery catheter.
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Mitral Valve Imaging Examples of Imaging Caveats of Imaging
Recommendations

Procedural Step for PASCAL Repair System: Orient Implant and Identify Anterior and Posterior Clasp

Using color Doppler as a
guide, position the implant
over the desired location
relative to the regurgitant
orifice

Guide the
orientation/rotation of the
implant paddles orthogonal
to the commissure line at
the desired location of
implantation

Determine which slider
controls which clasp
Determine the correct
imaging plane enables
imaging of both clasps
simultaneously

LA
:

‘_;‘h : 1
iamml’ssural Viz?. ‘ LAX View "

66 bprm|

. Anterior Clasp ™" ™, Mid-esophgeal

: Long-axis View
A b
# %,r 9

Posterior Clasp

»,

If the regurgitant
orifice is not at the
A2-P2 coaptation,
ideal implant
orientation may not
necessarily be
perpendicular to the
line of coaptation

Inappropriate
orientation may
result in failure to
grasp adequate
anterior and posterior
tissue risking single
leaflet device
attachment

2D single plane,
biplane or 3D imaging
can be used
Simultaneous
fluoroscopic imaging
is essential

Procedural Step for PASCAL Repair System: Confirming position and orientation below the leaflets

Confirm location of the
implant relative to the
regurgitant lesion

Advance the delivery system
beneath the leaflets using
2D (single or biplane)
imaging.

Note that stored frictional
force in the catheters cause
the implant to rotate upon
advancement and
retraction of the device and
orientation confirmation
should always be
performed

3D en face View
(reduced gain)

Procedural Step for PASCAL Repair System: Clasping the leaflets

Figure 8 Continued.

Although 2D imaging
may be the first clue
to implant rotation
(both paddles no
longer imaged in a
single plane), 3D
imaging should be
used to confirm the
location and
orientation of the
implant

Reducing the gain of
the 3D image allows
clear visualization of
the implant beneath
the thin mitral valve
leaflets without
changing the level of
imaging
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Mitral Valve Imagi Examples of Imagi Caveats of Imaging
Recommendations
Single Plane Imaging i
(Frag‘e Rate 53 i
4 ’ :

¢

e Continuously image as the
implant is retracted

* Once leaflets are laying on
inner paddles the clasps are
dropped and imaging
verifies leaflet insertion:
visualization of clasp bounce
should be seen however
does not ensure adequate
leaflet length capture

e Simultaneous capture of
leaflets is most commonly
performed, however
independent grasping may
be performed

e After capture of both
leaflets, single leaflet
optimization may be
performed for optimal result

2D Biplane Imaging .
"% (Frame Rate 27 Hz)

ERRs

L' Simultaneous Leaflet Capture

Procedural Step for PASCAL Repair System: Pre-release assessment

¢ Confirm the following:
1) adequate tissue bridge
and leaflet insertion
between paddles and
spacer,
2) appropriate location of
the implant,
3) appropriate reduction in
MR

¢ Use of biplane imaging with
the commissural view as the
primary view, permits
imaging of long-axis views
on either side of the implant
to confirm capture of both
leaflets

¢ Following implant closure
and prior to release of the
implant assess:
1) Mitral valve orifice area
and gradients,
2) Residual regurgitant
severity
3) Hemodynamic benefit
(improvement in systolic
forward flow):
a. Pulmonary venous
inflow
b. LV outflow tract stroke
volume
c. New onset “smoke” in
the LAA

Figure 8 Continued.

3
= tateralside of || 5
Implant Implant

MV Orifice areas = 2.0 cm
and 1.1 cm? (total MVOA =
3.1 cm?)

_Pulmonary+Vein Sys‘tyalui‘g

® ]
Dg)i}qlt Flow

Residua],y Mitral
Regurgitation

edial Side of |

High frame rate (FR)
and line density (LD)
are required thus
performing this step
typically requires 2D
single plane (highest
FR,LD), or 2D biplane
(lower FR, LD)
imaging

Real-time 3D (with or
without multi-planar
imaging) results in the
lowest FR and LD
however can be used
if visualization of
leaflet motion is
adequate

On initial closure note
reduction in MR (may
see acute increase in
BP, reduction in LA
pressure)
Measurement of
leaflet lengths before
and after closure
ensures adequate
grasped leaflet length.
(NOTE: Independent
clasp opening can be
performed for these
measurements)

3D planimetry of both
the mitral valve area
and the color Doppler
vena contracta area
should be performed
using multi-planar
reconstruction (not
imaged here)
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Mitral Valve Imagi

