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Abstract

Mitral regurgitation (MR) is the most prevalent valvular heart disease and, when left untreated, results in
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(M-TEER) has matured considerably as a non-surgical treatment option since its commercial introduction
in Europe in 2008. As a result of major device and interventional improvements, as well as the accumula-
tion of experience by the interventional cardiologists, M-TEER has emerged as an important therapeutic
strategy for patients with severe and symptomatic MR in the current European and American guidelines.
Herein, we provide a comprehensive up-do-date overview of M-TEER. We define preprocedural patient
evaluation and highlight key aspects for decision-making. We describe the currently available M-TEER sys-
tems and summarise the evidence for M-TEER in both primary mitral regurgitation (PMR) and secondary

repair

mitral regurgitation (SMR). In addition, we provide recommendations for device selection, intraprocedural
imaging and guiding, M-TEER optimisation and management of recurrent MR. Finally, we provide infor-
mation on major unsolved questions and “grey areas” in M-TEER.
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Abbreviations

CE European Conformity

COAPT Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart
Failure Patients With Functional Mitral

Regurgitation
COPD chronic obstructive pulmonary disease
EROA effective regurgitant orifice area

EuroSCORE I European System for Cardiac Operative Risk
Evaluation I1
EuroSMR registry European Registry of Transcatheter Repair for

Secondary Mitral Regurgitation

GDMT guideline-directed medical therapy

HF heart failure

HTx heart transplantation

LoE level of evidence

Lv left ventricle

LVAD left ventricular assist device

LVEF left ventricular ejection fraction

LvoT left ventricular outflow tract

M-TEER mitral valve transcatheter edge-to-edge repair

MITRA-FR Multicentre Study of Percutaneous Mitral
Valve Repair MitraClip Device in Patients
With Severe Secondary Mitral Regurgitation

MR mitral regurgitation

mv mitral valve

MVA mitral valve area

PISA proximal isovelocity surface area

PMR primary mitral regurgitation

RVol regurgitant volume

SMR secondary mitral regurgitation

TOE transoesophageal echocardiography

TTE transthoracic echocardiography

Introduction
Mitral regurgitation (MR) is a highly prevalent disease with approx-
imately 10% of individuals aged 75 years or more having clinically
relevant MR'!. When left untreated, the consequences of severe MR
include left ventricular dysfunction, reduced cardiac output and
pulmonary congestion, leading to heart failure (HF) symptoms,
reduced quality of life and increased mortality?.. Many patients with
severe MR are inoperable or at increased surgical risk; accordingly,
transcatheter therapies were developed to address undertreatment of
this patient population. Since the first human clinical experience of
mitral valve transcatheter edge-to-edge repair (M-TEER) in 20033
and its subsequent CE (European Conformity) mark in 2008 and
US Food and Drug Administration (FDA) approval for primary MR
(PMR) in 2013 and for secondary MR (SMR) in 2019, M-TEER
has become an established alternative to surgery. Over 150,000
patients around the globe have been treated with M-TEER to date.
The present manuscript summarises the most important aspects
of M-TEER, which is being performed by an increasing num-
ber of hospitals worldwide®. A state-of-the-art review including

preprocedural patient evaluation, device updates, and practical
recommendations for patient and device selection in both PMR
and SMR is provided. In addition, tips and tricks for interven-
tionalists to optimise M-TEER results are included, and the major
unsolved questions and “grey areas” are highlighted.

PREPROCEDURAL PATIENT EVALUATION AND
DECISION-MAKING

PATIENT CARE PATHWAY FOR M-TEER

Patients with evidence for relevant MR require precise clinical and
imaging assessment at a heart valve centre with dedicated com-
petencies and experience. Clinical evaluation includes a physi-
cal examination with a search for HF signs and grading of the
symptomatic status according to the New York Heart Association
(NYHA) classification. Patients’ medical history and comorbidi-
ties, in particular with respect to previous HF hospitalisations, as
well as hepatic and renal function, will influence the treatment
decision. Quality of life should be assessed, preferably using
standardised HF questionnaires. Objective functional assessment
may include a 6-minute walk test, cardiopulmonary exercise test-
ing and spiroergometry, along with the use of wearable monitors
for continuous tracking of physical activity. Additional exams may
be considered in case of discrepancies between clinical and imag-
ing findings, as well as in apparently asymptomatic patients.

Transthoracic echocardiography (TTE) is the key technique to
confirm the diagnosis of relevant MR, clarify its mechanism and
severity, estimate pulmonary artery pressures, and evaluate con-
comitant heart valve disease as well as left ventricle (LV) and right
ventricle (RV) functions. While TTE is commonly used as the pri-
mary echocardiographic imaging method, transoesophageal echo-
cardiography (TOE) is required in almost all potential M-TEER
candidates for a better and more precise mitral valve (MV) charac-
terisation. As the regurgitation grade can be underestimated at rest,
pharmacological, or better yet, physiological exercise echocardi-
ography might be useful for the assessment of changes in mitral
regurgitant volumes (RVol) and pulmonary pressures during peak
exercise, but this concept needs further investigation®.

Coronary angiography is recommended to evaluate the need for
concomitant coronary revascularisation. Alternatively, coronary
computed tomography angiography may be used in selected patients
with low likelihood of coronary artery disease and stable sinus
rhythm. Right heart catheterisation should be considered particularly
in patients with reduced RV function, pulmonary hypertension or
severe tricuspid regurgitation (TR) for risk assessment and evaluation
of the haemodynamic consequences of valvular heart disease (VHD).

After the above-mentioned diagnostic steps, a multidisciplinary
Heart Team will evaluate each case individually. The Heart Team
should consist, at least, of an interventional cardiologist with expe-
rience in MV therapy, a cardiac surgeon with experience in MV
repair and replacement, and an imaging specialist with expertise
in interventional imaging. While the Heart Team should include
a heart failure specialist for SMR patients, their role for PMR
patients is less defined. The Heart Team aggregates the clinical



information with the diagnostic results, incorporating the values
and expectations of the informed patient and his or her relatives,
when appropriate. In patients with SMR, the Heart Team evaluates
and optimises the existing medical and device HF therapy before
making a decision on any MV therapy. A simplified decision tree,
which is based on current European valvular guidelines, is shown
in Figure 1. Risk stratification supports the decision-making. The
Society of Thoracic Surgeons (STS) predicted risk of mortality
(PROM)
and the European System for Cardiac Operative Risk Evaluation
II (EuroSCORE II; http://www.euroscore.org/calc.html) help to
predict early postoperative mortality®. The value of dedicated risk

score  (http:/riskcalc.sts.org/stswebriskcalc/calculate)

scores for predicting 1-year survival after M-TEER will be dis-
cussed below. In inoperable or high-risk patients with PMR, as
well as in those with SMR without the need for surgical revascu-
larisation, M-TEER should be evaluated providing anatomical fea-
sibility (Figure 1). Palliative care should be considered in patients
with limited life expectancy (<1 year), while left ventricular assist
device (LVAD) implantation or heart transplantation (HTx) may
represent a more appropriate option for selected patients with
advanced HF and MR.
MR AETIOLOGY
Correct evaluation of MR aetiology is of key importance due to
its impact on prognosis and management, as well as procedural
planning’. PMR, also termed degenerative or organic MR, relates
to leaflet or subvalvular apparatus lesions. Leaflet degeneration
(leaflet prolapse or flail leaflets; Carpentier type II) is the most
prevalent aetiology in Western countries, while leaflet restriction
(rheumatic, postinflammatory or post-radiotherapy; Carpentier
type I1la) is a frequent cause of PMR in low-income countries®’.
SMR, also termed functional MR, is usually due to either annu-
lar dilation with normal leaflet motion (Carpentier type I) or
leaflet motion restriction due to left ventricular remodelling and

A

Mitral valve TEER

dilation. In the latter case, the restriction occurs in systole, defin-
ing MR Carpentier type IIIb. Of note, the 2 mechanisms can coex-
ist in patients with SMR, in whom papillary muscle dysfunction
and dyssynchrony may also play a role. SMR can be further clas-
sified according to its aetiology as ischaemic, non-ischaemic, or
atrial. In ischaemic SMR, regional LV wall dysfunction results in
remodelling, with subsequent restriction of leaflet motion through
tethering. In more severe cases, global LV hypokinesia and left
ventricular dilatation can occur. Non-ischaemic ventricular SMR
is most frequently encountered in patients with severe dilated car-
diomyopathy resulting in annular dilatation, papillary muscle dis-
placement and finally MV leaflet restriction. Atrial SMR, which
has recently gained increasing scientific interest, is caused by left
atrial enlargement due to, e.g., persistent or chronic atrial fibrilla-
tion (AF); left ventricular function is typically preserved in these
patients'®.

QUANTIFICATION OF MR

The grading of MR relies on a multiparametric integrative
approach, including qualitative, semi-quantitative and quantitative
parameters (Table 1). The main quantitative echocardiographic
parameters defining severe MR are a vena contracta >7 mm,
a regurgitant fraction >50%, an effective regurgitant orifice area
(EROA) >40 mm?, and an RVol >60 ml.

The EROA derived from the proximal isovelocity surface area
(PISA) method often underestimates the true size of the regurgi-
tant orifice in SMR due to its semi-lunar shape. Therefore, lower
thresholds of EROA >30 mm? and RVol >45 ml can be consid-
ered due to an elliptical EROA or low-flow conditions in SMR
patients. However, the validity and applicability of these thresh-
olds have been questioned: Tabhle 2 demonstrates the problem-
atic use of the RVol thresholds in a typical "COAPT-like" patient
with ventricular SMR and reduced left ventricular ejection frac-
tion of 35%. The mathematic modelling reveals that the required

B
| Symptomatic severe primary MR | | Symptomatic severe secondary MR
| Heart Team assessment | Heart Team assessment
including GDMT evaluation
v v v l v
I le or high L » ’ :
""S‘fﬁg'c’a? e High risk of futility COAPT-like Non COAPT-like

v

SMVR M-TEER Palliative

v ¢ v l

M-TEER M-TEER | LVAD, HTx,

or SMVR Palliative

Figure 1. Patient stratification and simplified guideline recommendation. Therapeutic strategies for patients with (4) symptomatic severe

primary mitral vegurgitation (MR) or (B) symptomatic severe secondary MR. COAPT: Cardiovascular Outcomes Assessment of the MitraClip

Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation; GDMT: guideline-directed medical therapy,

HTx: heart transplantation; LVAD: left ventricular assist device; M-TEER: mitral valve transcatheter edge-to-edge repair; N: no;

SMVR: surgical mitral valve repair or replacement; Y: yes
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Table 1. Quantification of severe MR.

Secondary mitral
regurgitation
()]

Normal leaflets but

Primary mitral

regurgitation (PMR)

Qualitative | Mitral valve Flail leaflet, ruptured

morphology papillary muscle, severe | with severe tenting,

retraction, large poor leaflet
perforation coaptation

Colour flow jet Large central jet (>50% of LA) or eccentric wall

area impinging jet of variable size

Flow

convergence Large throughout systole

Continuous

wave Doppler jet Holosystolic/dense/triangular

Semi- Vena contracta

quantitative | width (mm) =0/ it s ety

Pulmonary vein .
y Systolic flow reversal

flow
Mitral inflow E-wave dominant (>1.2 m/s)
v mitraI/TVI o1
aortic
Quantitative | EROA (2D PISA, >40 mm? (may be
mm2) >A0 mm? >30 mm? if elliptical
EROA)
Regurgitant >60 mL (may be
volume >60 mL >45 mL if low-flow
(mL/beat) conditions)
Regurgitant o
fraction (%) 230%
Structural Left ventricle Dilated (ESD >40 mm) Dilated
Left atrium Dilated (diameter
>55 mm or volume Dilated
>60 mL/ m?)

EROA: effective regurgitant orifice area; ESD: end-systolic diameter; LA: left atrium;
MR: mitral regurgitation; PISA: proximal isovelocity surface area; TVI: time-velocity integral

RVol thresholds of 45 or 60 ml for defining severe SMR result in
very low cardiac outputs, which are barely or not at all compat-
ible with survival. This theoretical assumption demonstrates that
PISA-based EROA and RVol assessments should be applied with
caution in patients with SMR, and a multiparametric approach is
required for identifying suitable M-TEER candidates.

TOE planimetry of the 3D vena contracta area represents
a useful complementary method that has been linked to prog-
nosis'’. A more detailed description of the MV evaluation by

echocardiography is available in the latest respective European
and American documents®'!.

After M-TEER, echocardiographic imaging should be repeated
at follow-up visits to assess the durability of the procedural
result. Post-procedural MR should be graded using an integrative
approach, similar to the preprocedural echocardiographic base-
line assessment. PISA evaluation after M-TEER has been debated,
since the presence of a clip may prevent accurate, reproducible
measurements of multiple, sometimes eccentric, regurgitant jets
with non-hemispheric proximal flow convergence'>. RVol and
regurgitant fraction after M-TEER can be alternatively assessed
using Doppler haemodynamic and volumetric analysis.

M-TEER SYSTEMS

Two M-TEER devices are currently approved in Europe for mini-
mally invasive treatment of the MV: the MitraClip (Abbott) and
PASCAL (Edwards Lifesciences) systems. The main differences
between the 2 platforms are illustrated in Figure 2.

THE MITRACLIP SYSTEM

The MitraClip system is the first transcatheter technology with
a CE mark and FDA approval for the treatment of both PMR
and SMR®. Since 2020, the fourth-generation MitraClip has
been available with 4 different implant sizes (Figure 2)'. Besides
the “classic” NT and XT clip sizes (4 mm width; 9 [NT] and
12 [XT] mm arm length), a wider implant size of 6 mm is avail-
able with both arm lengths (6 mm width; 9 [NTW] and 12 [XTW]
mm arm length). The MitraClip is composed of 2 rigid arms
(cobalt-chromium alloy) with flexible nitinol-based “grippers”,
which are equipped with 4 (NT/NTW) or 6 (XT/XTW) longitu-
dinally arranged small hooks (“frictional elements"). The longer
clip arms (XT/XTW) allow for the treatment of larger coaptation
gaps and leaflet flails, beyond the strict anatomic and morphologic
EVEREST inclusion criteria'®. The expansion of the technique to
patients with a more complex anatomy raises concerns about the
risk of leaflet injuries and single leaflet device attachment (SLDA)
resulting from increased leaflet tension after the grasping of more
tissue with the XT/XTW devices, the active locking mechanism,
and device stiffness. Leaflet injury due to increased tension forces
has been described in different anatomies, including in patients
with calcified leaflets’>. However, in a structured analysis of the
EXPAND registry, the long-arm XTR clip system did not show

Table 2.Three echocardiographic scenarios demonstrating the problematic use of the regurgitant volume thresholds in a typical,
“COAPT-like” patient with ventricular SMR.

