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Abstract: Mitral valve transcatheter edge-to-edge repair (M-TEER) and replacement (TMVR) have
evolved as guideline-recommended treatment approaches for mitral regurgitation (MR). Even though
they are supported by a growing body of evidence from either randomized trials or large registries,
there are still several unsolved challenges in the field of interventional MR treatment. In the present
review, we discuss the ten most important open questions regarding M-TEER and TMVR.
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1. Introduction

Within less than 20 years, mitral valve transcatheter edge-to-edge repair (M-TEER) has
evolved from an experimental approach, in fact mimicking the surgical Alfieri technique, to
a guideline-recommended intervention for relevant mitral regurgitation (MR) [1-3]. These
recommendations were based on the results of randomized trials, namely the Endovascular
Valve Edge-to-Edge Repair Study (EVEREST II, which included primary MR patients), the
Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Pa-
tients with Functional Mitral Regurgitation (COAPT, which included secondary MR patients),
and several large-scale registries [2,4-9]. Real-world data have shown similar feasibility,
effectiveness, and safety of M-TEER in a non-randomized setting despite differences in
study populations [5,9-11].

Growing experience has unambiguously demonstrated that patient selection prior
to M-TEER is key to optimizing outcomes and, hence, symptomatic and survival ben-
efits [12,13]. Following a number of groundbreaking trials, our pathophysiological un-
derstanding of the disease has substantially increased, which has helped improve the
identification of the right patient for the right procedure [7]. The latter is of paramount
importance in a fast-moving field, with M-TEER being only one solution in the tool-
box of repair and replacement devices for both primary MR (PMR) and secondary MR
(SMR) [14]. According to the American Heart Association/American College of Cardiology
(AHA /ACC) guidelines, M-TEER received a class Ila recommendation in both PMR and
SMR patients [15]. Correspondingly, the 2021 European guidelines updated the recom-
mendation level for SMR-TEER to Ila in COAPT-like patients [16]. Nevertheless, there
are still clinical challenges for M-TEER, which need to be addressed by ongoing research
and future studies. These comprise, i.e., ideal timing of the intervention, optimization and
standardization of concomitant medical therapy (and defining guideline-directed medical
therapy for SMR), decision-making for simultaneous or sequential non-mitral intervention,
improvement in device design for tailoring the intervention, and inter-device comparability
for different etiologies. Future research efforts in the field of transcatheter SMR treatment
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should and can solve those issues. In this review, we aimed to break down these challenges
into ten key questions regarding the future of M-TEER (Figure 1).

10 future challenges in the field of transcatheter mitral valve interventions
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Figure 1. Future challenges in the field of transcatheter mitral valve interventions. We identified
10 major challenges that comprise patient and device selection, procedural aspects and outcome in
comparison with surgical options. MR = mitral regurgitation; M-TEER = mitral valve transcatheter
edge-to-edge repair; SMR = Secondary mitral regurgitation.

2. 10 Challenges of M-TEER
2.1. Should Moderate (Symptomatic) SMR Be Treated with M-TEER?

Data on the natural history of SMR in the setting of sole medical treatment are
scarce [17]. These data are key to a better understanding of MR progression from lower
grades to more severe grades and might help with identifying the optimal timepoint for in-
terventional and/or surgical treatment. In fact, moderate SMR is associated with impaired
quality of life but also reduced survival compared to trivial or mild SMR in conservatively
treated patients [18]. Therefore, it could be reasonable to also treat moderate (symptomatic)
SMR with mitral interventions to avoid the future progression of SMR and its impact on
prognosis. For the surgical repair of SMR in parallel to coronary artery bypass grafting,
evidence for a clinical benefit has not been established [19]. In surgically high-risk patients,
there might be a potential benefit. This hypothesis is currently tested by the Transcatheter
Mitral Valve Repair for the Treatment of Mitral Valve Regurgitation in Heart Failure (EVOLVE-
MR, NCT03891823) trial, which will assess quality of life over 24 months in patients treated
with M-TEER vs. medical therapy for moderate SMR. Although quality of life is a relevant
patient-centric endpoint in valvular heart failure trials, it is obvious that the treatment
of moderate SMR should not only have a symptomatic but also a beneficial long-term
prognostic impact. Therefore, respective trials will require adequate patient numbers and
long-term follow-up to uncover the potential effects of M-TEER on survival. In light of this
discussion, it is also important to harmonize guideline disparities regarding the definition
of different SMR grades across regions [15,20], as this is a major obstacle for comparing
trial results and avoiding lengthy discussions about the transferability of these results to
different regions.
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2.2. To What Extent Do We Need to Reduce MR with M-TEER in SMR Patients?

In the randomized COAPT trial, residual mild MR was not associated with improved
outcomes when compared to residual mild-to-moderate MR in terms of mortality and
hospitalization for heart failure [21]. The same results were reported in a retrospective
substudy of the randomized Percutaneous Repair with the MitraClip Device for Severe Func-
tional/Secondary Mitral Requrgitation (MITRA-FR) trial, which had a similar setting to the
COAPT trial, but showed neutral results in terms of mortality and hospitalization for heart
failure in the whole trial population [22]. A possible explanation could be the comparably
small sample size of certain subgroups in a randomized-controlled setting, where only half
of the patients received a device due to 1:1 randomization. Therefore, subgroup analysis
can only be indicative and needs dedicated evaluation in a separate study, or potentially
pooling of results. Beyond that, effects might only be observed after longer-term follow-up,
especially when differences in clinical benefit are minimal in the short term. In contrast,
large SMR-TEER registries (e.g., EURO-SMR or the COAPT-Post Approval Study) have
provided evidence that less residual MR is associated with improved outcomes [10,23-25].
Further insights into transcatheter mitral valve replacement (TMVR) studies might im-
prove our understanding of how much SMR reduction is needed to improve outcomes,
as in these patients, complete elimination of MR is usually obtained [26-28]. Maximum
reduction in MR often requires implantation of more than one TEER device, which might
lead to elevated postprocedural MV inflow gradients. Until today, data on the impact of
postprocedural MV gradients in SMR patients have been contradictory, although it seems
logical to avoid more than mild mitral stenosis [29-31]. As the echocardiographic core lab-
controlled substudy of the randomized COAPT trial demonstrated, a relevant number of
SMR patients can develop elevated gradients after the procedure, but the clinical outcome
is apparently not affected [32]. Therefore, future research should focus on balancing the
degree of MR reduction and possible increases in inflow gradients to find a sweet spot to
optimize survival and symptomatic improvement.

