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This article is distributed under the terms of the Creative Commons . Mltr.a ! regl}rgltatlon (MR) is the m.OSt prevalent form of valve
Attribution-NonCommercial International License (CC BY-NC 4.0) disease in subjects >75 years of age in the We§tern World [1.2]
which permits any noncommercial use, distribution, and reproduction in and the second-most frequent valvular heart disease in Europe
any medium, provided the original author(s) and source are credited. and it is associated with high morbidity and mortality [1-3].
Mitral regurgitation represents an important health care burden
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and its treatment is still a challenge in clinical arena [3,4]. Mitral
valve (MV) surgery plays a primary role on indications for inter-
vention, however, transcatheter procedures have emerged as an
alternative option to treat inoperable and high-risk surgical patients
and have been impressively expanding [3,4-15].

This growth has been possible thanks to the developments and
rapid progress of new percutaneous devices but also due to the
innovations in imaging techniques [4-15,16-24]. These develop-
ments have prompted the need for a new dedicated professional
figure with specific competencies in the field of structural heart
disease procedures imaging ‘the interventional imager’ whose col-
laboration with the implanter team is crucial for the procedural
success [22,25,26].

Nowadays interventional imaging is an emerging field of
expertise whose development has been mandated by rapid
advances in percutaneous technologies in the treatment of structur-
al heart pathologies.

The transcatheter edge-to-edge mitral leaflet repair transcatheter
edge to edge repair (TEER) is the most frequently applied interven-
tional procedure in MV therapeutic strategy, however, some anatom-
ic substrates are not suitable (e.g., cleft or perforation, previous
mitral valve repair, mitral annulus calcification, leaflet thickening
and calcification in particular in the grasping areas, short posterior
mitral leaflet with limited motion, rheumatic heart disease) as well
as the repair is not always able to both fully correct the severity of
the regurgitation and prevent MR progression overtime [3,5-15].
Transcatheter native mitral valve replacement (TMVR) is a novel
procedure that has the potential to overcome some of the current lim-
itations associated with the transcatheter edge-to-edge mitral valve
repair technique [4-15]. Imaging is paramount in planning and guide
the MV interventional procedure. While the angiography and the
fluoroscopy are performed by the implanter team, other multimodal-
ity imaging, semi and non-invasive, the so called ‘interventional
imaging’, is performed by the structural heart disease interventional
imagers [16-22,25,26]. A peculiar imaging work-up is essential to
select the right patient [16-22,25,26].

In this setting, computed tomography (CT), two- (2D) and
three-dimensional (3D) transesophageal echocardiography (TEE)
have a key role in multimodality imaging and in the interaction
between the implanting and imaging teams [17-20]. As its use is
expanding into the clinical arena, a detailed description of the use
of different imaging modalities is necessary for the interventional
imager and is also advised for the interventional implanter team.

Nowadays there is a wide range of TMVR devices at various
stages of development [5-15,27-29]. We will focus our review on
the Tendyne valve, the most employed TMVR device for native
anatomy that is a Conformité Européenne (CE) mark [27,28]
approved transcatheter mitral valve device designed to be implant-
ed using a transapical approach. It is repositionable and retrievable
and available in a large number of sizes [6-15,27-29]. Initially fea-
sible for MR in ongoing investigations is showing promising
results also in the setting of mitral annular calcification and mixed
disease [5-15,27-30]. The results for the 100 first patients included
in the early feasibility study and at 2 years have showed optimal
results on MR reduction [27,28]. In the Expanded Clinical Study
of the Tendyne Mitral Valve System (NCT02321514) the impact of
TMVR on severity of MR, reduction in Heart failure hospitaliza-
tion rate and improvement in symptoms was sustained through 2
years [28]. The SUMMIT trial, The Tendyne Mitral Annular
Calcification Study and the Resolve - MR trial (Clinical Trials.gov
Identifier: NCT04818502) are currently underway and will pro-
vide further insights regarding safety and efficacy of novel tran-
scatheter MV replacement systems [5-15,28,29].
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The aim of our review paper is to provide a focused update, as
it pertains to the interventional echocardiographer, of the key steps
of the procedural imaging pathway in TMVR with the Tendyne
mitral valve system (Abbott, Menlo Park, CA, USA) emphasizing
potential caveats and areas of difficulty.

