Contemporary Mitral TEER
and Expanding Indications

Expanding beyond the green zone.

By Nidhish Tiwari, MD; Muhammad Asim Shabbir, MD; and Nidhi Madan, MD, MPH

he mitral valve (MV) has a complex anatomy

with intricate interactions among its different

components. Mitral regurgitation (MR) is

the most common valvular heart disease and
occurs because of anatomic and/or functional distur-
bances of the MV itself or its supporting apparatus.’?
Various trials, such as EVEREST I1,>* COAPT,® and
MITRA-FR,® have established conventional parameters
and optimal candidacy for mitral transcatheter edge-
to-edge repair (M-TEER). Currently, TEER is a class Ila
recommendation for select patients at high surgical risk
with severe primary MR, or select patients with second-
ary MR who remain symptomatic despite guideline-
directed medical therapy.”

In recent years, an increase in the adoption of M-TEER
and improved experience has led to an expansion of
M-TEER indications to include challenging cases of cardio-
genic shock (CS) with significant MRE° atrial functional
MR (AFMR),"" red zone/unfavorable MV anatomy,'
severe left ventricular (LV) dysfunction (LV ejection frac-
tion < 20%) or dilation (LV end-systolic diameter > 7 cm),
failed prior surgical intervention, congenital defects, and
systolic anterior motion (SAM) of MV with hypertrophic
cardiomyopathy (HCM).">' More recently, TEER has been
evaluated in moderate MR with the thought of targeting
the disease at an early stage to prevent LV remodeling. In
this article, we highlight recent developments in M-TEER
technology and its expanding indications beyond the con-
ventional “green zone” (Figure 1).

M-TEER IN CS AND SIGNIFICANT MR

In chronic severe MR, CS may be caused by a combi-
nation of volume overload, decreased forward cardiac
output, elevated left atrial (LA) pressure, myocardial
dysfunction, and compensatory mechanisms that
fail to maintain adequate perfusion to vital organs.’

Conversely, acute severe MR causes an abrupt rise in

LA volume and pressure, often leading to pulmonary
edema. Treatment of these CS patients may involve the
use of diuretics, vasodilators, inotropes, and/or mechan-
ical circulatory support devices for hemodynamic stabil-
ity. However, the definitive treatment involves address-
ing the underlying pathology or cause of CS. These
patients with CS and significant MR have a devastating
prognosis and carry high morbidity and mortality even
when they are successfully bridged to MV surgery. In
such instances, less invasive transcatheter therapy with
M-TEER could serve as a promising strategy.'® Successful
M-TEER in carefully selected patients may improve
clinical outcomes by restoring hemodynamics through
increased cardiac output and reduced LA pressure. This
hemodynamic response becomes important in patients
with CS" as it can facilitate gradual weaning of inotro-
pes and mechanical circulatory support.

Patients with severe MR and CS carry a poor progno-
sis and a very high mortality rate,'®'® rendering them
very high-risk candidates for surgical intervention. Thus,
there remains an unmet need to explore transcatheter
approaches to treat MR in this population. There are
no randomized trials directly comparing TEER with
either surgery or medical therapy in these patients. The
EVEREST 11>* and COAPT trials>? excluded hemody-
namically unstable patients in CS. Nonetheless, data
have been accumulating on the safety and feasibility of
TEER in severe MR patients presenting with CS.2 Jung
et al showed the effectiveness of M-TEER in reducing
MR in 88.7% of 141 patients with severe MR and CS at
14 institutions.® Analysis from the STS/ACC TVT registry
on a larger study cohort showed that M-TEER was safe
and feasible in this population, and device success with
M-TEER was associated with improved survival and heart
failure hospitalizations at 1 year.?' A recent meta-analysis
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Figure 1. Current and expanding indications for M-TEER.

comprising 4,060 patients with CS showed that M-TEER
reduced MR in 88% of patients.”> The ongoing CAPITAL
MINOS is a multicenter, open-label, randomized con-
trolled trial that will further shed light on the utility and
outcomes of M-TEER compared with the standard of
care medical therapy alone in such patients with CS and
significant MR.23