2.3. Is M-TEER Equally Effective in Mixed Primary and Secondary MR?

An MR of mixed etiology (i.e., having characteristics of SMR and PMR) is not well
defined. The echocardiographic guidelines state that mixed MR is probably caused by a
sequence of events, with a first hit resulting in the primary or secondary MR component and
a subsequent second hit leading to the respective other component [33]. This hypothesis
has not been validated yet in longitudinal studies; therefore, echocardiographic studies
should focus on the natural history of this entity, especially in lower or moderate grades
where therapeutic necessity is not yet established. Despite this gap in knowledge, there
data that mixed MR patients have different ventricular features, such as less impaired
LVEF, than pure SMR patients [10]. M-TEER has in fact been used in mixed MR patients
already, but a dedicated analysis of the outcome is missing thus far. A clear distinction
between leading pathologies might be difficult, especially in an advanced disease state
where atrioventricular structures are already significantly impaired. In the prospective
COAPT-Post Approval Study (COAPT-PAS), which was intended to investigate real-world
results of M-TEER in SMR patients in the United States after the MitraClip device had
been approved based on the randomized COAPT results, in fact, up to 39% of patients had
features of mixed MR [10]. For those patients, the procedural MR reduction was effective.
There are currently no signals that M-TEER could be less effective in mixed MR compared
to PMR or SMR. Still, the prognostic effect of mixed MR is unclear. To our knowledge, there
is currently no ongoing, dedicated trial for mixed MR patients comparing M-TEER with
either GDMT alone or even against mitral valve surgery. As COAPT-PAS has demonstrated,
a substantial share of patients undergoing M-TEER have mixed MR, so a stringent analysis
of these patients is relevant.
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2.4. Which M-TEER Device Should Be Used in Which Situation?

In North America and Europe, several M-TEER devices of different sizes have been ap-
proved, while technical improvement continues [14]. Although the initial device iterations
have been on the market for many years, it is not clear whether patients with particular
mitral pathologies would receive an increased benefit from the use of a certain device. The
Edwards PASCAL CLASP 1ID/IIF Pivotal Clinical Trial (CLASP IID/IIF, NCT03706833) com-
pares two different M-TEER devices in a non-inferiority setup in more than 1200 patients
with either PMR or SMR. The co-primary endpoints include major adverse events, MR
reduction, and time to first heart failure hospitalization or death. An in-depth echocardio-
graphic analysis, if conducted, will at least provide some guidance on which anatomies
could be more suitable for a certain device design and size. The results from the CLASP IID
sub-trial for PMR suggest that both devices (PASCAL and MitraClip) are equally effective,
without any differences in clinical endpoints. The results for the SMR substudy of this trial
are not published yet but are expected soon. Other real-word registries have not shown
conclusive evidence for the benefit of an anatomy-guided device selection, which could be
due to the inherent bias of observational studies and retrospective settings [34]. Additional
research is also needed to further outline the role of valve replacement in the versatile
landscape of MR devices. It is yet unknown which primary strategy, either transcatheter or
surgical, is most promising in patients at elevated surgical risk with a complex anatomy
and a low probability of MR reduction to <1+ [28].

2.5. What Is Optimal Medical Therapy in Secondary MR?

Drug therapy for left-sided heart failure patients has evolved over the last few years,
with the addition of SGLT-2 inhibitors to betablockers, RAAS inhibitors, and mineralocor-
ticoid receptor antagonists (MRA). Notably, all four drug classes can be administered in
parallel, a strategy that has not been investigated in SMR patients in particular. Potentially,
GLP1 antagonists, which are now investigated in randomized trials, could become part
of heart failure therapy, although a recent paper reports an increase in hospitalizations in
HFrEF patients on this therapy [35]. Whether selected drugs or their combination will have
a superior effect on SMR that is independent of their effect on heart failure has not been
extensively studied. Therefore, the heterogeneity of drug regimens in SMR prevails [36-38].

Regarding the path to achieving optimal medical therapy, the results from the random-
ized COAPT trial and the EURO-SMR registry suggest that a relevant number of patients
can up-titrate their heart failure drugs after M-TEER, which might be due to a hemody-
namic stabilization of these patients, which can subsequently tolerate higher doses of these
beneficial drugs [36,39]. Why up-titration of heart failure drugs is frequently not feasible
before M-TEER has not yet been delineated, as specific reasons for these limitations are
frequently not published in current registries; however, hypotension and renal dysfunction
are believed to be major reasons. Furthermore, intolerance to up-titration of heart failure
drugs is difficult to assess in retrospective studies.