Typical, “COAPT-like” patient with ventricular SMR (assumptions: 35% LVEF, 200 mL LVEDV, 75 bpm heart rate, 2 m> BSA)

Stroke volume RVol (mL) Regt_lrgitant Forward stroke Cardiac_ Cardia_c index
(mL) fraction (%) | volume (mL) | output (/min) | (L/min/m?2)
Scenario 1 RVol 30 mL/EROA 0.2 cm? 70 30 43 40 3.0 1.5
Scenario 2 RVol 45 mL/EROA 0.3 cm? 70 45 64 25 1.9 0.9
Scenario 3 RVol 60 mL/EROA 0.4 cm? 70 60 86 10 0.8 0.4

BSA: body surface area; COAPT: Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With
Functional Mitral Regurgitation; EROA: effective regurgitant orifice area; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular
ejection fraction; RVol: regurgitant volume; SMR: secondary mitral regurgitation




Mitral valve TEER

MitraClip (4""-generation)

PASCAL Precision (2"-generation)

Delivery catheter

Available implants

Implant
catheter

s Guide Steerable
- sheath catheter

NT NTW XT XTW P10 ACE
Device material Rigid arms of cobalt-chromium alloy Flexible arms of nitinol
Central spacer No Yes
Optional independent grasping Yes Yes
Closure mechanism Active (locking element) Passive (nitinol shape memory)
Number of working catheters 3
Orientation of hooks/friction elements Longitudinal Horizontal
Continuous LA pressure Yes Yes
Overall system stability High Improved with PASCAL Precision

Figure 2. Device overview. Technical specifications of the currently available delivery devices and implants for mitral valve transcatheter

edge-to-edge repair. LA: left atrial

higher rates of adverse leaflet events compared to the smaller NTR
device'®. Besides the ability to perform continuous left atrial pres-
sure monitoring through the guiding catheter, the fourth-generation
MitraClip system now allows for independent and controlled grip-
per actuation (CGA) to confirm and/or optimise leaflet grasping.
THE PASCAL SYSTEM

The PASCAL transcatheter MV repair system was first used in
2016 and further investigated within the framework of a compas-
sionate-use cohort including 23 patients with complex anatomical
features for M-TEER!". The second generation of the PASCAL
system is available and consists of 3 embedded catheters: a 22 Fr
steerable guide sheath, a steerable catheter, and an implant catheter
with the device preattached at the distal end (Figure 2). This design
allows for a high range of motion and facilitates manoeuvrability
in the left atrium. The nitinol-based PASCAL P10 implant con-
sists of 2 spring-loaded, curved paddles offering a 26 mm grasping
length when open to 180°, as well as 2 clasps (10 mm each) and
a central spacer filling the regurgitant orifice. The central spacer is
thought to fill parts of the coaptation gap within the main MR jet
area, which may reduce the forces on the MV leaflets. The nitinol
clasps, which include a horizontal line of small hooks (“retention
elements”) at the distal end, can be controlled individually, ena-
bling either simultaneous or independent leaflet capture. A second
smaller-size PASCAL Ace has become available, featuring a simi-
lar grasping width compared to the PASCAL P10 implant, while
the paddles are only 6 mm wide to accommodate smaller anat-
omies and facilitate multiple implant strategies. Both PASCAL
implants allow for independent leaflet grasping enabling either
a “leaflet optimisation” or “staged leaflet capturing” technique
(see below). The second-generation PASCAL Precision platform
was introduced in August 2022, with changes in the catheter sys-
tem for improving device stability and steerability.

LEAFLET OPTIMISATION AND STAGED LEAFLET CAPTURE
TECHNIQUES

Besides conventional simultaneous grasping, independent grip-
per/clasp control enables the frequently used leaflet optimisation
technique and, more rarely, the staged capture of the MV leaflets.
Leaflet optimisation comes after a simultaneous grasp of both leaf-
lets (Figure 3A-Figure 3C) and consists of reopening the implant
arms while the grippers/clasps are kept closed, followed by selec-
tive lifting of the chosen gripper/clasp. It allows for the evaluation
of the leaflet insertion depth into the respective arm, as well as for
independent regrasping of one of the leaflets to achieve a deeper
insertion, if required. Successful optimisation frequently results in
further MR reduction. Furthermore, small rotations of the device
in relation to the line of coaptation are possible to improve device
coaxiality.

During staged leaflet capture, a first leaflet is grasped and
secured in the device, while the second arm remains in the “cap-
ture ready” position with gripper/clasp up (Figure 3D-Figure 3F).
Subsequently, the catheter is moved towards the second leaflet and
the gripper/clasp is activated when the leaflet is optimally inserted
into the device. Both techniques need to be performed with great
caution to prevent valve distortion or leaflet injury.

SAFETY OF M-TEER

M-TEER is a very safe procedure with a low rate of serious com-
plications despite the high burden of comorbidities of the treated
patients. The most frequent complications and their respective
occurrence rates are summarised in Table 3.

Specific concerns include the increased risk of leaflet perforation,
tear or SLDA in patients with long-standing SMR, as well as in those
with short or calcified leaflets. MitraClip embolisation has been
described anecdotally in the literature and percutaneous retrieval
may be challenging, in particular when larger clips are involved's.

m
=
S
2
=
=
(1]
g
<
(1]
=
=
o
=
NS
o
NS
o
-
@
©
a
o
©
3
o




m
=
S
2
=
=
(1]
]
<
(1]
=
=
(=}
=
N
o
N
D
=N
@
©
a
o
©
3
o

Leaflet optimisation

Staged leaflet capture

Figure 3. Leaflet optimisation and staged leaflet capture techniques.
Leaflet optimisation consists of reopening of the implant arms (4)
and selective actuation of the chosen gripper/clasp (B, C). For
staged leaflet capture, 1 leaflet is grasped and secured (D), then the
catheter is moved towards the other leaflet (E), and the second
gripper/clasp is activated (F). Reprinted with permission of Edwards
Lifesciences.

While afterload mismatch may occur in patients with reduced
LV dysfunction, it is a rare, temporary phenomenon that can
be managed with inotropic drugs and usually does not necessi-
tate mechanical support. Some studies reported a possible nega-
tive impact of afterload mismatch on long-term outcomes, which
probably reflects the advanced HF stage of patients experiencing
this acute complication. Thrombus formation in the left atrium/
ventricle has been rarely observed in SMR patients with severely
depressed LV function due to the low blood flow conditions'. In
such patients, an early and intensified anticoagulation regimen
might be indicated.

ASSESSMENT OF ANATOMICAL COMPLEXITY

Evaluation of the anatomical complexity represents an essential
step of patient and device selection. The likelihood of obtaining
an optimal valve repair result with a residual MR <1+ and without
a clinically relevant increase of the MV inflow gradients must be
estimated.

Anatomical inclusion criteria had been already integrated for
both PMR and SMR patients in the early EVEREST trial, defining
a patient population with a high likelihood for an optimal M-TEER
result?. Outside of these EVEREST MV criteria, the complexity
of the M-TEER procedure increases, resulting in a lower likeli-
hood of an excellent and durable valve repair, which may subse-
quently impact outcomes?'.

In the EXPAND registry, anatomical complexity was defined
using the following criteria: wide coaptation gap (>15 mm), large

Table 3. Possible complications after M-TEER.

. Rate
Categor: Complication
gory " (references)
Device- Structural Single leaflet device o/ F 10/3334
related failure attachment Lo il
Device embolisation 0.05%-0.70%%11
Leaflet injury 0%-2%115
Functional Residual MR >2+ 3.4%-17.0%1°
impairment Transmitral gradient Unto 15%15
>5 mmHg P °
Procedure- | Access-site Major vascular complications
related vascular (3|gn|f|c'ant bleeding, 1.4%-4 0% 120
perforation, rupture,
dissection)
Cardiac Pericardial effusion or 0%-05%1
structural tamponade
d
AELE Haemodynamically relevant Not consistently
interatrial septal defect defined
Bleeding Severe bleeding requiring

blood transfusion. Possible
bleeding locations: access
site, pericardial effusion,
gastrointestinal, urinary
tract

0%-17%'%

Thromboembolic | Myocardial infarction 0%-3%12
Stroke 0%-1%!2

MR: mitral regurgitation; M-TEER: mitral valve transcatheter edge-to-edge repair

flail gap (>10 mm), jet outside anterior 2/posterior 2 (A2/P2),
small mitral valve area (MVA), calcified landing zone, and mini-
mal leaflet tissue. Patients meeting one or several of these crite-
ria were less likely to reach residual MR <1+ following M-TEER
using the third generation of the MitraClip device. In 2 other stud-
ies, the presence of annular and leaflet calcifications, in particu-
lar leaflet infiltration of 6 mm or more, MVA <4 cm?, baseline
transmitral gradient >4 mmHg, and multiple jets have been iden-
tified as risk predictors for an increased final transmitral gradient
(>5 mmHg) after M-TEER?*%, Identified quantitative predictors
of procedural success include the coaptation reserve?, the leaflet-
to-annulus index®, and asymmetrical tethering®, which therefore
represent additional technical markers of anatomical complex-
ity (Figure 4). Severe calcification in the grasping area, active
endocarditis, and haemodynamically relevant mitral stenosis are
definite contraindications for M-TEER. However, although tech-
nically challenging, patients with failed surgical MV repair have
been successfully treated using this procedure®’.

Importantly, results following M-TEER have been shown to
be highly dependent on centre experience, so that the complexity
of the selected cases has to be adapted accordingly (Figure 4)%.
Although new device and catheter iterations may help in obtaining
optimal M-TEER results®, patients with a complex anatomy might
be better referred to high-volume heart valve centres. Indeed, new
surgical and interventional techniques, including transcatheter
MV replacement instead of M-TEER, may be considered in these
patients (Figure 4).



Anatomical suitability for M-TEER

Mitral valve TEER

Centre experience

Replacement?

Non-complex Complex Very complex Criteria favouring replacement
Ideal for M-TEER Suitable for M-TEER Challenging for M-TEER M-TEER hard or impossible
- Central pathology - Isolated commissural lesion - Commissural lesion with multiple - Concentric MAC with stenosis
- No calcification (A1/P1 or A3/P3) jets - MVA <3.0 cm?
-MVA>4.0 cm? - Annular calcification without - Annular calcification with leaflet - Relevant mitral valve stenosis
- Posterior leaflet >10 mm |eaflet involvement involvement (mean gradient >5 mmHg)
- Tenting height <10 mm - MVA 3.5-4.0 cm? - Fibrotic leaflets - Posterior leaflet <5 mm

- Flail gap <10 mm
- Flail width <15 mm

- Posterior leaflet length 7-10 mm
- Tenting height >10 mm

- Asymmetric tethering?

- Coaptation reserve <3 mm?

- Leaflet-to-anulus index <1.2%

- Flail width >15 mm

- Flail gap >10 mm

- Two jets from leaflet indentations

- Wide jet involving the whole - Calcification in the grasping zone

coaptation - Deep regurgitant cleft
-MVA3.0-3.5cm? - Leaflet perforation
- Posterior leaflet length 5-7 mm - Multiple/wide jets
- Earflow's disease - Rheumatic mitral stenosis
- Cleft

- Failed surgical annuloplasty

Figure 4. Complexity of valve morphology and centre experience as criteria for mitral valve transcatheter edge-to-edge repair. A1/P1: lateral

segments of anterior (A1) and posterior (P3) mitral valve leaflet; A3/P3: medial segments of anterior (43) and posterior (P3) mitral valve

leaflet; MAC: mitral annular calcification; M-TEER: mitral valve transcatheter edge-to-edge repair; MVA: mitral valve area

TREATMENT OF PRIMARY MR

To date, surgery represents the standard of care in patients with
PMR owing to the excellent long-term efficacy of MV repair in
observational studies. MV repair should be preferred over replace-
ment when the valve anatomy is suitable and the perioperative
risk is acceptable®*. In patients with high or prohibitive surgical
risk, M-TEER may be considered by the Heart Team (recommen-
dation class IIb, level of evidence [LoE] B) based on the ran-
domised EVEREST II study and multiple registry results’'33. In
the American Heart Association/American College of Cardiology
(AHA/ACC) guidelines, M-TEER received a class Ila recommen-
dation for selected patients in NYHA Class III or IV34.

The majority of available data on M-TEER in primary MR
describe the use of the first and second generations of the
MitraClip system. In the EVEREST II trial, where 73% of
patients had PMR, similar mortality was observed after 5 years
of follow-up for patients treated with the MitraClip device com-
pared to surgery (20.8% vs 26.8%; p=0.4). In terms of efficacy,
surgery was superior to the MitraClip procedure in PMR patients
(freedom from death, MV surgery, reoperation, and moder-
ate to severe MR at 5 years in 45.5% vs 76.2% of the patients;
p<0.001) due to a higher rate of relevant residual MR requiring
valve surgery during the first 6 months. In another study, a pro-
pensity score-matched comparison in older patients with PMR
confirmed the higher long-term recurrence rate after MitraClip
implantation (27.0% vs 2.8%; p<0.001), while periprocedural
complications and 1-year mortality were lower in the M-TEER
cohort®. However, these results are not necessarily transferable
to the contemporary landscape, since experience and knowledge
about M-TEER were very limited during the EVEREST II enrol-
ment phase, from 2005 to 2008, and older generations of the
MitraClip devices were used.

The EXPAND registry specifically evaluated the use of the third-
generation MitraClip NTR or XTR in high-risk patients with PMR
or mixed aetiology, who represented 40.5% of the 1,041 patients
included. Despite the high-risk patient population with a mean
age of 79.5£9.4 years, the 30-day event rate was remarkably low
(2.4% all-cause mortality, 1.2% stroke, and 0% myocardial infarc-
tion), confirming the high safety of the procedure when per-
formed in experienced heart valve centres. A core lab analysis at
30 days revealed a reduction in MR to grade <1+ in 86.9% and to
grade <2+ in 97.3% of cases, which is remarkable considering that
115 (29%) patients presented with complex PMR leaflet patholo-
gies consisting of severely degenerated leaflets or large flail gaps
or widths (62.6%), calcification in the landing zone (35.7%), and
extremely wide jets (29.6%). In this subgroup with complex MV
pathologies, MR reduction to grade <1+ at 30-day follow-up still
reached 79.4% (MR <2+: 96.9%). The ongoing EXPAND G4 reg-
istry (ClinicalTrials.gov: NCT04177394) will investigate the safety
and performance of the fourth-generation MitraClip system.

In patients with Barlow’s disease, residual MR <2+ at discharge
was achieved in 76% of the patients compared to 81% in the non-
Barlow’s disease group (p=0.40)%. At 3 years of follow-up (com-
pleted for 75% of the patients), durability was significantly lower
in the Barlow’s disease group (MR <2+: 62% vs 80%; p=0.01)
resulting in a trend towards a higher rate of HF hospitalisations
(17% vs 7% at 3 years; log-rank p=0.07).

The currently enrolling randomised trials, REPAIR MR
(Percutaneous MitraClip Device or Surgical Mitral Valve REpair in
PAtients With PrlmaRy Mltral Regurgitation Who Are Candidates
for Surgery, ClinicalTrials.gov: NCT04198870), PRIMARY
(Percutaneous or Surgical Mitral Valve Repair, ClinicalTrials.
gov: NCT05051033), and MITRA-HR (Multicentre Study of
MITRACLIP Transcatheter Mitral Valve Repair in Patients
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With Severe Primary Mitral Regurgitation Eligible for High-risk
Surgery, ClinicalTrials.gov: NCT03271762), will aim to compare
MitraClip to surgical MV repair in lower- and high-risk patients.

