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Introduction
The two main principles of surgical mitral valve (MV) repair
for primary mitral regurgitation (MR) are underpinned by
restoration of the chordal support to the free edge of the
leaflet, most often by leaflet resection or chordal replacement,
and annuloplasty to reverse or prevent annular dilatation. The
success and durability of this operation, when performed well,
is best illustrated in the long-term follow-up series by David
and Carpentier (1,2). Within the last decade, transcatheter
therapies have increasingly attempted to duplicate the
superb surgical outcomes for primary MR. Most notably,
the transseptal MitraClip (Abbott, Abbott Park, IL, USA)
technology has replicated Alfieri’s “edge-to-edge” repair and is
used worldwide with more than 100,000 implants. In the U.S.,
MitraClip is available in patients with primary MV disease
for those patients who are at too high-risk for traditional MV
surgery. Although MitraClip is used commonly in Europe
for secondary MR, it is anticipated that usage in the U.S.
for this indication will occur soon with the positive results
of the recently published COAPT trial (3). There are no
commercially available options available for transcatheter MV
replacement; however, several devices are in early feasibility
study (EFS) or pivotal trials worldwide (4). Herein, we briefly
review emerging transcatheter technologies with published
trial data aiming to replicate chordal replacement and
annuloplasty techniques of primary MR.
Direct annuloplasty
Transcatheter direct annuloplasty devices may be of use in
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high-risk patients with functional MR or in combination
with other leaflet treatments for degenerative MR. Trials are
also underway for direct annuloplasty devices for treatment
of tricuspid valve regurgitation (TR). The Cardioband
(Edwards, Irvine, CA, USA) is a percutaneously placed
posterior annuloplasty device. Anchors are screwed into the
posterior annulus and an annuloplasty band tightened in
real-time under transesophageal echocardiography (TEE)
guidance to reduce annular diameter. The 1-year outcomes
of sixty patients with moderate or severe functional MR
have been reported. Two deaths were reported during
index hospitalization and ≤ mild MR was reported in 65%
of patients (5). Several other devices are in EFS phase
trials. The Millipede IRIS annuloplasty device is a semirigid complete nickel-titanium ring with eight anchors to
attach to the entire mitral annulus, which are subsequently
tensioned to achieve annular reduction. It is delivered
transseptally, and uses an intra-cardiac echocardiogram
(ICE) probe, passed through the central lumen to precisely
guide annuloplasty placement. There are reported results
for seven patients with 100% procedural success (6). The
Valcare AMEND (Valcare Medical, Israel) device is another
transcatheter complete ring which is currently transapical
but is trialing a transseptal approach (NCT02602613).
Chordal replacement
Transcatheter chordal replacement is the closet mimic
of traditional surgical repair for primary MR. Chordal
replacement therapies are reserved for those with Carpentier
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type II degenerative disease; a predicted coaptation length
of at least 3–5 mm is required. The majority of patients in
the initial clinical experiences have had isolated posterior
leaflet prolapse, but prolapse of the anterior leaflet is not a
contraindication for some devices.
Two devices offer beating heart MV repair with chordal
replacement from a transapical approach: the Harpoon
(Edwards Lifesciences, Irvine CA, USA) and NeoChord
(NeoChord, St. Louis Park, MN, USA). These devices
allow MV repair using a minimally invasive transapical
incision and do not require cardiopulmonary bypass. Both
utilize a delivery system which deploys replacement chords
under transesophageal guidance to the prolapsed leaflet,
which are then secured just lateral to the apex and can
be altered under TEE guidance on the beating heart to
optimize length and minimize MR.
Over 1,000 patients have been treated with the
NeoChord device in Europe, which received CE mark in
2013. In an EFS, only 17 of 30 patients achieved reduction
of MR at 30 days (12 of the last 14 patients in the series) (7).
A series of 213 patients (including P2, multi-segment
posterior leaflet and complex anterior leaflet, commissural
disease, and calcified leaflets) reported excellent 1-year
survival (98%) and 84% freedom from mortality, stroke,
recurrence of severe MR, re-hospitalization or decrease
in New York Heart Association (NYHA) functional
class (8). The ReChord trial is currently randomizing
patients to the NeoChord or surgery in those with severe
MR from posterior leaflet prolapse (NCT02803957).
The Harpoon device has reported results from a
multicenter, European EFS of 30 patients (9). They noted
no mortality, but two patients required intra-operative
conversion to surgery due to inadequate reduction of MR
and another patient developed infective endocarditis prior
to 30 days and underwent surgery. Twenty-six patients had
echocardiographic follow-up at 6 months, 22 (85%) had no
more than mild MR, two patients had moderate MR and
two had severe MR. One patient with severe MR underwent
surgery. Critics of the transcatheter chordal replacement
technique will argue that successful and durable repair of
degenerative disease of the MV requires placement of ring
annuloplasty (or band) to restore the physiological size and
shape of the MV annulus, and to prevent future dilatation;
however, Gammie and Colleagues report a 31% reduction
in MV orifice area and 19% reduction in septal-lateral
dimension with chordal replacement only (9). Restoration
of coaptation and reduction of MR leading to promoting
reverse remodeling together with the force from the antero-
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apically based neochords have been proposed as mechanisms
for not requiring an annuloplasty devices in some selected
patients. Long term follow-up will be required to assess the
long-term durability of these novel approaches.
There are various transseptal approaches for chordal
replacement therapy that are in development and are
undergoing initial human experience including: Pipeline
Medical by Gore Vascular (Flagstaff, AZ, USA) or
ChordART (CoreMedic, Radolzell, Germany).
Discussion
Transcatheter techniques that mimic the current
“gold standard” surgical MV repair are in an exciting
developmental stage. There are reports of combining
transcatheter chordal replacement and annuloplasty
techniques, either in the same procedure or staged (10).
The availability of larger series with longer followup are eagerly awaited and should prompt randomized
comparisons to surgery. There is an increasing push to
avoid transapical access. Inferior outcomes of transthoracic
access in transcatheter aortic valve replacement (TAVR),
together with improved technology allowing transfemoral
or jugular vein access in the majority of patients have made
transthoracic TAVR rare. Those technologies that adopt a
transseptal approach will ultimately be more appealing to
patients.
The excellent results and durability of surgical MV
repair are challenging for transcatheter technologies to
replicate. The long-term results regularly quoted from
these series performed by expert surgeons, however, may
not represent “real-world” data; large series of surgical MV
repair with longer follow-up are needed to understand the
true durability and success of mitral repair outside of these
centers. We encourage randomized comparisons of new
technologies to surgery. Even after these trials are complete,
it is possible, however, that patients may be willing to
accept inferior results and durability for the opportunity to
avoid surgery, whether it be by sternotomy or a minimally
invasive approach.
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