Recommendations

* If the implant requires
repositioning in the atrium,
it is set in the elongated
position and slowly
retracted into the atrium

longated Position & Retract into Atrium

Procedural Step for PASCAL Repair System: Post-release assessment
*  Following release of the
implant verify the same
parameters as noted above:
1) Mitral valve orifice area
and gradients,
2) Residual regurgitant

i 3D vena contracta Area:
I 12 mm?+3 mm? = 15 mm?

severity y j‘ Mild Mitral Regurgitation
3) Hemodynamic benefit e — =
(improvement in systolic
forward flow):
a. Pulmonary venous
inflow
b. LV outflow tract stroke
volume
c. New onset “smoke” in
the LAA
. Determine whether second RUPV: Systolic : LUPV: Systolic
implant is required Dominantinflow Dgl?ﬂtnt Inflow

7Mean gradient
1
4 mMHgy -

Examples of Imag| Caveats of Imaging

In the elongated
position,
entanglement in
chordae is minimized

Standard quantitative
methods (i.e. PISA,
quantitative Doppler)
cannot be performed
accurately following
PASCAL

Quantitation of MR
relies on 3D color
Doppler planimetry of
the vena contracta
area

Desirable mean
transmitral gradient is
<5 mmHg

Desirable valve area
is >2.0 cm?

Procedural Step for PASCAL Repair System: Image the delivery catheter to assure safe withdrawal

* Image the removal of the
delivery catheter

*  Document the resulting
interatrial atrial defect

* Document the absence of a
pericardial effusion

4Ch View

Closing the iatrogenic
atrial septal defect
can be considered
depending on the
presence of a
significant shunt
(either left-to-right or
right-to-left).

Abbreviations: 2D = two-dimensional, 3D = three-dimensional, A = anterior mitral valve leaflet, Ao = aorta, IAS = interatrial
septum, IVC = interior vena cava, LA = left atrium, LUPV = left upper pulmonary vein, LV = left ventricle, MR = mitral
regurgitation, MVOA = mitral valve orifice area, P = posterior mitral valve leaflet, RA = right atrium, RUPV = right upper

pulmonary vein, RV = right ventricle, SVC = superior vena cava

Figure 8 Continued.
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Procedural Step for PASCAL Repair System: Pre-Procedural Assessment

Interventionalist and Imager
should agree on the orientation
and nomenclature to be used
throughout the procedure.

2 standard orientations are
acceptable: the surgeon’s view
with the anterior leaflet on top,
or the interventionalist’s view
with the anterior leaflet on the
bottom of the 3D image. The
latter orientation is the same as
a 2D transgastric view and thus
may be preferred.

Procedural Step for PASCAL Repair System: Advancing the Delivery System

Position the PASCAL™ delivery
system so that the tip (double-
echodensity, red star) is 1-2 cm
into the RA from the IVC/RA
junction

Follow the entrance of the
elongated implant (blue star)
into the right atrium, ensuring
that the implant is clear of
adjacent anatomy.

Image implant closure (blue
asterisk)

Guide manipulation of the
steering mechanisms to position
the implant (blue asterisk)
above the desired tricuspid
valve leaflets.

Confirm the appropriate
catheter trajectory, implant
position

0 85w

Bicaval View

AP

Live 3D Bicaval View

Commissural !‘ew 2D Biplane

TV Commissural View * Orthogonal 4Ch View

60 b

Live 3D Multiplanar View"* "

Directional indicators
show the septal-
lateral plane (blue
arrow) and the
anterior-posterior
plane (green arrow).
Note: the tricuspid
valve frequently is
composed of either
only 2 leaflets, or >3
leaflets. Deep folds
in the leaflets may
also result in the
appearance of
additional leaflets

3D narrow sector
from the bicaval
view allows imaging
of the tricuspid TV in
the elevational plane

Avoid trauma to
adjacent structures
with guide or
elongated implant
3D imaging is
optional

3D imaging is
essential and the
primary imaging
modality for guiding
the implant to the
valve and confirming
appropriate catheter
trajectory

Real-time 3D multi-
planar
reconstructions
allows for live
imaging of the 2
orthogonal long-axis
views, short-axis
view and 3D en face
view

Figure 9 Procedural steps for PASCAL tricuspid device implantation. (A) The imaging requires for pre-device assessment, advancing the delivery
system (2D and 3D guidance) and positioning and orientating the device below the leaflets. (B) The next steps of clasping the leaflets and pre-delivery
assessment. (C) The imaging necessary for post-implant assessment of tricuspid valve function as well as haemodynamic benefit.
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Procedural Step for PASCAL Repair System: Orient Implant and Identify Anterior and Posterior Clasp
e Using color Doppler as a guide,
position the implant over the jets occur along the
desired location relative to the [ : septal leaflet
regurgitant orifice " %y 5 K" & coaptation line
? !‘5{ RA

*  Most TR regurgitant

Commissural Virw 2D Biplane 3 3;—€o|or Doppler

TV Commissural View * Orthogonal 4Ch View!

