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Mitral Regurgitation — What Is Best for My Patient?
Catherine M. Otto, M.D., and Edward D. Verrier, M.D.

Mitral regurgitation is common, with 80% of us 
having some normal valve leakage detectable on 
echocardiography. Mild regurgitation is well tol-
erated and rarely leads to overt clinical disease. 
However, severe regurgitation overloads the left 
ventricle as blood is pumped both backward across 
the mitral valve and forward to the systemic cir-
culation. Over time, volume overload results in 
ventricular dilatation and eventual contractile dys-
function. In addition, increased left atrial pres-
sure leads to atrial fibrillation and pulmonary 
hypertension.1 If untreated, these physiological 
changes lead to heart-failure symptoms and re-
duced survival. Both can be prevented by an inter-
vention to eliminate mitral regurgitation at the 
onset of symptoms or before any irreversible 
changes in cardiac function occur.2,3 Currently, 
our choices for intervention are surgical mitral-
valve repair or replacement, with repair preferred 
whenever possible because it has a low operative 
mortality (about 2%), restores normal valve func-
tion, and provides excellent long-term outcomes.4

The anatomy of the mitral-valve apparatus is 
complex. Abnormal leaflet closure occurs with 
primary disease of the leaflets and chords (e.g., 
with mitral prolapse in degenerative disease) or 
may be functional because of altered geometry 
of the left ventricle, papillary muscles, or mitral 
annulus, as seen with dilated cardiomyopathy or 
coronary artery disease.1 In patients with primary 
leaflet disease and severe regurgitation, adverse 
outcomes are directly due to the physiological 
effects of valve dysfunction. Thus, the key ele-
ment in clinical care is periodic noninvasive 
monitoring of valve and ventricular function in 
patients at risk for adverse outcomes in order to 
ensure optimal surgical timing.

In contrast, adverse outcomes are largely de-
termined by the underlying myocardial disease 

in patients with functional mitral regurgitation. 
Thus, clinical management focuses on treatment 
of the causal disease process, rather than on di-
rect attempts to decrease regurgitant severity, par-
ticularly if treatment normalizes ventricular size, 
shape, and systolic function, allowing better 
alignment of the mitral-valve apparatus and more 
complete valve closure. For example, in patients 
with dilated cardiomyopathy, regurgitant severity 
often improves substantially with medical thera-
py or biventricular pacing.5 Similarly, in patients 
with coronary artery disease, regurgitation may 
improve after revascularization.6 A subgroup of 
patients with persistent severe functional mitral 
regurgitation may benefit from a reduction in 
regurgitant severity, although this approach re-
mains controversial.7

In this issue of the Journal, Feldman and col-
leagues8 report the results of a randomized, pro-
spective trial of a percutaneously inserted mitral-
valve clip for the treatment of severe regurgitation. 
The idea that valve regurgitation might be treat-
ed with a nonsurgical approach is exciting, par-
ticularly if the new procedure effectively reduces 
regurgitant severity with a low procedural risk. 
Ideally, any new procedure would also be at least 
equivalent to surgical valve repair in terms of 
safety, valve function, durability, and long-term 
outcomes.

The mitral-valve clip that was evaluated in 
this study fulfills some, but not all, of these cri-
teria. As compared with mitral-valve surgery, the 
mitral clip was associated with a lower rate of 
complications at 30 days. However, it is disap-
pointing that by 1 year after the procedure, 20% 
of patients in the percutaneous-treatment group 
required surgery for mitral-valve dysfunction, as 
compared with 2% of patients in the surgical 
group who required repeat surgery. It is of par-
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ticular concern that substantial residual regurgi-
tation (grade 2+ or more) was present in 46% of 
patients in the percutaneous-treatment group, 
as compared with 17% in the surgical group at 
12 months. This modest reduction in regurgitant 
severity might be associated with favorable 
short-term and midterm outcomes, but surgical 
series suggest that residual mitral regurgitation 
predicts adverse long-term clinical outcomes. 
This issue is further confused by the inclusion 
of both patients with primary leaflet disease 
and those with functional regurgitation; these 
are different diseases with different clinical out-
comes. Despite these concerns, the authors are to 
be commended for performing a rigorous clini-
cal trial with objective measures of valve and ven-
tricular function, as well as clinical outcomes.