In fact, historic data have shown that SMR ameliorates with medical therapy for
left-sided heart failure, and although it seems logical that stringent up-titration should be
associated with improved outcomes, this has never been shown by a randomized controlled
study in a dedicated SMR population. Nevertheless, there is no rationale for arguing against
current guideline-directed medical therapy for HFrEF in SMR patients as well.

2.6. Is Transcatheter Mitral Valve Replacement as Effective or Superior to M-TEER?

The promise of TMVR is to completely abolish MR, which is rarely achieved with
an isolated M-TEER procedure alone. The retrospective data suggest that TMVR is in
fact more effective in reducing MR than M-TEER, although clinical outcomes regarding
mortality and hospitalization for heart failure have been comparable in a recent non-
randomized retrospective study [27]. The evidence to answer this issue may soon be
available from the ongoing Clinical Trial to Evaluate the Safety and Effectiveness of Using the
Tendyne Transcatheter Mitral Valve System for the Treatment of Symptomatic Mitral Regurgitation
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(SUMMIT, NCT03433274). This randomized prospective trial will assess the effect of either
M-TEER or TMVR on survival from heart failure hospitalization as the primary endpoint.
Secondary endpoints comprise quality of life and exercise capacity, but in contrast to
previous randomized study designs in valvular heart failure, apparently they do not report
on death or heart failure hospitalization as separate secondary endpoints.

2.7. Is M-TEER a Valuable Treatment Option for Patients with Cardiogenic Shock and SMR?

Cardiogenic shock is one of the deadliest conditions in cardiovascular medicine, with
mortality rates up to 50% at 30 days [40]. Notably, cardiogenic shock patients regularly suf-
fer from concomitant relevant MR. Registry data suggest that M-TEER could be associated
with better outcomes in patients undergoing M-TEER in cardiogenic shock if compared
to conventional therapy in cases of relevant MR [41]. The currently ongoing Transcatheter
Mitral Valve Repair for Inotrope Dependent Cardiogenic Shock (MINOS, NCT05298124) trial will
test this hypothesis, with results expected by 2025. The combined endpoint will include
in-hospital all-cause mortality, cardiac transplantation, implantation of durable LVAD, or
discharge on palliative inotropic therapy over a 3-month observation period. Especially in
these highest-risk patients with cardiogenic shock, new therapeutic approaches are needed
to ameliorate the dismal outcome. Registry data showed that M-TEER is a potentially
effective bridge-to-transplant strategy in selected patients [42]. A considerable percent-
age of 22.5% of patients no longer had an indication for heart transplantation because of
significant clinical improvement after M-TEER [42].

2.8. What Is the Long-Term Outcome of M-TEER in SMR?

Recent updates from the original COAPT trial and other registries have shown 5-year
follow-up results on clinical endpoints [2,30]. These results show a substantial mortality and
hospitalization rate despite successful MR reduction, which reflects the progressed disease
state of enrolled patients. As more than 50% of COAPT trial patients died after 5 years,
finding ways to improve long-term outcomes in patients after M-TEER should receive top
priority. This also implies optimal identification of patients benefiting prognostically from
the procedure. As of now, it is still not well established which SMR patients have a clear
survival benefit. The diverging results of the only randomized trials, COAPT and MITRA-
FR, have moved the field forwards, especially regarding the profound etiologic workup
of SMR patients [8,43]. No hypothesis explaining the prognostic benefit of COAPT versus
the lack of it in MITRA-FR has proven to be sufficient on its own. Probably, the diverging
results are caused by the selection of a certain subcollective of SMR patients in the COAPT
trial with rather disproportionate MR, a lower prevalence of advanced heart failure, and
right ventricular dysfunction compared to patients randomized in MITRA-FR [44,45]. With
the ongoing A Clinical Evaluation of the Safety and Effectiveness of the MitraClip System in the
Treatment of Clinically Significant Functional Mitral Requrgitation (Reshape-HF2 NCT05298124)
trial, there is currently a third randomized study of M-TEER versus conservative therapy,
which could potentially solve the ongoing controversy of which patients have a likely
prognostic benefit from M-TEER. Beyond that, a pooled analysis of both the MITRA-FR
and COAPT data might shed further light on this apparently contradictory but highly
relevant question.

2.9. Is There a Need to Treat Concomitant Tricuspid Regurgitation?

Concomitant TR is associated with increased mortality in heart failure patients [46].
In most real-world studies of patients with moderate-to-severe MR, the prevalence of
concomitant severe TR reaches up to 20% [10,34]. Tricuspid TEER has been studied now
for over a decade and proven to be effective for short- and mid-term TR reduction [47,48].
There is an obvious need to evaluate if additional treatment with TR will improve outcomes
in SMR patients. Notably, some studies suggest that impaired RV function could be a
more relevant parameter of right-sided heart failure than severe TR, as the latter was
not an independent predictor for outcomes in studies that looked at the prognostic role
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of TR in M-TEER [49,50]. Retrospective 3D echo data from a European single-center
study have shown that M-TEER is associated with right ventricular reverse remodeling
and a subsequent significant reduction in the severity of concomitant TR [51]. Whether
concomitant secondary TR is a bystander or a valid and mandatory treatment target can
only be addressed in a randomized controlled trial. To our knowledge, there is no such
trial currently recruiting patients.

