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Transcatheter edge-to-edge repair for secondary mitral
regurgitation: what the clinician needs to know in the absence of
robust data from international guidelines
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Vindhyal and colleagues (1) recently explored outcomes
of transcatheter edge-to-edge repair (TEER) in patients
with mitral regurgitation (MR), who experienced end-
stage renal disease (ESRD) requiring dialysis. This elegant,
retrospective, analysis of 463 patients is the first report from
the United States Renal Data System (USRDS) database
that evaluated patients 18 years or older with ESRD and
received TEER after the new American Heart Association/
American College of Cardiology (AHA/ACC) guidelines (2).
The authors observed that although the in-hospital and
30-day mortality rates exceeded non-ESRD patients,
the death rates were lower than previously reported.
Furthermore, the authors emphasize that while recording
a high 1-year mortality compared to non-ESRD patients
with a high-risk patient profile, the absolute risks are
still reasonable when adjusted for comorbidity. One
shortcoming of the study identified the lack of data on
anatomical and procedural details. This finding highlights
the inability to identify patients who were declined TEER
due to anatomical constraints (1).

In the last decade, the progress achieved in the field
of cardiology has made use of continuous technological
innovations that have increased diagnostic and therapeutic
options. This incessant need for evolution has been
countered by the demand of healthcare authorities to
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increasingly contain shipments (3,4). At the same time
the growing need to move to patient-specific or patient-
centered cardiology has prompted enhancement of
international guideline recommendations to achieve
immediate and long-term efficacy (2). The question is how
to manage better this “conflict” of increasing opportunity,
challenge and responsibility. The answer is multifactorial
and involves the perspectives and responsibilities of the
health practitioners concerned, the role, and the strict rules
imposed within the heart team with attention to the ethical
aspects which include without failing the patient.

The treatment of acquired structural heart valves
diseases as well as that of other cardiac structures such as
the left atrial appendage has undergone a revolution with
the emergence of new platforms designed to perform the
implantation of new devices embodying the rapidly evolving
of transcatheter valve therapy (TVT) based treatment or
minimally invasive approach (3,4). This revolution first
involved transcatheter aortic valve implantation (TAVI)
which demonstrated equivalent efficacy and safety compared
to surgical aortic valve replacement in three different
randomized trials involving the use of percutaneous balloon
or self-expandable valves (5,6). Subsequently, the eligibility
of TVT for to address MR arose. This procedure is directed

towards the growing need for treating the rising prevalence
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of MR involving an aging population who experience
notable comorbidities, making many subjects risky
candidates for standard mitral valve surgery (SMVS) (7).
The development of potentially low-risk procedures
that decrease the MR severity vis-a-vis improve clinical
outcomes is the primary target of transcatheter mitral
valve (MV) interventions. We live in an age where effective
transcatheter strategies are available for MR management
despite its complex functional anatomy. In MV pathology,
the characteristic of the lesions that occur in patients can
vary widely, thus giving a different contribution with regard
to the specificity of the onset and progression of MR. In
fact, the pathological process can involve the leaflets, the
annulus, chordae tendineae, the papillary muscles, and the
underlying myocardium. Therefore, TVT repair techniques
need to be directed to the leaflets, annulus, or chordae, both
individually or in combination (8).

The first device that received Food and Drug
Administration (FDA) approval for transcatheter repair
improves edge-to-edge mitral leaflet coaptation by utilizing
a clip or to oppose scallops of the anterior and posterior
leaflets. In addition, the use of TEER was initially restricted
to the management of symptomatic high/prohibitive risk
patients with a severe primary MV regurgitation who were
included in New York Heart Association (NYHA) functional
class III or IV and who were referred to the interventional
cardiologist to receive TEER. Subsequently, the indications
although confined to a limited patient population because
of the reasonable life expectancy, incorporated subjects with
secondary mitral regurgitation (SMR) at prohibitive surgical
risk and with a high rate of comorbidities (7,8). In a short
time, two randomized clinical trials (RCTs), in the USA and
Europe, were designed to evaluate the safety and efficacy
of this technology for the treatment of patients with severe
symptomatic functional MR [Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy
(COAPT) (5) and Multicenter Study of Percutaneous Mitral
Valve Repair MitraClip Device in Patients With Severe
Secondary Mitral Regurgitation (MITRA-Fr) (9)]. TEER
for patients with SMR was more commonly used outside
the USA (10,11). Several other transcatheter repair systems
such as ring devices were rapidly developed and were made
available for clinical use (3,12).