Regardless of whether the mitral clip becomes 
part of our clinical toolkit, we will face some 
difficult challenges in clinical decision making as 
new minimally invasive devices become clinically 
available during the next few years. The traditional 
physician-directed approach to patient care has 
worked well up to now, when only limited treat-
ment options were available. Currently, the car-
diologist most often decides when surgical inter-
vention is appropriate and sends the patient on to 
the cardiac surgeon. Although efficient, this ap-
proach breaks down as more options for interven-
tion become available and the choices of watchful 
waiting, medical therapy, percutaneous interven-
tion, and surgical valve repair or replacement all 
must be considered. This challenge is particularly 
acute because valve disease is relatively uncom-
mon, as compared with diseases such as coro-
nary disease or heart failure, so that our guide-
lines are based on less compelling data and 
individual physicians have less experience and 
are less knowledgeable about valve disease.

To ensure that we do what is best for each 
patient, we propose a patient-centered approach 
to decision making in adults with valvular heart 
disease. Instead of the traditional “consensus of 
one,” we need a true consensus of experts with 
review of each case by a multidisciplinary panel 
that includes, at a minimum, a nonprocedural 
valve-disease specialist, an interventional cardiol-
ogist, and a cardiac surgeon. The panel’s recom-
mendation should be based on documentation of 

severe valve dysfunction and indications for inter-
vention, a patient-specific procedural risk assess-
ment,9 expected anatomical and functional re-
sults, expected improvement in clinical symptoms 
and quality of life, potential medication changes 
(including anticoagulation), long-term outcome 
data on survival and repeat procedures, and pref-
erences of the patient.

Surgical correction of severe valve dysfunction 
has provided dramatic improvements in clinical 
outcomes of adults with valvular heart disease 
during the past several decades. As we embrace 
new approaches to mechanical correction of ab-
normal valve hemodynamics, we need to be sure 
that we do not sacrifice proven long-term effec-
tiveness for short-term issues, such as conve-
nience, invasiveness, or reversible procedural com-
plications. The goal is to make the patient feel 
better and live longer.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

From the Division of Cardiology, Department of Medicine 
(C.M.O.), and the Division of Cardiothoracic Surgery, Depart-
ment of Surgery (E.D.V.), University of Washington School of 
Medicine, Seattle.

This article (10.1056/NEJMe1102013) was published on April 4, 
2011, at NEJM.org.
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Background
Mitral-valve repair can be accomplished with an investigational procedure that in-
volves the percutaneous implantation of a clip that grasps and approximates the 
edges of the mitral leaflets at the origin of the regurgitant jet.

Methods
We randomly assigned 279 patients with moderately severe or severe (grade 3+ or 4+) 
mitral regurgitation in a 2:1 ratio to undergo either percutaneous repair or conven-
tional surgery for repair or replacement of the mitral valve. The primary composite 
end point for efficacy was freedom from death, from surgery for mitral-valve dys-
function, and from grade 3+ or 4+ mitral regurgitation at 12 months. The primary 
safety end point was a composite of major adverse events within 30 days.

Results
At 12 months, the rates of the primary end point for efficacy were 55% in the percu-
taneous-repair group and 73% in the surgery group (P = 0.007). The respective rates 
of the components of the primary end point were as follows: death, 6% in each group; 
surgery for mitral-valve dysfunction, 20% versus 2%; and grade 3+ or 4+ mitral 
regurgitation, 21% versus 20%. Major adverse events occurred in 15% of patients in 
the percutaneous-repair group and 48% of patients in the surgery group at 30 days 
(P<0.001). At 12 months, both groups had improved left ventricular size, New York 
Heart Association functional class, and quality-of-life measures, as compared with 
baseline.

Conclusions
Although percutaneous repair was less effective at reducing mitral regurgitation 
than conventional surgery, the procedure was associated with superior safety and 
similar improvements in clinical outcomes. (Funded by Abbott Vascular; EVEREST II 
ClinicalTrials.gov number, NCT00209274.)
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Severe mitral regurgitation is asso-
ciated with progressive left ventricular dys-
function and congestive heart failure.1 With-

out intervention, symptomatic patients have an 
annual rate of death of 5% or more.1-3 Medical 
management alleviates symptoms but does not al-
ter the progression of the disease.2 Current guide-
lines recommend surgery for moderate-to-severe 
(grade 3+) or severe (4+) mitral regurgitation in 
patients with symptoms or evidence of left ven-
tricular dysfunction.4-6

