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Mitral valve regurgitation is a common disease, traditionally treated with valve repair 
or replacement using open cardiac surgery. The most common etiologies of mitral 
regurgitation (MR) include degenerative and functional pathologies. MitraClip® 
(Abbott Vascular, CA, USA), a new device for transcatheter mitral valve repair, which 
gained CE mark approval for use in Europe in 2008, is now approved in the USA 
for use in patients with symptomatic degenerative mitral valve regurgitation who 
are deemed to be prohibitive risk surgical candidates. For these patients, MitraClip 
offers a safe and effective treatment option. Currently, trials are underway to assess 
its efficacy in high surgical risk patients with functional MR. The data from these 
trials will hopefully provide guidance to physicians to determine which patients would 
benefit from the device and which patients would benefit from the standard surgical 
approach. There is evidence that the MitraClip will continue to have an important role 
in treating both high-risk and nonsurgical patients with degenerative and functional 
MR now and in the future.
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Mitral regurgitation (MR), either from pri-
mary valve disease (degenerative) or second-
ary (functional) to left ventricular dysfunc-
tion, affects more than 4 million Americans, 
or almost one in ten people over age 75 years. 
When moderately severe or severe, MR pro-
gresses and results in the deterioration of left 
ventricular function resulting in congestive 
heart failure, increased mortality and a signifi-
cant decrease in quality of life (QoL). Chronic 
MR also increases the risk of atrial fibrillation 
and stroke, both of which can have a debilitat-
ing impact on patients [1]. Definitive treatment 
of this problem traditionally requires surgical 
intervention, either with repair or replace-
ment of the diseased valve through a median 
sternotomy or a lateral thoracotomy [2]. Mini-
mally invasive open-heart techniques such as 
endoscopic repair through the right chest or 
robotic mitral valve repair are available but are 
less frequently used; all surgical approaches 
require cardiopulmonary bypass [3,4].

Given that patients with severe, symp-
tomatic MR often have increased surgi-
cal risk due to impaired cardiac function, 
advanced age and associated comorbidities, 
newer approaches that do not utilize inva-
sive techniques requiring cardiopulmonary 
bypass would be welcome. Transcatheter 
mitral valve repair with MitraClip® (Abbott 
Vascular, CA, USA) is one such technology 
that uses femoral venous access to repair the 
mitral valve without requiring cardiac arrest 
and is the primary subject of this review.

Percutaneous valve interventions
The standard of care for the treatment of MR 
has been and continues to be surgical repair 
or replacement of the valve [5]. Conversely, 
other valvular diseases have been successfully 
treated by transcatheter interventions. Mitral 
valve stenosis was first treated with balloon 
commissurotomy 30 years ago [6]. In 2000, 
the first pulmonic valve was implanted via 
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a transcatheter delivery system [7]. This was followed 
shortly after by successful transcatheter aortic valve 
implantation in 2002 for severe aortic stenosis [8].

Aortic valve stenosis, a common disease in the 
elderly, has seen a remarkable increase in successful 
treatment due to the expanding availability and excel-
lent results of the transcatheter aortic valve replacement 
technology. The PARTNER trial demonstrated supe-
rior results compared with medical therapy alone and 
similar outcomes to open-heart aortic valve surgery in 
high-risk patients [9]. To expand the application of the 
therapy, trials evaluating intermediate-risk patients are 
ongoing. Given the current success, several transcath-
eter mitral valve technologies are under development 
to parallel this approach and are starting to be tested 
in humans. However, the success of these therapies 
has been more challenging secondary to technical and 
anatomic considerations specific to the mitral valve.

Traditional mitral valve surgery: successes 
& pitfalls
Mitral valve surgery is used to treat both primary and 
secondary MR. Surgery, whether mitral valve repair 
or replacement, has been the standard of care in treat-
ing patients with primary (degenerative) MR. Patients 
with secondary MR are often treated medically, but 
surgery is also often employed, especially if the patient 
is already undergoing another cardiac operation such 
as a coronary artery bypass. Repair has recently been 
favored over mitral valve replacement in order to 
preserve as much of the native valve and subvalvular 
apparatus as possible. Additionally, the most common 
mitral valve pathologies includes flail or billowing 
leaflets that are amenable to resection or repair using 
artificial chords. These techniques, when performed 
correctly, result in a durable repair that is associated 
with reduced mortality, reduce risk of endocarditis and 
obviate the need for life-long anticoagulation [10–14].