TEER allows restoration of edge-to-edge leaflet coaptation
using a clip and was described by Alfieri et 4/. who first
performed the procedure for surgical MV repair (13). The
technique essentially results in a MV with a double orifice
that promotes a substantial reduction in the severity of
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MR. The promising initial results revealed that successful
procedures resulted in improved hemodynamics and
patient outcomes (14). Importantly, suitable patient
screening depends critically on meticulous clinical and
echocardiographic evaluation both during and after the
procedure with algorithms to facilitate training. The TEER
was rigorously evaluated, and the operator and institution
criteria for implementation were published in an expert
consensus document (15). This procedure was quickly taken
up by interventional cardiologists at over 200 sites across
the USA (12) (Figure 1).

Left ventricular (LV) remodeling is a poor prognostic
indicator for ischemic cardiomyopathy can be reversible
with revascularization of viable myocardium (16,17). The
management of SMR advocates significant challenges that
patients with ESRD may appear even more difficult to
manage in the absence of direct recommendations from
international guidelines. SMR is a pathological process
that involves the LV rather than attributable to the MV.
Thus, therapy is primarily directed toward addressing this
LV disorder. Medical therapy involves administration of
neurohormonal antagonists and cardiac resynchronization
devices may help promote the reversal of the adverse
remodeling process. Again, in a large percentage of patients,
the combination of these interventions can support the
consequent reduction of LV volumes by improving the
severity of MR (18). In contrast, SMVS aimed at reversing
MV failure have reported disappointing results. In 2 reports
of RCT, patients with moderate or severe ischemic MR with
relatively preserved left ventricular ejection fraction (LVEF)
within 40%, did not disclose pre-specified benefit on cardiac
geometry either by performing MV repair with undersized
ring annuloplasty or via SMVS with chordal sparing
preservation. For these patients, favorable long-term effects
on clinical outcomes and the absence of a high recurrence
rate of mitral insufficiency (MI) were not demonstrated (19).
As a result, secondary MR management is primarily based
on drug administration and device implantation to advocate
the restoration of LV structure and function, rather than
using SMVS to reduce MR.

In a recent study, Okuno er 4l. (20) reported 2-year
outcomes comparing SMVS using restrictive mitral
annuloplasty (RMA) vs. TEER for SMR in 202 matched
patients. At 2 years, freedom for all-cause mortality was
75.7% in recipients of TEER compared to 77.0% in the
RMA group (hazard ratio, 0.97; 95% confidence interval:
0.55-1.71; P=0.909). The risk of severe heart failure (HF) is
another complication due to the procedure strategy worthy
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Before: severe central ischemic SMR

Figure 1 Patient with SMR who received TEER. 3D-TEE (A) and 3D-TEE (B) color en-face view showing central SMR. (C) A
3D-TEE en-face view after a successful procedure with implantation of 2 central MitraClips (Abbott Vascular, Menlo Park, CA, USA).

(D) Transthoracic echocardiographic 3-chamber view shows persistent good results at 1 year with residual mild mitral regurgitation

and a gradient at 4 mm. SMR, secondary mitral regurgitation; TEER, transcatheter edge-to-edge repair; 3D, three-dimensional; TEE,

transesophageal echocardiography.

of consideration. The authors also noted less prevalent
symptoms of severe HF at 2 years in the RMA group vs.
the TEER group at 2 years (NYHA functional class III or
IV: 13.5% wvs. 29.5%; P=0.032). They reported a higher
proportion of the RMA recipients with decreased SMR to
none or mild at discharge (90.8% vs. 72.0%; P<0.001) and
2 years (86.5% vs. 59.6%; P<0.001). The improvement of
MR was consistent among patients with RMA who achieved
none or mild MR at discharge with only 7 patients (10.1%)
in this group progressing to moderate or greater MR
compared to 15 patients (34.9%) in the TEER group at
2 years (P=0.003). Similarly, LVEF improved
(10.1%=+11.1%; P<0.001) after RMA (LVEF at 2 years:
45.7%+12.8%) compared to TEER (-1.3%=8.9%; P=0.260)
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(LVEF at 2 years: 34.0%x13.2%) (20).