TMVR with Tendyne

The Tendyne system consists of two self-expanding nitinol
frames and a trileaflet porcine pericardial valve. The prosthesis is
inserted using a transapical approach via a left minithoracotomy
and is secured in a stable position after deployment by means of
a braided, high-molecular-weight polyethylene tether, which is
attached to an apical epicardial pad. Imaging work up comprises:
baseline evaluation of MR, preprocedural screening and proce-
dure planning, intraprocedural guidance and monitoring and
assessing and following over time the results of the procedure
(Figure 1) [5-9,17-19].

Baseline evaluation of MR, preprocedural
screening and procedure planning

The current European Valvular Heart Disease Management
guidelines [3] give Class IIB recommendations for transcatheter
mitral valve repair in symptomatic patients with severe primary
MR despite optimal medical therapy, reasonable life expectancy
but prohibitive surgical risk and Class IIA recommendations for
symptomatic patients with severe secondary MR fulfilling the
anatomical inclusion criteria who are not eligible for surgery. In
high-risk symptomatic patients without concomitant coronary
artery or other cardiac disease requiring treatment ,not eligible for
surgery and not fulfilling the criteria suggesting an increased
chance of responding to TEER, the Heart Team may consider in
selected cases a TEER procedure or other transcatheter valve ther-
apy if applicable, after careful evaluation for ventricular assist
device or heart transplant

Currently, the use of the Tendyne Mitral Valve System is
indicated for treatment of the native mitral valve without prior
mitral valve intervention in patients with moderate-to-severe or
severe mitral valve regurgitation (MR grade >3+), left ventricu-
lar ejection fraction (LVEF) >30%, left ventricular end-diastolic
dimension (LVEDD) <7.0 ¢cm, who do not have severe mitral
annular calcification and are deemed not suitable for surgical
repair or replacement by a multi-disciplinary heart team who
have: primary MR and are at prohibitive surgical risk, deemed
not suitable for transcatheter repair by a multidisciplinary heart
team and have left ventricular end-systolic dimension (LVESD)
>3.0 cm, or secondary MR and are symptomatic despite maxi-
mally tolerated guideline directed medical therapy (including
cardiac resynchronization therapy, if indicated); also mixed
mitral stenosis and regurgitation is considered acceptable as
indication [5-15].

In fact, given the heterogeneity and complexity of mitral
valve pathological lesions, some patients do not meet the eligibil-
ity criteria for TEER in order to predict an effective repair
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(rheumatic etiology, endocarditis-related valve disease, prior MV
surgery, cleft or perforated mitral leaflets, posterior leaflet length
<7 mm, presence of severe calcifications in the grasping area,
trans valvular mitral pressure gradient >4 mmHg or MV area
<3.5 cm?) [5-21]. In these anatomical scenarios the TMVR is less
invasive than mitral valve surgery and it has the potential to over-
come some of the anatomical limitations of TEER [5-15].
Multimodality imaging work-up is essential to select the right
patient and TEE and fluoroscopy imaging are keys for guiding
the procedure (Figure 1).

Baseline imaging screening in TMVR is the recommended
imaging pathway of MR assessment [4,30] and it has to carefully
evaluate the etiology, mechanisms and severity of MR as well as
the association of any degree of mitral stenosis or any other
valvular abnormality and annular calcification and its extension.
Peculiar pre-procedure cardiac multimodality imaging for
TMVR is able to determine patient eligibility according to the
anatomic characteristics and measurements, to provide informa-
tion for appropriate valve sizing and to detect features that can
predispose to potential hazard or complications and contraindica-
tions [5-22].

In the preprocedural assessment, cardiac CT plays a major role
allowing to size the left ventricle and the MV annulus, to detect
and score the MV apparatus calcification and to simulate the pros-
thesis implantation and neo-left ventricular outflow tract obstruc-
tion (LVOT) dimensions, hence predicting the risk of LVOT
obstruction [31-38]. Echocardiography is useful in in diagnosing
contraindications (left atrial appendage or left ventricular clot,
endocarditis, large or small annulus size, thin or fragile apex, not
suitable for apical puncture) and in the assessment of the anatomi-
cal features that can help in predicting potential procedural compli-
cations [16-21].