A variety of techniques have emerged to repair the 
prolapsing mitral valve: traditional quadrangular and 
triangular resection techniques, replacement of the 
ruptured chordae with artificial neochordae, place-
ment of an edge-to-edge stitch to anchor the prolapsing 
leaflet cusp to the opposing stable cusp, and implanta-
tion of a mitral annuloplasty ring to improve leaflet 
coaptation and avoid future annular dilatation. These 
techniques for primary mitral valve lesions have been 
quite successful, demonstrated by long-term durability 
of these repairs.

Unlike primary MR, secondary or functional MR 
remains a surgical challenge. It is often treated with 
implantation of an undersized annuloplasty ring or 
valve replacement. The durability of these repairs is 
suboptimal, with recurrence rates of 15–60% reported 

in the literature [15,16]. In the latter-half of the last 
decade, significant efforts have focused on improving 
results for surgical mitral annuloplasty with the devel-
opment of adjustable annuloplasty rings whose size 
and shape can be adjusted postimplantation on a beat-
ing heart (e.g., MitraSolutions®, St Jude Medical [MN, 
USA], DynaTek [MO, USA] and ValTech [Yehuda, 
Israel], among others). These approaches have champi-
oned technological advancement in mitral valve repair 
and laid a strong foundation for substantial innovative 
efforts toward the development of percutaneous valve 
therapies. However, they are not yet part of clinical 
practice and remain investigational devices to date.

Percutaneous treatment of MR
Early development in percutaneous mitral valve repair 
focused on indirect annuloplasty by deploying a device 
under tension into the coronary sinus to reduce the size 
of the annulus. This technique utilizes the anatomical 
proximity of the coronary sinus to the mitral annulus, 
and seeks to reduce the mitral annular area via annu-
lar cinching. Clinical experience with various coronary 
sinus annuloplasty approaches on reduction of MR 
has been disconcerting due to several anatomical con-
straints and mismatch of the coronary sinus in rela-
tion to mitral annulus in dilated ventricles [17]. Another 
complication is compression of a coronary artery (usu-
ally the left circumflex) which can lead to myocardial 
ischemia [18]. One such indirect annuloplasty device, 
the Carillon mitral contour system (Cardiac Dimen-
sions, Inc., WA, USA) has European CE mark approval 
and is currently undergoing trials in Europe.

Alternative direct annuloplasty approaches have 
since emerged. A direct suture annuloplasty system 
is under development from MitrAlign® (MA, USA). 
This device uses a suture-pledget system to cinch the 
mitral annulus by placing two pairs of pledgets into 
the opposing sides of the mitral annulus. They are 
then cinched together to reduce the mitral orifice area. 
This device is not commercially available as of yet, but 
early results are encouraging [19]. The Accucinch® (CA, 
USA), which has a similar conceptual form but uses 
multiple anchors along the entire posterior annulus, is 
under early development [20]. Finally, the CardioBand® 
system (Valtech Cardio) uses a trans-septal approach 
to deliver a flexible ring to the annulus via an auto-
mated suture technique. An animal model has dem-
onstrated short-term success, and human studies are 
underway [21].

Finally, the number of transcatheter mitral valve 
replacement technologies has grown given the success 
of transcatheter aortic valve replacement. Commer-
cially available transcatheter aortic valves have been 
successfully implanted in the mitral position inside 
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of previously implanted mitral valves (valve-in-valve). 
Much less success has been seen with implantation of 
these devices directly into the native mitral valve [22]. 
Limited success has been seen in the mitral position 
for a variety of reasons. For one, percutaneous access 
to the mitral valve is more challenging than the aortic 
valve. Additionally, the mitral annulus is large, irregu-
larly shaped, and is intimately involved in left ventricle 
(LV) geometry.