One surgical approach for mitral-valve repair 
involves approximation of the mitral leaflets with 
suture to create a double orifice.7-9 This procedure 
has been described for treatment of degenerative 
mitral regurgitation and is usually performed 
with an annuloplasty ring. Selected patients who 
have been treated with this technique as a stand-
alone procedure have had successful results last-
ing up to 12 years.10

A method for percutaneous double-orifice 
repair has been developed with the use of a me-
chanical device that is delivered into the left 
atrium through transseptal access. The device 
(MitraClip, Abbott Vascular) grasps and approxi-
mates the leaflets.11,12 Mitral repair with this 
device in 107 patients showed significant reduc-
tion in the severity of mitral regurgitation.13,14

We designed the Endovascular Valve Edge-to-
Edge Repair Study (EVEREST II), a randomized 
comparison of percutaneous mitral repair and 
mitral-valve surgery, to evaluate the efficacy and 
safety of percutaneous mitral-valve repair, as 
compared with conventional surgical repair or 
replacement.15

Me thods

Patients
From September 2005 through November 2008, 
we recruited patients at 37 study centers in the 
United States and Canada. All eligible patients had 
grade 3+ or 4+ chronic mitral regurgitation. Pa-
tients who were symptomatic were required to have 
a left ventricular ejection fraction (LVEF) of more 
than 25% and a left ventricular end-systolic diam-
eter of 55 mm or less. Those who were asymptom-
atic were required to have at least one of the fol-
lowing: an LVEF of 25 to 60%, a left ventricular 
end-systolic diameter of 40 mm to 55 mm, new 
atrial fibrillation, or pulmonary hypertension.4-6 
Eligible patients were candidates for mitral-valve 

repair or replacement surgery. According to the 
anatomical inclusion criteria, the primary regur-
gitant jet originated from malcoaptation of the 
middle scallops of the anterior and posterior leaf-
lets. Full inclusion and exclusion criteria have been 
reported previously.15

Study Design
The study was conducted in the United States and 
Canada in compliance with the provisions of the 
Declaration of Helsinki for human investigation 
under an investigational device exemption. The  
study was approved by the institutional review 
board at each study center. Written informed con-
sent was obtained from all patients.

Study sites were required to have experience 
with percutaneous interventions, transseptal punc-
tures, and mitral-valve surgery, along with a 
strong multidisciplinary clinical team. All echo-
cardiograms were assessed by an independent 
core laboratory (University of California, San 
Francisco). Mitral regurgitation was graded ac-
cording to the American Society of Echocardiog-
raphy guidelines with the use of quantitative cri-
teria (regurgitant volume, regurgitant fraction, 
and effective regurgitant orifice area) and quali-
tative criteria (color Doppler and pulmonary ve-
nous flow).16-18 If two regurgitant jets were pres-
ent, both measurements were incorporated.

Percutaneous-Repair Procedure
The MitraClip device is a 4-mm-wide cobalt–
chromium implant with two arms that are opened 
and closed with the use of the delivery-system 
handle (Fig. 1, and the animation available with 
the full text of this article at NEJM.org).13,14 The 
procedure is performed under general anesthesia 
with the use of fluoroscopic and transesophageal 

An animation 
showing the 

placement of a 
mitral-valve clip 

is available at 
NEJM.org 

Figure 1 (facing page). Percutaneous Repair of a Mitral 
Valve.

In patients with mitral regurgitation resulting from in-
complete leaflet coaptation (Panels A and B), percuta-
neous mitral-valve repair is performed by means of 
femoral venous and transseptal access to the left atri-
um to steer the device toward the origin of the regurgi-
tant jet (Panel C). A mitral clip is passed through the 
mitral orifice from the left atrium to the left ventricle 
and pulled back to grasp the leaflet edges (Panels D 
and E). If reduction of the mitral regurgitation is satis-
factory, the device can be locked and then released 
(Panel F). A double orifice is created in conjunction 
with reduction in mitral regurgitation (Panels G and H).
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echocardiographic guidance. Atrial transseptal 
puncture is performed. The device is steered un-
til it is aligned over the origin of the regurgitant 
jet18 and advanced into the left ventricle. The 
mitral leaflets are grasped, and the device is 
closed to approximate the leaflets. Adequate re-
duction of mitral regurgitation to a grade of 2+ 
or less is assessed with the use of echocardiogra-
phy. If the reduction in mitral regurgitation is in-
adequate with one device, the device may be re-
moved or a second device placed. Patients with 
grade 3+ or 4+ mitral regurgitation despite device 
treatment were referred for elective valve surgery. 
Patients were treated with heparin during the 
procedure, with aspirin (at a dose of 325 mg daily) 
for 6 months and with clopidogrel (at a dose of 
75 mg daily) for 30 days after the procedure.