3 Ao

"% 3D VCA =75 mm?

Guide the orientation/rotation
of the implant arms to along the
commissure line at the desired
location of implantation

3D multiplanar or en
face views are
essential.

2D transgastric
short-axis view
should be used to
confirm

3
. g A
4

;Transgastric SHOp-AxisView

Determine which slider controls
the individual clasps

Determine the correct imaging
plane which enables imaging of

Mid-esophageal
Inflow-Outflow View

2D single plane,
biplane or 3D
imaging can be used.
In this example the

both clasps simultaneously yellow arrow
indicates the septal
clasp and the blue
arrow indicates the

lateral clasp

* Image the delivery system ME Corf'!n]jssmal »  Transgastric short-
advance beneath the leaflets Biplane View axis views should be
using 2D (single or biplane) ; used to confirm
imaging. orientation

*  Confirm location and
orientation of the implant using
2D imaging from multiple
imaging levels

e 2D transgastric
views can be used
to visualize leaflets
(or leaflet tips)
between the
paddles and the
spacer however this
view will not
typically allow a
measurement of the
leaflet length within
the paddles or
clasps.

Figure 9 Continued.
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Confirm location and
orientation of the implant using
3D imaging from multiple
imaging levels

Continuously image both
paddles and leaflets as the
implant is retracted

Once leaflets are laying on Inner

paddles the clasps are dropped
and imaging verifies leaflet
insertion: clasp “bounce” may
not be seen in the setting of
lower systolic force

Simultaneous capture of leaflets

or independent grasping can be
performed.

After capture of both leaflets,
single leaflet optimization may
be performed for optimal result

3D en face View

wa """ LivedD Multiplanar TG Vié "
._ LAX

Procedural Step for PASCAL Repair System: Pre-release assessment

Figure 9 Continued.

* Ifanadequate 3D en
face rendering is
obtained, reducing
the gain of the 3D
image allows clear
visualization of the
implant beneath the
tricuspid valve
leaflets

e Although 2D single
plane (highest FR,LD),
or 2D biplane (lower
FR, LD) imaging are
preferred, mid-
esophageal 2D
imaging of the
anterior clasp is
frequently shadowed
by the spacer (blue
box, blue arrow)

* 3D live multiplanar
transgastric views can
be used to visualize
both leaflets in the
paddles (blue box).

* NOTE: transgastric
biplane imaging (LAX
view) is not typically
able to image leaflet
insertion
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Confirm the following:

1) adequate tissue bridge and
leaflet insertion between
paddles and spacer,

2) appropriate location of the
implant,

3) appropriate reduction in TR
Use of biplane imaging with the
commissural view as the
primary view, permits imaging
of long-axis views on either side
of the implant to confirm
capture of both leaflets

Always confirm leaflet grasp in
the transgastric views

Live 3D R ME View Live 3D TG View

Measurement of
leaflet lengths before
and after closure
ensures adequate
grasped leaflet
length. (NOTE:
Independent clasp
opening can be
performed for these
measurements)
Reduction in TR on
initial closure

2D transgastric views
with open paddles
are essential for
imaging leaflets on
the paddles: with the
clasps down the
leaflet tips should
reach to the center of
the device (or at least
>50% of respective
paddle length) in
both systole and
diastole.

3D real-time
multiplanar imaging
can also be used to
confirm leaflet
insertion between
the paddles and

spacer
« Following implant closure and TV areas = 2.5 cm?+ 2.3 cm? Transtricuspid Systolic and * 3D planimetry of
prior to release of the implant , (plToASS Semi] = 5 DiagtolicFlow both the tricuspid

assess:
1) Tricuspid valve orifice area
and gradients,

2) Residual regurgitant severity
3) Hemodynamic benefit
(hepatic venous inflow)

valve area and the
color Doppler vena
contracta area should
be performed using
multi-planar
reconstruction (not

Residual icuspid

« If the implant requires Regurgitation - imaged here)
repgsmomng in the atrufn'w, itis *‘ . N eseteyelicio e In thg elongated
set in the elongated position and _—_ = position,
slowly retracted into the atrium i g = S entanglement in

: chordae is
minimized

Figure 9 Continued.