M-TEER FOR AFMR

AFMR is a product of mitral annular dilation second-
ary to LA enlargement in the absence of LV dysfunction
and may be associated with worse clinical outcomes.?#
The most common etiologies of AFMR include chronic
atrial fibrillation or heart failure with preserved ejection
fraction (HFpEF). It starts with dilation of the left atrium,
which hinders MV leaflet coaptation without impacting
leaflet mobility.?> LA volume index is an independent
predictor of prognosis in both atrial and ventricular
functional MR.2® Observational data have suggested that
M-TEER is safe and feasible in AFMR,’-*° although it can
be technically challenging as atrial remodeling in these
cases causes MV leaflets to have shallower tenting angles
and height compared to ventricular functional MR. The
multicenter Italian MITRA-TUNE registry of 87 patients
undergoing M-TEER for AFMR demonstrated 97% tech-
nical success with a 30-day all-cause mortality of 5%.3°
Residual MR < 2+ was present in 89%, and there was
improvement in New York Heart Association class I/I1
in 79% of patients. A single-center observational study
including 118 patients with AFMR showed a procedural

success rate of 94.1% and MR reduction to < 1+ in
79.7% of patients.?? The in-hospital mortality rate was
2.5%. Large LA volume index and low leaflet-to-annulus
index were associated with a lower reduction in MR
grade after TEER for AFMR. These parameters may help
in patient selection using a heart team approach. There
are accumulating data that suggest M-TEER improves
symptoms in patients with AFMR?”?8 and may lead to
positive reverse remodeling of the LA and mitral annular
dimensions.3

Data from EXPAND registry (a prospective, real-
world, multicenter registry) showed that TEER for
AFMR was associated with significant MR reduction
and improvement in quality of life and functional class,
similar to patients with ventricular functional MR,
underscoring its utility in this patient population of
AFMR with symptomatic HFpEF.2

M-TEER IN HCM WITH MR RELATED TO SAM
OF THE MV

HCM may be associated with MR due to SAM of the
MV leaflet. The pathophysiology of SAM involves a
complex relationship between HCM morphology, MV
abnormalities, and dynamic LV outflow tract (LVOT)
obstruction.? Medical therapy is the first line of treat-
ment. Septal reduction (either by myectomy or alcohol
ablation) along with surgical edge-to-edge MV repair
are traditional treatment options in cases refractory to
medical management for LVOT obstruction and SAM.2
M-TEER has risen as a reasonable strategy to relieve
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LVOT obstruction and SAM-induced MR in these
patients who are deemed high surgical risk or have sep-
tal anatomies ineligible for alcohol ablation.™

A case series of five HCM patients with SAM-induced
MR demonstrated symptomatic improvement by reduc-
tion of SAM and MR.3? A hybrid surgical (myectomy) and
transcatheter (M-TEER) approach could also be beneficial
in select cases. A case study of three patients with HCM
who underwent septal myectomy and developed recur-
rent MR showed that M-TEER successfully reduced MR
to mild grade.>* Another case report highlighted the
feasibility and success of M-TEER in a patient with non-
obstructive HCM and significant MR35

M-TEER IN CHALLENGING MV ANATOMY

With advancement in M-TEER device technology and
increasing utilization, operator experience has improved
to apply M-TEER in the management of challenging
cases previously thought to be less suited/unfavorable for
TEER. Some of these challenging anatomies include MV
with low coaptation length, large or wide flail segment,
small MV area, presence of mitral annular calcification,
leaflet thickening due to valvulitis or rheumatic disease,
leaflet calcification in grasping zone, broad MR jet, com-
missural MR, short or retracted posterior MV leaflet, or
presence of chordae in the grasping area.