End Points
The primary composite end point for efficacy was 
freedom from death, from surgery for mitral-valve 
dysfunction, and from grade 3+ or 4+ mitral re-
gurgitation at 12 months. The primary safety end 
point was the rate of major adverse events at  
30 days, defined as the composite of death, myo-
cardial infarction, reoperation for failed mitral-
valve surgery, nonelective cardiovascular surgery 
for adverse events, stroke, renal failure, deep 
wound infection, mechanical ventilation for more 
than 48 hours, gastrointestinal complication re-
quiring surgery, new-onset permanent atrial fi-
brillation, septicemia, and transfusion of 2 units 
or more of blood.

Additional prespecified secondary end points 
included the change in left ventricular dimen-
sions and volumes, New York Heart Association 
(NYHA) heart failure class,19 and quality-of-life 
scores on the Medical Outcomes Study 36-Item 
Short-Form Health Survey (SF-36).20 Yearly clinical 
and echocardiographic evaluations are planned 
for 5 years of follow-up. All end-point compo-
nents were adjudicated by an independent events 
committee or core echocardiographic laboratory.

Study Oversight
The study was designed by the sponsor, Abbott 
Vascular, in collaboration with the investigators. 
The study protocol is available at NEJM.org. Har-
vard Clinical Research Institute was contracted 
by Abbott Vascular to perform data management, 
analysis, and clinical-event adjudication. The first 
and last authors wrote the first draft of the man-

uscript, and the authors vouch for the integrity of 
the analysis. The study publications committee, 
consisting of academic authors and investigators, 
made the decision to submit the manuscript for 
publication.

Statistical Analysis
We performed all analyses according to the inten-
tion-to-treat principle. A total of 21 randomized 
patients who did not receive treatment in either 
study group and did not undergo subsequent as-
sessment of mitral regurgitation were considered 
to maintain the same grade of mitral regurgita-
tion as the grade at baseline for the efficacy anal-
ysis. Any valve surgery that was performed after 
percutaneous repair was considered as a compo-
nent of the composite primary end point. We also 
performed two additional analyses that were pre-
specified in the protocol. In the first analysis, we 
rated patients with insufficient reduction of in-
hospital mitral regurgitation after percutaneous 
repair who received successful mitral-valve surgery 
as having had a successful outcome (comparison 
of strategies). In the second analysis, we compared 
the subgroup of patients who had grade 2+ or less 
mitral regurgitation at the time of hospital dis-
charge, according to study group (per protocol).

We also analyzed the primary safety end point 
according to the intention-to-treat principle, with 
the exclusion of five patients who withdrew from 
the study before 30 days. Sensitivity analysis with 
the use of multiple imputation for missing effi-
cacy and safety data provided similar results to 
those presented here.

Comparisons with efficacy and safety margins 
were prespecified in the protocol to achieve a 
power of 80% for 279 randomized patients, as 
described previously.15 These sample-size calcula-
tions were based on the expectation that surgery 
would be more effective in reducing the grade of 
mitral regurgitation and that percutaneous ther-
apy would have a lower risk.15,16 The specified 
margin of reduced efficacy of percutaneous ther-
apy, as compared with surgical therapy, was a re-
duction of 25% for the comparison of strategies 
and a reduction of 31% for the per-protocol analy-
sis. The specified margin of improved safety for 
percutaneous therapy was 2% for the intention-to-
treat analysis. We calculated one-sided continuity-
corrected confidence intervals (95% intervals for 
efficacy and 97.5% intervals for safety, as speci-
fied in the protocol) and P values with the Far ring-
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ton–Manning test to compare treatment differ-
ences with the efficacy and safety margins.21 The 
continuity-corrected one-sample z-test of propor-
tions had consistent results.

We used Fisher’s exact test to compare other 
binary variables and Student’s t-test for continuous 
variables. A modified ridit analysis was used to 
compare the ordinal categorical variables of mitral-
regurgitation grade and NYHA functional class.

Although no formal subgroup analyses were 
prespecified, we performed limited tests for inter-
action with treatment on the efficacy and safety 
end points in the intention-to-treat population to 
evaluate whether consistent treatment differences 
were present in which plausible variation might 
exist with respect to age (<70 vs. ≥70 years), sex, 
functional versus degenerative mitral regurgita-
tion, and LVEF (<60% vs. ≥60%). No formal ad-
justment was made for multiple testing, since the 
primary focus of this analysis was to assess con-
sistency across subgroups. All statistical analyses 
were performed with the use of SAS for Windows 
software, version 9.1 or higher.