Development of the MitraClip
The most common mitral valve pathology resulting in 
severe symptomatic MR is myxomatous degeneration 
of the posterior leaflet (primary MR) [23]. As afore-
mentioned, this pathology is most often managed with 
mitral valve repair. The various techniques for repair 
have evolved greatly over the last half century. Car-
pentier described a partial resection of the posterior 
leaflet of the mitral valve [24], a technique that is used 
frequently today with excellent long-term durability 
[25,26]. This technique is best tailored for posterior leaf-
let prolapse; other pathologies such as anterior prolapse 
or Barlow’s disease often require more complex repair 
[27,28]. In an effort to simplify the repair of complex 
mitral valve pathology, a new technique was developed 
by Alfieri et al. [29].

The Alfieri repair, originally described in 1991, 
treats MR by fixing the cusps of the anterior and pos-
terior leaflets together using a double stitch placement 
at the point of maximal regurgitation. This ‘edge-to-
edge’ technique creates a double orifice mitral valve, 
with two smaller inflow orifices to the LV. Long-term 
results have been good and this technique represents 
yet another technique for surgeons to repair the valve 
[30]. To improve the durability of results, the Alfieri 
repair is typically combined with implantation of a 
partial band or complete annuloplasty ring, except in 
cases with a severely calcified mitral annulus [31]. This 
concept by Alfieri has served as a proof-of-concept for 
the development of the MitraClip.

Description of the MitraClip
The MitraClip is a single-size clip device that has 
been used to treat patients with functional, mixed and 
degenerative MR. The Clip has a dual arm structure, 
with grippers above the arms to assist with capture of 
the mitral valve leaflets and their approximation while 
the heart is beating. Table 1 highlights key MitraClip 
dimensions.

The system is introduced via femoral venous access 
and uses trans-septal puncture to enter the left atrium. 
The system includes the Steerable Guide Cath-
eter (SGC) through which the Clip Delivery System 
(CDS) is introduced. The SGC has a diameter of 24 Fr 

at the skin and 22 Fr at the interatrial septal puncture 
site. The Clip itself, which is at the end of CDS, is 
made of cobalt–chromium and is covered with poly-
propylene fabric to promote tissue in-growth, and it 
is certified for use in a MRI up to a magnetic field of 
3 T [20]. These materials are commonly used in other 
cardiovascular implants. Figure 1 shows the Clip and 
delivery system.

The procedure
The MitraClip is implanted in a percutaneous pro-
cedure that is performed using both fluoroscopic and 
echocardiographic guidance. First, femoral venous 
access is obtained via standard percutaneous tech-
niques. Then, trans-septal puncture of the interatrial 
septum is ideally performed at the fossa ovalis to gain 
access to the left atrium. The patient should then be 
heparinized to an activated clotting time greater than 
250 s, where it should remain for the duration of the 
procedure. The septal puncture must be appropri-
ately positioned relative to the mitral valve, so that 
the device can be oriented perpendicular to the mitral 
valve. All maneuvers are done under echocardiographic 
visualization including real-time 3D transesophageal 
echocardiographic guidance (3D TEE). Therefore, 
an experienced and dedicated echocardiographer fac-
ile in not only in 2D but also 3D echocardiography is 
critical to the performance of these procedures. The 
device is positioned directly above the regurgitant jet 
and advanced across the mitral valve into the LV, with 
the two arms of the Clip perpendicular to the valve 
leaflets.

The Clip is then retracted toward the mitral valve 
leaflets, so it can engage the appropriate segments of 
the mitral valve. The arms and grippers of the Clip are 
then closed and if the leaflet insertion is judged accept-
able by TEE, the degree of residual MR is assessed. If 
reduction is inadequate, the Clip can be released and 
repositioned. When the reduction of MR is judged 
to be adequate, the Clip is released from the delivery 
system. If after releasing the Clip, MR of greater than 
mild is apparent and the mean gradient is less than 
5 mmHg, another Clip can be implanted. More than 
one Clip is implanted in about 50% of patients and 

Table 1.  Dimensions of the MitraClip®.