2.10. What Is the Role of M-TEER Compared to Surgery?

For PMR, the first M-TEER device generation could not show benefits over surgery [4].
Whether isolated M-TEER for SMR has advantages over surgery has not been shown by
any randomized clinical trial yet. Still, another randomized study, the Revascularization and
Valve Intervention for Ischemic Valve Disease trial (REVIVE, NCT04822675), will investigate
the different outcomes of M-TEER plus coronary artery bypass grafting vs. surgical mitral
valve repair or replacement plus coronary artery bypass grafting and thus at least hint
at the future role of both methods in patients eligible for both approaches. Due to the
high recurrence rates and currently no evidence of survival benefits, the indication for
isolated mitral valve surgery in SMR is limited [16]. The results of the MATTERHORN
trial, which was intended to randomize patients with severe functional or ischemic MR to
either TEER or MV surgery, are awaited soon and might help shed light on this question.
The primary study outcomes are a composite endpoint of death, rehospitalization for heart
failure, reintervention (repeat operation or repeat intervention), assist device implantation,
and stroke (whatever comes first) 12 months post intervention. Beyond the short-term
outcomes, it will be extremely important to compare the durability of MR reduction
for patients undergoing surgical vs. interventional treatment. Whether M-TEER will
supersede isolated mitral valve surgery for SMR as the therapy of choice in real-world
clinical practice in the next few years depends on future trials. For PMR patients, several
studies are currently investigating the performance of M-TEER vs. surgery (NCT04198870;
NCT05051033; NCT03271762).

3. Conclusions

The results of several real-word registries and two randomized trials have shown that
M-TEER is safe and effective in terms of MR reduction. M-TEER has been incorporated
into major guidelines as an important therapy for mitral valvular heart failure [16]. Still,
there are many questions to be answered in this research field. These questions concern
the selection of patients, optimal procedural approaches, and value against other repair or
replacement methods. With the emerging application of artificial intelligence in the field of
cardiovascular research, understanding complex disease patterns might be facilitated in
the future. More advanced statistical approaches could further level the path towards more
individualized risk prediction and treatment selection. As both mature techniques like
M-TEER and more recently developed approaches like TMVR need constant improvement,
our outlined 10 challenges provide guidance for current and future research in the field
of transcatheter mitral valve treatment. Both large multicenter registries as well as well-
controlled randomized trials are needed to answer these open questions in a meaningful
and valid way.

Funding: This research received no external funding.

Conflicts of Interest: Jorg Hausleiter has received research support and speaker honoraria from
Edwards Lifesciences. Lukas Stolz receives speaker honoraria from Edwards Lifesiences. Ludwig
T. Weckbach received speaker honoraria from AstraZeneca and Bayer. The other authors have no
conflicts of interest to declare.



J. Clin. Med. 2024, 13,1799 70f9

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkieng, J.; Chioncel, O.;
et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42, 3599-3726.
[CrossRef] [PubMed]

Stone, G.W.; Abraham, W.T,; Lindenfeld, J.; Kar, S.; Grayburn, PA.; Lim, D.S.; Mishell, ].M.; Whisenant, B.; Rinaldi, M.;
Kapadia, S.R.; et al. Five-Year Follow-up after Transcatheter Repair of Secondary Mitral Regurgitation. N. Engl. |. Med. 2023, 388,
2037-2048. [CrossRef]

Stone, G.W,; Lindenfeld, J.; Abraham, W.T,; Kar, S.; Lim, D.S.; Mishell, ].M.; Whisenant, B.; Grayburn, P.A.; Rinaldi, M,;
Kapadia, S.R; et al. Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N. Engl. . Med. 2018, 379, 2307-2318.
[CrossRef] [PubMed]

Feldman, T; Kar, S.; Elmariah, S.; Smart, S.C.; Trento, A.; Siegel, R.J.; Apruzzese, P; Fail, P,; Rinaldi, M.J.; Smalling, RW.; et al.
Randomized Comparison of Percutaneous Repair and Surgery for Mitral Regurgitation: 5-Year Results of EVEREST II. J. Am. Coll.
Cardiol. 2015, 66, 2844-2854. [CrossRef] [PubMed]

Koell, B.; Orban, M.; Weimann, J.; Kassar, M.; Karam, N.; Neuss, M.; Petrescu, A.; Iliadis, C.; Unterhuber, M.; Adamo, M.; et al.
Outcomes Stratified by Adapted Inclusion Criteria After Mitral Edge-to-Edge Repair. . Am. Coll. Cardiol. 2021, 78, 2408-2421.
[CrossRef]

Bedogni, F.; Popolo Rubbio, A.; Grasso, C.; Adamo, M.; Denti, P; Giordano, A.; Tusa, M.; Bianchi, G.; De Marco, E,; Bartorelli, A.L.;
et al. Italian Society of Interventional Cardiology (Glse) registry Of Transcatheter treatment of mitral valve regurgitaTiOn
(GIOTTO): Impact of valve disease aetiology and residual mitral regurgitation after MitraClip implantation. Eur. |. Heart Fail.
2021, 23, 1364-1376. [CrossRef] [PubMed]

Hausleiter, J.; Lachmann, M.; Stolz, L.; Bedogni, E.; Rubbio, A.P,; Estévez-Loureiro, R.; Raposeiras-Roubin, S.; Boekstegers, P;
Karam, N.; Rudolph, V. Artificial intelligence-derived risk score for mortality in secondary mitral regurgitation treated by
transcatheter edge-to-edge repair: The EuroSMR risk score. Eur. Heart |. 2024, 45, 922-936. [CrossRef] [PubMed]

Orban, M.; Karam, N.; Lubos, E.; Kalbacher, D.; Braun, D.; Deseive, S.; Neuss, M.; Butter, C.; Praz, F,; Kassar, M.; et al. Impact of
Proportionality of Secondary Mitral Regurgitation on Outcome After Transcatheter Mitral Valve Repair. JACC Cardiovasc. Imaging
2020, 14, 715-725. [CrossRef]

