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A variety of advances have recently facilitated development of methods to treat mitral regurgitation using catheter
techniques via the percutaneous route. These include placing devices into the coronary sinus to support the mitral
annulus and direct percutaneous leaflet repair. These approaches are already attractive for use in older patients and
will hopefully make treatments available to many with no current options. (J Interven Cardiol 2006;19:396–400)

Introduction

The majority of patients with valvular heart disease
in the United States have regurgitant lesions. As many
as 250,000 of these have mitral regurgitation. In ad-
dition, more than half of the 4 million plus Americans
with dilated cardiomyopathy have some degree of func-
tional mitral regurgitation. Over 50,000 mitral valve
surgical procedures are performed annually, most for
mitral regurgitation. Many of the patients with both de-
generative and functional mitral regurgitation are poor
candidates for surgery, most often due to associated
poor left ventricular function or advanced age.

Percutaneous methods for treating mitral regurgita-
tion, which have been described only recently, have the
potential to offer a less invasive alternative to patients
who are good surgical candidates, and to create therapy
options for high-risk patients where none exist today.
Previously, percutaneous therapy for valvular heart dis-
ease was limited to balloon valvuloplasty for pulmonic,
aortic, and mitral valve stenosis.1–7

However, a variety of advances have recently facil-
itated development of methods to treat mitral regurgi-
tation using catheter techniques via the percutaneous
route. Most of these approaches are modifications of es-
tablished surgical therapies. The mainstay of surgical

Address for reprint: Ted Feldman, M.D., Evanston Hospital, 2650
Ridge Ave., Evanston, IL 60201. E-mail: tfeldman@enh.org

repair for mitral regurgitation has been annuloplasty.
Rings that encircle the mitral annulus to varying de-
grees have been used with great success for many years.
An important feature of many of these devices is that
they do not necessarily capture the entire circumfer-
ence of the mitral annulus.

Annular Approaches

Recognition that the coronary sinus (CS) paral-
lels the mitral annulus has led to a percutaneous ap-
proach.8,9 A device may be passed via the CS toward
the great cardiac vein and thus encircle about 2/3–3/4
of the circumference of the mitral annulus in a manner
analogous to surgical annuloplasty rings. The poten-
tial to reach around enough of the circumference of
the CS to achieve a reduction in mitral regurgitation is
the key element for this approach (Fig. 1). A variety of
devices, delivered via a transvenous jugular approach,
can be placed into the CS. Tension placed on the CS
results in a decrease in mitral annular circumference.
In animal models, this has resulted in significant, sus-
tained improvements in mitral regurgitation.10

Intraoperative testing of some of these CS implants
has been performed on a temporary basis without
permanent device implantation.11,12 Patients taken for
surgical mitral annuloplasty have had a percutaneous
device placed while on the operating table. The de-
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Figure 1. Annuloplasty via the coronary sinus (CS). In the left panel a guide catheter has been passed from the right atrium

into the CS, to allow delivery of a device in the anterior interventricular vein or proximal CS. Note that the mitral leaflets do

not coapt adequately. The middle panel shows a cardiac dimensions annuloplasty device partially deployed. On the right, the

device has been deployed and tensioned, and the guide catheter has been removed. The mitral leaflets now coapt as a result

of tension placed on the valve to compress the septal-to-lateral dimension.

gree of reduction in mitral regurgitation can thus be
evaluated, after which the device can be removed and
the planned surgical procedure completed. Preliminary
work with two devices has shown improvements in mi-
tral regurgitation, but not yet of a degree sufficient to
consider using these devices for permanent implanta-
tion.

Meanwhile, preliminary work in autopsy specimens
and with limited temporary implantation in small num-
bers of patients has shown that the relationship of the
CS to the mitral annulus in patients is highly vari-
able compared to what has been observed in preclinical
models. In addition, branches of the circumflex coro-
nary artery may cross over or under the CS. Both of
these factors are challenges to the development of mi-
tral annuloplasty devices placed via this route.

The first permanent human implants of a CS annulo-
plasty device were reported by Webb et al.13 The device
uses two stents with a contractile connecting bridge be-
tween them to diminish the mitral annular circumfer-
ence. Among five treated patients, the bridge fractured
in three without any clinical complications but with
loss of efficacy. This has led to a redesign of the device
and resumption of the trial. It is clear that many prob-
lems will have to be solved before these technologies
are ready for wide use.