Dimension Size (mm)

Closed clip length 15

Grasping width at 120° 17

Clip width at 180° 20

Arm width 5

Arm length (coaptation length) 9



560 Interv. Cardiol. (2014) 6(6)

Figure 1. Image of the Clip and Clip delivery system. (A) Clip, seen with grippers, attached to the steerable guide 
catheter. (B) Clip delivery system with Clip attached at end of the steerable guide catheter. 
Image courtesy of Abbott Vascular © 2013. 

future science group

Review    Kayatta, Jensen, Padala, Gilmore & Thourani

implantation of five Clips has been described in the lit-
erature [32]. The addition of Clips is limited by, among 
other factors, development of a transmitral valve dia-
stolic gradient, which is a surrogate measure for poten-
tial development of mitral stenosis. After the Clip(s) 
are deployed, the delivery catheter is retracted and 
removed from the patient. Protamine is often admin-
istered to reverse the heparinization. Manual compres-
sion, use of a temporary subcutaneous suture, or place-
ment of a percutaneous closure device may be used to 
close the femoral vein access site. Figure 2 shows echo-
cardiographic still images of the key steps in implanta-
tion of the MitraClip. Figure 3 shows an illustration of 
MitraClip placement. An illustrated animation of the 
procedure is available on Abbott’s website [33].

Patients must have suitable anatomy for the Clip to 
be able to properly grasp and attach to the valve leaflets 
and reduce MR. The EVEREST I trial [34] defined sug-
gested mitral valve echocardiographic measurements, 
summarized in Table 2. In addition to these and other 
anatomic considerations, other important contraindi-
cations to the procedure include pre-existing mitral 
stenosis, active endocarditis, inability to tolerate pro-
cedural anticoagulation or post-procedure antiplatelet 
therapy and clinical frailty of the patient [35].

Clinical evaluation of the MitraClip
After evaluation in a porcine model [36], the MitraClip 
was evaluated in a Phase I safety trial (EVEREST I) 
[37]. In this trial, the MitraClip was implanted in 107 
patients who were candidates for mitral valve repair. 
After the first ten patients, it was noted that inadequate 
reduction in MR was often achieved with only one 
Clip, so the trial was amended to allow for implanta-
tion of a second Clip. Results of the trial demonstrated 
that the device was safe as there were relatively few 
complications, with ten patients (9%) having a major 

adverse event. These were defined as: death, myocar-
dial infarction, nonelective cardiac surgery for adverse 
events, renal failure, transfusion of greater than two 
units of blood, reoperation for failed surgery, stroke, 
gastrointestinal complications requiring surgery, ven-
tilation for greater than 48 h, deep wound infection, 
septicemia and new onset of permanent atrial fibril-
lation (determined at 12 months). Ten patients (9%) 
had evidence of partial Clip detachments at 30 days, 
but there were no Clip embolizations. The degree of 
reduction in MR persisted throughout the 12-month 
study period [34].

Given the success of this safety trial, the MitraClip 
was evaluated in a Phase II clinical trial (EVEREST II) 
[38] comparing the MitraClip directly to mitral valve 
surgery in a randomized sample of 279 patients. These 
included patients with both degenerative and func-
tional MR. The primary outcome was freedom from 
death, surgery for mitral valve dysfunction, or ≥3+ 
MR, for which surgery was found to be superior. How-
ever, short-term outcomes with the Clip were excel-
lent, with only 15% of patients experiencing a major 
adverse event compared with 48% of surgical patients 
(as defined by the study). In total, 45% of the patients 
in the surgical group received a transfusion of ≥2 units 
of blood. Prolonged mechanical ventilation was also 
more common in the surgical patients, although only 
affected 4% of patients (none in the MitraClip arm). 
While the need for a few units of blood may not be seen 
as an important complication, it is important to note 
that blood transfusions have been associated with worse 
early and late outcomes in cardiac surgery patients [39]. 
While the degree of MR reduction was larger in the 
surgical patients, those who achieved a good immedi-
ate result with MitraClip showed excellent durability 
of the repair (at 5 years). Nearly 80% of patients were 
free from 3+ or 4+ MR after Clip placement and thus 