R esult s

Patients
We randomly assigned 279 patients in a 2-to-1 
ratio to undergo either percutaneous repair (184 
patients) or mitral-valve surgery (95 patients) of 
mitral regurgitation (Fig. 2). A total of 21 patients 
who underwent randomization withdrew consent 
for treatment (3% in the percutaneous-repair 
group and 16% in the surgery group) (Fig. 1 in the 
Supplementary Appendix, available at NEJM.org). 
Of 258 treated patients, 243 (94%) complied with 
the protocol for the 12-month follow-up. Base-
line characteristics were similar in the two study 
groups, with the exception of a history of conges-
tive heart failure, which was more common in 
the percutaneous-repair group (Table 1). (Char-
acteristics of the per-protocol cohort are listed in 
Table 1 in the Supplementary Appendix.)

Procedural Results
Of 178 patients who were treated in the percutane-
ous-repair group, 41 (23%) had grade 3+ or 4+ mi-
tral regurgitation on assessment before hospital 
discharge and were referred for surgery. Of these 
41 patients, 28 underwent subsequent mitral-valve 
surgery (15 repair and 13 replacement procedures). 
In the surgery group, all 80 treated patients had 

mitral regurgitation of grade 2+ or less before hos-
pital discharge. Among these patients, mitral-valve 
replacement was performed in 11 patients (14%) 
and repair in 69 patients (86%), including 38 pa-
tients (55%) who underwent leaflet resection and 
annuloplasty, 16 patients (23%) who underwent an-
nuloplasty alone, 14 patients (20%) who underwent 
complex leaflet or chordal repair with annuloplasty, 
and 1 patient (1%) who underwent an unspecified 
method of leaflet repair. In the intention-to-treat 
analysis, patients who were assigned to the sur-
gery group but did not undergo surgery were 
considered to have had a treatment failure.

Efficacy End Point
In the intention-to-treat analysis, the rates of 
death and mitral regurgitation of grade 3+ or 4+ 
at 12 months were similar in the two study groups, 
whereas surgery for mitral-valve dysfunction was 
more common in the percutaneous-repair group. 
The rate of surgery for mitral-valve dysfunction 
was 20% in the percutaneous-repair group, as 
compared with a rate of 2.2% for repeated mitral-
valve surgery in the surgery group (Table 2). Over-
all, the rates of the primary efficacy end point (a 
composite of freedom from death, from surgery 
for valve dysfunction, and from grade 3+ or 4+ 
mitral regurgitation at 12 months) were 55% in 
the percutaneous-repair group and 73% in the 
surgery group (P = 0.007). In the analysis com-
paring treatment strategies, in which patients who 
had unsuccessful percutaneous reduction of mi-
tral regurgitation before hospital discharge were 
referred for elective mitral-valve surgery, the rates 
of the primary end point were 67% in the percuta-
neous-repair group and 73% in the surgery group 
(P = 0.42; comparison to margin of reduced efficacy 
of −25%, P<0.001) (Table 2 in the Supplementary 
Appendix).

In the per-protocol analysis of data from 
treated patients with successful in-hospital re-
sults, the rates of the primary end point were 
72% in the percutaneous-repair group and 88% in 
the surgery group (P = 0.02). The between-group 
difference in the one-sided lower limit of the 
95% confidence interval (−25%) was greater than 
the prespecified margin of −31% (P = 0.001). The 
margins of reduced efficacy and increased safety 
were prespecified in order to compare the actual 
study results with the expectation that surgical 
treatment would be more effective but that percu-
taneous treatment would be safer.
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In the intention-to-treat analysis at 2 years, the 
rate of death (11%) was the same in the two study 
groups. In the percutaneous-repair group, as com-
pared with the surgery group, the respective rates 
of surgery for valve dysfunction were 22% and 
4%, and the proportions of patients with grade 
3+ or 4+ mitral regurgitation at 24 months were 
20% and 22%. Overall, the proportions of patients 
with the primary end point (i.e., the absence of 
these events) were 52% in the percutaneous-repair 
group and 66% in the surgery group (P = 0.04).

