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VIEWPOINT

Transcatheter edge-to-edge mitral valve repair to treat 
mitral regurgitation, has emerged as one of the most im-
pactful cutting-edge technologies in structural interven-
tional cardiology in recent years. Surgical edge-to-edge 
mitral valve repair underpins the concept of transcath-
eter edge-to-edge mitral valve repair. However, of par-
ticular importance, is the main difference between both 
techniques. While the annuloplasty ring is a sine qua non 
condition for surgical mitral valve repair, the transcathe-
ter edge-to-edge mitral valve repair is a ringless therapy. 
Therefore, the transcatheter edge-to-edge mitral valve 
repair is only a partially effective treatment for mitral 
regurgitation, especially in the long-term. As yet, the cri-
teria governing the use of the transcatheter edge-to-edge 
mitral valve repair as an isolated procedure without an-
nuloplasty ring, are practically unknown. Hence, special 
emphasis should be devoted on the potential implica-
tions that an imperfect technique such as transcatheter 
edge-to-edge therapy may have on patient's survival, 
quality of life and unplanned rehospitalization for heart 
failure rates in the long-term.

Key words: Annuloplasty; Mitral valve; Mitral valve re-
pair; Prosthetic annuloplasty ring; Transcatheter edge-
to-edge mitral valve repair.

La reparación de la válvula mitral percutánea transca-
téter borde-a-borde como tratamiento para la insufi-
ciencia mitral se ha convertido en una de las más im-
pactantes tecnologías de vanguardia en la cardiología 
intervencionista estructural en los últimos años. La re-
paración quirúrgica borde-a-borde  de la válvula mitral 
ha dado lugar al desarrollo conceptual de la reparación 
valvular mitral borde-a-borde transcatéter. No obstante, 
la diferencia principal entre ambas técnicas es de suma 
importancia. Mientras que el anillo de anuloplastía es 
una condición sine qua non para toda reparación mitral, 
la reparación transcatéter borde-a-borde es una técnica 
que carece de anillo. Así, la reparación valvular mitral 
borde-a-borde transcatéter se convierte en una técnica 
solo parcialemte efectiva para tratar la insuficiencia mi-
tral. Hasta el momento, los criterios que rigen el uso de 
esta técnica transcatéter  borde-a-borde como un proce-
dimiento aislado sin anillo de anuloplastía, son práctica-
mente desconocidos. Por lo tanto, se debe hacer especial 
énfasis en las implicaciones potenciales que una técnica 
imperfecta como la terapia borde-a-borde transcatéter 
pueden tener sobre las tasas de  supervivencia, la calidad 
de vida y la rehospitalización no planificada por falla 
cardiaca de los pacientes a largo plazo.

Palabras clave: Anillo protésico de anuloplastía; Anulo-
plastía; Reparación valvular mitral;  Reparación valvu-
lar mitral transcatéter; Válvula mitral.
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Mitral valve repair (MV) is the technique of choice to 
treat the MV regurgitaiton [1,2]. The central core 
of this surgical technique is the use of a mitral an-

nuloplasty ring, described by Carpentier since the dawn of 
this technique [3,4]. In this article we will analyze the fun-

damentals of the surgical technique that has led to the de-
velopment of transcatheter edge-to-edge repair (TEER) of 
MV, as well as the main difference between the two, the lack 
of an annuloplasty ring. We will also analyze the impact that 
the use of an incomplete technique without a ring, such as 
TEER, has had on the rates of survival, quality of life, and re-
hospitalization for heart failure of patients undergoing this 
type of percutaneous procedure.
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Annuloplasty ring as a sine qua non condition for mitral 
valve repair

MV repair is the universally accepted treatment of choice 
for mitral regurgitation (MR) [1,2].  Regardless of the under-
lying pathology, the most important rule for every MV repair 
in the adult is the use of an annuloplasty ring, as described by 
Carpentier [3-8] in the classic French Correction [7]. 

The functions of the aforementioned prosthetic ring are 
multiple; it remodels the native annulus while preserving the 
anteroposterior:transverse diameter ratio of the MV at a rela-
tionship of 3:4 respectively, fixes the size of the native annulus 
in systole, and increases the coaptation surface between both 
MV leaflets. Furthermore, the use of the annuloplasty ring pre-
vents any further dilation of the native mitral annulus [7,8 ]. 
(Fig. 1)

Figure 1. A: Prosthetic mitral annuloplasty ring. B: Mitral valve repair using a prosthetic annuloplasty ring as part of the surgical technique. 