www.futuremedicine.com 561future science group

Mitral valve repair with the MitraClip®    Review

Figure 2. Procedural images of a MitraClip® implantation. (A) 2D transesophageal echocardiography shows tenting 
of interatrial septum 4 cm above mitral valve orifice. (B) 3D transesophageal echocardiography shows guidewire 
crossing into the left atrium. (C) 3D transesophageal echocardiography shows a MitraClip® steered into the mitral 
valve orifice. (D) 2D transesophageal echocardiography shows anterior and posterior mitral leaflet capture by the 
Clip. (E) After Clip is released, 2D transesophageal echocardiography shows trace residual mitral regurgitation. A 
single Clip is present.
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avoided surgery in 12-month follow-up. Other impor-
tant clinical indicators that improved in both groups 
included heart failure functional status (New York 
Heart Association), ejection fraction, LV dimensions 
and QoL. Among patients in the MitraClip arm, there 
were no incidences of device embolization or clinically 
significant cases of mitral stenosis. Box 1 summarizes 
the results of the EVEREST II trial.

Recovery from the MitraClip procedure is rapid, 
with patients typically only staying in the hospital for 
2–3 days, significantly less than after mitral valve sur-
gery (4–7 days). Additionally, patients are more rou-
tinely discharged to home after MitraClip implantation 
when compared with surgery [40]. There has not been 
any evidence of development of an acute low-output 
state after MitraClip implantation [41], a complication 

that has been suggested in the surgical literature of cor-
rection of MR [42]. Four-year follow-up of patients in 
the EVEREST II trial has shown no increase in late 
MR recurrence compared with surgery [43].

Device approval & current practice
As of October 2013, the MitraClip device has been 
implanted in over 11,000 patients. In Europe, CE 
mark was received in March 2008. US FDA approval 
was first sought in 2010, with the indications of treat-
ing surgical and inoperable patients with degenerative 
and function MR. This approval was denied because 
FDA did not feel that MitraClip demonstrated an 
appropriate risk–benefit ratio. Through a series of 
negotiations between Abbott and FDA, Abbott nar-
rowed their indications to include high-risk and inop-
erable patients with degenerative MR. This, however, 
was again not approved. Although the device did show 
safety in this patient population [44,45], FDA did not 
feel that the device convincingly showed efficacy due 
in part to the heterogeneity of MR in these studies. 
The indications were again amended to only include 
inoperable patients with degenerative MR. In contrast 
to treatment for symptomatic functional MR, where 
medical therapy and other procedures like cardiac 
resynchronization may improve symptoms and long-

Figure 3. Illustration of MitraClip® placement. (A) Clip shown after it is engaged the mitral valve leaflets. (B) Final 
Clip placement shown after removal of the steerable guide catheter and clip delivery system. 
Image courtesy of Abbott Vascular © 2013.

Table 2.  Mitral valve anatomy suitable to MitraClip® placement.

Dimension Size (mm)

Coaptation length ≥2

Coaptation depth <11

For flail leaflets:

– Flail gap ≤10

– Arm length (coaptation length) ≤15



www.futuremedicine.com 563future science group

Mitral valve repair with the MitraClip®    Review

term outcomes, there remains no satisfactory mini-
mally invasive options for inoperable patients with 
degenerative MR. Based partly on this consideration, 
FDA approval of the MitraClip was granted in Octo-
ber 2013 for patients with severe symptomatic degen-
erative MR that are considered to be too high risk for 
conventional mitral valve surgery as determined by an 
evaluation made by a heart team [46].

Most of the commercial experience to date is from 
Europe, since CE mark was granted in 2008 and FDA 
approval was obtained only recently in late 2013. The 
majority of postmarket data has been ascertained 
through various national registries. ACCESS-EU is 
a postmarket registry of MitraClip patients. A retro-
spective evaluation of 567 patients in this registry was 
performed by Maisano et al. [47], where several key 
differences in real-world application of the MitraClip 
compared with those in the EVEREST II trial were 
found. Box 2 summarizes the differences.