Major Adverse Events

In the intention-to-treat analysis, the rates of ma-
jor adverse events at 30 days after the procedure 
were 15% in the percutaneous-repair group and 
48% in the surgery group (Table 2), for an abso-
lute difference between the percutaneous-repair 
group and the surgery group of −33% with a one-
sided upper limit of the 97.5% confidence interval 
of −21%, which was lower than the −2% margin 
of increased safety (P<0.001). With the exclusion of 
the need for transfusion, the rate of major adverse 

279 Patients underwent randomization

184 Were assigned to percutaneous-repair
group 95 Were assigned to surgery group

4 Were withdrawn or
lost to follow-up

1 Was lost to follow-up

180 (98%) Were included in 30-day
safety analysis

94 (99%) Were included in 30-day
safety analysis

3 Who did not receive device and
were assumed to have MR 3+

or 4+ were included 5 Were excluded
3 Were withdrawn or lost 

to follow-up
2 Had missing MR grade

2 Who received treatment
withdrew

181 (98%) Were included in 12-mo
efficacy analysis

89 (94%) Were included in 12-mo
efficacy analysis

9 Were excluded
6 Were withdrawn or were 

lost to follow-up
3 Had missing MR grade

2 Who had missing 12-mo MR
grade, but had 24-mo MR

grade, were included

8 Were excluded
4 Were withdrawn or were

lost to follow-up
4 Had missing MR grade

172 (93%) Were included in 24-mo
efficacy analysis

83 (87%) Were included in 24-mo
efficacy analysis

Figure 2. Enrollment and Follow-up in the Intention-to-Treat Group.

Data are shown for patients who were available for analysis at 30 days (safety analysis) and at both 12 months and 24 months (efficacy 
analysis). Since the efficacy end point required echocardiographic assessment of mitral regurgitation (MR), patients who did not under-
go implantation of a device, but were known to be alive, were presumed to have retained their baseline grade of mitral regurgitation and 
thus are included among patients in whom treatment failed.
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events at 30 days was lower in the percutaneous-
repair group than in the surgery group (5% vs. 
10%, P = 0.23), although the difference was not 
significant. The rates of major adverse events in 
the per-protocol analysis are provided in Table 3 
in the Supplementary Appendix.

Among 41 patients with mitral regurgitation of 
grade 3+ or 4+ after percutaneous repair, the rate 

of major adverse events was 34% at 30 days, 
including postsurgical events that included two 
deaths, one of which occurred after a stroke.

During 12 months of follow-up, 37 of 178 
patients (21%) in the percutaneous-repair group 
subsequently underwent mitral-valve surgery. The 
reasons for surgery were no percutaneous implan-
tation of a device (17 patients), mitral regurgita-

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Percutaneous 
Repair

(N = 184)
Surgery 
(N = 95) P Value

Age

Mean — yr 67.3±12.8 65.7±12.9 0.32

>75 yr — no. (%) 55 (30) 26 (27) 0.68

Male sex — no. (%) 115 (62) 63 (66) 0.60

Coexisting condition — no./total no. (%)

Congestive heart failure 167/184 (91) 74/95 (78) 0.005

Coronary artery disease 86/183 (47) 44/95 (46) 0.99

Previous myocardial infarction 40/183 (22) 20/94 (21) 0.99

Atrial fibrillation 59/175 (34) 35/89 (39) 0.42

Diabetes 14/184 (8) 10/95 (11) 0.50

Chronic obstructive pulmonary disease 27/183 (15) 14/95 (15) 0.99

Previous coronary-artery bypass grafting 38/184 (21) 18/95 (19) 0.87

Previous percutaneous intervention 44/183 (24) 15/95 (16) 0.12

Left ventricular ejection fraction — % 60.0±10.1 60.6±11.0 0.65

New York Heart Association functional class — no. (%) 0.16

I 17 (9) 19 (20)

II 73 (40) 31 (33)

III 82 (45) 41 (43)

IV 12 (7) 4 (4)

Severity of mitral regurgitation — no. (%) 0.38

1+ to 2+ (mild to moderate) 0 1 (1)

2+ (moderate) 8 (4) 6 (6)

3+ (moderate to severe) 130 (71) 67 (71)

4+ (severe) 46 (25) 21 (22)

Regurgitant volume — ml/beat 42.0±23.3 45.2±26.6 0.31

Regurgitant orifice area — cm2 0.56±0.38 0.59±0.35 0.55

Cause of mitral regurgitation — no. (%) 0.81

Functional 49 (27) 26 (27)

Degenerative

With anterior or bileaflet flail or prolapse 58 (32) 25 (26)