Stolz, L.; Doldi, PM.; Orban, M.; Karam, N.; Puscas, T.; Wild, M.G.; Popescu, A.; von Bardeleben, R.S,; Iliadis, C.; Baldus, S.;
et al. Staging Heart Failure Patients With Secondary Mitral Regurgitation Undergoing Transcatheter Edge-to-Edge Repair. JACC
Cardiovasc. Interv. 2023, 16, 140-151. [CrossRef]

Goel, K,; Lindenfeld, J.; Makkar, R.; Naik, H.; Atmakuri, S.; Mahoney, P.; Morse, M.A.; Thourani, V.H.; Yadav, P; Batchelor, W,;
et al. Transcatheter Edge-to-Edge Repair in 5000 Patients With Secondary Mitral Regurgitation. |. Am. Coll. Cardiol. 2023, 82,
1281-1297. [CrossRef]

Stolz, L.; Orban, M.; Karam, N.; Lubos, E.; Wild, M.; Weckbach, L.; Stocker, T.].; Praz, F,; Braun, D.; Léw, K.; et al. Cardio-hepatic
syndrome in patients undergoing mitral valve transcatheter edge-to-edge repair. Eur. . Heart Fail. 2023, 25, 872-884. [CrossRef]
[PubMed]

Grayburn, P.A.; Packer, M. The Complex Phenotypic Expressions of Functional Mitral Regurgitation. J. Am. Coll. Cardiol. 2021, 78,
2422-2424. [CrossRef] [PubMed]

Stolz, L.; Orban, M.; Braun, D.; Doldi, P.; Orban, M; Stark, K.; Mehr, M,; Steffen, J.; Low, K.; Hagl, C.; et al. Impact of asymmetric
tethering on outcomes after edge-to-edge mitral valve repair for secondary mitral regurgitation. Clin. Res. Cardiol. Off. ]. Ger.
Card. Soc. 2021, 111, 869-880. [CrossRef] [PubMed]

Stolz, L.; Braun, D.; Higuchi, S.; Orban, M.; Doldi, PM.; Stocker, T.J.; Weckbach, L.T.; Wild, M.G.; Hagl, C.; Massberg, S.; et al.
Transcatheter edge-to-edge mitral valve repair in mitral regurgitation: Current status and future prospects. Expert Rev. Med.
Devices 2022, 20, 99-108. [CrossRef] [PubMed]

Otto, C.M.; Nishimura, R.A.; Bonow, R.O.; Carabello, B.A.; Erwin, J.P,, 3rd; Gentile, F; Jneid, H.; Krieger, E.V.; Mack, M.;
McLeod, C.; et al. 2020 ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J. Am. Coll.
Cardiol. 2020, 77, €25—e197. [CrossRef] [PubMed]

Vahanian, A.; Beyersdorf, F; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.;
De Paulis, R.; et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart |. 2022, 43, 561-632.
[CrossRef]

Bartko, PE.; Arfsten, H.; Heitzinger, G.; Pavo, N.; Winter, M.P,; Toma, A.; Strunk, G.; Hengstenberg, C.; Hiilsmann, M.; Goliasch, G.
Natural history of bivalvular functional regurgitation. Eur. Heart ]. Cardiovasc. Imaging 2019, 20, 565-573. [CrossRef]

Simpson, T.F.; Kumar, K.; Samhan, A.; Khan, O.; Khan, K.; Strehler, K.; Fishbein, S.; Wagner, L.; Sotelo, M.; Chadderdon, S.; et al.
Clinical Predictors of Mortality in Patients with Moderate to Severe Mitral Regurgitation. Am. J. Med. 2022, 135, 380-385.e383.
[CrossRef]

Michler, R.E.; Smith, PK.; Parides, M.K,; Ailawadi, G.; Thourani, V.; Moskowitz, A.].; Acker, M.A.; Hung, ].W.; Chang, H.L.;
Perrault, L.P; et al. Two-Year Outcomes of Surgical Treatment of Moderate Ischemic Mitral Regurgitation. N. Engl. ]. Med. 2016,
374, 1932-1941. [CrossRef]


https://doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1056/NEJMoa2300213
https://doi.org/10.1056/NEJMoa1806640
https://www.ncbi.nlm.nih.gov/pubmed/30280640
https://doi.org/10.1016/j.jacc.2015.10.018
https://www.ncbi.nlm.nih.gov/pubmed/26718672
https://doi.org/10.1016/j.jacc.2021.10.011
https://doi.org/10.1002/ejhf.2159
https://www.ncbi.nlm.nih.gov/pubmed/33742754
https://doi.org/10.1093/eurheartj/ehad871
https://www.ncbi.nlm.nih.gov/pubmed/38243773
https://doi.org/10.1016/j.jcmg.2020.05.042
https://doi.org/10.1016/j.jcin.2022.10.032
https://doi.org/10.1016/j.jacc.2023.07.015
https://doi.org/10.1002/ejhf.2842
https://www.ncbi.nlm.nih.gov/pubmed/36994662
https://doi.org/10.1016/j.jacc.2021.10.010
https://www.ncbi.nlm.nih.gov/pubmed/34886962
https://doi.org/10.1007/s00392-021-01961-5
https://www.ncbi.nlm.nih.gov/pubmed/34786592
https://doi.org/10.1080/17434440.2022.2098013
https://www.ncbi.nlm.nih.gov/pubmed/35791872
https://doi.org/10.1016/j.jacc.2020.11.018
https://www.ncbi.nlm.nih.gov/pubmed/33342586
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1093/ehjci/jey178
https://doi.org/10.1016/j.amjmed.2021.09.004
https://doi.org/10.1056/NEJMoa1602003

J. Clin. Med. 2024, 13,1799 8of9

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Coats, A].S.; Anker, S.D.; Baumbach, A.; Alfieri, O.; von Bardeleben, R.S.; Bauersachs, J.; Bax, J.J.; Boveda, S.; Celutkiene, I,
Cleland, J.G.; et al. The management of secondary mitral regurgitation in patients with heart failure: A joint position statement
from the Heart Failure Association (HFA), European Association of Cardiovascular Imaging (EACVI), European Heart Rhythm
Association (EHRA), and European Association of Percutaneous Cardiovascular Interventions (EAPCI) of the ESC. Eur. Heart J.
2021, 42, 1254-1269.