Among the possible complications, the post implantation
LVOT obstruction is one of the most important. In fact, implanta-
tion of a device can result in LVOT obstruction as the Tendyne
valve frame may project into the left ventricular cavity and the
LVOT. Considering that in the neo LVOT, the new device and the
anterior mitral leaflet and the LVOT are actors interplaying in a
new dynamic structure, factors that predispose to LVOT obstruc-
tion include all the above structures. A long anterior leaflet, a
hypertrophied interventricular septum, a small left ventricle (LV)
size and an aorto-mitral angulation of <110° can predict potential
risks. In addition, we have to consider that LV obstruction can
either be fixed or dynamic. Fixed LVOT obstruction occurs when
the prosthetic mitral valve pushes the anterior mitral leaflet toward
the interventricular septum, thus determining a narrower neo-
LVOT. Dynamic LVOT obstruction determine the dynamic sys-
tolic anterior movement, the anterior mitral leaflet toward the
interventricular septum caused by Bernoulli forces generated in the
neo-LVOT [16-21,31-40].

Echocardiographic imaging

In addition to the baseline recommended MR assessment
[4,30], additional peculiar imaging features are required in the pre-
procedural screening and planning for TMVR in order to assess the
anatomic suitability and the potential procedural risks (Figure 1)
[16-21]. These additional echocardiographic features can be
schematized as follow:
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Left ventricle

LV 2D image quality assessment: a good quality of the acoustic
window and in particular of the long axis and commissural TEE
view, key for the intraprocedural guidance, is fundamental; LV siz-
ing: LV has to be measured by TEE in the 3-chamber view or the
short axis view along the septal-lateral direction; it has been
reported that left ventricular end diastolic diameter (LVEDD) <3.5
cm or LV end systolic volume (ESV) <12 ml/m? /BSA and there-
fore a small chamber sizes may raise potential procedural problem
dealing with positioning and stability of the bioprosthetic valve;
LV diastolic dimension more than 7 cm also is a contraindication.

LV morpho-geometry: with assessment of papillary muscle and
chordae tendinae disposition; the location of the papillary muscles
has to be imaged in order to avoid their potential damaging in the
access and their interference with the procedure; apical location of
the papillary muscle may interfere with the transapical access and
the detection of an anterior displacement of the papillary muscle
with consequent abnormal course of the chordae and/or aberrant
chordae tendinae can make it more difficult to obtain the correct
catheter trajectory and may increase the risk of LVOT obstruction.

LV thickness: an upper basal subaortic septal wall thickness >2
cm may increase the risk of LVOT obstruction; also septal thick-
ness >1.5 cm can increase the risk of LVOT obstruction in pres-
ence of long anterior mitral leaflet (AML) and if the calculation of
basal septal thickness x anterior M leaflet length is > 400 mm?2.

LVOT area: an LVOT area <1.8 cm increases the risk of LVOT
obstruction in particular when associated with increased basal
subaortic septal thickness and a long anterior mitral leaflet; -MV
annulus to apex distance (diastole); when the distance is less than
100 mm is suggestive of potential procedural hazards; the assess-
ment of the LVOT area and the MV annulus to apex distance are
better assessed by CT scan.

Distance between the AML and IV septum in diastole less than
8 mm has also to be take in account as indicator of possible LVOT
obstruction.

Left atrium

Left atrial (LA) dimensions: LA size <22 ml/m? is an indicator
of potential procedural problems and suboptimal outcome.

Mitral valve apparatus

Annulus sizing: the septal-lateral, inter-commissural, inter trig-
onal dimensions and entire and posterior perimeter of the mitral
annulus are important in order to decide the size of the valve to be
implanted; TEE 3D enface view of the mitral valve (surgeon’s
view) is providing a reliable assessment also comparable to the CT
annulus sizing. Using standard annular segmentation method
acceptable ranges of size are considered the following: septal-lat-
eral (SL) dimension: 25 to 42 mm, inter-commissural (IC) dimen-
sion: 35 to 48 mm, entire perimeter: 100 to 145 mm.

Anterior mitral leaflet: it has been reported that excessive
length of AML may determine the potential hazard for LVOT
obstruction. TEE long axis is the view of choice in assessing the
AML length. A length >2.5 cm increases the potential risk of

LVOT obstruction.
OPEN 8 ACCESS
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Calcium in the annulus and leaflets: the calcium in the annulus
and leaflets is evaluated for potential hazards. Excessive calcium
in the leaflets may be prohibitive without adjunct procedures such
as balloon valvuloplasty to permit an optimal placement of the
prosthesis. Calcium is better assessed by CT scan that also allows
its scoring [23,29].