Alternative Annular Approaches. Another ap-
proach to mitral annuloplasty that eliminates some of
the challenges posed by the CS involves direct access to
the left ventricle with placement of a device on the ven-
tricular side of the mitral annulus. Access to the small
space underneath the mitral leaflets via retrograde aor-
tic catheterization is technically difficult, but may be
achieved using deflectable catheters. Anchoring of an
annuloplasty device to the ventricular surface of the an-

nulus via this route has been accomplished successfully
in animal models.

A newer, completely novel approach to treating mi-
tral regurgitation is the transpericardial route.14 Pads
can be anchored on the epicardial surface with a ten-
sioning cable used to pull them together. This results in
papillary muscle reorientation and less distortion of the
left ventricular geometry caused by ventricular cham-
ber dilatation. Diminution of the septal-to-lateral di-
mension of the mitral annulus can be accomplished
using a transpericardial delivery system with epicar-
dial tensioning devices. Decreasing the septal-lateral
dimension moves the posterior leaflet toward the sep-
tum, resulting in improved coaptation with the anterior
leaflet.

Leaflet Repair

Direct leaflet repair has also been accomplished per-
cutaneously. One type of surgical leaflet repair involv-
ing plication of the free edges of the anterior mitral
leaflets to one another was developed by Otavio Al-
fieri in the early 1990s.15,16 Suturing together the free
edges of the central segments of the leaflets was ini-
tially used by Alfieri for patients suffering from mi-
tral prolapse, frequently bileaflet prolapse which could
not be managed with other repair techniques. Plica-
tion of the leaflets results in a double or “bow-tie” ori-
fice, which reduces the orifice area and also insures
coaptation of the prolapsing segment. Alfieri and his
colleagues have subsequently gone on to demonstrate
that this technique can also be used successfully in pa-
tients suffering from functional mitral regurgitation. A
method to achieve plication of the mitral leaflets and
create a double-orifice valve in this manner has been
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adapted for percutaneous use.17 Via a transseptal guid-
ing catheter, a metal clip can be navigated through the
left atrium and into the mitral orifice, and then deployed
on the mitral leaflets. This approach has been tested in
an animal model and shown to yield similar results to
the procedure used in patients. A tissue bridge forms
over the clip after a few months in the same manner as
seen after suturing of the leaflets in patients.18

The percutaneous procedure is accomplished in pa-
tients using a 24Fr transseptal guide catheter. After
standard transseptal puncture, the guide catheter is
placed in the mid left atrium. The mitral clip is de-
livered using a catheter with a multiaxial steering ap-
paratus so that it can be maneuvered into the center of
the mitral orifice in three dimensions. Central place-
ment of the device is critical, as is orienting it with
the clip arms perpendicular to the line of mitral leaflet
coaptation. The procedure is guided by a combination
of fluoroscopic and echocardiographic imaging and re-
quires transesophageal echocardiography (Fig. 2). Clip

Figure 2. A. The upper left panel shows the guide catheter positioned in the mid left atrium. The clip delivery system has

been maneuvered to position the clip within the left atrium, directly over the mitral valve line of coaptation. A transesophageal

probe is seen at 12 o’clock. There is a pulmonary artery catheter looped in the right atrium, and a marker pigtail positioned in

the mid left ventricular cavity. B. The clip has been opened and passed across the mitral leaflet into the left ventricle. C. The

open clip arms have been pulled back to capture the moving mitral valve leaflets. D. As soon as transesophageal echo verifies

that the leaflets have been captured in the clip arms, the clip arms are closed as shown here. E. The clip has been detached

from the clip delivery system. F. A diastolic frame taken during left ventriculography demonstrates the position of the clip

attached to the mitral leaflets.

placement, along with evaluation of the newly formed
double orifice and reduction in mitral regurgitation, can
be performed immediately. If the mitral regurgitation
jet is seen to be lateral or medial to the clip, the clip can
be opened, the leaflets released, the clip repositioned,
and the mitral leaflets regrasped to improve results. In
the event that adequate control of mitral regurgitation
cannot be achieved, a second clip may be added, or
the first clip may be opened and removed from the
patient.