A B
The Alfieri technique underpinning the TEER therapy

The “edge-to-edge” technique to repair MV regurgitation 
was performed for the first time by Alfieri on April 25, 1991 
[9]. However, two facts of capital importance must be em-
phasized regarding this surgical technique. Firstly, despite the 
good results reported with this procedure over the years, it 
has never been the treatment of choice for surgical MV repair. 
Secondly, the “edge-to-edge” MV repair should not be the ex-
ception to the rule, regarding the use of an annuloplasty ring 
as an integral part of this procedure [9]. In fact, the lack of 
an annuloplasty ring is the strongest predictor for failure af-
ter surgical MV repair [10-14]. Thus, the complete technique 
known as “edge-to-edge” consists of two main elements; 
namely, the suture that joins both leaflets of the MV, and the 
annuloplasty prosthetic ring reinforcing the repair [15]. 

Figure 2. A: Artistic representation of the mitral annuloplasty ring. The blue and red arrows indicate the remodeling of the native mitral annulus by the 
prosthetic ring in the transverse and anteroposterior diameters (3:4 diameter ratio), respectively. B: Edge-to-edge transcatheter mitral valve repair. The 
percutaneous device is represented by the dashed line, which is located in the ventricular cavity, while holding both leaflets of the mitral valve. It can be seen 
that no annuloplasty ring is included as part of the transcatheter technique. Thus, both commissural areas are unprotected from any subsequent dilation 
(black arrows).
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STUDY YEAR >2+ MR FOLLOW-UP

ACCESS-EU 20

EVEREST II 21

MITRA-FR 24

COAPT 23

GRASP-IT 26

2013

2015

2018

2018

2022

54.9%

50%

32%

22.8%

22.4%

1 year

5 years

1 year

2 years

5 years

TABLE 1. Residual or recurrent mitral regurgitation ≥2+ 
after TEER

MR: Mitral regurgitation

TEER as a ringless (without a ring) therapy

As mentioned above, Alfieri's technique, also called the 
"edge-to-edge" technique, has led to the development of 
TEER. However, TEER is missing the important inclusion of 
a prosthetic annuloplasty ring. Consequently, the fundamen-
tal difference between the percutaneous and surgical tech-
nique is the absence of a prosthetic annuloplasty ring in the 
first option, which renders the TEER procedure only partially 
effective. (Fig.2)

In this regard, De Bonis et al. have extensively studied 
the role of the annuloplasty ring in the “edge-to-edge” MV 
repair [16-19]. They have clearly stated that the lack of an an-
nuloplasty ring could negatively affect the results of TEER, 
especially in the long term [18]. 

Therefore, the rules of MV repair do not change just by 
changing the approach; they apply equally to every MV re-
pair, whatever surgical or percutaneous.

Residual or recurrent mitral regurgitation (MR) ≥2+ after 
TEER

In the ACCESS-EU study, 59.4% of patients had residu-
al or recurrent MR ≥2+ after TEER at 1-year follow-up [20].  
In the EVEREST II trial, 50% of patients had MR ≥2+ after 
TEER procedure at 5-year follow-up [21].  The COAPT trial 
showed 5.2% with ≥3+ MR at 1-year follow-up [22].  Howev-
er, looking closer at this trial, up to 22.8% had ≥2+ MR after 
2 years of follow-up [23]. The MITRA-RF reported 32% of re-
sidual or recurrent MR ≥2+ after 12 months of follow-up [24].  
In the STS/ACC TVT Registry, an analysis of 33,878 patients 
who underwent TEER, it was found that 8.7% presented MR 
≥3+ at only 1 month of follow-up. Unfortunately, this im-
portant report does not specifically mention how many cases 
had MR 2+ post-procedure [25]. In the GRASP-IT Registry, 
22.4% had MR >2+ at 5-year follow-up after TEER; howev-
er,  no information was provided about the cases with MR 2+ 
[26]. (Table 1)