In general, these patients are more elderly and higher 
surgical risk candidates than those evaluated in the 
EVEREST II trial. More patients had functional MR, 
which may be related to these patients’ high surgical 
risk. The anatomic characteristics of the mitral valve 
in 70–80% of these patients were outside the inclusion 
criteria stated in the EVEREST II trial [48]. Therefore, 
in the ‘real-world’ setting it does not appear that many 
‘straightforward’ candidates for mitral valve surgery 
are being referred for MitraClip. Nonetheless, even in 
this very sick group of patients, clinical outcomes with 
the Clip were excellent as demonstrated by improve-
ments in degree of MR reduction and improvements in 
New York Heart Association heart failure classification, 
quality of living and 6-min-walk test results.

In subgroup analysis of the EVEREST II trial, 
MitraClip was equivalent to surgery in older patients 
(≥70 years) and those with functional MR [38]. As seen 
in the ACCESS-EU data, this is currently the group of 

patients most commonly receiving MitraClip repair, at 
least in Europe. This may be replicated in the US expe-
rience, although the device does not currently have 
an indication for functional MR. Time will tell how 
therapy will evolve going forward, especially as patient 
selection improves, new and competing technologies 
become available, and optimization of the procedure 
continues.

Future perspective
For patients with functional MR, EVEREST II and 
ACCESS-EU data suggest improvements in heart fail-
ure functional class, MR and QoL. However, there 
have been no clinical studies to date directly com-
paring MitraClip to medical therapy in patients with 
heart failure due to functional MR. Currently two 
such trials are underway, one in the USA (COAPT) 
[49] and one in Europe (RESHAPE-HF) [50] that are 
attempting to address this issue.

The COAPT study is a prospective, randomized 
trial that will compare heart failure patients treated 
with the MitraClip one-to-one with standard medi-
cal therapy. The primary outcome will be recurrent 
heart failure admissions. Similarly, the RESHAPE-HF 
study will compare heart-failure patients treated with 
the MitraClip to standard medical therapy and the pri-
mary outcome will be both heart-failure admissions as 

Box 1.  Summary of the EVEREST II trial (MitraClip® versus surgery).

Patient population
•	 279 patients with severe MR who were candidates for mitral valve surgery.
Efficacy
•	 Surgical repair decreased MR more than MitraClip®. In 12-month follow-up, 20% of MitraClip patients required 

surgery for mitral dysfunction versus 2% in surgical patients.
•	 Both groups had improvements in MR, left ventricular indices, heart failure functional class (NYHA) and 

quality of life, although degree of MR reduction and left ventricular indices were decreased more in the 
surgical group.

•	 When MitraClip reduced MR to ≤2+, the repair was durable at 5 years.
Safety
•	 Major adverse events in 15% of MitraClip cohort versus 48% of surgical cohort.
•	 Most of the adverse events were blood transfusion, but prolonged intubation was also significantly higher in 

surgical patients.

MR: Mitral regurgitation; NYHA: New York Heart Association.

Box 2. Comparison of real-world patients to 
those in EVEREST II trial.

•	 Older age
•	 Higher surgical risk
•	 Decreased ejection fraction
•	 Much higher percentage of functional mitral 

regurgitation
•	 Higher percentage of New York Heart Association 

class III–IV heart failure
•	 More comorbid conditions
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well as all-cause mortality. The results of these stud-
ies will clearly be of great importance. Should there 
be no differences between groups, it may temper the 
current practice of implanting the device in patients 
with functional MR. In surgical patients, there is 
remarkably little data to support that mitral valve 
surgery for functional MR improves symptoms over 
time or life expectancy [5]. Conversely, a positive study 
might lead to an FDA indication for functional MR. 
The results may somewhat address the ongoing ques-
tion of whether functional MR itself can be improved 
with valve therapy of any kind; regardless of whether it 
is a percutaneous or surgical intervention. It is known 
that the mitral annulus will continue to dilate as heart 

failure worsens over time, so these studies will offer 
insight into whether this process can be reversed or 
held at bay with valve therapy. This will also be impor-
tant in surgical patients; a positive result may support 
mitral valve repair or replacement for functional MR 
as a concomitant procedure when undergoing another 
open-heart procedure.