Kar, S.; Mack, M.J.; Lindenfeld, J.; Abraham, W.T.; Asch, EM.; Weissman, N.J.; Enriquez-Sarano, M.; Lim, D.S.; Mishell, ].M.;
Whisenant, B.K.; et al. Relationship Between Residual Mitral Regurgitation and Clinical and Quality-of-Life Outcomes After
Transcatheter and Medical Treatments in Heart Failure: COAPT Trial. Circulation 2021, 144, 426—437. [CrossRef]
Messika-Zeitoun, D.; Attias, D.; Piriou, N.; Iung, B.; Armoiry, X.; Trochu, ].N.; Donal, E.; Habib, G.; Cormier, B.; Guerin, P.; et al.
Impact of procedural success on clinical outcome after MitraClip: Results from the MITRA-FR trial. Arch. Cardiovasc. Dis. 2022,
115, 545-551. [CrossRef]

Higuchi, S.; Orban, M,; Stolz, L.; Karam, N.; Praz, E; Kalbacher, D.; Ludwig, S.; Braun, D.; Nébauer, M.; Wild, M.G; et al. Impact
of Residual Mitral Regurgitation on Survival After Transcatheter Edge-to-Edge Repair for Secondary Mitral Regurgitation. JACC.
Cardiovasc. Interv. 2021, 14, 1243-1253. [CrossRef]

Shah, N.; Madhavan, M.V,; Gray, W.A; Brener, S.J.; Ahmad, Y.; Lindenfeld, ].; Abraham, W.T.; Grayburn, PA ; Kar, S.; Lim, D.S,;
et al. Prediction of Death or HF Hospitalization in Patients With Severe FMR: The COAPT Risk Score. JACC Cardiovasc. Interv.
2022, 15, 1893-1905. [CrossRef]

Reichart, D.; Kalbacher, D.; Riibsamen, N.; Tigges, E.; Thomas, C.; Schirmer, J.; Reichenspurner, H.; Blankenberg, S.; Conradi, L.;
Schifer, U.; et al. The impact of residual mitral regurgitation after MitraClip therapy in functional mitral regurgitation. Eur. J.
Heart Fail. 2020, 22, 1840-1848. [CrossRef] [PubMed]

Ludwig, S.; Granada, J.F. Transcatheter mitral valve replacement at an inflection point: Lessons learned and the path forward.
Eur. Heart ]. 2024, ehae013. [CrossRef] [PubMed]

Ludwig, S.; Kalbacher, D.; Ali, W.B.; Weimann, J.; Adam, M.; Duncan, A.; Webb, J.G.; Windecker, S.; Orban, M.; Giannini, C.; et al.
Transcatheter mitral valve replacement or repair for secondary mitral regurgitation: A propensity score-matched analysis. Eur. J.
Heart Fail. 2023, 25, 399-410. [CrossRef] [PubMed]

Alperi, A.; Granada, ].E; Bernier, M.; Dagenais, F.; Rodés-Cabau, J. Current Status and Future Prospects of Transcatheter Mitral
Valve Replacement: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2021, 77, 3058-3078. [CrossRef]

Neuss, M.; Schau, T.; Isotani, A.; Pilz, M.; Schopp, 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, 931-939. [CrossRef]

Koell, B.; Ludwig, S.; Weimann, J.; Waldschmidt, L.; Hildebrandt, A.; Schofer, N.; Schirmer, J.; Westermann, D.; Reichenspurner,
H.; Blankenberg, S.; et al. Long-Term Outcomes of Patients With Elevated Mitral Valve Pressure Gradient After Mitral Valve
Edge-to-Edge Repair. JACC Cardiovasc. Interv. 2022, 15, 922-934. [CrossRef]

Yoon, S.H.; Makar, M,; Kar, S.; Chakravarty, T.; Oakley, L.; Sekhon, N.; Koseki, K.; Enta, Y.; Nakamura, M.; Hamilton, M.; et al.
Prognostic Value of Increased Mitral Valve Gradient After Transcatheter Edge-to-Edge Repair for Primary Mitral Regurgitation.
JACC. Cardiovasc. Interv. 2022, 15, 935-945. [CrossRef] [PubMed]

Halaby, R.; Herrmann, H.C.; Gertz, Z.M.; Lim, S.; Kar, S.; Lindenfeld, J.; Abraham, W.T.; Grayburn, P.A.; Naidu, S.; Asch, EM,;
et al. Effect of Mitral Valve Gradient After MitraClip on Outcomes in Secondary Mitral Regurgitation: Results from the COAPT
Trial. JACC Cardiovasc. Interv. 2021, 14, 879-889. [CrossRef]