Worst outcomes are associated with residual or recurrent 
MR ≥2+ after TEER

Residual or recurrent MR after TEER has been associated 
with a worse overall outcome. Reichhart et al. demonstrated 
better outcomes associated with residual MR ≤ 1+ versus MR 
2+ or ≥3+ (p= 0.029) after TEER at discharge and at 1-year 
follow-up [27]. Buzzatti et al. found that the occurrence of 
MR 2+ post-procedure was the only factor directly related to 
additional MR ≥ 3+, worse survival, and quality of life, com-
pared with patients who had MR ≤ 1+ (HR: 6.71; 95% CI, 
3.48-12.90, p < 0.001) [28]. Adamo et al. in the GRASP-IT 
Registry, identified recurrent or residual MR as the most im-
portant predictor of all-cause mortality (HR: 2.17, 95% CI, 
1.42-3.31, p<0.001) and for the composite endpoint of death 
for any cause and unplanned rehospitalization for heart fail-
ure (HR: 2.20, 95% CI, 1.52-3.19, p<0.001), at 5-years of fol-
low-up [26]. Buzzatti et al. found residual MR 2+ after TEER 
to be the most important predictor of all-cause death in both 
univariate (HR: 2.71; 95% CI, 1.73–4.25; p<0.001) and mul-
tivariate (HR: 4.18; 95% CI, 1.87–9.37; p<0.001) analyses at 
5-years of follow-up [29].

Percutaneous direct annuloplasty ring as an alternative to 
TEER

The criteria that govern the use of TEER as an isolated 
procedure without an annuloplasty ring are practically un-
known. At the same time, the great similarity of percutaneous 
direct annuloplasty rings with surgical restrictive annuloplas-
ty means that this technique is considered potentially useful 
in the treatment of  functional MR. We must not lose sight of 
the fact that the current publications on TEER as a therapy for 
functional MR do not include the systematic use of a mitral 
annuloplasty ring. There is a lack of information on the use 
of direct transcatheter annuloplasty rings in functional MR. 
Currently, there are several such devices in daily practice. The 
Cardioband system (Edwards Lifesciences, Irvine, CA, USA), 
and the Amend™ annuloplasty ring for mitral valve repair 
(Valcare, Herzliya Pituach, Herzliya, Israel) are good exam-
ples. When comparing Cardioband with the MitraClip (the 
most widely used device for TEER), the rate of death from 
any cause and rehospitalization for heart failure within the 
first 12 months were lower in patients with Cardioband (mor-
tality: OR 0.30, 95% CI: 0.09-0.98, p = 0.032;  readmission: 
OR 0.57, 95% CI: 0.28-0.97, p = 0.03). Although both devic-
es reduce MR severity, patients with Cardioband had better 
New York Heart Association functional class, fewer hospital 
readmissions for heart failure, and lower mortality, compared 
with patients who underwent TEER with MitraClip [30]. Al-
ternatively, on January 27, 2021, Valcare Medical announced 
the first successful transseptal implantation of the AMEND™ 
Annuloplasty Ring for Mitral Valve Repair in the human be-
ing [31]. 

Despite the contributions by the COAPT study in favor of 
TEER in functional MR [22], several uncertainties arise re-
garding the isolated use of TEER, as therapy without a ring. 
At the same time, considering all the information above, the 
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most logical conclusion seems to be that the TEER technique 
should be complemented by the use of this type of direct per-
cutaneous annuloplasty.

Reinterventions for failed TEER

The consequences of applying a therapy without anticipat-
ing long-term results, can be devastating. Kaneko et al. have 
reported that of 11,396 patients who underwent TEER, 548 
(4.8%) required reintervention for failed TEER after a mean 
follow-up of 4.5 months. Additionally, operative mortality 
was 8.6%, 30-day readmission was 20.9%, and overall 30-day 
morbidity was 48.2% [32]. 

In the CUTTING-EDGE study, 332 cases operated on 
for MR after TEER failure were analyzed. Operative mortal-
ity was 16.6% and 1-year mortality was 31.1%, with an ob-
served/expected ratio of 3.6. Furthermore, MV replacement 
was necessary in 92.5% of cases [33]. In an analysis of the 
Society of Thoracic Surgeons database, the outcomes of 524 
patients who underwent MV surgery after a failed TEER were 
studied. Operative mortality was 10.2%, with an observed/
expected ratio of 1.2, and MV replacement was required in 
95% of cases [34]. Of particular importance is the fact that all 
of these patients who ended up with a MV prosthesis, were 
potential candidates for MV repair, prior to placement of the 
TEER device. 

Impact of TEER therapy on current clinical guidelines for 
the management of heart valve disease

According to all the information that has been present-
ed throughout this document, special attention should be 
paid to the limitations of TEER therapy, since they can have 
a decisive impact on the long-term result. Despite great con-
troversy between the two main trials studying the effect of 
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