Improvements in surgical mitral valve therapies over 
the past decades have resulted in excellent outcomes in 
low- and medium-risk patients. With the recent advent 
of percutaneous mitral valve therapies, there is evidence 
of a parallel refinement in techniques and improve-
ment in patient selection. Primarily high surgical risk 
patients are being referred today for consideration as 

Executive summary

Mitral regurgitation
•	 Common disease of elderly, with degenerative mitral regurgitation (MR) being most common etiology.
•	 Surgical repair is the current gold standard.
Percutaneous approaches
•	 Percutaneous valve interventions have shown great success in the treatment of mitral stenosis, as well as for 

aortic and pulmonary valve replacements (e.g., SAPIEN [Edwards, CA, USA], CoreValve [Medtronic, MN, USA], 
Melody [Medtronic]).

•	 Percutaneous mitral annuloplasty devices, both indirect and direct approaches, are under development, but 
early results are mixed.

•	 The MitraClip® is a device that simulates the Alfieri repair (edge-to-edge) to treat functional and degenerative 
MR via a percutaneous approach (without associated annuloplasty).

Implanting the MitraClip
•	 Standard trans-septal access is obtained. Fluoroscopic and echocardiographic guidance are used during the 

procedure.
•	 Position the device perpendicular to the mitral valve and advance into the left ventricle.
•	 Retract device toward mitral valve and capture leaflets.
•	 Assess reduction in MR immediately with transesophageal echocardiography, while the heart remains beating.
•	 Clip can be removed and repositioned to improve reduction in MR.
•	 Additional Clips can be implanted if necessary.
•	 Surgical options are still preserved.
Clinical evaluation
•	 EVEREST I trial demonstrated clinical safety.
•	 EVEREST II trial showed good success, although not as effective as surgery. Procedure was very safe, and 

reduced the need for blood transfusion and mechanical ventilation.
•	 In total, 20% of patients required surgery for persistent MR in 12-month follow-up.
•	 When initially success in reducing MR, the Clip showed durability over 5 years.
•	 Few device-related complications, most commonly single leaflet detachment.
Device approval & current practice
•	 CE mark granted in 2008 and FDA approved in 2013. Majority of commercial practice to date has been in 

Europe.
•	 Functional MR has been treated more often than degenerative (as opposed to EVEREST II trial) in the 

commercial experience in Europe.
•	 Most patients selected for MitraClip are high-risk surgical candidates.
Future perspective
•	 COAPT and RESHAPE-HF trials underway to demonstrate the benefit of the therapy in high-risk patients with 

heart failure due to functional mitral regurgitation.
•	 These will compare MitraClip directly to medical therapy. Goal is to reduce mortality and heart-failure 

admissions.
•	 Future advances could include smaller delivery system and improved design to prevent partial leaflet 

detachment.
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candidates for MitraClip therapy. The heart team, 
consisting of the interventional cardiologist, cardiac 
surgeon, heart-failure specialist, echocardiographer 
and others are critical in the determining the appro-
priate patients with severe MR who should undergo 
the MitraClip procedure. Even with the success of the 
therapy there are opportunities to improve the current 
design of the device. Potential improvements could 
include easier steering of the device, smaller access 
sheath and perhaps improved Clip design to prevent 
single leaflet detachment and increased reduction in 
MR. As technology and experience progresses, it is 
possible that percutaneous clipping of the mitral valve 
will be combined with a percutaneous annuloplasty 
device. This would more closely resemble the Alfieri 
approach in surgical practice. This would provide both 
repair of the valve itself and address pathologies of the 
valvular apparatus.

For patients with coronary artery disease, surgical 
volumes decreased as percutaneous stenting gained 
acceptance. To date, it does not appear that patients 
who are good candidates for surgical mitral valve 

repair or replacement are being referred for Mitra-
Clip therapy, but there is clearly a patient preference 
toward minimally invasive approaches, and time will 
tell whether healthier patients are eventually referred 
for MitraClip as technology and techniques advance.
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