The international early feasibility CLASP Study (Edwards
PASCAL TrAnScatheter Mitral Valve RePair System) included
124 patients with PMR (31%) and SMR (69%)¥. In this early
experience, echocardiographic core lab analysis revealed MR
reduction to grade <1+ and grade <2+ in 77% and 97% at 30 days
in the overall cohort, respectively, which were maintained at the
2-year echo follow-up and did not differ between the SMR and
PMR cohorts (MR <1+ and MR <2+ rates of 71% and 100% at
2-year follow-up, respectively). These results were obtained with
the exclusive use of the 10 mm wide PASCAL implant (P10);
the smaller PASCAL Ace device became available in Europe in
2020. The smaller device might have some advantages when treat-
ing primary MR with commissural jets as well as patients with
smaller MV areas. Non-inferiority of the PASCAL system com-
pared to the MitraClip in terms of major adverse events (cardio-
vascular mortality, stroke, myocardial infarction, new need for
renal replacement therapy, severe bleeding and non-elective MV
reintervention) and effectiveness (MR <2+ at 6 months) has been
recently shown in a randomised controlled trial that included PMR
patients at prohibitive risk for surgery*.

TREATMENT OF SECONDARY MR

TREATMENT OF SMR PATIENTS FULFILLING THE COAPT
CRITERIA

Current recommendations for the treatment of SMR* mainly
refer to the 2 randomised clinical trials (RCT)*“! investigating
the role of M-TEER (i.e., MitraClip) in patients with chronic
HF on guideline-directed medical therapy (GDMT) compared to
GDMT alone. Both studies confirmed the safety and efficacy of

MitraClip in reducing MR severity up to 2- and 3-year follow-
up*>®. However, MITRA-FR failed to demonstrate a prognos-
tic impact of M-TEER on top of GDMT*, while in COAPT,
M-TEER reduced the cumulative incidence of HF hospitalisa-
tions (primary endpoint; hazard ratio [HR] 0.49, 95% confidence
interval [CI]: 0.37-0.63; p<0.0001), and all-cause mortality (pow-
ered secondary endpoint; HR 0.67, 95% CI: 0.52-0.85; p<0.001)
at 2 and 3 years**. Many hypotheses have been put forward to
explain these diverging results***. Differences in patient charac-
teristics, the quality of the GDMT scrutinised by an eligibility
committee in the COAPT study, the procedural complication rate
and M-TEER result durability appear to be the most relevant fac-
tors. The COAPT critera are summarised in Figure 5. In the 2021
guidelines, the recommendation for M-TEER has been upgraded
(class Ila, LoE B) for selected patients fulfilling the COAPT cri-
teria®** (Figure 1). The recently presented, but not yet published,
results of the COAPT postapproval study that included 5,000
patients and reported 1-year clinical outcomes in a contempo-
rary, real-world setting further support the efficacy of M-TEER
in SMR.
TREATMENT OF SMR.BEYOND THE COAPT CRITERIA
The current guidelines also recommend the consideration of
M-TEER in patients who do not fulfil the COAPT criteria but in
whom M-TEER may improve symptoms and quality of life (rec-
ommendation class IIb, LoE C). Patients with chronic SMR who
do not fulfil the COAPT criteria include the following 2 main cat-
egories: patients with advanced HF and severely reduced left ven-
tricular ejection fraction (LVEF), and patients with atrial SMR and
preserved LVEF** (Figure 1).

In the large retrospective EuroSMR registry, a COAPT-like

profile was identified in about 40% of cases and was associated

COAPT criteria
Indication CoR lla LoE B for M-TEER in SMR

- Severe SMR

- Optimised HF treatments according
t0 2021 ESC guidelines

- NYHA Class I, lll or ambulatory IV

- LVEF 20-50%

- LV end-systolic diameter <70 mm

- At least one HF hospitalisation within the
previous year or increased NP levels?

- Anatomy judged suitable for M-TEER®

with a lower rate of rehospitalisation and mortality. Interestingly,
- Haemodynamic instability®

- Stage D HF?

- Moderate or severe RV dysfunction

- Systolic pulmonary pressure >70 mmHg

- COPD requiring oxygen or steroid

- Coronary, aortic or tricuspid valve
disease requiring surgery

- Hypertrophic, restrictive or infiltrative
cardiomyopathy

Figure 5. Simplified COAPT criteria. Simplified in- and exclusion criteria of the Cardiovascular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation (COAPT) study. ‘BNP >300 pg/ml or NT-proBNP
>1,500 pg/ml. bincluding MVA >4.0 cm’. <systolic pressure <90 mmHg, cardiogenic shock or the need for inotropic and/or mechanical
supports. "ACC/AHA classification. ACC: American College of Cardiology, AHA: American Heart Association; BNP: B-type NP;

COPD: chronic obstructive pulmonary disease; CoR: class of recommendation; ESC: European Society of Cardiology; HF: heart failure;

LoE: level of evidence,; LV: left ventricular; LVEF': left ventricular ejection fraction; M-TEER: mitral valve transcatheter edge-to-edge repair;

NP: natriuretic peptide; NYHA: New York Heart Association; RV: right ventricular; SMR: secondary mitral regurgitation



stratification based on the MITRA-FR criteria failed to predict
clinical outcomes®. EuroSMR provides further evidence that
both COAPT-eligible and COAPT-ineligible patients experienced
an improvement in exercise capacity and quality of life after
M-TEER* and the NYHA class improved independently of the
baseline right ventricular function*’. Moreover, a similar clinical
improvement was observed in patients with EROA above or below
a cutoff of 30 mm? “. In other multicentre studies an improve-
ment in symptoms or quality of life was observed after M-TEER
regardless of LVEF or pulmonary pressure*-*’. Finally, a decrease
in pulmonary pressure and NYHA class was observed irrespective
of LV reverse remodelling after M-TEER®'.

In patients with advanced HF, the role of M-TEER as a bridge
strategy to LVAD implantation or HTx was evaluated in a multi-
centre cohort of 119 patients. At a median follow-up of 532 days,
13% of patients died, 44% underwent LVAD implantation or HTx
and 26% were removed from the waiting list due to improvement
of their clinical and haemodynamic conditions®?. In another small
retrospective study, M-TEER reduced the pulmonary vascular
resistance in patients with end-stage HF and severe SMR, poten-
tially increasing their eligibility for HTx>.

Although the best treatment modality of patients with atrial
SMR is not yet known, emerging evidence shows atrial reverse
remodelling and an improvement of symptoms after M-TEER.
In EuroSMR, the prevalence of atrial SMR was 7.8%, and the
outcomes were encouraging in patients considered at high risk
for surgery, particularly if advanced HF symptoms (e.g., NYHA
Class IV) or RV dysfunction were absent®.

PREDICTORS OF OUTCOMES AFTER M-TEER IN SMR

Several parameters predict an increased risk of clinical events (i.e.,
mortality and/or HF hospitalisation) in SMR patients undergoing
M-TEER. Advanced symptoms (NYHA Class III and/or IV) were
found to be associated with poor outcomes in large observational
registries®®Y’, and a 28% higher risk of mortality or HF hospital-
isation per 1 NYHA class increase was observed in COAPT at
2 years®. The independent prognostic role of LVEF was reported
in the registries and the COAPT trial'>>""?, whereas the role of
LV dimensions is more controversial'>. Chronic atrial fibrillation
may entertain and worsen SMR and has a negative impact on
outcomes®.

Many parameters used to assess the right ventricular func-
tion, as well as tricuspid regurgitation, also have a prognostic
relevance in patients undergoing M-TEER®"%2. More recently, the
right ventricular-pulmonary arterial coupling index was identified
as a powerful predictor of adverse events in both the EuroSMR
registry?’” and the COAPT trial®. In addition, chronic obstruc-
tive pulmonary disease (COPD)%, chronic kidney disease®,
and pulmonary hypertension®*®® were independently associated
with poor prognosis in both M-TEER registries and COAPT.
Importantly, the prognostic benefit of M-TEER in combination
with GDMT versus GDMT alone was attenuated in patients with
COPD compared to patients without chronic lung disease (inter-
action p-value=0.04 for mortality)®.

Mitral valve TEER

TREATMENT OPTIMISATION BEFORE M-TEER IN SMR
GDMT optimisation and implementation of cardiac resynchroni-
sation therapy (if indicated) before M-TEER are essential pillars
of SMR treatment since they may enable LV reverse remodel-
ling and decrease MR severity®’. In a recent observational study,
42% of patients with chronic HF and MR 2+/3+ experienced an
improvement of MR severity after GDMT initiation and optimisa-
tion. However, persistence of MR 2+ or 3+ was associated with an
almost 2-fold increased risk of mortality or HF hospitalisation at
long-term follow-up®, indicating that the goal of GDMT optimi-
sation should be to achieve MR 1+. Active restoration of a stable
sinus rhythm through cardioversion and/or ablation has been assoc-
iated with a decrease in SMR severity in a small prospective study®.
However, a minority of patients with relevant SMR respond to the
above-mentioned treatments and the magnitude of MR reduction is
lower compared to M-TEER™. Finally, the hypothesis that success-
ful M-TEER may facilitate GDMT uptitration and therefore impact
survival outcomes requires further investigation.

Before M-TEER, SMR patients should be appropriately treated
with diuretics to reach a euvolemic status, taking into account that
intraprocedural vasodilatation and hypotension induced by gen-
eral anaesthesia may lead to an underestimation of SMR severity.
Thus, both hypovolemic and hypervolemic conditions should be
avoided. Neurohormonal drugs should be maintained during the
periprocedural period. In patients with severe LV dysfunction and/
or large coaptation gaps, a preparation with inotropic drugs and/or
an intra-aortic balloon pump has been proposed’ but are not part
of daily clinical practice.

PROCEDURAL TIPS AND TRICKS

DEVICE SELECTION

The main factors to be considered for device selection are dis-
played in Table 4 and Figure 6. Careful evaluation of the dis-
ease mechanism, baseline MVA, mean transmitral gradient, and
anatomical complexity using 3D echocardiography represents the
essential initial steps towards appropriate device selection.

The MVA should ideally be measured using multiplanar
reconstruction on specifically acquired high resolution 3D vol-
umes of the MV. Available data concerning previous device
generations provide guidance regarding the MVA reduction
after device implantation: the implantation of a PASCAL P10
device has been shown to reduce the MVA by about 47%. The
use of rigid implants with extended arms, e.g., MitraClip XT
or XTW, is expected to have a higher impact on the baseline
MVA. Accordingly, the MVA reduction using the NTR and the
XTR implants was 52% and 57%, respectively’?. Importantly, the
MVA reduction also depends on the device localisation along the
line of coaptation, with the maximal reduction occurring in the
A2/P2 position (“hot zone”) and minimal MVA reduction occur-
ring after commissural placement’.

Jet localisation and treatment strategy are 2 additional key factors
influencing device selection. Indeed, in patients with distinct jets,
in whom the implantation of 2 distant clips is expected, a higher
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Table 4. Recommendations for “preferred” device selection in PMR and SMR with respect to anatomical features.

Anatomical features

| NT | XT | NTW | XTW | PASCAL | PASCAL ACE

Length of the mobile leaflet in the grasping zone <9 mm v v v v
>9 mm v v v v

Broad gap size v v v

Small MVA (<4.5 cm?) v v v

Thin leaflet structure v v v v

Commissural jet v v v

Barlow’s disease v v v v

MVA: mitral valve area; PMR: primary mitral regurgitation; SMR: secondary mitral regurgitation

Leaflet tension

Jet number, width, and location

Baseline transmitral gradient

Anatomical complexity

l Cnaptat\on !
~ Posterior Ha'l

}Sﬁglteh Fla|l mdth

Baseline mitral valve area

Procedural strategy

V., 4

Figure 6. Criteria to be considered for device selection. Device selection criteria include characteristics of the regurgitant jet, baseline

transmitral gradient, annular and leaflet calcification, procedural strategy, mitral valve area, anatomic complexity, and leaflet tension.

baseline MVA of about 6 cm? is required to avoid creating a relevant
MYV stenosis’™. In patients with large flail gaps or wide prolapses,
devices with extended arms (XT, XTW or PASCAL) seem to be
more effective in reducing MR, in particular if multiple implants are
used for stabilisation”. When a multiple clip strategy is anticipated,
the use of the PASCAL P10 should be avoided since the matching of
2 implants may not be optimal due to the concave shape of the pad-
dles. For the treatment of isolated commissural lesions, implants with
small arms (e.g., NT/NTW) and stable steering should be preferred.

A detailed assessment of leaflet tissue quality (length and thick-
ness) is of paramount importance. The presence of annular calcifi-
cations with leaflet infiltration has been identified as a predictor of
an increased transmitral gradient after M-TEER and should moti-
vate the use of smaller/more flexible devices?*.

In SMR patients with a short and/or thin tethered posterior leaf-
let, devices with extended arms, such as the MitraClip XT and

XTW, should be avoided in order to prevent SLDA or leaflet
injury. The use of the PASCAL devices appears less problematic
due to the flexible nitinol design and horizontal orientation of the
grasping elements, in particular in the presence of a short poster-
ior leaflet, because the grasping force is applied at the leaflet base
(“hinge point” with the mitral annulus).

INTRAPROCEDURAL IMAGING AND GUIDING

Procedural guiding of an M-TEER procedure requires dedicated
skills and should be performed by appropriately trained interven-
tional imagers. Position documents describing the requirements for
an interventional imager have been recently published™*”. During
the procedure, fluoroscopy as well as echocardiography are used
for guidance. To improve communication between the interven-
tionalist and the interventional echocardiographer, fusion imag-
ing can be used. This technique facilitates anatomical orientation
through simultaneous visualisation of catheters and soft tissue.



An assessment of the MV anatomy and regurgitation should be
repeated before starting the procedure, since SMR is a dynamic
condition, highly influenced by volume status and haemodynam-
ics. In addition to traditional 3D rendering (Figure 7A) and colour
Doppler (Figure 7B), advanced 3D imaging techniques including
GlassVue (Figure 7C) and TrueVue (Figure 7D) (both Philips) may
provide additional information regarding leaflet tissue quality and
the exact origin of the jet. Using multiplanar reconstruction, the
MVA is measured at the beginning of each procedure to refine
device selection and plan the treatment strategy (Figure 7E).

An ultrasound-guided puncture of the femoral vein below the
inguinal band might reduce retroperitoneal bleeding complica-
tions and arterial mispunctures. The transseptal puncture is per-
formed starting from a bicaval view (90-120°) (Figure 7F) using
an X-plane (red line) to localise and adjust the position of the
needle tip in the antero-posterior plane. Using fusion technology,
these 2D views can be shown on top of the fluoroscopy. In the
more recent releases, even a full 3D segmentation of the heart can
be made in which the optimal transseptal puncture zone can be
identified. Following successful septum crossing, the position of

the curved stiff wire in the left pulmonary veins (usually the left

Mitral valve TEER

upper) or left atrium needs to be confirmed. Fusion imaging is
useful to guide both this step and catheter steering towards the
mitral plane (Figure 7G-Figure 7H), avoiding interaction with the
left pulmonary veins and the left atrial appendage. Device orienta-
tion is typically performed using a 3D view from the left atrium.
The “cardiologist’s” 3D view of the MV with orientation of the
aorta at 6 o’clock allows corresponding device movement to the
intercommissural 2D view and simplifies the procedure when com-
pared to the traditional “surgeon’s” 3D view of the MV (Figure 8).
Adjustment of the X-ray gantry angulation after confirming a per-
pendicular device orientation in 3D echo is helpful for controlling
and maintaining an identical device orientation during the grasp-
ing process by fluoroscopy (Figure 9).