Intra-procedural imaging for PASCAL

e109

Procedural Step for PASCAL Repair System: Post-release assessment

« Following release of the implant,
verify the same parameters as
noted above:

1) Tricuspid valve orifice area
and gradients,

2) Residual TR by multiple
methods: color jet area and
vena contracta, 3D vena
contracta area

) . . Peak TV Gradient = 1 mmHg
3)Hemodynamic benefit: hepatic Mean TV Gradients= 0.5 mmHg

venous inflow, forward stroke
volume

o Determine need for a second
implant

e Standard
quantitative
methods (i.e. PISA,

PASCAL

] quantitative
i 7 I Doppler) cannot be
- . performed
accurately following
PASCAL
'OT Stroke Volume = 57 cc/beat : Quantitation of TV

(1 from baseline 35 cc/beat) area and TR severity
% relies on 3D color
Doppler planimetry
of the vena
contracta area on
multiplanar
reconstruction

Abbreviations: 2D = two-dimensional, 3D = three-dimensional, A = anterior tricuspid valve leaflet, Ao = aorta, IAS = interatrial

septum, IVC = interior vena cava, LA = left atrium, LV = left ventricle, P =

posterior tricuspid valve leaflet, RA = right atrium, RV = right

ventricle, S = septal tricuspid valve leaflet, SVC = superior vena cava, TR = tricuspid regurgitation, TV = tricuspid valve, TVOA =

tricuspid valve orifice area,

Figure 9 Continued.

devices. Recent studies have correlated the extended grading

scheme with outcomes.3™*?

(3) Hepatic venous inflow: systolic reversal of hepatic vein inflow is

thought to be a specific sign for severe TR2° Following the leaflet

repair, improvement of forward systolic flow has been seen.?’”

Intra-procedural guidance

Intra-procedural guidance of leaflet coaptation devices rely heavily on
maximizing the strengths of both 2D and 3D imaging.** Because of
these unique structural and mechanistic features of the PASCAL and
ACE devices, imaging can differ from the TEER device. General pro-
cedural considerations include: imaging the number and location of
chordae which may determine whether to use the PASCAL or the
ACE device, and the frequent use of multiple imaging planes to cir-
cumvent the acoustic shadowing created by the spacer.

Differences between the imaging steps for the TEER and PASCAL
system include the safe introduction of the elongated device followed
by implant closure and shortening prior to redirecting to the atrio-
ventricular annular plane. Manoeuvring the shortened device reduces
the risk of injury (i.e. the lateral left atrial wall for the mitral and intera-
trial septum for the tricuspid device). In order to utilize independent
leaflet grasping, the individual clasps must be identified. Finally, reposi-
tioning by retraction of the elongated device infrequently causes in-
jury to the subvalvular or valvular structures, but nonetheless must
be carefully monitored during repositioning of the device.

The procedural steps outlined in Table 2, are shown with the es-
sential TEE imaging views for the mitral device (Figure 8A—C) and tri-
cuspid device (Figure 9A-C).

Discussion

The PASCAL repair system to treat MR and TR is currently in pivotal
trials with pre-procedural TEE required for inclusion, and intra-

procedural imaging essential for technical success. The inherent
advantages of 2D (greater resolution) and 3D (improved anatomic
visualization) should always be considered during each procedural
step. The imaging levels and views for the MV have been standardized
for commercially available TEER however imaging of the TV remains
a challenge given the relationship between the TV and oesophagus
previously discussed. Implantation of the TV device typically requires
greater probe manipulations and use of multiple imaging planes (ME,
DE, TG, and DT) as well as multiple imaging modalities (2D and 3D)
to optimize visualization of leaflets within the clasps and confirm ad-
equate leaflet grasp. Extensive probe manipulation as well as longer
procedures, increase the risk of complications from TEE imaging.>*
Additional imaging modalities such as transthoracic and intracar-
diac echocardiography (2D and 3D) have been successfully used
during these procedures when TEE imaging is limited.”*> As 3D
intracardiac phased array probes become commercially available
this imaging modality has the potential to supercede TEE imaging
forthe TV.

Conclusions

The novel PASCAL transcatheter valve repair system (Edwards
Lifesciences, Irvine, CA, USA), has received CE mark for treatment of
both MR and TR of either primary or secondary aetiology. Both devi-
ces are currently in pivotal trials. Because this device relies heavily on
TEE imaging the current imaging review may be useful in patient se-
lection and technical success of the procedure.

Conflict of interest: RT.H. is a speaker and consultant for
Edwards Lifesciences and is the Chief Scientific Officer for the
Echocardiography Core Laboratory at the Cardiovascular Research
Foundation for multiple industry-sponsored trials, for which she
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receives no direct industry compensation. S.K.K. reports no relation-
ships relevant to the contents of this article to disclose.
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