The results of Okuno and colleagues (20) project
contradictions in the 2020 AHA/ACC guidelines for the
indication for TEER in SMR that is advocated [Class of
Recommendation (COR) II-b and level of evidence (LOE)
B-R2]. Propensity-matched cohorts of SMVR vs. TEER
for SMR were used and the results were reported soon after
the AHA/ACC and European Society of Cardiology (ESC)
guidelines were released. They revealed no significant
difference in survival (P=0.909); however, the use of RMA
with coronary revascularization has proved superior to
TEER for decreasing MR, improving LVEF, and reducing
NYHA class III-1V (20).

The Cardiothoracic Surgical Trials Network (CTSN)
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trial sub-analysis included 75% concomitant coronary
artery bypass grafting (CABG) surgery cases as well,
negating the potential improvement in regional wall
motion for 25% of patients (19). The use of sub-valvular
MV procedure alongside a valvular procedure of restrictive
repair has proven to be safe and effective compared to
RMA alone in ischemic and non-ischemic cohorts in several
studies (16,17,21,22). The use of double-level repair with
valvular and sub-valvular handling of the MV apparatus
has been described in the papillary muscle approximation
RCT (PMA-RCT). Ninety-six patients with severe
secondary ischemic MR underwent revascularization
combined with isolated restrictive mitral repair or PMA
with RMA in a 5-year follow-up. Left ventricular end
diastolic dimension (LVEDD) improved at 5-year follow-
up (5.8+4.1 and -0.2£2.3 mm, respectively; P<0.001)
preserving the benefit attained in the immediate post-
operative period with freedom from major adverse cardiac
and cerebrovascular events (P=0.004) (16). In the COAPT
study an improvement of LV remodeling secondary to
the use of TEER was not observed (LVEDV: 194.4+69.2
vs. 192.2£76.5 mL) (5) despite TEER recipients noting
improvements in MR severity at 3 years, functional capacity,
and quality-of-life measures compared to guideline-directed
medical therapy (GDMT) alone (5). The benefit of using
the TEER procedure over GDMT was noted in 58 patients
who had previously received GDMT-only administration
and who subsequently switched to TEER management.
For this cohort, the subsequent composite rate of death or
hospitalization for HF was reduced compared with GDMT
alone (P=0.006) (5).

Okuno and colleagues reported that RMA was superior
to TEER repair at 24 months (20). Randomized control
trials have demonstrated that RMA had a greater MR
recurrence rate at 2- and 5-year follow-ups (58.8% and
55.9%) (18,23). RMA tends to be more successful in
patients with smaller preoperative left ventricular end
systolic dimension (LVESD) and reduced apical tethering
of the leaflets. Seventy-four patients enrolled in the CTSN
trial with severe ischemic mitral regurgitation (IMR) with
no MR recurrence had significantly smaller left ventricles
at 2-year follow-up as compared to those patients with
recurrent MR post-RMA alone (43+26 vs. 6327 mL/m’.
The left ventricular end-systolic volume measures
remained lower than patients who underwent surgical MV
replacement (61+39 mL/m?) (19).

The double-level repair in the PMA-RCT achieved

geometric recovery by normalization of three measures:
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interpapillary muscle distance, tenting area, and
anteroposterior annular dilatation. The repair aims to
restore the altered spatial relationship of the different
elements of the MV apparatus by addressing the valve
and ventricle in SMR (Carpentier IIIb classification)
(16,17,21,22). The role of the papillary muscles was also the
subject of the Osaka group (24). Kainuma and colleagues
noted that RMA in isolation failed to relieve leaflet tethering
which then influenced the recovery of interpapillary muscles
distance (IPMD) due to the improvement of LVEDD.
IPMD was the main factor for MR recurrence. These
benefits are boosted by post-RMA reverse LV remodeling
causing a reduction in IPMD (31%6 to 25+5 mm),
potentially offsetting the increment in posterior leaflet
angle (24). Thus, double-level repair incorporating surgical
handling of dislocated papillary muscles is more suitable
than the edge-to-edge TVT procedure in patients with SMR
due to nonischemic cardiomyopathy (Carpentier class I).
These patients have dilatation of the MV annulus, lateral
displacement of the anterior and posterior papillary muscle
and symmetrical tethering of the leaflets alongside apical
tenting of the anterior leaflet, resulting in central jets which
cannot be fixed using RMA alone (16,19,23). Patients with
nonischemic cardiomyopathy and severe left ventricular
dilation, alongside moderate-to-severe MR, had worse
outcomes in the COAPT (5) and in MITRA-Fr (9) trials.
These were similar to proportionate MR, therefore did not
have a favorable response to TEER (2,5,9,23).