For valve crossing and grasping, consistently oriented standard
views are necessary as shown in Figure 71. An X-plane (red line) is
typically placed on an intercommissural view (50-70°) in order to
obtain a left ventricular outflow tract (LVOT) view (140-160°) of
the area of interest showing both leaflets in the A2/P2 segment sepa-
rately. Simultaneous visualisation of both planes allows for the cor-
rection of the trajectory of the catheter, which should be maintained
in the LV to facilitate leaflet grasping and avoid valve distortion.

Figure 7. Imaging techniques for visualisation of the mitral valve. Imaging techniques include traditional 3D rendering (4), colour Doppler

(B), and 3D imaging approaches such as GlassVue (C) and TrueVue (D). The mitral valve area is measured at the beginning of the procedure

to refine device selection and plan the treatment strategy (E). The transseptal puncture is performed starting from a bicaval view using an

X-plane to localise and adjust the position of the needle tip in the antero-posterior plane (F). Fusion imaging is useful during catheter steering

towards the mitral plane (G, H). Valve crossing and grasping is usually performed on an intercommissural view using an X-plane (I).

A2: middle scallop of the anterior leaflet of the mitral valve; ant: anterior; Ao: aorta; inf: inferior; LA: left atrium, lat: lateral; LV: left

ventricle; LVOT: left ventricular outflow tract; med: medial; P1, P2, P3: lateral, middle, and medial scallops of the posterior leaflet of the

mitral valve; post: posterior; RA: right atrium, sup: superior
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A — Lateral manoeuvre
/ :

med

Figure 8. Cardiologist's 3D view of the mitral valve during
transcatheter edge-to-edge repair. In the intercommisural 2D view of
the mitral valve, lateral manoeuvring of the device (*, here: PASCAL
Ace implant) moves the device from lefi to right (A). The
“cardiologist's” 3D view of the mitral valve simplifies device
steering since a lateral manoeuvre leads to corresponding movement
of the device from lefi to right (B). In contrast, the traditional
“surgeon's” view does not correspond to the intercommisural 2D
view of the mitral valve and lateral manoeuvring of the device leads
to movement from right to left (C). Therefore, the “cardiologist's”
view might be the preferred 3D echo orientation during mitral valve
transcatheter edge-to-edge repair. ant: anterior; lat: lateral;

med: medial; post: posterior

Pulling/pushing the whole assembly, as well as flexing/unflexing
the steerable catheter, can be visualised in the intercommissural
view and will displace the catheter towards the medial and lateral
clips, respectively. While looking at the LVOT view, a clockwise
rotation of the catheter will move the implant towards the posterior
and a counterclockwise rotation towards the anterior. Flexing the
guide sheath will allow the correction of an “aorta-hugger” position

or help to lose height, while a posterior rotation will help to gain
height. For commissural pathologies, the “intercommissural” plane
needs to be adjusted to 30-60° for A3/P3 and to 60-90° for A1/P1
to be parallel to the line of coaptation in the respective mitral seg-
ment. The optimal views can more easily be created using multipla-
nar reconstructions from a 3D view of the MV.

After leaflet grasping, the residual MR should be evaluated in
a systematic manner using a multiparametric approach includ-
ing pulmonary vein flow and left atrial pressure. Leaflet inser-
tion should be carefully assessed and quantified before device
release’. Measurement of the transmitral gradient by continuous
wave (CW) Doppler or its estimation using pressure half-time is
not sufficient to exclude significant MV stenosis, since these para-
meters depend on several haemodynamic factors, including flow
conditions (pre- and afterload), heart rate and diastolic filling, that
may be altered during general anaesthesia. Therefore, additional
planimetric measurements of each neo-orifice should be per-
formed, ideally with 3D TOE, or alternatively with 2D TOE in the
transgastric short-axis view””.

In patients with strict contraindications for TOE or insuffi-
cient imaging quality, 4D intracardiac echocardiography may
represent an emerging alternative (Figure 10). For better image
quality, an ICE catheter has to be introduced into the left atrium
through a dilated septostomy that will also accommodate the
M-TEER system (Figure 10A). After an assessment of baseline
MR (Figure 10B), leaflet grasping is performed using a recon-
structed biplanar view (Figure 10C, Figure 10D). Multiple clip
strategies are possible to further reduce MR (Figure 10E). In the
case of remaining relevant interatrial shunt (Figure 10F), clo-
sure of the atrial septal defect can be easily guided from the right
atrium (Figure 10G).

M-TEER OPTIMISATION

During the procedure, haemodynamic conditions as close as pos-
sible to those observed in the awake state should be reproduced.
The transseptal puncture should be performed taking into account
that the line of coaptation is usually lower in SMR than in PMR.
Posterior rotation of the sheath and needle will help to gain height
over the mitral plane. Bending (or, more rarely, straightening) the

RAO 20, cranial 10

Figure 9. Fluoroscopic device orientation. The orientation of a PASCAL Ace implant (*) is shown by fluoroscopy in an anterior-posterior (AP)

projection (A). After correct orientation of the device as confirmed by 3D echo (B), the X-ray gantry should be adjusted until the device arms

are superimposed and “disappear” (here: right anterior oblique [RAO] 20, cranial 10 projection) to support the control of the device

orientation by fluoroscopy during subsequent leaflet grasping (C). ant: anterior; lat: lateral; med: medial; post: posterior
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Figure 10. 4D intracardiac echocardiography. Placement of an ICE catheter in the left atrium allows for 4D intracardiac echocardiography
(A) to assess MR (B), guide leaflet grasping (C, D), and support multiple clip treatment strategies (E). In case of remaining relevant interatrial
shunt (F), closure of the atrial septal defect can be easily guided from the right atrium (G). ICE: intracardiac echocardiography, LA: left
atrium; LV: left ventricle; MC: MitraClip; MR: mitral regurgitation; RA: right atrium

needle helps to establish contact with the fossa ovalis in a dis-
torted anatomy. In the case of difficult crossing (thickened or
floppy septum), the use of electrocautery applied directly on the
conventional needle or by means of a dedicated device may be
useful’™”. Alternatively, the stiff end of a coronary percutaneous
coronary intervention wire can be advanced into the needle to
cross the septum. The optimal distance between transseptal access
and the coaptation point is about 4.0-4.5 cm.

Achieving an optimal procedural result (residual MR <1+) was
associated with a lower rate of mortality and HF hospitalisation
compared to an acceptable result (residual MR <2+) in a large
cohort of PMR patients undergoing M-TEER*. In SMR, optimal
MR reduction is still debated. In the COAPT trial, no outcome
difference was found between patients with residual MR grade
0/1+ and 2+, while in registry studies a positive impact of lower
residual MR was observed®-#2. In challenging cases, MR reduction
should be balanced against the increase of the transmitral gradient
(>5 mmHg), which has been associated with worse outcomes®.
While a final MVA <1.5cm? should be avoided, a higher cut-off
of <1.94 cm? was already associated with a blunted reduction of
pulmonary artery hypertension and a higher incidence of adverse
events at 2 years in a retrospective analysis®.

The implantation of more than 1 device may be considered
according to residual MR and gradients, in particular in patients
with PMR and a large flail/prolapse gap or width. In this case, the
first device is usually positioned more medially and the second
device lateral to the first device. In the presence of a large coapta-
tion gap, a zipping-clip technique might be considered®.

A cleft-like indentation, especially between P1-P2 and P2-P3
scallops, can be observed in patients with severe leaflet tethering or
annular dilatation. The presence of such lesions can cause residual
jets after M-TEER, particularly if the leaflet tissue is thinned toward
the indentation. If the main jet arises from the indentation, a 2-device
strategy with the lateral clip oriented slightly more clockwise than
the line of coaptation and the medial one oriented slightly more
counterclockwise can be attempted (convergent clips technique)®.

In patients with multiple segmental prolapse (Barlow’s disease),
the anchor technique, which involves positioning a clip in a region
adjacent to the main jet, can reduce the coaptation gap and allow
for more effective MR treatment”™. The application of positive
end-expiratory pressure and breath-hold after forced expirations
increases intrathoracic pressure leading to a reduction of the LV
preload and MV coaptation gap®’. In general, an intraprocedural
reduction of respiratory tidal volumes results in minimising the
respiratory-associated heart motion, which allows for stabilisation
of the TOE image plane as well as precise leaflet grasping.

Two techniques have been used for closure of femoral vein
access: manual compression plus “figure-eight” (or “Z-") suture,
followed by a compression bandage for, e.g., 12 hours, or a
suture-mediated closure device (e.g., ProGlide; Abbott), fol-
lowed by a shorter-duration compression bandage. While both
techniques appear to be of comparable safety and efficacy, the
latter may allow for an earlier patient mobilisation®s%.
HAEMODYNAMIC MONITORING
Invasive haemodynamic monitoring is recommended dur-
ing M-TEER procedures to evaluate immediate efficacy.
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Haemodynamic changes, in particular the mean left atrial pressure,
have been linked to clinical outcomes®. This includes the meas-
urement of the left atrial pressure and, in particular, the left atrial
v-wave. Additionally, cardiac output can be measured using the
thermodilution or Fick method. Invasive pressure measurements
may be more reliable than echocardiographic colour Doppler to
estimate MR improvement and possibly also clinical response,
especially in complex MV anatomies®. A decrease in left atrial
pressure after correction of SMR may be less pronounced than in
PMR due to concomitant impaired diastolic filling.
MANAGEMENT OF RECURRENT MR AND SLDA

In the event of relevant residual or recurrent MR, the indication
for MV surgery or re-intervention needs to be discussed by the
Heart Team. TOE must usually be repeated to understand the
underlying pathology and identify the appropriate leaflet portion
for additional device placement, as well as to estimate the risk of
the patient developing of relevant mitral stenosis.

Alternative interventional approaches for the treatment of signi-
ficant interclip or paraclip residual MR have been described in case
series with limited safety data. These include the implantation of an
Amplatzer vascular plug (Abbott), originally designed for embolisa-
tion of the peripheral vasculature®?, or implantation of an expanded
polytetrafluoroethylene double-disk occluder, originally designed
for closure of atrial septal defects®. Electrosurgical laceration and
stabilisation of the clip (ELASTA-clip) followed by transapical MV
replacement (e.g., implantation of a Tendyne bioprosthesis [Abbott])
represents an emerging option for selected patients with residual/
recurrent MR or development of mitral stenosis after M-TEER*.

Implant failure due to SLDA or loss of leaflet insertion occurs
in 3.5% of patients according to a large multicentre registry and
is associated with higher in-hospital (8.2%) and longer-term mor-
tality (29.3% at a median follow-up of 163 days)”. Although
the majority of these patients are treated conservatively, redo
M-TEER is feasible and may be preferred over surgery in ana-
tomically suitable PMR patients, as well as in SMR patients with
reduced LVEF, in whom surgical outcomes are dismal®®.

MAJOR UNSOLVED QUESTIONS AND GREY AREAS

HEART VALVE CENTRES AND CASE VOLUME

Due to the complex anatomic changes leading to MR, the
requirement for optimal echocardiographic imaging and the
coordinated interaction of interventionalists and imagers, trans-
catheter MV repair is considered one of the most challenging
interventional procedures. To achieve optimal outcomes, e.g.,
residual MR <1+, M-TEER should be performed in dedicated
heart valve centres with an experienced Heart Team, because
centres with low M-TEER volumes may experience higher com-
plication rates®. Accordingly, a minimum number of M-TEER
procedures per hospital and investigator is necessary to ensure
high-quality patient outcomes”. While the inflection points in
the learning curves for procedural time, procedural success and
procedural complications occur after approximately 50 cases,
continued improvements were observed up to 200 -cases.

Importantly, this does not only apply to operator experience but,
rather, to the whole team, in particular the interventional imag-
ers®, Furthermore, with the evolving field of new transcatheter
treatment options including, e.g., valve annuloplasty, chordal
replacement and valve replacement, high-volume heart valve
centres will have the possibility to select the most appropriate
technique for the individual patient out of this rapidly expanding
portfolio. Future research and guideline recommendations should
further address the association between procedural case volumes
and outcomes after M-TEER.

M-TEER IN MULTIVALVULAR HEART DISEASE

Patients with multivalvular heart disease represent an under-
recognised and less well-studied patient population. Guideline
recommendations for this patient group are limited. The most
common valvular heart disease combinations are (I) mitral regur-
gitation and aortic stenosis, and (II) mitral and tricuspid regurgi-
tation. The value of an experienced Heart Team is of particular
importance for the clinical decision-making in such patients. Due
to the interactions between different valve lesions, several poten-
tial diagnostic pitfalls need to be considered”.

The combination of MR and severe aortic stenosis is fre-
quently observed. In the Placement of Aortic Transcatheter Valve
(PARTNER) trial, moderate-to-severe MR was reported in 20% of
patients at high risk undergoing aortic valve intervention'®. The
following diagnostic caveats should be considered: (a) in the pres-
ence of aortic stenosis, a high intraventricular pressure may result
in higher mitral regurgitant volumes, whereas mitral EROA is less
affected; (b) the presence of MR may favour a low-flow, low-gradi-
ent state; and (c) the high-velocity MR jet may be mistaken for the
aortic stenosis jet. Besides the severity of each valve disorder, MR
aetiology — primary versus secondary — has a relevant impact on the
sequence of the treatment. In patients with SMR >2+, several studies
demonstrated MR improvement after aortic valve replacement!*!:1%2,
Therefore, in transcatheter aortic valve implantation (TAVI) can-
didates with SMR >2+, TAVI should be performed first and MR
severity re-evaluated at short-term follow-up (e.g., at 3 months)
163 In patients with severe PMR, the likelihood of improvement is
lower; therefore, sequential TAVI and M-TEER should be planned.
If performed first, M-TEER may result in the aggravation of the
coexisting aortic stenosis due to the increased forward flow.

Patients undergoing M-TEER suffer from concomitant
TR >2+ or >3+ in 56.3% and 18.9% of the cases, respectively
(Table 5)'°4!%, In a small retrospective study, an incremen-
tal increase of the 6-minute walking distance and a reduction of
N-terminal pro-brain natriuretic peptide (NT-proBNP) resulted in
fewer rehospitalisations, with sequential treatment of both valves
compared to isolated treatment of the MV, The TRAMI reg-
istry demonstrated increased in-hospital, 30-day and 1-year mor-
tality in patients with combined severe MR and TR undergoing
isolated M-TEERY". Since M-TEER results in reduced pulmo-
nary congestion with lower pulmonary artery pressure, a post-pro-
cedural reduction of secondary TR severity can be expected. In
fact, the prevalence of TR >2+ is reduced by 21% at follow-up



Table 5. M-TEER registries.

Mitral valve TEER

Ziirich Hamburg Italy/Spain Munich Summary
Publication Eurolntervention | Eurolntervention EHJ CVI 2014'% Eurolntervention lg::;zls Eur J Heart Unpublished
2017 2016'2 2017123 902172 Fail 2022'% p
No of patients 766 pts 119 pts 146 pts 139 pts 606 pts 503 pts 602 pts 2,881 pts
TR 23+ 18.9%
106/766 26/119 - 01/11/39 129/560 137/503 99/602 (508/2,689)
TR >2+ 56.3%
432/766 66/119 47/146 81/139 319/560 344/503 306/602 (1,595/2,835)
TR >2+ at FU 44.7%
- 35/67 16/143 52/133 191/426 287/503 135/331 (716/1,603)

Selection of European M-TEER (mitral valve transcatheter edge-to-edge repair) registries. In total, 2,881 patients (pts) were reported. Tricuspid regurgitation (TR) was evaluated
before M-TEER in 2,835 patients and 56.3% of patients demonstrated moderate TR >2+. Severe TR >3+ was reported in 18.6% of cases (508 of 2,689 patients). After M-TEER, the
rate of TR >2+ was reduced from 56.3% to 44.7%. FU: follow-up; No: number; Ref: reference

(from 56.3% to 44.7%) (Table 5), indicating only a modest impact
of M-TEER on TR severity.