With posterior flail or prolapse 72 (39) 42 (44)

With no flail and no prolapse 5 (3) 2 (2)

* Plus–minus values are means ±SD.
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tion of grade 3+ or 4+ after device implantation 
before hospital discharge (5), mitral regurgitation 
of grade 3+ or 4+ after attachment of a device to 
a single leaflet (9), mitral regurgitation of grade 
3+ or 4+ after discharge despite dual-leaflet 
attachment (3), and symptoms (3). In 7 cases, 
leaflet or chordae tears were noted during sur-
gery. No device embolization occurred. No sub-
stantial mitral stenosis was observed. Site-report-
ed serious adverse events at 12 months are listed 
in Table 4 in the Supplementary Appendix.

Severity of Mitral Regurgitation

There was improvement in the severity of mitral 
regurgitation in the two study groups, with greater 
reduction in the surgery group (P<0.001) (Table 3). 
The reduction in the severity of mitral regurgita-
tion to grade 1+ or less in the surgery group at 
12 months was more common after valve replace-
ment (8 of 8 patients, 100%) than after valve 
repair (43 of 59 patients, 73%; P = 0.18), with the 
exclusion of 1 patient who did not undergo sur-
gery and 1 patient who underwent valve replace-

Table 2. Primary Efficacy End Point at 12 Months and Major Adverse Events at 30 Days in the Intention-to-Treat 
Population.*

Event
Percutaneous

Repair Surgery P Value

no. (%)

Primary efficacy end point

Freedom from death, from surgery for mitral-valve dysfunction, 
and from grade 3+ or 4+ mitral regurgitation†

100 (55) 65 (73) 0.007

Death 11 (6) 5 (6) 1.00

Surgery for mitral-valve dysfunction‡ 37 (20) 2 (2) <0.001

Grade 3+ or 4+ mitral regurgitation 38 (21) 18 (20) 1.00

Major adverse event at 30 days§

Any major adverse event 27 (15) 45 (48) <0.001¶

Any major adverse event excluding transfusion 9 (5) 9 (10) 0.23

Death 2 (1) 2 (2) 0.89

Myocardial infarction 0 0 NA

Reoperation for failed surgical repair or replacement 0 1 (1) 0.74

Urgent or emergency cardiovascular surgery for adverse event 4 (2) 4 (4) 0.57

Major stroke 2 (1)∥ 2 (2) 0.89

Renal failure 1 (<1) 0 1.00

Deep wound infection 0 0 NA

Mechanical ventilation for >48 hr 0 4 (4) 0.02

Gastrointestinal complication requiring surgery 2 (1) 0 0.78

New onset of permanent atrial fibrillation 2 (1) 0 0.78

Septicemia 0 0 NA

Transfusion of ≥2 units of blood 24 (13) 42 (45) <0.001

* The 12-month efficacy analysis included 181 patients in the percutaneous-repair group and 89 patients in the surgery 
group. The 30-day safety analysis included 180 patients in the percutaneous-repair group and 94 in the surgery group 
(for details, see Fig. 1). NA denotes not applicable.

† Rates of the components of the composite primary end point do not total the rates of the composite because patients 
could have more than one event.

‡ This component is the rate of the first mitral-valve surgery in the percutaneous-repair group and the rate of reoperation 
for mitral-valve dysfunction in the surgery group.

§ Patients could have more than one adverse event at 30 days.
¶ This P value was calculated to test for the increased superiority of percutaneous repair, as compared with surgery, by a 

prespecified safety margin of −2%.
∥ One stroke occurred in a patient who underwent randomization but was not treated.
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ment 11 days after an unsuccessful repair pro-
cedure.

Change in Left Ventricular Dimensions
In the intention-to-treat analysis at 12 months, left 
ventricular end-diastolic and end-systolic volumes 
and dimensions were significantly reduced from 
baseline in the two study groups. The reduction in 
the left ventricular end-diastolic volume between 
baseline and 12 months was greater in the sur-
gery group than in the percutaneous-repair group 
(P = 0.004), but the reduction in LVEF was also 

greater in the surgery group than in the percuta-
neous-repair group (P = 0.005) (Table 3).

Heart Failure and Quality of Life
In the intention-to-treat analysis at 12 months, 
NYHA functional class III or IV heart failure was 
present in 2% of patients in the percutaneous-
repair group and in 13% of those in the surgery 
group (P = 0.002). Patients’ quality of life improved 
from baseline to 12 months in the two study 
groups, yet surgery was associated with a transient 
decrease in the quality of life at 30 days.