There are currently 5 AHA/ACC recommendations
classified as LOE B-R or B-NR, indicating moderate
quality of studies not supported by robust evidence on
the efficacy and safety of TEER. The available literature
reveals a scarcity of RCTs designed with large numbers of
patients enrolled that include candidates receiving TEER,
MV replacement, or MV repair with/without sub-valvular
procedure. Specifically, the AHA/ACC guidelines refer to
two RCTs based on TEER with 3-year results reported
only for the COAPT study (5) and the analysis of the new
pathophysiological picture of the pathological mechanism
for SMR (2,16-18,22,24). None of these recommendations
were based on longer follow-ups (2,5,9,22). However,
there is no robust evidence today based on usefulness,
effectiveness, and benefit supported by more than 1 RCT or
meta-analyses recommending double-level repair.

The MATTERHORN study (Multicenter Randomized,
Controlled Study to Assess Mitral vAlve reconsTrucTion for
advancEd Insufficiency of Functional or iscHemic ORigiN),
for which results are expected, considers composite of
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TTE
* Confirm severe MR

* Confirm absence of other

significant valve disease

Consider Clinical Assessment

AHA/ * Confirm NYHA status
ACC/ESC ¢ Confirm prohibitive
guidelines surgical risk

TEE
* Characterize mechanism and

.Conside‘r location of MR
biomodelling e |dentify presence and
with FEA location of calcium

* Confirm MV area is >4.0 cm®

Figure 2 Algorithm for determining eligibility for TEER.
TTE, transthoracic echocardiography; AHA, American Heart
Association; ACC, American College of Cardiology; ESC,
European Society of Cardiology; NYHA, New York Heart
Association; FEA, finite element analysis; TEE, transesophageal
echocardiography; MR, mitral regurgitation; MV, mitral valve;
TEER, transcatheter edge-to-edge repair.

death, rehospitalization for HEF, reintervention, such as
repeat operation or repeat intervention, assist device
implantation and stroke 12 months post-intervention as the
primary endpoint. Other RCTs under review demonstrated
efficacy and safety in the treatment of SMR using advanced
technology devices. None of these involve the papillary
muscles by performing approximation or relocation
procedures which is a crucial point for obtaining a lasting
repair in the presence of alteration of the functional
spatial relationships of the various components of the MV
apparatus.

Recently, a sub-analysis of the COAPT RCT evaluated
the prognostic implications of MV geometry for patients
with SMR. Namazi er al. (23) reported that patients with
HF and severe SMR, a large anteroposterior mitral annular
diameter and greater effective regurgitant orifice area were
the most significant echocardiographic predictors of HF
and death in patients treated with GDMT alone and with
the MitraClip.

The CLASP RCT (n=124) (CLASP Study Edwards
PASCAL TrAnScatheter Mitral Valve RePair System Study)
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used the PASCAL system for functional, degenerative, and
mixed etiologies of MV disease. This study noted good
survival with a significant reduction in hospitalization due
to HF in both 1- and 2-year follow-ups. Patients also had a
significant reduction in MR associated with reverse positive
left ventricular remodeling alongside improved functional
status and exercise capacity (25,26). The CLASP IID/IIF
(n=1,275) will pit the PASCAL system and the MitraClip
system for MV repair for regurgitant and degenerative
valves.

Further multicenter randomized studies with longer
follow-up (5 years) are needed in the near future to compare
outcomes using the transcatheter methods vs. a double-
level valve repair. In addition, a patient-specific computer
simulation may offer a substantial empirical contribution to
further improve the results of catheter-based treatment of
acquired structural heart disease (3,4) (Figure 2).
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