Evalve/EVEREST-I. A phase I clinical trial
(EVEREST-I; the Evalve Cardiovascular Valve Re-
pair System Endovascular Valve Edge-to-Edge Repair
Study) has been reported.19 Surgical candidates with
moderate-severe or severe mitral regurgitation (grade
3+ or 4+) with symptoms (or asymptomatic with ejec-
tion fraction [EF] <60% or left ventricular end systolic
dimension [LVESD] >45 mm) were included. Key
exclusion criteria included EF <30%, LVESD >55
mm, endocarditis, previous sternotomy, and rheumatic
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heart disease. The procedure uses general anesthesia,
fluoroscopy, and echocardiographic guidance. A 24Fr
guide catheter is positioned in the left atrium. The clip is
centered over the mitral orifice, passed into the left ven-
tricle, and pulled back to grasp the mitral leaflets. After
verification that the mitral regurgitation is reduced, the
clip is released.

Six-month follow-up on 27 patients has been re-
ported.19 Clips were implanted in 88% of patients.
There were no procedural complications and four ma-
jor adverse events at 30 days: partial clip detachment in
three patients, who underwent elective valve surgery;
and postprocedure stroke in one patient, which resolved
at 1 month. Three additional patients had surgery for
unresolved mitral regurgitation, leaving 18 patients free
from surgery. In 13 of the 14 patients with reduction of
mitral regurgitation to ≤ 2+ after 1 month, the reduc-
tion was maintained at 6 months. Patients who required
subsequent surgery had elective mitral valve repair or
intended replacement.

In the event that a clip is not ultimately placed, mitral
valve surgery can be undertaken electively without los-
ing the options for either surgical repair or mitral valve
replacement. Even when a clip is placed, subsequent
surgical repair has been possible as much as 18 months
later. To date, the procedure has been accomplished
safely and a significant reduction in mitral regurgitation
has been achieved in the majority of patients treated.
The average length of hospital stay is <2 nights. Man-
agement of the femoral venous puncture has not been
any more challenging than for other valvular interven-
tional therapies via the transseptal route. Further study
is necessary to define the role of this therapy relative to
mitral valve repair using surgical methods. The ideal
patient population for this procedure will be defined by
ongoing trial experience.

In the EVEREST phase I trial there was a referral bias
for elderly patients who were poor candidates for mitral
valve surgery. This is reflected by the median age (71
years) in EVEREST compared to patients undergoing
repair in the Society of Thoracic Surgeons database (59
years). It is intuitive that percutaneous therapies would
be desirable for high-risk patients.

EVEREST II. The EVEREST phase II randomized
trial is a comparison with surgical valve repair or valve
replacement. A number of factors are interesting about
this trial design. There are no prospective, core lab-
evaluated, intention-to-treat trials of mitral repair or
replacement therapy in the surgical literature. Thus,
the proportion of patients for whom repair is intended,

but in whom replacement is ultimately performed, is
not clearly defined. Also, the results of mitral repair
in terms of the degree of reduction of mitral regurgi-
tation have never been assessed using objective crite-
ria for mitral regurgitation grading and a core labora-
tory.20 The randomized EVEREST phase II trial will
be groundbreaking not only in the development of the
percutaneous therapy, but also in defining the contem-
porary results of mitral valve surgery. Determining the
specific population for this technology, whether it be
elderly patients who are at high risk for surgical ther-
apy or younger patients with severe, yet asymptomatic,
mitral insufficiency, will require extensive investigative
trials and clinical experience.

Understanding among cardiology practitioners of
the mitral valve pathoanatomy and the specific meth-
ods needed to repair different pathologies is clearly
important. Therapy for dilated cardiomyopathy with
functional mitral regurgitation, ischemic mitral regur-
gitation, and mitral valve prolapse will all likely be
different.21 Development of these new catheter-based
technologies will benefit from the input of the vari-
ous interventional, surgical, and imaging cardiovascu-
lar specialties. We are on the threshold of an exciting
era in catheter therapy for valvular heart disease. Per-
cutaneous valve repair and replacement are realities
in clinical research, and likely soon in clinical practice.
These approaches are already attractive for use in older
patients, and will hopefully make treatments available
to many with no current options while making proce-
dures less invasive for still others.
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