Aorto-mitral angle: a narrow angle <110° between LVOT/Aortic
annulus and mitral annular planes predisposes to LVOT obstruction.

Cardiac computed tomographic imaging

Contrast-enhanced thin-sliced electrocardiography-gated car-
diac CT (CCT) with three-dimensional reconstruction is consid-
ered to be fundamental for TMVR planning [5-10,23].

CT provides, with high spatial resolution, accurate LV and
mitral annular sizing and LV geometrical assessment [5-10,16,23].

CT 3D sizing and procedural simulation is also performed in
order to plan the optimal apical access site (Figure 2 A,B), the tra-
jectory of the catheter/sheath, the positioning of the prosthesis for
a correct deployment and the neo LVOT to prevent its obstruction
and to predict the risk of potential procedural complications and
their likelihood of success.

CT reconstruction provides key information for:

e Chest and LV apical access

* Calcium in annulus

* LV, LA and MV annulus dimension for procedure feasibility
and appropriate valve sizing

» simulation of prosthesis implantation and neo LVOT

»  Thickness of myocardium and papillary muscle anatomy

e MV annulus to apex distance

» Implantation angles for best co-axiality

» anterior mitral leaflet length

* aorto-mitral angle

» septal bulge thickness

Intra-procedural guidance

After clinical decision making and preprocedural screening
and planning, fluoroscopy and 2D and 3D TEE are key in the guid-
ance of TMVR during the procedure [16-21].

The key step by step echocardiographic guidance for TMVR
with the Tendyne system is illustrated in Figure 1 and Table 1 and
is detailed described below.

2D/3D TTE, TEE, CT, MRI

c
o ‘m
—
E —.-'35 Grading Mechanisms Associated Ventricular Hemodynamic
@ > severity VHD anatomical and assessment,
functional pulmonary
assessment pressure
T 2D/3D TTE, TEE, CT
3 ® w
s 2¢
g_ SRR Anatomical Simulation Measurements Contraindication
T echocardiographic features  of prosthesis for valve 3
& a predicting potential implantation prosthesis sizing

procedural hazards
FLUOROSCOPY, 2D/3D TEE

Apical access Wire and sheath Prosthesis Intra-operative
assessment monitoring and orientation and assessment of
positioning deployment implantation

2D/3D TTE, TEE, CT,

Device assessment Hemodynamic Chamber size and
assessment function, pericardium
assessment

TMVR= transcatheter mitral valve replacement, 2D= two dimensional, 3D= three dimensional, TTE= transthoracic
echocardiography, TEE=transesophageal echocardiography, CT= computed tomography, MRI= magnetic resonance
imaging, VHD= valvular heart diseases.

Figure 1. Algorithm for multimodality imaging of TMVR for the interventional imager.
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Apical access assessment

The site for optimal LV apical access that bisects the MV in
both the commissural and septal lateral planes as planned by pre-
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with cystic appearance directed into the LV cavity (Figure 2 C,D).
Echocardiographic imaging also allows to assess if the finger poke
is matching the access point planned at preprocedural CT. It is
important to use 2D TEE X-plane imaging on simultaneous bi-
commissural and LVOT views in order to perform a CT matching

procedural CT (Figure 2 A,B) is assessed during the procedure
using 2D TEE. Echocardiography allows imaging of the finger

imaging (Figure 2).

poke while pushing the apex. This is visualized as an outpouching

Table 1. Echocardiographic imaging in transcatheter native mitral valve replacement with Tendyne system: intraprocedural guidance
pathway.

- Image finger poke
- Access point planned in preprocedural CT matching

- Monitoring and matching with planned trajectory
- Detect entanglement in MV apparatus
- Correct positioning of the wire and the delivery sheath through the mitral valve into the LA at A2/P2 in the mitral orifice

- Positioning of the delivery system at the correct depth into the LA at A2/P2 in the mitral orifice

- Radial orientation (clocking): image when the valve is partially deployed, the outer anterior stent long cuff oriented on anterior MV annulus
and the short three cuffs on the other sides

- LVOT obstruction

- Prosthesis correct clocking- Hemodynamic assessment - Perivalvular leakage- LVOT obstruction

CT, computed tomography; MV, mitral valve; LVOT, left ventricular outlet tract; LA, left atrium; A2, medium A2 segment of anterior mitral leaflet; P2, medium scallop (P2) of posterior mitral leaflet.