While simultaneous TR repair is recommended in patients
undergoing left-sided valve surgery (class Ib), the role of simulta-
neous or sequential transcatheter treatment of MR and TR is less
clear. Comparing outcomes from the TRAMI and TriValve regis-
tries, a significant reduction in mortality was observed in patients
with concomitant edge-to-edge repair of both valves compared to
treating the MV only'”, but prospective randomised data address-
ing this important question are lacking.

THE ROLE OF ATRIAL FIBRILLATION THERAPY IN THE
CONTEXT OF SMR

MR, atrial fibrillation, and LVEF have a complex interplay. The
incidence of AF depends, among other factors, on the severity and
duration of MR'®. Consequently, AF is associated with worse out-
comes in both patients with PMR'® and SMR®. Furthermore, AF
itself increases the MV annular area, which worsens MR, and cre-
ates a vicious cycle. Interestingly, M-TEER compared with GDMT
alone was associated with a lower risk of stroke in patients with
HF history and AF'®. This might suggest that M-TEER reduces
AF burden in HF patients leading to a lower risk of thromboem-
bolic complications. The transition from sinus rhythm to AF is
associated with a sudden loss of atrial contraction and leads to
higher filling pressures. In particular, HF patients benefit from
regaining atrial contraction, and therefore early AF ablation or
antiarrhythmic therapy with or without M-TEER might be consid-
ered in patients with AF and MR. However, the best approaches
and timing for interventions to reduce MR on the one hand and
restore sinus thythm on the other are still inadequately understood.
M-TEER IN CARDIOGENIC SHOCK AND ACUTE MR
Haemodynamic instability and cardiogenic shock were exclusion
criteria in previous M-TEER trials and registries, so that outcome
data for such patients are scarce. Small observational studies sug-
gest that MR patients with advanced LV dysfunction and cardio-
genic shock may benefit from M-TEER as a rescue and bridging
strategy!1®111,

Acute MR due to papillary muscle rupture following myocar-
dial infarction is a rare condition which is often accompanied

by cardiogenic shock and pulmonary oedema. M-TEER has
been used successfully as an alternative to surgical intervention
in selected high-risk patients''>!"*. Interestingly, in patients with
moderate-to-severe MR following myocardial infarction, M-TEER
was associated with lower in-hospital and 1-year mortality rates
when compared to surgical MV repair or replacement!'.

Patients with cardiogenic shock undergoing successful M-TEER
seem to have more favourable outcomes at short-term follow-up
compared to those receiving an unsuccessful procedure, suggest-
ing a potential benefit of MR reduction in this setting that needs to
be confirmed in randomised trials'>.

RISK STRATIFICATION IN M-TEER

A variety of scores have been developed to predict and improve
outcomes in patients undergoing M-TEER. In 2016, a multimo-
dality assessment score of intraprocedural MR using echocardio-
graphy, angiography and left atrial haemodynamics (called
MitraScore) has been associated with improved MR reduction
at discharge!'. Whether the application of this multimodality
MitraScore will improve 1-year survival after M-TEER is cur-
rently being studied in the large prospective MitraPro registry
(DRKS00012288).

In addition, the MITRALITY score and a second score, which
has also been termed “MitraScore”, were developed to predict
1-year mortality after M-TEER""!8, Interestingly, there is only
limited overlap between the variables used in the different scores,
indicating that the prediction of mortality after M-TEER remains
challenging and not fully understood so far. Thus, future research
is necessary to optimally predict outcomes, as well as futility.
Such models might be enhanced if they address PMR and SMR
patient cohorts independently.

Conclusions

To date, M-TEER is the most important transcatheter treatment
strategy of the MV. Technical device improvements and increas-
ing procedural experience have consolidated M-TEER as an effec-
tive option in selected patients with a wide range of anatomies.
Consequently, M-TEER is currently recognised as an alternative
to surgery in the latest American and European guidelines. It can
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be expected that M-TEER will permanently remain in the trans-
catheter MV treatment portfolio, which will be further expanded
by new percutaneous replacement solutions during the upcoming
years.

Acknowledgements

We would like to thank Dr. Nicolas Brugger, MD, Bern University
Hospital, for acquiring and providing the echocardiographic
images included in Figures 6, 7, and 10.

Conflict of interest statement

J. Hausleiter has received speaker honoraria and research sup-
port from Edwards Lifesciences outside the submitted work.
T.J. Stocker has received compensation for travel expenses from
Edwards Lifesciences. M. Adamo has received speaker honoraria
from Abbott Vascular and Medtronic outside the submitted work.
N. Karam has received consultant fees from Abbott Vascular out-
side the submitted work. M.J. Swaans reports personal fees from
Abbott Vascular, Boston Scientific, Philips/Volcano, Edwards
Lifesciences, and BioVentrix, outside the submitted work. F. Praz
has received compensation for travel expenses from Abbott
Vascular, Edwards Lifesciences, and Polares Medical.

References

1. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-Sarano M.
Burden of valvular heart diseases: a population-based study. Lancet. 2006;368:
1005-11.

2. Goel SS, Bajaj N, Aggarwal B, Gupta S, Poddar KL, Ige M, Bdair H, Anabtawi A,
Rahim S, Whitlow PL, Tuzcu EM, Griffin BP, Stewart WJ, Gillinov M, Blackstone EH,
Smedira NG, Oliveira GH, Barzilai B, Menon V, Kapadia SR. Prevalence and out-
comes of unoperated patients with severe symptomatic mitral regurgitation and heart
failure: comprehensive analysis to determine the potential role of MitraClip for this
unmet need. J Am Coll Cardiol. 2014;63:185-6.

3. Feldman T, Wasserman HS, Herrmann HC, Gray W, Block PC, Whitlow P, St
Goar F, Rodriguez L, Silvestry F, Schwartz A, Sanborn TA, Condado JA, Foster E.
Percutaneous mitral valve repair using the edge-to-edge technique: six-month results
of the EVEREST Phase I Clinical Trial. J Am Coll Cardiol. 2005;46:2134-40.

4. Young MN, Kearing S, Albaghdadi MA, Latib A, Iribarne A. Trends in Transcatheter
vs Surgical Mitral Valve Repair Among Medicare Beneficiaries, 2012 to 2019. JAMA
Cardiol. 2022;7:770-2.

5. Utsunomiya H, Hidaka T, Susawa H, Izumi K, Harada Y, Kinoshita M, Itakura K,
Masada K, Kihara Y. Exercise-Stress Echocardiography and Effort Intolerance in
Asymptomatic/Minimally =~ Symptomatic  Patients With  Degenerative Mitral
Regurgitation Combined Invasive-Noninvasive Hemodynamic Monitoring. Circ
Cardiovasc Imaging. 2018;11:¢007282.

6. Wang TK, Harmos S, Gamble GD, Ramanathan T, Ruygrok PN. Performance of
contemporary surgical risk scores for mitral valve surgery. J Card Surg. 2017;32:
172-6.

7. Samad Z, Shaw LK, Phelan M, Glower DD, Ersboll M, Toptine JH, Alexander JH,
Kisslo JA, Wang A, Mark DB, Velazquez EJ. Long-term outcomes of mitral regurgita-
tion by type and severity. 4m Heart J. 2018;203:39-48.

8. Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, Tribouilloy C,
Hagendorff A, Monin JL, Badano L, Zamorano JL; European Association of
Echocardiography. European Association of Echocardiography recommendations for
the assessment of valvular regurgitation. Part 2: mitral and tricuspid regurgitation
(native valve disease). Eur J Echocardiogr. 2010;11:307-32.

9. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J,
Capodanno D, Conradi L, De Bonis M, De Paulis R, Delgado V, Freemantle N,
Haugaa KH, Jeppsson A, Jiini P, Pierard L, Prendergast BD, Sadaba JR, Tribouilloy C,
Wojakowski W. 2021 ESC/EACTS Guidelines for the management of valvular heart
disease. Eurolntervention. 2022;17:¢1126-96.

10. Hirji SA, Cote CL, Javadikasgari H, Malarczyk A, McGurk S, Kaneko T. Atrial
functional versus ventricular functional mitral regurgitation: Prognostic implications.
J Thorac Cardiovasc Surg. 2022;164:1808-15.

11. Hahn RT, Saric M, Faletra FF, Garg R, Gillam LD, Horton K, Khalique OK,
Little SH, Mackensen GB, Oh J, Quader N, Safi L, Scalia GM, Lang RM.
Recommended Standards for the Performance of Transesophageal Echocardiographic
Screening for Structural Heart Intervention: From the American Society of
Echocardiography. J Am Soc Echocardiogr. 2022;35:1-76.

12. Asch FM, Grayburn PA, Siegel RJ, Kar S, Lim DS, Zaroff JG, Mishell JM,
Whisenant B, Mack MIJ, Lindenfeld J, Abraham WT, Stone GW, Weissman NJ;
COAPT Investigators. Echocardiographic Outcomes After Transcatheter Leaflet
Approximation in Patients With Secondary Mitral Regurgitation: The COAPT Trial. J
Am Coll Cardiol. 2019;74:2969-79.

13. Nishimura RA, Vahanian A, Eleid MF, Mack MIJ. Mitral valve disease--current
management and future challenges. Lancet. 2016;387:1324-34.

14. Chakravarty T, Makar M, Patel D, Oakley L, Yoon SH, Stegic J, Singh S, Skaf S,
Nakamura M, Makkar RR. Transcatheter Edge-to-Edge Mitral Valve Repair With the
MitraClip G4 System. JACC Cardiovasc Interv. 2020;13:2402-14.

15. Praz F, Braun D, Unterhuber M, Spirito A, Orban M, Brugger N, Brinkmann I,
Spring K, Moschovitis A, Nabauer M, Blazek S, Pilgrim T, Thiele H, Lurz P, Hausleiter
Jand Windecker S. Edge-to-Edge Mitral Valve Repair With Extended Clip Arms: Early
Experience From a Multicenter Observational Study. JACC Cardiovasc Interv. 2019;
12:1356-65.

16. Asch FM, Little SH, Mackensen GB, Grayburn PA, Sorajja P, Rinaldi MJ,
Maisano F, Kar S. Incidence and standardised definitions of mitral valve leaflet adverse
events after transcatheter mitral valve repair: the EXPAND study. Eurolntervention.
2021;17:¢932-41.

17. Praz F, Spargias K, Chrissoheris M, Biillesfeld L, Nickenig G, Deuschl F,
Schueler R, Fam NP, Moss R, Makar M, Boone R, Edwards J, Moschovitis A, Kar S,
Webb J, Schifer U, Feldman T, Windecker S. Compassionate use of the PASCAL
transcatheter mitral valve repair system for patients with severe mitral regurgitation:
a multicentre, prospective, observational, first-in-man study. Lancet. 2017;390:
773-80.

18. Sticchi A, Bartkowiak J, Brugger N, Weiss S, Windecker S, Praz F. Retrograde
Retrieval of a Novel Large Mitral Clip After Embolization Into the Left Ventricle.
JACC Case Rep. 2021;3:1561-8.

19. Hamm K, Barth S, Diegeler A, Kerber S. Stroke and thrombus formation append-
ing to the MitraClip: what is the appropriate anticoagulation regimen? J Heart Valve
Dis. 2013;22:713-5.

20. Mauri L, Garg P, Massaro JM, Foster E, Glower D, Mchoudar P, Powell F,
Komtebedde J, McDermott E, Feldman T. The EVEREST Il Trial: design and rationale
for a randomized study of the evalve mitraclip system compared with mitral valve
surgery for mitral regurgitation. Am Heart J. 2010;160:23-9.

21. Lesevic H, Karl M, Braun D, Barthel P, Orban M, Pache J, Hadamitzky M,
Mehilli J, Stecher L, Massberg S, Ott I, Schunkert H, Kastrati A, Sonne C, Hausleiter J.
Long-Term Outcomes After MitraClip Implantation According to the Presence or
Absence of EVEREST Inclusion Criteria. 4m J Cardiol. 2017;119:1255-61.

22. Thaden JJ, Malouf JF, Nkomo VT, Pislaru SV, Holmes DR Jr, Reeder GS, Rihal CS,
Eleid MF. Mitral Valve Anatomic Predictors of Hemodynamic Success With
Transcatheter Mitral Valve Repair. J Am Heart Assoc. 2018;7:¢007315.

23. Oguz D, Padang R, Rashedi N, Pislaru SV, Nkomo VT, Mankad SV, Malouf JF,
Guerrero M, Reeder GS, Eleid MF, Rihal CS, Thaden JJ. Risk for Increased Mean
Diastolic Gradient after Transcatheter Edge-to-Edge Mitral Valve Repair:
A Quantitative Three-Dimensional Transesophageal Echocardiographic Analysis.
J Am Soc Echocardiogr. 2021;34:595-603.

24. Sato H, Cavalcante JL, Bae R, Bapat VN, Garcia S, Gossl M, Hashimoto G,
Fukui M, Enriquez-Sarano M, Sorajja P. Coaptation Reserve Predicts Optimal
Reduction in Mitral Regurgitation and Long-Term Survival With Transcatheter Edge-
to-Edge Repair. Circ Cardiovasc Interv. 2022;15:¢011562.

25. Tabata N, Weber M, Sugiura A, Oztiirk C, Ishii M, Tsujita K, Nickenig G,
Sinning JM. Impact of the Leaflet-to-Annulus Index on Residual Mitral Regurgitation
in Patients Undergoing Edge-to-Edge Mitral Repair. JACC Cardiovasc Interv. 2019;
12:2462-72.

26. Stolz L, Orban M, Braun D, Doldi P, Orban M, Stark K, Mehr M, Steffen J, Low K,
Hagl C, Massberg S, Nabauer M, Hausleiter J. Impact of asymmetric tethering on
outcomes after edge-to-edge mitral valve repair for secondary mitral regurgitation.
Clin Res Cardiol. 2022;111:869-80.

27.Braun D, Frerker C, Korber MI, Gaemperli O, Patzelt J, Schaefer U,
Hammerstingl C, Boekstegers P, Ott I, Ince H, Thiele H, Hausleiter J. Percutaneous
Edge-to-Edge Repair of Recurrent Severe Mitral Regurgitation After Surgical Mitral
Valve Repair. J Am Coll Cardiol. 2017;70:504-5.

28. Chhatriwalla AK, Vemulapalli S, Szerlip M, Kodali S, Hahn RT, Saxon JT,
Mack MJ, Ailawadi G, Rymer J, Manandhar P, Kosinski AS, Sorajja P. Operator
Experience and Outcomes of Transcatheter Mitral Valve Repair in the United States.
J Am Coll Cardiol. 2019;74:2955-65.



29. Praz F, Winkel MG, Fam NP. A New Age for Transcatheter Mitral Valve Repair:
The Complexity of Choice. JACC Cardiovasc Interv. 2020;13:2415-7.