Zoghbi, W.A.; Adams, D.; Bonow, R.O.; Enriquez-Sarano, M.; Foster, E.; Grayburn, PA.; Hahn, R.T,; Han, Y;; Hung, J.; Lang, RM.;
et al. Recommendations for Noninvasive Evaluation of Native Valvular Regurgitation: A Report from the American Society of
Echocardiography Developed in Collaboration with the Society for Cardiovascular Magnetic Resonance. J. Am. Soc. Echocardiogr.
Off. Publ. Am. Soc. Echocardiogr. 2017, 30, 303-371. [CrossRef] [PubMed]

Orban, M.; Rottbauer, W.; Williams, M.; Mahoney, P.; von Bardeleben, R.S.; Price, M.]J.; Grasso, C.; Lurz, P.; Zamorano, J.L.;
Asch, EM.; et al. Transcatheter edge-to-edge repair for secondary mitral regurgitation with third-generation devices in heart
failure patients—Results from the Global EXPAND Post-Market study. Eur. J. Heart Fail. 2023, 25, 411-421. [CrossRef]

Neves, ].S.; Packer, M.; Ferreira, J.P. Increased Risk of Heart Failure Hospitalization With GLP-1 Receptor Agonists in Patients
With Reduced Ejection Fraction: A Meta-Analysis of the EXSCEL and FIGHT Trials. J. Card. Fail. 2023, 29, 1107-1109. [CrossRef]
Adamo, M.; Tomasoni, D.; Stolz, L.; Stocker, T.J.; Pancaldi, E.; Koell, B.; Karam, N.; Besler, C.; Giannini, C.; Sampaio, F; et al.
Impact of Transcatheter Edge-to-Edge Mitral Valve Repair on Guideline-Directed Medical Therapy Uptitration. JACC. Cardiovasc.
Interv. 2023, 16, 896-905. [CrossRef] [PubMed]

Higuchi, S.; Orban, M.; Adamo, M.; Giannini, C.; Melica, B.; Karam, N.; Praz, F; Kalbacher, D.; Koell, B.; Stolz, L.; et al.
Guideline-directed medical therapy in patients undergoing transcatheter edge-to-edge repair for secondary mitral regurgitation.
Eur. J. Heart Fail. 2022, 24, 2152-2161. [CrossRef]

Varshney, A.S.; Shah, M.; Vemulapalli, S.; Kosinski, A.; Bhatt, A.S.; Sandhu, A.T.; Hirji, S.; DeFilippis, E.M.; Shah, P.B.; Fiuzat, M.;
et al. Heart failure medical therapy prior to mitral transcatheter edge-to-edge repair: The STS/ACC Transcatheter Valve Therapy
Registry. Eur. Heart J. 2023, 44, 4650-4661. [CrossRef]


https://doi.org/10.1161/CIRCULATIONAHA.120.053061
https://doi.org/10.1016/j.acvd.2022.05.013
https://doi.org/10.1016/j.jcin.2021.03.050
https://doi.org/10.1016/j.jcin.2022.08.005
https://doi.org/10.1002/ejhf.1774
https://www.ncbi.nlm.nih.gov/pubmed/32267056
https://doi.org/10.1093/eurheartj/ehae013
https://www.ncbi.nlm.nih.gov/pubmed/38327011
https://doi.org/10.1002/ejhf.2797
https://www.ncbi.nlm.nih.gov/pubmed/36883620
https://doi.org/10.1016/j.jacc.2021.04.051
https://doi.org/10.1016/j.jcin.2016.12.280
https://doi.org/10.1016/j.jcin.2021.12.007
https://doi.org/10.1016/j.jcin.2022.01.281
https://www.ncbi.nlm.nih.gov/pubmed/35512917
https://doi.org/10.1016/j.jcin.2021.01.049
https://doi.org/10.1016/j.echo.2017.01.007
https://www.ncbi.nlm.nih.gov/pubmed/28314623
https://doi.org/10.1002/ejhf.2770
https://doi.org/10.1016/j.cardfail.2023.03.017
https://doi.org/10.1016/j.jcin.2023.01.362
https://www.ncbi.nlm.nih.gov/pubmed/37100553
https://doi.org/10.1002/ejhf.2613
https://doi.org/10.1093/eurheartj/ehad584

J. Clin. Med. 2024, 13, 1799 90f9

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Cox, Z.L.; Zalawadiya, S.K.; Simonato, M.; Redfors, B.; Zhou, Z.; Kotinkaduwa, L.; Zile, M.R.; Udelson, J.E.; Lim, D.S,;
Grayburn, P.A.; et al. Guideline-Directed Medical Therapy Tolerability in Patients With Heart Failure and Mitral Regurgitation:
The COAPT Trial. JACC. Heart Fail. 2023, 11, 791-805. [CrossRef]

Thiele, H.; Zeymer, U.; Akin, I.; Behnes, M.; Rassaf, T.; Mahabadi, A.A.; Lehmann, R.; Eitel, I.; Graf, T.; Seidler, T.; et al.
Extracorporeal Life Support in Infarct-Related Cardiogenic Shock. N. Engl. J. Med. 2023, 389, 1286-1297. [CrossRef]

Simard, T.; Vemulapalli, S.; Jung, R.G.; Vekstein, A.; Stebbins, A.; Holmes, D.R.; Czarnecki, A.; Hibbert, B.; Alkhouli, M.
Transcatheter Edge-to-Edge Mitral Valve Repair in Patients With Severe Mitral Regurgitation and Cardiogenic Shock. J. Am. Coll.
Cardiol. 2022, 80, 2072-2084. [CrossRef] [PubMed]

Munafo, A.R.; Scotti, A.; Estévez-Loureiro, R.; Adamo, M.; Hernandez, A.P,; Peregrina, E.F.; Gutierrez, L.; Taramasso, M.;
Fam, N.P; Ho, E.C,; et al. 2-year outcomes of MitraClip as a bridge to heart transplantation: The international MitraBridge
registry. Int. J. Cardiol. 2023, 390, 131139. [CrossRef] [PubMed]