=)
=
[=3
&
wv
| —
=
o
A
(]
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Figure 2. Imaging in TMVR with Tendyne system. A,D) CT 3D X-plane optimal puncture site simulation in procedure plan; red dot,
apex; green dot, optimal planned puncture site. A) CT long axis view. D) CT 2 chambers view; red arrow, apical finger poking. B,C)
TEE 2D simultaneous 3 chambers, long axis view and 2 chambers commissural view; identification of the of the apical dimpling and
finger poke outpouching in the LV (green arrow) matching with X-plane simulation in procedure plan; green dot, optimal planned
puncture site. Post, posterior; Med, medial; LV, left ventricle; LA, left atrium.
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Support for catheter/sheath localization, trajectory
and positioning

Echocardiography can assess the appropriate advancement of
the balloon-tip catheter from the LV into the LA ensuring that the
catheter and the guidewire are matching the planned trajectory in
preprocedural CT and are not entangled in the mitral subvalvular
apparatus (Figure 3). To this aim, the catheter is moved in and out
through the mitral valve apparatus (‘flossing’). The wire/sheath
monitoring is usually performed using 2D TEE, even though 3D
imaging is useful to visualize the catheter position allowing its
exact position inside the LV cavity. Enface 3D TEE surgical view
is allowing the assessment of the correct positioning of the wire
and the delivery sheath through the mitral valve into the LA at
A2/P2 in the mitral orifice.

Guidance for valve positioning, orientation and
clocking

The delivery sheath is inserted into the LV over the guidewire.
An enface 3D TEE surgical view is used to position the delivery
system at the correct depth into the LA at A2/P2 in the mitral ori-
fice (Figure 4). The valve prosthesis is delivered through the
sheath and partially deployed in the LA until the outer valve
expands up to approximately three fourth of its final size in order
to allow its orientation. The D-shaped outer stent or atrial cuff of
the Tendyne prosthesis is extruded and then rotated to fit the
anatomic shape of the native MV annulus (Figures 4 and 5). The

32Hz L o
16em 32Hz
16cm
xPlane
xPlane

radial orientation, ‘valve clocking’, is paramount for guidance. The
outer frame of the bioprosthesis, designed to fit the mitral annulus,
has to be aligned with the straight edge of the mitral annulus, ori-
ented anteriorly against the aorto-mitral continuity. The anterior
straight cuff/edge is the highest in comparison with the other edges
and this feature allows the echocardiographers to detect it; the long
cuff has to be placed on the straight anterior part of the annulus
with the short cuffs on the other areas. 2D TEE X-plane imaging
with simultaneous bicommissural and LVOT views is able to iden-
tify the higher anterior edge that, for an appropriately clocked
valve, has only be visualized on the long-axis view of the aorta
(Figure 5 A,B). If the long cuff is visualized in the commissural
view on the medial or on the lateral position, the valve is not
appropriately oriented but is medially or laterally clocked (Figure
5 C,D). Hence this imaging feature makes the interventional imag-
er able to guide the implanter to rotate the bioprosthesis in the cor-
rect position. Although 2D TEE allows visualization of valve
clocking on X-plane (Figure 6 A,B), in this phase 3D TEE assess-
ment is crucial. In fact, 3D TEE surgeon’s view of the MV con-
firms the bioprosthesis orientation and clocking and provides, by
anatomical imaging, guidance for the implanter (Figure 6 C,D).
After appropriate clocking, the valve prosthesis is withdrawn
toward the LV and deployed intra-annularly (Figure 6 C,D).
During implant, it is important to assess the position of the device
in the LV to avoid LVOT obstruction. Even though a prediction of
the impact of the size of the prosthesis into the LV is planned by
preprocedural CT, a dynamic intraprocedural assessment is manda-
tory being the possible obstruction either fixed or dynamic. 2D
TEE with pulsed wave (PW), continuous wave (CW) and color
Doppler is the modality of choice in order to detect LVOT obstruc-
tion. Both 2D transesophageal and transgastric views are mandato-
ry in order to detect any obstruction.