30. Bolling SF, Li S, O'Brien SM, Brennan JM, Prager RL, Gammie JS. Predictors of
mitral valve repair: clinical and surgeon factors. Ann Thorac Surg. 2010;90:
1904-11;discussion 1912.

31. Feldman T, Kar S, Elmariah S, Smart SC, Trento A, Siegel RJ, Apruzzese P, Fail P,
Rinaldi MJ, Smalling RW, Hermiller JB, Heimansohn D, Gray WA, Grayburn PA,
Mack MJ, Lim DS, Ailawadi G, Herrmann HC, Acker MA, Silvestry FE, Foster E,
Wang A, Glower DD, Mauri L; EVEREST II Investigators. Randomized Comparison
of Percutaneous Repair and Surgery for Mitral Regurgitation: 5-Year Results of
EVEREST IL. J Am Coll Cardiol. 2015;66:2844-54.

32. Sorajja P, Vemulapalli S, Feldman T, Mack M, Holmes DR Jr, Stebbins A, Kar S,
Thourani V, Ailawadi G. Outcomes With Transcatheter Mitral Valve Repair in the
United States: An STS/ACC TVT Registry Report. J Am Coll Cardiol. 2017;70:
2315-27.

33. Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS, Smalling RW,
Siegel R, Rose GA, Engeron E, Loghin C, Trento A, Skipper ER, Fudge T, Letsou GV,
Massaro JM, Mauri L; EVEREST II Investigators. Percutaneous repair or surgery for
mitral regurgitation. N Engl J Med. 2011;364:1395-406.

34. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F,
Jneid H, Krieger EV, Mack M, McLeod C, O'Gara PT, Rigolin VH, Sundt TM 3rd,
Thompson A, Toly C; Writing Committee Members. 2020 ACC/AHA Guideline for the
Management of Patients With Valvular Heart Disease: Executive Summary: A Report
of the American College of Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines. J Am Coll Cardiol. 2021;77:450-500.

35. Buzzatti N, Van Hemelrijck M, Denti P, Ruggeri S, Schiavi D, Scarfo IS, Reser D,
Taramasso M, Weber A, La Canna G, De Bonis M, Maisano F, Alfieri O. Transcatheter
or surgical repair for degenerative mitral regurgitation in elderly patients: A propen-
sity-weighted analysis. J Thorac Cardiovasc Surg. 2019;158:86-94.

36. Gavazzoni M, Taramasso M, Pozzoli ZA, Euscher D, Kuck KH, Bohnen S,
Zuber M, Voci D, Maisano F, Alessandrini H. Outcomes of Transcatheter Mitral Valve
Repair With Edge-to-Edge Technique in Patients With Barlow Disease. JACC
Cardiovasc Interv. 2021;14:2308-10.

37. Szerlip M, Spargias KS, Makkar R, Kar S, Kipperman RM, O'Neill WW, Ng MKC,
Smith RL, Fam NP, Rinaldi MJ, Raffel OC, Walters DL, Levisay J, Montorfano M,
Latib A, Carroll JD, Nickenig G, Windecker S, Marcoff L, Cohen GN, Schifer U,
Webb JG, Lim DS. 2-Year Outcomes for Transcatheter Repair in Patients With Mitral
Regurgitation From the CLASP Study. JACC Cardiovasc Interv. 2021;14:1538-48.

38. Lim DS, Smith RL, Gillam LD, Zahr F, Chadderdon S, Makkar R, Stephan von
Bardeleben R, Kipperman RM, Rassi AN, Szerlip M, Goldman S, Inglessis-Azuaje I,
Yadav P, Lurz P, Davidson CJ, Mumtaz M, Gada H, Kar S, Kodali SK, Laham R,
Hiesinger W, Fam NP, KeBler M, O'Neill WW, Whisenant B, Kliger C, Kapadia S,
Rudolph V, Choo J, Hermiller J, Morse MA, Schofer N, Gafoor S, Latib A,
Koulogiannis K, Marcoff L, Hausleiter J; CLASP IID Pivotal Trial Investigators..
Randomized Comparison of Transcatheter Edge-to-Edge Repair for Degenerative
Mitral Regurgitation in Prohibitive Surgical Risk Patients. JACC Cardiovasc Interv.
2022 Sep 8. [Epub ahead of print].

39. Authors/Task Force Members;, McDonagh TA, Metra M, Adamo M, Gardner RS,
Baumbach A, Bhm M, Burri H, Butler J, Celutkiené J, Chioncel O, Cleland JGF,
Coats AJS, Crespo-Leiro MG, Farmakis D, Gilard M, Heymans S, Hoes AW, Jaarsma T,
Jankowska EA, Lainscak M, Lam CSP, Lyon AR, McMurray JJV, Mebazaa A,
Mindham R, Muneretto C, Francesco Piepoli M, Price S, Rosano GMC, Ruschitzka F,
Kathrine Skibelund A; ESC Scientific Document Group. 2021 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure: Developed by the Task
Force for the diagnosis and treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC). With the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur J Heart Fail. 2022;24:4-131.

40. Stone GW, Lindenfeld JA, Abraham WT, Kar S, Lim DS, Mishell JM, Whisenant B,
Grayburn PA, Rionaldi M, Kapadia SR, Rajagopal V, Sarembock 1J, Brieke A,
Marx SO, Cohen DJ, Weissman NJ, Mack MJ; COAPT Investigators. Transcatheter
Mitral-Valve Repair in Patients with Heart Failure. N Engl J Med. 2018;379:2307-18.

41. Obadia JF, Messika-Zeitoun D, Leurent G, Lung B, Bonnet G, Piriou N, Lefévre T,
Piot C, Rouleau F, Carri¢ D, Nejjari M, Ohlmann P, Leclercq F, Saint Etienne C,
Teiger E, Leroux L, Karam N, Michel N, Gilard M, Donal E, Trochu JN, Cormier B,
Armoiry X, Boutitie F, Maucort-Boulch D, Barnel C, Samson G, Guerin P, Vahanian A,
Mewton N, MITRA-FR Investigators. Percutaneous Repair or Medical Treatment for
Secondary Mitral Regurgitation. N Engl J Med. 2018;379:2297-306.

42. Tung B, Armoiry X, Vahanian A, Boutitie F, Mewton N, Trochu JN, Lefévre T,
Messika-Zeitoun D, Guerin P, Cormier B, Brochet E, Thibault H, Himbert D,
Thivolet S, Leurent G, Bonnet G, Donal E, Piriou N, Piot C, Habib G, Rouleau F,
Carrié D, Nejjari M, Ohlmann P, Saint Etienne C, Leroux L, Gilard M, Samson G,
Rioufol G, Maucort-Boulch D, Obadia JF; MITRA-FR Investigators. Percutaneous

Mitral valve TEER

repair or medical treatment for secondary mitral regurgitation: outcomes at 2 years. Eur
J Heart Fail. 2019;21:1619-27.

43. Mack MJ, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, Whisenant BK,
Grayburn PA, Rinaldi MJ, Kapadia SR, Rajagopal V, Sarembock 1J, Brieke A,
Rogers JH, Marx SO, Cohen DJ, Weissman NJ, Stone GW; COAPT Investigators.
3-Year Outcomes of Transcatheter Mitral Valve Repair in Patients With Heart Failure.
J Am Coll Cardiol. 2021;77:1029-40.

44. Packer M. Disproportionate functional mitral regurgitation: a new therapeutic tar-
get in patients with heart failure and a reduced ejection fraction. Eur J Heart Fail.
2020;22:23-5.

45. Pibarot P, Delgado V, Bax JJ. MITRA-FR vs. COAPT: lessons from two trials with
diametrically opposed results. Eur Heart J Cardiovasc Imaging. 2019;20:620-4.

46. Koell B, Orban M, Weimann J, Kassar M, Karam N, Neuss M, Petrescu A,
Iliadis C, Unterhuber M, Adamo M, Giannini C, Melica B, Ludwig S, Massberg S,
Praz F, Pfister R, Thiele H, Stephan von Bardeleben R, Baldus S, Butter C, Lurz P,
Windecker S, Metra M, Petronio AS, Hausleiter J, Lubos E, Kalbacher D; EuroSMR
Investigators. Outcomes Stratified by Adapted Inclusion Criteria After Mitral Edge-to-
Edge Repair. J Am Coll Cardiol. 2021;78:2408-21.

47. Karam N, Stolz L, Orban M, Deseive S, Praz F, Kalbacher D, Westermann D,
Braun D, Nébauer M, Neuss M, Butter C, Kassar M, Petrescu A, Pfister R, Iliadis C,
Unterhuber M, Park SD, Thiele H, Baldus S, Stephan von Bardeleben R, Blankenberg S,
Massberg S, Windecker S, Lurz P, Hausleiter J. Impact of Right Ventricular Dysfunction
on Outcomes After Transcatheter Edge-to-Edge Repair for Secondary Mitral
Regurgitation. JACC Cardiovasc Imaging. 2021;14:768-78.

48. Karam N, Orban M, Kalbacher D, Butter C, Praz F, Lubos E, Bannehr M, Kassar M,
Petrescu A, Iliadis C, Unterhuber M, Asselin A, Thiele H, Pfister R, Windecker S,
Lurz P, von Bardeleben S, Hausleiter J; EuroSMR investigators. Impact of effective
regurgitant orifice area on outcome of secondary mitral regurgitation transcatheter
repair. Clin Res Cardiol. 2021;110:732-9.

49. Geis NA, Puls M, Lubos E, Zuern CS, Franke J, Schueler R, von Bardeleben RS,
Boekstegers P, Ouarrak T, Zahn R, Ince H, Senges J, Katus HA, Bekeredjian R. Safety
and efficacy of MitraClip™ therapy in patients with severely impaired left ventricular
ejection fraction: results from the German transcatheter mitral valve interventions
(TRAMI) registry. Eur J Heart Fail. 2018;20:598-608.

50. Tigges E, Blankenberg S, von Bardeleben RS, Zurn C, Bekeredjian R, Ouarrak T,
Sievert H, Nickenig G, Boekstegers P, Senges J, Schillinger W, Lubos E. Implication
of pulmonary hypertension in patients undergoing MitraClip therapy: results from the
German transcatheter mitral valve interventions (TRAMI) registry. Eur J Heart Fail.
2018;20:585-94.

51. Adamo M, Godino C, Giannini C, Scotti A, Liga R, Curello S, Fiorina C, Chiari E,
Chizzola G, Abbenante A, Visco E, Branca L, Fiorelli F, Agricola E, Stella S,
Lombardi C, Colombo A, Petronio AS, Metra M, Ettori F. Left ventricular reverse
remodelling predicts long-term outcomes in patients with functional mitral regurgita-
tion undergoing MitraClip therapy: results from a multicentre registry. Eur J Heart
Fail. 2019;21:196-204.

52. Godino C, Munafo A, Scotti A, Estévez-Loureiro R, Portolés Hernandez A,
Arzamendi D, Fernandez Peregrina E, Taramasso M, Fam NP, Ho EC, Asgar A,
Vitrella G, Raineri C, Adamo M, Fiorina C, Montalto C, Fraccaro C, Giannini C,
Fiorelli F, Popolo Rubbio A, Ooms JF, Compagnone M, Maffeo D, Bettari L,
Fiirholz M, Tamburino C, Petronio AS, Grasso C, Agricola E, Van Mieghem NM,
Tarantini G, Curello S, Praz F, Pascual I, Potena L, Colombo A, Maisano F, Metra M,
Margonato A, Crimi G, Saia F. MitraClip in secondary mitral regurgitation as a bridge
to heart transplantation: 1-year outcomes from the International MitraBridge Registry.
J Heart Lung Transplant. 2020;39:1353-62.

53. Doldi PM, Buech J, Orban M, Samson-Himmelstjerna P, Wilbert-Lampen U,
Hagl C, Massberg S, Nabauer M, Hausleiter J, Braun D. Transcatheter mitral valve
repair may increase eligibility for heart transplant listing in patients with end-stage
heart failure and severe secondary mitral regurgitation. Int J Cardiol. 2021;338:72-8.
54. Claeys MJ, Debonnaire P, Bracke V, Bilotta G, Shkarpa N, Vanderheyden M,
Coussement P, Vanderheyden J, de Heyning CMV, Cosyns B, Pouleur AC, Lancellotti P,
Paelinck BP, Ferdinande B, Dubois C. Clinical and Hemodynamic Effects of
Percutaneous Edge-to-Edge Mitral Valve Repair in Atrial Versus Ventricular Functional
Mitral Regurgitation. 4m J Cardiol. 2021;161:70-5.

55. Doldi P, Stolz L, Orban M, Karam N, Praz F, Kalbacher D, Lubos E, Braun D,
Adamo M, Giannini C, Melica B, Nabauer M, Higuchi S, Wild M, Neuss M, Butter C,
Kassar M, Petrescu A, Pfister R, Iliadis C, Unterhuber M, Thiele H, Baldus S, von
Bardeleben RS, Schofer N, Hagl C, Petronio AS, Massberg S, Windecker S, Lurz P,
Metra M, Hausleiter J. Transcatheter Mitral Valve Repair in Patients With Atrial
Functional Mitral Regurgitation. JACC Cardiovasc Imaging. 2022;15:1843-51.

56. Bedogni F, Popolo Rubbio A, Grasso C, Adamo M, Denti P, Giordano A, Tusa M,
Bianchi G, De Marco F, Bartorelli AL, Montorfano M, Godino C, Citro R, De Felice F,
Mongiardo A, Monteforte I, Villa E, Giannini C, Crimi G, Tarantini G, Testa L,
Tamburino C. Italian Society of Interventional Cardiology (Glse) registry Of

m
=
S
2
=
=
(1]
g
<
(1]
=
=
o
=
NS
o
NS
o
-
@
©
a
o
©
3
o




m
=
S
2
S
=
@
]
<
o
S
=
=5
s
N}
©
N}
o
=N
o
©
a
o
©
3
o

Transcatheter treatment of mitral valve regurgitaTiOn (GIOTTO): impact of valve dis-
ease aetiology and residual mitral regurgitation after MitraClip implantation. Eur
J Heart Fail. 2021;23:1364-76.

57.Puls M, Lubos E, Boekstegers P, von Bardeleben RS, Ouarrak T, Butter C,
Zuern CS, Bekeredjian R, Sievert H, Nickenig G, Eggebrecht H, Senges J,
Schillinger W. One-year outcomes and predictors of mortality after MitraClip therapy
in contemporary clinical practice: results from the German transcatheter mitral valve
interventions registry. Eur Heart J. 2016;37:703-12.

58. Giustino G, Lindenfeld J, Abraham WT, Kar S, Lim DS, Grayburn PA, Kapadia SR,
Cohen DJ, Kotinkaduwa LN, Weissman NJ, Mack MJ, Stone GW. NYHA Functional
Classification and Outcomes After Transcatheter Mitral Valve Repair in Heart Failure:
The COAPT Trial. JACC Cardiovasc Interv. 2020;13:2317-28.

59. Lerakis S, Kini AS, Asch FM, Kar S, Lim DS, Mishell JM, Whisenant B,
Grayburn PA, Weissman NJ, Rinaldi MJ, Sharma SK, Kapadia SR, Rajagopal V,
Sarembock 1J, Brieke A, Tang GHL, Li D, Crowley A, Lindenfeld J, Abraham WT,
Mack MJ, Stone GW. Outcomes of transcatheter mitral valve repair for secondary
mitral regurgitation by severity of left ventricular dysfunction. Eurolntervention.
2021;17:€335-42.