This expansion of the M-TEER technique to patients
with more complex anatomies does raise concerns about
inadequate MR reduction or procedural complications,
such as leaflet injuries and single-leaflet device attach-
ment. However, with the tremendous growth in device
technology and refinements in procedural techniques,
M-TEER can be safely performed for such anatomies pre-
viously considered outside the “green zone.” These tech-
niques include the ability of independent and controlled
gripper actuation with the fourth-generation MitraClip
delivery system (Abbott) that allows operators to con-
firm and/or optimize leaflet grasping. The device also
allows for continuous LA pressure monitoring through
the guiding catheter to avoid complications and assess
for hemodynamic response.

Transesophageal echocardiography plays a crucial
role in not only assessing the morphology of MV leaflets
but also providing intraprocedural guidance for proper
guide/device steering, positioning of the delivery system,
and avoiding risk of clip entrapment in the subvalvular
apparatus (especially in medial scallops). Using simul-
taneous biplane tool and multiplanar imaging during
intraprocedural transesophageal echocardiography can
be particularly useful in optimizing M-TEER results. The
availability of different device sizes also allows catering to
different valve pathologies. For example, the short-arm

devices (MitraClip NT or NTW) can be considered for
commissural MR, whereas large flails may be addressed
with longer-arm devices (MitraClip XT/XTW or Pascal
[Edwards Lifesciences]). Adequate pre- and intraproce-
dural imaging guidance, optimal patient selection, and
operator and procedural experience are pivotal in tackling
these cases safely and providing a durable valve repair.

M-TEER IN MODERATE MR

Moderate MR reflects an earlier phenotype in the dis-
ease spectrum of secondary/functional MR, LV remodel-
ing, and development of symptoms. With the success of
M-TEER therapy in the treatment of secondary MR, there
has been increasing focus on the most optimal timing
of intervention to improve outcomes and prevent LV
remodeling, which may make some patients less suitable
for M-TEER therapy. Recently, 1-year outcomes from
the EXPAND studies including 2,205 patients from the
EXPAND and EXPAND G4 postmarket studies with the
third- and fourth-generation MitraClip device (NTR/XTR
and G4) were presented at the 2024 New York Valves
Conference.*® This analysis consisted of 968 patients who
had secondary MR, of whom 335 patients had moderate
MR (2+) and 525 had severe MR (= 3+).3¢ There was sig-
nificant improvement in MR, with 97% of patients with
moderate MR at baseline experiencing reduction to mild
or better (MR < 1+). Moreover, the patients with mod-
erate and severe MR had significant improvements in
LV end-diastolic and end-systolic volumes after M-TEER.
In patients with a very low ejection fraction, a greater
reduction in LV volumes was seen in those with moder-
ate MR at baseline compared to those with severe MR
at baseline. At 1-year follow-up, all-cause mortality and
heart failure hospitalizations were similar in those with
moderate and severe MR treated with M-TEER.

These data show that even patients with moderate
secondary MR at baseline gained significant improve-
ment in symptoms and quality of life with M-TEER. This
may open possibilities for a randomized trial to further
ascertain the benefit of M-TEER in the less sick patient
cohort of moderate MR. This is also hypothesis-generat-
ing for novel clinical strategies to treat MR, with M-TEER
for moderate MR potentially alongside maximizing guide-
line-directed medical therapy (GDMT) rather than the
contemporary approach of sequential TEER after GDMT
has been optimized.

FUTURE DIRECTIONS

The newer generation of available devices, procedural
advancements, improvement in adjunctive imaging
capabilities, and increasing operator experience have
expanded the range of patients who can be treated with
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M-TEER. Procedural risk is getting lower day by day, and
the success rate is increasing even for those previously
turned-down cases. The success of M-TEER relies heavily
on thorough preprocedural planning and careful patient
selection with a heart team approach. It will not be long
before M-TEER will become first-line therapy for both
primary and secondary MR. However, specific patient
populations, as mentioned in this article, may particu-
larly benefit from M-TEER. There remains a critical need
for large-scale, randomized controlled trials focused on
these distinct populations to better understand the
short- and long-term clinical outcomes of M-TEER in
these patient cohorts. ®
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