Figure 3. Wire imaging. A,B) 2D TEE X plane. A) correct wire trajectory and positioning in LV-LA; B) wrong wire trajectory directed
posteriorly; the wire is directed posterior on the long axis view (yellow arrow). C) enface 3D TEE surgical view of the MV; D) simulta-
neous 3D view from the left atrium and the left ventricle of the MV orifice; correct trajectory and positioning of the wire into the LA at

A2/P2 in the mitral orifice (red arrow).
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Figure 4. Delivery sheath imaging. A) 2D TEE X plane; delivery sheath correctly positioned into LA at A2/P2 in the mitral orifice. B)
3D TEE live 3D: delivery sheath correctly positioned into LA at A2/P2 in the mitral orifice. C) An enface 3D TEE surgical view of the
MYV with zoom acquisition from above: the delivery system into the LA at A2/P2 in the mitral orifice. D) An enface 3D TEE surgical
view with zoom acquisition from above: the delivery system into the LA at A2/P2 in the mitral orifice with the bioprosthesis inside its
opening (red arrow). AO, aorta.

Bicommissural view Long axis view 5
. v
medial - lateral poster

medial " o poster
4

Bicommissural view

Long axis view

Figure 5. Imaging in TMVR with Tendyne system. A,B) The valve prosthesis, delivered through the sheath, partially deployed in the left
atrium, until the outer valve expands up to approximately three fourth of its final size in order to allow its radial orientation; 2D TEE
X plane, on simultaneous bicommissural and LVOT; partial extrusion of the Tendyne bioprosthesis for rotational orientation (yellow
arrows) in the LA; correct clocking: long cuff oriented anteriorly on the aorta in the long axis plane (red brace B) the short cuffs on the
other sides (green brace). C,D) TEE X plane, on simultaneous bicommissural and LVOT views; initial Tendyne device deployment and
orientation: laterally clocked valve, long cuff is visualized anteriorly in the long axis (D) and laterally close to LAA in the bicommissural
view (C). E) 3D surgical view: partial extrusion of the Tendyne bioprosthesis for radial orientation: laterally clocked valve, long cuff is
oriented anteriorly and slightly laterally (red arrows).
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Figure 6. Imaging in TMVR with Tendyne system. A,B) Final result after complete deployment; the Tendyne prosthesis fully extruded
and correctly aligned anatomically in the LA. 2D TEE X plane without (A) and with color Doppler (B). Diastolic phase; normal opening
of the prosthesis. C,D) 3D TEE surgeon’s view of the MV imaging in two different perspectives; The D shaped outer stent, long cuff is
aligned with the straight edge oriented anteriorly against the aortomitral continuity (blue braces); the 3D perspective allows to better
visualize the position of the long (blue braces) and short (green braces) cuffs; red arrows, aortic-mitral continuity. TMVR, tanscatheter
mitral valve replacement; TEE, transesophageal echocardiography; LVOT, left ventricular outlet tract; 2D, two dimensional; 3D, three
dimensional; LA, left atrium; LV, left ventricle; LAA, left atrial appendage; Ao, aorta; MV, mitral valve.

Assessment after deployment

As the prosthesis can be repositioned or fully retrieved, it is
important to assess after deployment: - the prosthesis correct
clocking; - bioprosthesis functioning by hemodynamic doppler
parameters (transvalvular gradients, pressure half time and valve
prosthesis area) and residual intravalvular regurgitation; -
perivalvular leakage; -LVOT obstruction by transesophageal and
transgastric views; due to the shielding of the prosthesis the correct
alignment of the Doppler beam is difficult; -possible procedural
complication including mitral prosthesis dislodgement, mitral
annular rupture and pericardial tamponade.

Follow up imaging

Essential elements to assess during follow-up imaging of
TMVR with Tendyne can be schematized as follow:

Device: assessment of device functioning and complication
(dehiscence, dislodgement); presence of masses either vegetation
or thrombi; infective endocarditis.

Hemodynamics: a careful assessment of transmitral gradients
and the detection of the presence of residual intravalvular and
perivalvular mitral regurgitation including the assessment of the
pulmonary vein flow pattern; - Severity of tricuspid regurgitation
and right ventricular systolic pressure

Chamber size and function: a comprehensive assessment of
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left and right ventricular function and remodeling (dimensions,
volumes) and the presence of pericardial effusion is mandatory.