60. Deferm S, Bertrand PB, Verbrugge FH, Verhaert D, Rega F, Thomas JD,
Vandervoort PM. Atrial Functional Mitral Regurgitation: JACC Review Topic of the
Week. J Am Coll Cardiol. 2019;73:2465-76.

61. Caiffa T, De Luca A, Biagini E, Lupi L, Bedogni F, Castrichini M, Compagnone M,
Tusa M, Berardini A, Merlo M, Fabris E, Popolo Rubbio A, Tomasoni D, Di
Pasquale M, Arosio R, Perkan A, Barbati G, Saia F, Adamo M, Stolfo D, Sinagra G.
Impact on clinical outcomes of right ventricular response to percutaneous correction of
secondary mitral regurgitation. Eur J Heart Fail. 2021;23:1765-74.

62. Hahn RT, Asch F, Weissman NJ, Grayburn P, Kar S, Lim S, Ben-Yehuda O,
Shahim B, Chen S, Liu M, Redfors B, Medvedofsky D, Puri R, Kapadia S, Sannino A,
Lindenfeld J, Abraham WT, Mack MJ, Stone GW. Impact of Tricuspid Regurgitation
on Clinical Outcomes: The COAPT Trial. J Am Coll Cardiol. 2020;76:1305-14.

63. Brener MI, Grayburn P, Lindenfeld J, Burkhoff D, Liu M, Zhou Z, Alu MC,
Medvedofsky DA, Asch FM, Weissman NJ, Bax J, Abraham W, Mack MJ, Stone GW,
Hahn RT. Right Ventricular-Pulmonary Arterial Coupling in Patients With HF
Secondary MR: Analysis From the COAPT Trial. JACC Cardiovasc Interv. 2021;14:
2231-42.

64. Saxon JT, Cohen DJ, Chhatriwalla AK, Kotinkaduwa LN, Kar S, Lim DS,
Abraham WT, Lindenfeld J, Mack MJ, Arnold SV, Stone GW. Impact of COPD on
Outcomes After MitraClip for Secondary Mitral Regurgitation: The COAPT Trial.
JACC Cardiovasc Interv. 2020;13:2795-803.

65. Sisinni A, Munafo A, Pivato CA, Adamo M, Taramasso M, Scotti A, Parlati ALM,
Italia L, Voci D, Buzzatti N, Denti P, Ancona F, Marengo A, Sala A, Bodega F,
Ruffo MM, Curello S, Castiglioni A, Montorfano M, de Bonis M, Alfieri O, Agricola E,
Colombo A, Maisano F, Metra M, Margonato A, Godino C; MiZiiBr registry. Effect of
Chronic Kidney Disease on 5-Year Outcome in Patients With Heart Failure and
Secondary Mitral Regurgitation Undergoing Percutanecous MitraClip Insertion.
Am J Cardiol. 2022;171:105-14.

66. Ben-Yehuda O, Shahim B, Chen S, Liu M, Redfors B, Hahn RT, Asch FM,
Weissman NJ, Medvedofsky D, Puri R, Kapadia S, Sannino A, Grayburn P, Kar S,
Lim S, Lindenfeld J, Abraham WT, Mack MJ, Stone GW. Pulmonary Hypertension in
Transcatheter Mitral Valve Repair for Secondary Mitral Regurgitation: The COAPT
Trial. J Am Coll Cardiol. 2020;76:2595-606.

67. Senni M, Adamo M, Metra M, Alfieri O, Vahanian A. Treatment of functional
mitral regurgitation in chronic heart failure: can we get a ‘proof of concept’ from the
MITRA-FR and COAPT trials? Eur J Heart Fail. 2019;21:852-61.

68. Pagnesi M, Adamo M, Sama IE, Anker SD, Cleland JG, Dickstein K, Filippatos GS,
Inciardi RM, Lang CC, Lombardi CM, Ng LL, Ponikowski P, Samani NJ, Zannad F,
van Veldhuisen DJ, Voors AA, Metra M. Clinical impact of changes in mitral regurgita-
tion severity after medical therapy optimization in heart failure. Clin Res Cardiol.
2022;111:912-23.

69. Soulat-Dufour L, Lang S, Addetia K, Ederhy S, Adavane-Scheuble S, Chauvet-
Droit M, Jean ML, Nhan P, Ben Said R, Kamami I, Issaurat P, Capderou E, Arnaud C,
Boccara F, Lang RM, Cohen A. Restoring Sinus Rhythm Reverses Cardiac Remodeling
and Reduces Valvular Regurgitation in Patients With Atrial Fibrillation. J 4m Coll
Cardiol. 2022;79:951-61.

70. Corpataux N, Brugger N, Hunziker L, Reineke D, Windecker S, Vahanian A,
Praz F. The role of transcatheter mitral valve leaflet approximation for the treatment of
secondary mitral regurgitation: current status and future prospects. Expert Rev Med
Devices. 2021;18:261-72.

71. Adamo M, Chiari E, Curello S, Maiandi C, Chizzola G, Fiorina C, Frontini M,
Cuminetti G, Pezzotti E, Rovetta R, Lombardi CM, Manzato A, Metra M, Ettori F.
Mitraclip therapy in patients with functional mitral regurgitation and missing leaflet
coaptation: is it still an exclusion criterion? Eur J Heart Fail. 2016;18:1278-86.

72. Kassar M, Praz F, Hunziker L, Pilgrim T, Windecker S, Seiler C, Brugger N.
Anatomical and Technical Predictors of Three-Dimensional Mitral Valve Area
Reduction After Transcatheter Edge-To-Edge Repair. J Am Soc Echocardiogr. 2022;
35:96-104.

73. Singh GD, Smith TW, Rogers JH. Multi-MitraClip therapy for severe degenerative
mitral regurgitation: "anchor" technique for extremely flail segments. Catheter
Cardiovasc Interv. 2015;86:339-46.

74. Agricola E, Ancona F, Brochet E, Donal E, Dweck M, Faletra F, Lancellotti P,
Mahmoud-Elsayed H, Marsan NA, Maurovich-Hovart P, Monaghan M, Ribeiro J,
Sade LE, Swaans M, Von Bardeleben RS, Wunderlich N, Zamorano JL, Popescu BA,
Cosyns B, Edvardsen T; Reviewers: This document was reviewed by members of the
2018-2020 EACVI Scientific Documents Committee. The structural heart disease
interventional imager rationale, skills and training: a position paper of the European
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. 2021;
22:471-9.

75.Hahn RT, Mahmood F, Kodali S, Lang R, Monaghan M, Gillam LD,
Swaminathan M, Bonow RO, von Bardeleben RS, Bax JJ, Grayburn P, Zoghbi WA,
Sengupta PP, Chandrashekhar Y, Little SH. Core Competencies in Echocardiography
for Imaging Structural Heart Disease Interventions: An Expert Consensus Statement.
JACC Cardiovasc Imaging. 2019;12:2560-70.

76. Tang GHL, Ro RJ, Sengupta A, Khera S, Sharma SK, Kini A, Lerakis S. A Novel
Method to Quantify Leaflet Insertion During Transcatheter Mitral Valve Repair With
the MitraClip. JACC Cardiovasc Interv. 2020;13:1499-500.

77. Biaggi P, Felix C, Gruner C, Herzog BA, Hohlfeld S, Gaemperli O, Stéhli BE,
Paul M, Held L, Tanner FC, Griinenfelder J, Corti R, Bettex D. Assessment of mitral
valve area during percutaneous mitral valve repair using the MitraClip system: com-
parison of different echocardiographic methods. Circ Cardiovasc Imaging. 2013;6:
1032-40.

78. Sayah N, Simon F, Garceau P, Ducharme A, Basmadjian A, Bouchard D, Pellerin M,
Bonan R, Asgar AW. Initial clinical experience with VersaCross transseptal system for
transcatheter mitral valve repair. Catheter Cardiovasc Interv. 2021;97:1230-4.

79. Wasserlauf J, Knight BP. Comparing the safety and effectiveness of dedicated radio-
frequency transseptal wires to electrified metal guidewires. J Cardiovasc Electrophysiol.
2022;33:371-9.

80. Higuchi S, Orban M, Stolz L, Karam N, Praz F, Kalbacher D, Ludwig S, Braun D,
Nébauer M, Wild MG, Neuss M, Butter C, Kassar M, Petrescu A, Pfister R, Iliadis C,
Unterhuber M, Park SD, Thiele H, Baldus S, von Bardeleben S, Schofer N, Massberg S,
Windecker S, Lurz P, Hausleiter J. Impact of Residual Mitral Regurgitation on Survival
After Transcatheter Edge-to-Edge Repair for Secondary Mitral Regurgitation. JACC
Cardiovasc Interv. 2021;14:1243-53.

81. Reichart D, Kalbacher D, Riibsamen N, Tigges E, Thomas C, Schirmer J,
Reichenspurner H, Blankenberg S, Conradi L, Schifer U, Lubos E. The impact of
residual mitral regurgitation after MitraClip therapy in functional mitral regurgitation.
Eur J Heart Fail. 2020;22:1840-8.

82. Adamo M, Pagnesi M, Popolo Rubbio A, Branca L, Grasso C, Denti P, Giordano A,
Tusa M, De Marco F, Lupi L, Bartorelli AL, Godino C, Citro R, De Felice F,
Mongiardo A, Monteforte I, Villa E, Giannini C, Testa L, Curello S, Tarantini G,
Tamburino C, Bedogni F, Metra M. Predictors of optimal procedural result after trans-
catheter edge-to-edge mitral valve repair in secondary mitral regurgitation. Catheter
Cardiovasc Interv. 2022;99:1626-35.

83. Neuss M, Schau T, Isotani A, Pilz M, Schépp M, Butter C. Elevated Mitral Valve
Pressure Gradient After MitraClip Implantation Deteriorates Long-Term Outcome in
Patients With Severe Mitral Regurgitation and Severe Heart Failure. JACC Cardiovasc
Interv. 2017;10:931-9.

84. Utsunomiya H, Itabashi Y, Kobayashi S, Rader F, Hussaini A, Makar M, Trento A,
Siegel RJ, Kar S, Shiota T. Effect of Percutaneous Edge-to-Edge Repair on Mitral
Valve Area and Its Association With Pulmonary Hypertension and Outcomes.
Am J Cardiol. 2017;120:662-9.

85. Kische S, Nienaber C, Ince H. Use of four MitraClip devices in a patient with
ischemic cardiomyopathy and mitral regurgitation: "zipping by clipping". Catheter
Cardiovasc Interv. 2012;80:1007-13.

86. Taramasso M, Maisano F. Challenging mitral clefts with MitraClip: the convergent
clips strategy. Eurolntervention. 2016;12:¢1071.

87. Patzelt J, Zhang Y, Seizer P, Magunia H, Henning A, Riemlova V, Patzelt TA,
Hansen M, Haap M, Riessen R, Lausberg H, Walker T, Reutershan J, Schlensak C,
Grasshoff C, Simon DI, Rosenberger P, Schreieck J, Gawaz M, Langer HF. Effects of
Mechanical Ventilation on Heart Geometry and Mitral Valve Leaflet Coaptation
During Percutaneous Edge-to-Edge Mitral Valve Repair. JACC Cardiovasc Interv.
2016;9:151-9.

88. Geis NA, Pleger ST, Chorianopoulos E, Miiller OJ, Katus HA, Bekeredjian R.
Feasibility and clinical benefit of a suture-mediated closure device for femoral vein
access after percutaneous edge-to-edge mitral valve repair. Eurolntervention. 2015;
10:1346-53.



89. Steppich B, Stegmiiller F, Rumpf PM, Pache J, Sonne C, Lesevic H, Braun D,
Hausleiter J, Kasel AM, Ott 1. Vascular complications after percutaneous mitral valve
repair and venous access closure using suture or closure device. J Interv Cardiol.
2018;31:223-9.

90. Taramasso M, Gavazzoni M, Kuwata S, Meier P, Maisano F. From Color to
Hemodyna3 Registry. Eur Heart J Cardiovasc Imaging. 2014;15:1246-55.

91. El Shaer A, Thaden J, Eleid M, Simard T, Guerrero M, Rihal CS, Alkhouli M.
Hemodynamic Success Is an Independent Predictor of Mid-Term Survival After
Transcatheter Edge-to-Edge Mitral Valve Repair. Circ Cardiovasc Interv. 2022;15:
e011542.

92. Niikura H, Bae R, Gossl M, Lin D, Jay D, Sorajja P. Transcatheter therapy for
residual mitral regurgitation after MitraClip therapy. Eurolntervention. 2019;15:
e491-9.

93. Nakajima Y, Kar S. First experience of the usage of a GORE CARDIOFORM
Septal Occluder device for treatment of a significant residual commissural mitral
regurgitation jet following a MitraClip procedure. Catheter Cardiovasc Interv.
2018;92:607-10.

94. Bartkowiak J, Reineke D, Tomii D, Brugger N, Pilgrim T, Terbeck S, Khan JM,
Windecker S, Lanz J, Praz F. Electrosurgical Laceration and Stabilization of MitraClip
Followed by Valve Implantation for Iatrogenic Mitral Stenosis. JACC Cardiovasc
Interv. 2022;15:110-2.

95. Mangieri A, Melillo F, Montalto C, Denti P, Praz F, Sala A, Winkel MG,
Taramasso M, Tagliari AP, Fam NP, Rubbio AP, De Marco F, Bedogni F, Toggweiler S,
Schofer J, Brinkmann C, Sievert H, Van Mieghem NM, Ooms JF, Paradis JM, Rodés-
Cabau J, Brochet E, Himbert D, Perl L, Kornowski R, Ielasi A, Regazzoli D, Baldetti L,
Masiero G, Tarantini G, Latib A, Laricchia A, Gattas A, Tchetché¢ D, Dumonteil N,
Francesco G, Agricola E, Montorfano M, Lurz P, Crimi G, Maisano F, Colombo A.
Management and Outcome of Failed Percutaneous Edge-to-Edge Mitral Valve Plasty:
Insight From an International Registry. JACC Cardiovasc Interv. 2022;15:411-22.

96. Alessandrini H, Dreher A, Harr C, Wohlmuth P, Meincke F, Hakmi S, Ubben T,
Kuck KH, Hassan K, Willems S, Schmoeckel M, Geidel S. Clinical impact of interven-
tion strategies after failed transcatheter mitral valve repair. Eurolntervention.
2021;16:1447-54.

97. Baldus S. v. Bardeleben RS, Eggebrecht H, Elsdsser A, Hausleiter J, Ince H,
Kelm M, Kuck KH, Lubos E, Nef H, Raake P, Rillig A, Rudolph V, Schulze PC,
Schlitt A, Stellbrink C, Mollmann H. Interventionelle Therapie von
AV-Klappenerkrankungen — Kriterien fiir die Zertifizierung von Mitralklappenzentren.
Der Kardiologe. 2020;14:339-63.

98. Chhatriwalla AK, Vemulapalli S, Holmes DR Jr, Dai D, Li Z, Ailawadi G,
Glower D, Kar S, Mack MJ, Rymer J, Kosinski AS, Sorajja P. Institutional Experience
With Transcatheter Mitral Valve Repair and Clinical Outcomes: Insights From the TVT
Registry. JACC Cardiovasc Interv. 2019;12:1342-52.

