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ndovascular mitral repair is an emerging option
for selected patients with mitral regurgitation
(MR), especially those with high morbidity and
mortality risk related to mitral valve surgery.1

Several percutaneously implantable devices have been
developed, some of which are still in preclinical trials,
and one that has already proven initial safety and effica-
cy and has completed enrollment in a pivotal random-
ized controlled trial.2 In addition to percutaneous annu-
loplasty devices3-5 and minimally invasive implantable
ventricular reshaping devices,1,6-10 a third category of
devices, which mimics double-orifice surgical repair, has
already entered the postmarket clinical arena in
Europe.11 This article focuses on the evidence that is
currently available and our perspective with percuta-
neous mitral valve repair using the MitraClip system
(Evalve, Inc., Menlo Park, CA) in Europe.

TRE ATING MR
Despite the complex and different etiologies of MR

that affect the function of the valve leaflets, mitral
annulus, subvalvular apparatus, or the left ventricular
myocardium solely or in combination, the common
natural course of MR ultimately leads to increased vol-
ume overload, severe symptoms, and an increased risk
of death.12,13 That is why, according to the latest guide-
lines, patients with symptomatic severe MR or asymp-
tomatic severe MR with evidence of LV dysfunction or
dilation are currently recommended for surgery.14

Although surgical procedures, preferably repair, are
often very effective,15,16 surgery may be delayed or not
an option for some patients due to the inherent mor-
bidity and mortality risk related to major open chest
cardiopulmonary bypass surgery.17-19 In need of an alter-
native, less-invasive treatment option, interventional
cardiologists have been striving for direct percutaneous
repair of the mitral valve.11 The most advanced percuta-
neous technique is repair with the MitraClip system.20-22

It uses a repositionable, polyester-covered mechanical
clip device to grasp and coapt mitral valve leaflets via a
standard atrial transseptal approach, avoiding the need
for cardiopulmonary bypass surgery and thoracotomy
or sternotomy. Animal studies have demonstrated the
feasibility and durability of endovascular mitral repair
by clip implantation.23-25

THE EVERE ST TRIAL
Since this technology passed the preclinical trial

stages, the MitraClip has been subject to two major
controlled trials in the United States: the EVEREST
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(Endovascular Valve Edge-to-Edge Repair Study) I and II
studies. The phase 1 clinical trial (EVEREST I) was suc-
cessfully completed after enrollment of 55 patients,
demonstrating feasibility and initial safety of the device
with a reduction in MR in a significant proportion of
patients.21 In the pivotal phase 2 clinical trial (EVEREST
II), safety and efficacy are being assessed with 24-month
follow-up to monitor the longer outcome.26 EVEREST II
consists of a randomized arm and a high-risk registry
arm. The randomized arm provides 2:1 randomization
against surgical mitral valve repair. The high-risk registry
arm evaluates safety and efficacy in patients with pre-
dicted excessive perioperative risk related to cardiac
surgery. The inclusion criteria of the randomized arm of
EVEREST II demand that study subjects have to be can-
didates for mitral valve repair or replacement surgery,
including cardiopulmonary bypass. A diverse set of
anatomical and clinical eligibility criteria provide investi-
gators with a solid foundation for patient selection dur-
ing the investigation. Patients are excluded from the
randomized arm of EVEREST II if they have an ejection
fraction (EF) of < 25% and/or an end-systolic dimension
of > 55 mm, and from the high-risk registry arm if they
have EF < 20% and/or an end-systolic dimension of > 60
mm. Enrollment in the high-risk arm necessitates
screening but indicates ineligibility for the randomized
arm of EVEREST II. As far as it is currently known, the
majority of patients from the randomized arm of EVER-
EST II had degenerative MR; however, approximately 46
patients in the high-risk registry had functional MR.
Enrollment in EVEREST II has successfully been complet-
ed, and results are expected in 2010. 

When the MitraClip device received CE Mark
approval in March 2008 in Europe, as could be expect-
ed, clinical application started mainly using the EVER-
EST II criteria, especially considering echocardiographic
anatomic eligibility. The final EVEREST II trial results are
still pending. The only currently accepted treatment for
significant MR remains surgical repair or valve replace-
ment. Thus in Europe, the early clinical application of
percutaneous mitral repair will likely focus on patients
with a high predicted perioperative morbidity and mor-
tality risk calculated by the STS or EuroSCORE, as well
as, similar to the high-risk registry population of the
EVEREST II trial, patients with a specific surgical risk,
such as porcelain aorta, previous chest surgeries, etc. In
Europe, patients have already been treated whose risk
profile was even beyond what was defined for the high-
risk registry of EVEREST II. So far, there are no published
data on the European experience. 

Anatomic eligibility criteria are likely to be redefined
in this subset of patients treated without the strict

EVEREST protocols. It remains necessary to demon-
strate safety and efficacy for the MitraClip device, espe-
cially in this vulnerable cohort of patients, and consider-
ably more data are needed to aid in the appropriate
selection of patients. Special consideration has to be
given to heart failure patients with severe LV dysfunc-
tion (ie, an LVEF that is even lower than 20%, secondary
functional MR, and a substantially dilated ventricle).
The relatively noninvasive characteristic of the
MitraClip approach, in comparison to surgical
approaches, may encourage broader application of this
treatment option for this subset of patients. This might
be facilitated by the fact that surgical approaches have
not clearly demonstrated any long-term survival benefit
in this population.27 For patients with advanced heart
failure, the optimal management of relevant MR is still a
subject of debate and controversy. The current
European Society of Cardiology’s guidelines recommend
mitral valve surgery in patients with heart failure when-
ever they have to get revascularized and only in selected
patients with severe functional MR and severely
depressed LV function, who remain symptomatic
despite optimal medical therapy (IIb, level C recom-
mendation).28 It seems that elective surgical procedures
for mitral repair are mainly necessitated by the heavy
symptomatic burden of these patients. Thus, lacking a
clear indication for surgical repair in high-risk surgical
candidates, the MitraClip therapy might be an attrac-
tive less invasive option for these patients with a major
unmet clinical need.

CONCLUSION
If the clip implantation proves to be feasible in high-

risk and heart failure patients with severe LV dysfunc-
tion, even in those who do not match EVEREST or high-
risk registry criteria because of low LVEF or large dimen-
sions, and eventually, in patients that are not responding
to cardiac resynchronization therapy, it could help to
solve an important clinical problem. In those patients
apart from absolute reduction of MR, a maintenance
goal of sufficient relative reduction of MR might trans-
late into symptomatic relief. In addition to issues such as
safety, predicting response to therapy with emphasis on
ischemic MR, indirect effects on annular dimensions or
papillary muscle displacement, performance in concert
with cardiac resynchronization therapy, durability, and
major pathophysiological effects such as remodeling—
much remains to be elucidated and will be addressed in
larger prospective multicenter trials, which have already
been planned. At the moment, the MitraClip device
therapy appears to be a promising treatment option in
patients with a clear indication for mitral repair.
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According to orally communicated initial European data,
it also seems appropriate for heart failure patients with
severe LV dysfunction, secondary functional MR, and a
substantially dilated ventricle. Numerous issues need to
be better understood before the approach can be
accepted as the therapy of choice for functional MR in
those end-stage patients or high-risk surgical candidates.
The results of the EVEREST studies and further ade-
quately designed and powered clinical trials are needed
to define the value of intervention in subpopulations
with an unmet clinical need. ■
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