Conclusions

The success of transcatheter native mitral valve replacement,
a novel interventional procedure in the therapeutic armamentari-
um for mitral regurgitation whose use is expanding in clinical
arena, relies on the interaction between the implanter team and the
imager team. This new imaging horizon requires a dedicated pro-
fessional figure with specific competencies in the field of structur-
al heart disease procedures ‘the interventional imager’ whose col-
laboration with the implanter team is crucial. The knowledge of
multimodality integrated imaging pathway in the different phases
of TMVR is fundamental for the interventional echocardiographer
to make an appropriate selection, to plan, to guide, and to assess
outcomes and it requires mastery of all echocardiographic imag-
ing modalities.

References

1. Iung B, Delgado V, Rosenhek R, et al. Contemporary presenta-
tion and management of valvular heart disease: The
EURObservational Research Programme Valvular Heart
Disease II Survey. Circulation 2019;140:1156-69.

[Monaldi Archives for Chest Disease 2023; 93:2404]



2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kodali SK, Velagapudi P, Hahn RT, et al. valvular heart disease
in patients >80 years of age. J Am Coll Cardiol 2018;71:2058-72.
Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/EACTS
Guidelines for the management of valvular heart disease. Eur
Heart J 2022;43:561-632.

. Tourkmani N. Treatment and management of advanced heart

failure in elderly. Monaldi Arch Chest Dis 2019;89:1032.

. Alperi A, Granada JF, Bernier M, et al. Current status and future

prospects of transcatheter mitral valve replacement: JACC state-
of-the-art review. J Am Coll Cardiol 2021;77:3058-78.

. Hensey M, Brown RA, Lal S, et al. Transcatheter mitral valve

replacement: An update on current techniques, technologies, and
future directions. JACC Cardiovasc Interv 2021;14:489-500.

. Russo G, Gennari M, Gavazzoni M, et al. Transcatheter mitral

valve implantation: Current status and future perspectives. Circ
Cardiovasc Interv 2021;14:¢010628.

. Dahle G. Current devices in TMVI and their limitations: Focus

on Tendyne. Front Cardiovasc Med 2020;7:592909.

. Enta Y, Nakamura M. Transcatheter mitral valve replacement. J

Cardiol 2021;77:555-64.

Kargoli F, Pagnesi M, Rahgozar K, et al. Current devices and
complications related to transcatheter mitral valve replacement:
The bumpy road to the top. Front Cardiovasc Med
2021;8:639058.

Rodés-Cabau J, Regueiro A, Mack MJ. Transcatheter mitral
valve replacement: A need for better patient selection. ] Am Coll
Cardiol 2021,78:1860-2.

Ben Ali W, Ludwig S, Duncan A, Weimann J, et al.
Characteristics and outcomes of patients screened for tran-
scatheter mitral valve implantation: 1-year results from the
CHOICE-MI registry. Eur J Heart Fail 2022;24:887-98.

Violini R, Cifarelli A, De Felice F, Chin D. Treatment of mitral
regurgitation. Monaldi Arch Chest Dis 2017;87:854.

Niikura H, Gossl M, Sorajja P. Transcatheter mitral valve
replacement with Tendyne. Interv Cardiol Clin 2019;8:295-300.
Sorajja P, Cavalcante JL, Gossl M. The need for transcatheter
mitral valve replacement. J Am Coll Cardiol 2019;73:1247-9.
Gheorghe LL, Mobasseri S, Agricola E, et al. Imaging for native
mitral valve surgical and transcatheter interventions. JACC
Cardiovasc Imaging 2021;14:112-27.

Barreiro-Perez M, Caneiro-Queija B, Puga L, et al. Imaging in
transcatheter mitral valve replacement: State-of-art review. J
Clin Med 2021;10:5973.

Garcia-Sayan E, Chen T, Khalique OK. Multimodality cardiac
imaging for procedural planning and guidance of transcatheter
mitral valve replacement and mitral paravalvular leak closure.
Front Cardiovasc Med 2021:8:582925.

Mackensen GB, Lee JC, Wang DD, et al. Role of echocardiogra-
phy in transcatheter mitral valve replacement in native mitral
valves and mitral rings. ] Am Soc Echocardiogr 2018;31:475-90.
Faza NN, Little SH. Role of 3-dimensional transesophageal
echocardiography in guiding transcatheter mitral valve replace-
ment. Echocardiography 2020;37:945-53.

Ludwig S, Ruebsamen N, Deuschl F, et al. Screening for tran-
scatheter mitral valve replacement: a decision tree algorithm.
Eurolntervention 2020;16:251-8.