99. Unger P, Rosenhek R, Dedobbeleer C, Berrebi A, Lancellotti P. Management of
multiple valve disease. Heart. 2011;97:272-7.

100. Barbanti M, Webb JG, Hahn RT, Feldman T, Boone RH, Smith CR, Kodali S,
Zajarias A, Thompson CR, Green P, Babaliaros V, Makkar RR, Szeto WY, Douglas PS,
McAndrew T, Hueter I, Miller DC, Leon MB; Placement of Aortic Transcatheter Valve
Trial Investigators. Impact of preoperative moderate/severe mitral regurgitation on
2-year outcome after transcatheter and surgical aortic valve replacement: insight from
the Placement of Aortic Transcatheter Valve (PARTNER) Trial Cohort A. Circulation.
2013;128:2776-84.

101. Giordana F, Capriolo M, Frea S, Marra WG, Giorgi M, Bergamasco L, Omedé¢ PL,
Sheiban I, D'Amico M, Bovolo V, Salizzoni S, La Torre M, Rinaldi M, Marra S,
Gaita F, Morello M. Impact of TAVI on mitral regurgitation: a prospective echocardio-
graphic study. Echocardiography. 2013;30:250-7.

102. Toggweiler S, Boone RH, Rodés-Cabau J, Humphries KH, Lee M, Nombela-
Franco L, Bagur R, Willson AB, Binder RK, Gurvitch R, Grewal J, Moss R, Munt B,
Thompson CR, Freeman M, Ye J, Cheung A, Dumont E, Wood DA, Webb JG.
Transcatheter aortic valve replacement: outcomes of patients with moderate or severe
mitral regurgitation. J Am Coll Cardiol. 2012;59:2068-74.

103. Sannino A, Grayburn PA. Mitral regurgitation in patients with severe aortic steno-
sis: diagnosis and management. Heart. 2018;104:16-22.

104. Schueler R, Oztiirk C, Sinning JM, Werner N, Welz A, Hammerstingl C,
Nickenig G. Impact of baseline tricuspid regurgitation on long-term clinical outcomes
and survival after interventional edge-to-edge repair for mitral regurgitation. Clin Res
Cardiol. 2017;106:350-8.

105. Ohno Y, Attizzani GF, Capodanno D, Cannata S, Dipasqua F, Inmé S, Barbanti M,
Ministeri M, Caggegi A, Pistritto AM, Chiaranda M, Ronsivalle G, Giaquinta S,
Farruggio S, Mangiafico S, Scandura S, Tamburino C, Capranzano P, Grasso C.
Association of tricuspid regurgitation with clinical and echocardiographic outcomes
after percutaneous mitral valve repair with the MitraClip System: 30-day and 12-month

Mitral valve TEER

follow-up from the GRASP Registry. Eur Heart J Cardiovasc Imaging. 2014;15:
1246-55.

106. Besler C, Blazek S, Rommel KP, Noack T, von Roeder M, Luecke C, Seeburger J,
Ender J, Borger MA, Linke A, Gutberlet M, Thiele H, Lurz P. Combined Mitral and
Tricuspid Versus Isolated Mitral Valve Transcatheter Edge-to-Edge Repair in Patients
With Symptomatic Valve Regurgitation at High Surgical Risk. JACC Cardiovasc
Interv. 2018;11:1142-51.

107. Mehr M, Karam N, Taramasso M, Ouarrak T, Schneider S, Lurz P, von
Bardeleben RS, Fam N, Pozzoli A, Lubos E, Boekstegers P, Schillinger W, Plicht B,
Eggebrecht H, Baldus S, Senges J, Maisano F, Hausleiter J; TriValve and TRAMI
Investigators. Combined Tricuspid and Mitral Versus Isolated Mitral Valve Repair for
Severe MR and TR: An Analysis From the TriValve and TRAMI Registries. JACC
Cardiovasc Interv. 2020;13:543-50.

108. Grigioni F, Avierinos JF, Ling LH, Scott CG, Bailey KR, Tajik AJ, Frye RL,
Enriquez-Sarano M. Atrial fibrillation complicating the course of degenerative mitral
regurgitation: determinants and long-term outcome. J Am Coll Cardiol. 2002;40:84-92.
109. Gertz ZM, Herrmann HC, Lim DS, Kar S, Kapadia SR, Reed GW, Puri R,
Krishnaswamy A, Gersh BJ, Weissman NJ, Asch FM, Grayburn PA, Kosmidou I,
Redfors B, Zhang Z, Abraham WT, Lindenfeld J, Stone GW, Mack MJ. Implications of
Atrial Fibrillation on the Mechanisms of Mitral Regurgitation and Response to
MitraClip in the COAPT Trial. Circ Cardiovasc Interv. 2021;14:¢010300.

110. Cheng R, Dawkins S, Hamilton MA, Makar M, Hussaini A, Azarbal B, Patel JK,
Kobashigawa JA, Trento A, Makkar RR, Kar S. Percutaneous Mitral Repair for
Patients in Cardiogenic Shock Requiring Inotropes and Temporary Mechanical
Circulatory Support. JACC Cardiovasc Interv. 2019;12:2440-1.

111. Geis NA, Pleger ST, Bekeredjian R, Chorianopoulos E, Kreusser MM,
Frankenstein L, Ruhparwar A, Katus HA, Raake PWJ. Haemodynamic effects of per-
cutaneous mitral valve edge-to-edge repair in patients with end-stage heart failure
awaiting heart transplantation. ESC Heart Fail. 2018;5:892-901.

112. Tyler J, Narbutas R, Oakley L, Ebinger J, Nakamura M. Percutaneous mitral valve
repair with MitraClip XTR for acute mitral regurgitation due to papillary muscle rup-
ture. J Cardiol Cases. 2020;22:246-8.

113. Papadopoulos K, Chrissoheris M, Nikolaou I, Spargias K. Edge-to-edge mitral
valve repair for acute mitral valve regurgitation due to papillary muscle rupture: a case
report. Eur Heart J Case Rep. 2019;3:ytz001.

114. Haberman D, Estévez-Loureiro R, Benito-Gonzalez T, Denti P, Arzamendi D,
Adamo M, Freixa X, Nombela-Franco L, Villablanca P, Krivoshei L, Fam N,
Spargias K, Czarnecki A, Pascual I, Praz F, Sudarsky D, Kerner A, Ninios V,
Gennari M, Beeri R, Perl L, Wasserstrum Y, Danenberg H, Poles L, George J, Caneiro-
Queija B, Scianna S, Moaraf'I, Schiavi D, Scardino C, Corpataux N, Echarte-Morales J,
Chrissoheris M, Fernindez-Peregrina E, Di Pasquale M, Regueiro A, Vergara-
Uzcategui C, Ifiguez-Romo A, Fernandez-Vazquez F, Dvir D, Maisano F,
Taramasso M, Shuvy M. Conservative, surgical, and percutaneous treatment for mitral
regurgitation shortly after acute myocardial infarction. Eur Heart J. 2022;43:641-50.
115. Jung RG, Simard T, Kovach C, Flint K, Don C, Di Santo P, Adamo M, Branca L,
Valentini F, Benito-Gonzalez T, Fernandez-Véazquez F, Estévez-Loureiro R,
Berardini A, Conti N, Rapezzi C, Biagini E, Parlow S, Shorr R, Levi A, Manovel A,
Cardenal-Piris R, Diaz Fernandez J, Shuvy M, Haberman D, Sala A, Alkhouli MA,
Marini C, Bargagna M, Schiavi D, Denti P, Markovic S, Buzzatti N, Chan V, Hynes M,
Mesana T, Labinaz M, Pappalardo F, Taramasso M, Hibbert B. Transcatheter Mitral
Valve Repair in Cardiogenic Shock and Mitral Regurgitation: A Patient-Level,
Multicenter Analysis. JACC Cardiovasc Interv. 2021;14:1-11.

116. Horstkotte J, Kloeser C, Beucher H, Schwarzlaender E, von Bardeleben RS,
Boekstegers P. Intraprocedural assessment of mitral regurgitation during the mitraclip
procedure: Impact of continuous left atrial pressure monitoring. Catheter Cardiovasc
Interv. 2016;88:1134-43.

117. Zweck E, Spieker M, Horn P, Iliadis C, Metze C, Kavsur R, Tiyerili V, Nickenig G,
Baldus S, Kelm M, Becher MU, Pfister R, Westenfeld R. Machine Learning Identifies
Clinical Parameters to Predict Mortality in Patients Undergoing Transcatheter Mitral
Valve Repair. JACC Cardiovasc Interv. 2021;14:2027-36.

118. Raposeiras-Roubin S, Adamo M, Freixa X, Arzamendi D, Benito-Gonzalez T,
Montefusco A, Pascual I, Nombela-Franco L, Rodes-Cabau J, Shuvy M, Portolés-
Hernandez A, Godino C, Caneiro-Queija B, Lupi L, Regueiro A, Li CH, Fernandez-
Vazquez F, Frea S, Avanzas P, Tirado-Conte G, Paradis JM, Peretz A, Monivas V,
Baz JA, Galasso M, Branca L, Sanchis L, Asmarats L, Garrote-Coloma C, Angelini F,
Leon V, Pozo E, Alperi A, Beeri R, Cani D, Sabaté M, Fernandez-Peregrina E, Gualis J,
Bocchino PP, Curello S, Abu-Assi E, fﬁiguez—Romo A, Bedogni F, Rubbio AP, Testa L,
Grasso C, Estévez-Loureiro R. A Score to Assess Mortality After Percutaneous Mitral
Valve Repair. J Am Coll Cardiol. 2022;79:562-73.

119. Nickenig G, Estevez-Loureiro R, Franzen O, Tamburino C, Vanderheyden M,
Liischer TF, Moat N, Price S, Dall'Ara G, Winter R, Corti R, Grasso C, Snow TM,
Jeger R, Blankenberg S, Settergren M, Tiroch K, Balzer J, Petronio AS, Biittner HJ,
Ettori F, Sievert H, Fiorino MG, Claeys M, Ussia GP, Baumgartner H, Scandura S,
Alamgir F, Keshavarzi F, Colombo A, Maisano F, Ebelt H, Aruta P, Lubos E, Plicht B,

m
=
S
2
=
=
(1]
g
<
(1]
=
=
o
=
NS
o
NS
o
-
@
©
a
o
©
3
o




m
=
S
2
S
=
@
]
<
o
S
=2
o
S
N}
©
N}
o
=N
o
©
a
o
©
3
o

Schueler R, Pighi M, Di Mario C; Transcatheter Valve Treatment Sentinel Registry
Investigators of the EURObservational Research Programme of the European Society
of Cardiology. Percutaneous mitral valve edge-to-edge repair: in-hospital results and
1-year follow-up of 628 patients of the 2011-2012 Pilot European Sentinel Registry.
J Am Coll Cardiol. 2014;64:875-84.

120. Schnitzler K, Hell M, Geyer M, Kreidel F, Miinzel T, von Bardeleben RS.
Complications Following MitraClip Implantation. Curr Cardiol Rep. 2021;23:131.

121. Kalbacher D, Schifer U, von Bardeleben RS, Zuern CS, Bekeredjian R, Ouarrak T,
Sievert H, Nickenig G, Boekstegers P, Senges J, Schillinger W, Lubos E. Impact of tri-
cuspid valve regurgitation in surgical high-risk patients undergoing MitraClip implanta-
tion: results from the TRAMI registry. Eurolntervention. 2017;12:¢1809-16.

122. Frangieh AH, Gruner C, Mikulicic F, Attinger-Toller A, Tanner FC, Taramasso M,
Corti R, Griinenfelder J, Liische TF, Ruschitzka F, Bettex D, Maisano F, Gaemperli O.
Impact of percutaneous mitral valve repair using the MitraClip system on tricuspid
regurgitation. Eurolntervention. 2016;11:¢1680-6.

123. Yzeiraj E, Bijuklic K, Tiburtius C, Witt J, Krause K, Steude J, Hansen L, Rie8 FC,
Schofer J. Tricuspid regurgitation is a predictor of mortality after percutaneous mitral
valve edge-to-edge repair. Eurolntervention. 2017;12:e1817-24.

124. Geyer M, Keller K, Bachmann K, Born S, Tamm AR, Ruf TF, Kreidel F, Hahad O,
Petrescu A, Hell M, Beiras-Fernandez A, Kornberger A, Schulz E, Miinzel T, von
Bardeleben RS. Concomitant tricuspid regurgitation severity and its secondary reduc-
tion determine long-term prognosis after transcatheter mitral valve edge-to-edge
repair. Clin Res Cardiol. 2021;110:676-88.

125. Adamo M, Pagnesi M, Ghizzoni G, Estévez-Loureiro R, Raposeiras-Roubin S,
Tomasoni D, Stolfo D, Sinagra G, Popolo Rubbio A, Bedogni F, De Marco F,
Giannini C, Petronio AS, Stazzoni L, Benito-Gonzalez T, Fernandez-Vazquez F,
Garrote-Coloma C, Godino C, Agricola E, Munafo A, Pascual I, Avanzas P, Léon V,
Montefusco A, Boretto P, Pidello S, Moiivas-Palomero V, Del Trigo M, Biagini E,
Biagini XA, Saia F, Nombela-Franco L, Tirado-Conte G, De Augustin A, Caneiro-
Queija B, De Luca A, Branca L, Zaccone G, Lupi L, Lipsic E, Voors A, Metra M.
Evolution of tricuspid regurgitation after transcatheter edge-to-edge mitral valve repair
for secondary mitral regurgitation and its impact on mortality. Eur J Heart Fail.
2022;24:2175-84.

Supplementary data

Supplementary Table 1. MitraScore.

Supplementary Table 2. Anatomic exclusion criteria of the
EVEREST 1I trial.

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-22-00725




Supplementary data

Supplementary Table 1. MitraScore.

Variable Points

Anemia 1 point

Glomerular filtrate rate <60 mL/min/1.73 m2 1 point

Left ventricular ejection fraction <40% 1 point
Peripheral artery disease 1 point
Chronic obstructive pulmonary disease 1 point
High diuretic dose 1 point
No therapy with renin-angiotensin system 1 point

inhibitors




Supplementary Table 2. Anatomic exclusion criteria of the EVEREST II trial.

Anatomic exclusion criteria of the EVEREST 11 trial

Primary regurgitant jet outside from A2 and P2 segments of the mitral valve
Leatflet flail Width >= 15 mm

Leatflet flail Gap >= 10 mm

Leatflet tethering with coaptation Length < 2 mm

Leaflet anatomy which may preclude clip implantation, proper clip positioning on the
leaflets or sufficient reduction in MR

Evidence of calcification in the grasping area of the A2 and/or P2 scallops
Presence of a significant cleft of A2 or P2 scallops

Bileaflet flail or severe bileaflet prolapse (such as in Barlow disease)
Lack of both primary and secondary chordal support

Prior mitral valve leaflet surgery or any currently implanted mechanical prosthetic mitral
valve

Mitral valve orifice area < 4.0 cm2
Echocardiographic evidence of intracardiac mass, thrombus or vegetation

Active endocarditis or active rheumatic heart disease or leaflets degenerated from
rheumatic diseased

Primary regurgitant jet outside from A2 and P2 segments of the mitral valve

MR, mitral regurgitation.