Chehab, O.; Roberts-Thomson, R.; Ng Yin Ling, C.; Marber, M.; Prendergast, B.D.; Rajani, R.; Redwood, S.R. Secondary mitral
regurgitation: Pathophysiology, proportionality and prognosis. Heart 2020, 106, 716-723. [CrossRef]

Kimberly Atianzar, M.Z.; Newhart, Z.; Gafoo, S.R. Why Did COAPT Win While MITRA-FR Failed? Defining the Appropriate
Patient Population for MitraClip. Interv. Cardiol. Rev. 2019, 14, 45. [CrossRef] [PubMed]

Philippe Pibarot, V.D.; Jeroen, ].B. MITRA-FR vs. COAPT: Lessons from two trials with diametrically opposed results. Eur. Heart
J. Cardiovasc. Imaging 2019, 20, 620-624. [CrossRef] [PubMed]

Topilsky, Y.; Maltais, S.; Medina Inojosa, J.; Oguz, D.; Michelena, H.; Maalouf, J.; Mahoney, D.W.; Enriquez-Sarano, M. Burden of
Tricuspid Regurgitation in Patients Diagnosed in the Community Setting. JACC Cardiovasc. Imaging 2019, 12, 433—-442. [CrossRef]
[PubMed]

Sorajja, P.; Whisenant, B.; Hamid, N.; Naik, H.; Makkar, R.; Tadros, P.; Price, M.].; Singh, G.; Fam, N.; Kar, S.; et al. Transcatheter
Repair for Patients with Tricuspid Regurgitation. N. Engl. . Med. 2023, 388, 1833-1842. [CrossRef]

Stolz, L.; Doldi, PM.; Kresoja, K.P.; Bombace, S.; Koell, B.; Kassar, M.; Kirchner, J.; Weckbach, L.T.; Ludwig, S.; Stocker, T.J.; et al.
Applying the TRILUMINATE Eligibility Criteria to Real-World Patients Receiving Tricuspid Valve Transcatheter Edge-to-Edge
Repair. JACC. Cardiovasc. Interv. 2023, 17, 535-548. [CrossRef]

Asch, EM.; Grayburn, P.A ; Siegel, R].; Kar, S.; Lim, D.S.; Zaroff, ].G.; Mishell, ]. M.; Whisenant, B.; Mack, M.].; Lindenfeld, J.; et al.
Echocardiographic Outcomes After Transcatheter Leaflet Approximation in Patients With Secondary Mitral Regurgitation: The
COAPT Trial. . Am. Coll. Cardiol. 2019, 74, 2969-2979. [CrossRef]

Hahn, R.T,; Asch, E; Weissman, N.J.; Grayburn, P; Kar, S.; Lim, S.; Ben-Yehuda, O.; Shahim, B.; Chen, S.; Liu, M; et al. Impact of
Tricuspid Regurgitation on Clinical Outcomes: The COAPT Trial. J. Am. Coll. Cardiol. 2020, 76, 1305-1314. [CrossRef]

Stolz, L.; Weckbach, L.T.; Doldi, PM.; Stocker, T.J.; Trimborn, E; Orban, M.; Nabauer, M.; Massberg, S.; Grayburn, P.; Hausleiter, J.
Right Ventricular Reverse Remodeling Following Mitral Valve Transcatheter Edge-to-Edge Repair. JACC Cardiovasc. Imaging 2023,
16, 988-990. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jchf.2023.03.009
https://doi.org/10.1056/NEJMoa2307227
https://doi.org/10.1016/j.jacc.2022.09.006
https://www.ncbi.nlm.nih.gov/pubmed/36126766
https://doi.org/10.1016/j.ijcard.2023.131139
https://www.ncbi.nlm.nih.gov/pubmed/37355239
https://doi.org/10.1136/heartjnl-2019-316238
https://doi.org/10.15420/icr.2018.40.1
https://www.ncbi.nlm.nih.gov/pubmed/30858892
https://doi.org/10.1093/ehjci/jez073
https://www.ncbi.nlm.nih.gov/pubmed/31115470
https://doi.org/10.1016/j.jcmg.2018.06.014
https://www.ncbi.nlm.nih.gov/pubmed/30121261
https://doi.org/10.1056/NEJMoa2300525
https://doi.org/10.1016/j.jcin.2023.11.014
https://doi.org/10.1016/j.jacc.2019.09.017
https://doi.org/10.1016/j.jacc.2020.07.035
https://doi.org/10.1016/j.jcmg.2023.01.007
https://www.ncbi.nlm.nih.gov/pubmed/37002897

	Introduction 
	10 Challenges of M-TEER 
	Should Moderate (Symptomatic) SMR Be Treated with M-TEER? 
	To What Extent Do We Need to Reduce MR with M-TEER in SMR Patients? 
	Is M-TEER Equally Effective in Mixed Primary and Secondary MR? 
	Which M-TEER Device Should Be Used in Which Situation? 
	What Is Optimal Medical Therapy in Secondary MR? 
	Is Transcatheter Mitral Valve Replacement as Effective or Superior to M-TEER? 
	Is M-TEER a Valuable Treatment Option for Patients with Cardiogenic Shock and SMR? 
	What Is the Long-Term Outcome of M-TEER in SMR? 
	Is There a Need to Treat Concomitant Tricuspid Regurgitation? 
	What Is the Role of M-TEER Compared to Surgery? 

	Conclusions 
	References