Lang RM, Addetia K, Narang A, Mor-Avi V. 3-Dimensional
echocardiography: Latest developments and future directions.
JACC Cardiovasc Imaging. 2018;11:1854-78.

Ge Y, Gupta S, Fentanes E, et al. Role of cardiac CT in pre-pro-
cedure planning for transcatheter mitral valve replacement.
JACC Cardiovasc Imaging 2021;14:1571-80.

Galzerano D, Kinsara AJ, Di Michele S, et al. Three dimensional

[Monaldi Archives for Chest Disease 2023; 93:2404]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

press

N

transesophageal echocardiography: a missing link in infective
endocarditis imaging? Int J Cardiovasc Imaging 2020;36:403-13.
Agricola E, Ancona F, Brochet E, et al. The structural heart dis-
ease interventional imager rationale, skills and training: a posi-
tion paper of the European Association of Cardiovascular
Imaging. Eur Heart J Cardiovasc Imaging 2021;22:471-9.
Agricola E, Meucci F, Ancona F, et al. Echocardiographic guid-
ance in transcatheter structural cardiac interventions.
Eurolntervention 2022;17:1205-26.

Sorajja P, Moat N, Badhwar V, et al. Initial feasibility study of a
new transcatheter mitral prosthesis: The first 100 patients. J Am
Coll Cardiol. 2019;73:1250-60.

Muller DWM, Sorajja P, Duncan A, et al. 2-Year outcomes of
transcatheter mitral valve replacement in patients with severe
symptomatic mitral regurgitation. J Am Coll Cardiol
2021;78:1847-59.

Zoghbi WA, Adams D, Bonow RO, et al. Recommendations for
noninvasive evaluation of native valvular regurgitation: A report
from the American Society of Echocardiography developed in
collaboration with the Society for Cardiovascular Magnetic
Resonance. ] Am Soc Echocardiogr 2017;30:303-71.

Sorajja P, Gossl M, Babaliaros V, et al. Novel transcatheter
mitral valve prosthesis for patients with severe mitral annular
calcification. ] Am Coll Cardiol 2019;74:1431-40.

Hungerford S, Hayward C, Muller DWM. Transapical tran-
scatheter mitral valve implantation in heart failure:
Haemodynamic challenges for a new frontier. Heart Lung Circ
2022;31:42-8.

Hungerford S, Bart N, Jansz P, et al. Improved right ventricular
function following transapical transcatheter mitral valve implan-
tation for severe mitral regurgitation. Int J Cardiol Heart Vasc
2021;32:100687.

Reid A, Ben Zekry S, Turaga M, et al. Neo-LVOT and tran-
scatheter mitral valve replacement: Expert recommendations.
JACC Cardiovasc Imaging 2021;14:854-66.

Blanke P, Naoum C, Dvir D, et al. Predicting LVOT obstruction
in transcatheter mitral valve implantation: Concept of the neo-
LVOT. JACC Cardiovasc Imaging 2017;10:82-5.

Herrmann HC, Maisano F. Transcatheter therapy of mitral regur-
gitation. Circulation 2014;130:1712-22.

Blanke P, Naoum C, Webb J, et al. Multimodality imaging in the
context of transcatheter mitral valve replacement: Establishing
consensus among modalities and disciplines. JACC Cardiovasc
Imaging 2015;8:1191-208.

Khan JM, Trivedi U, Gomes A, et al. "Rescue" LAMPOON to
treat transcatheter mitral valve replacement-associated left ven-
tricular outflow tract obstruction. JACC Cardiovasc Interv
2019;12:1283-4.

Wang DD, Eng M, Greenbaum A, et al. Predicting LVOT
obstruction after TMVR. JACC Cardiovasc Imaging
2016;9:1349-52.

Wang DD, Eng MH, Greenbaum AB, et al. Validating a predic-
tion modeling tool for left ventricular outflow tract (LVOT)
obstruction after transcatheter mitral valve replacement
(TMVR). Catheter Cardiovasc Interv 2018;92:379-87.

Khan JM, Rogers T, Schenke WH, et al. Intentional laceration of
the anterior mitral valve leaflet to prevent left ventricular out-
flow tract obstruction during transcatheter mitral valve replace-
ment: Pre-clinical findings. JACC Cardiovasc Interv

2016;9:1835-43.
OPEN a ACCESS