Table 3. Secondary End Points at 12 Months in the Intention-to-Treat Population.*

End Point Percutaneous Repair (N = 184) Surgery (N = 95)

P Value for 
Comparison 

between Study 
Groups

No. of 
Patients Value

P Value for  
Comparison 

between Baseline  
and 12 Mo

No. of 
Patients Value

P Value for 
Comparison 

between Baseline 
and 12 Mo

Change from baseline in left 
ventricular measurement

End-diastolic volume — ml 144 −25.3±28.3 <0.001 66 −40.2±35.9 <0.001 0.004

End-diastolic diameter — cm 148 −0.4±0.5 <0.001 67 −0.6±0.6 <0.001 0.04

End-systolic volume — ml 144 −5.5±14.5 <0.001 66 −5.6±21.0 0.04 0.97

End-systolic diameter — cm 146 −0.1±0.6 0.06 67 −0.0±0.6 0.86 0.38

Ejection fraction — % 144 −2.8±7.2 <0.001 66 −6.8±10.1 <0.001 0.005

Change from baseline in quality-of-life 
score†

30 days

Physical component summary 147 3.1±9.4 <0.001 64 −4.9±13.3 0.004 <0.001

Mental component summary 148 4.4±11.3 <0.001 64 1.8±13.4 0.29 0.14

12 months

Physical component summary 132 4.4±9.8 <0.001 60 4.4±10.4 0.002 0.98

Mental component summary 133 5.7±9.9 <0.001 60 3.8±10.3 0.006 0.24

Severity of mitral regurgitation
at 12 mo — no. (%)

153 69 <0.001

0+ (none) 9 (6) NA 13 (19) NA

1+ (mild) 57 (37) NA 39 (57) NA

1+ to 2+ (mild to moderate) 18 (12) NA 5 (7) NA

2+ (moderate) 41 (27) NA 9 (13) NA

3+ (moderate to severe) 21 (14) NA 3 (4) NA

4+ (severe) 7 (5) NA 0 NA

* Plus–minus values are means ±SD. NA denotes not applicable.
† Quality of life was measured with the use of the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36), with scores ranging 

from 0 to 100, with higher scores indicating better quality of life.
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Subgroup Analysis

In an exploratory intention-to-treat analysis that 
was not prespecified in the study protocol, we 
assessed the consistency of between-group dif-
ferences regarding efficacy and safety in four 
subgroups (Fig. 3). There was significant sub-
group interaction between patients who were at 
least 70 years of age, as compared with those 
under 70 years of age (P = 0.009), and those with 
functional mitral regurgitation, as compared with 
degenerative mitral regurgitation (P = 0.02), with 
smaller between-group differences among pa-
tients at least 70 years of age and among those 
with functional mitral regurgitation. No signifi-
cant interactions with subgroups were identi-
fied regarding the rate of major adverse events at 
30 days (Fig. 2 in the Supplementary Appendix).

Discussion

In patients with mitral regurgitation, we analyzed 
the efficacy and safety of percutaneous repair, as 
compared with conventional surgery, which is 
the standard of care for substantial mitral regur-

gitation with symptoms or left ventricular dilata-
tion or dysfunction. We found that although per-
cutaneous treatment was effective at reducing 
mitral regurgitation, surgical treatment was more 
effective, as graded by an echocardiographic core 
laboratory. However, percutaneous treatment was 
associated with a reduction in the rate of major 
adverse events at 30 days, as compared with sur-
gery, and with sustained clinical improvement, as 
measured by quality of life, heart failure status, 
and left ventricular function. Although percuta-
neous treatment did not reduce mitral regurgita-
tion below grade 3+ in 23% of patients, among 
those who had improved mitral regurgitation af-
ter the procedure, the improvement remained at 
12 and 24 months for a majority. Measures of ef-
ficacy remained durable through 24 months of 
follow-up, and 78% of patients remained free 
from mitral-valve surgery.

Despite differences in residual mitral regurgi-
tation between the percutaneous-repair group and 
the surgery group, patients who underwent per-
cutaneous repair had significantly reduced left 
ventricular end-diastolic volume and dimensions, 

0 50

Percutaneous
Repair
Better

Surgery Better

All patients
Sex

Male
Female

Age
≥70 yr
<70 yr

MR
Functional
Degenerative

LVEF
<60%
≥60%

Percutaneous
Repair Difference between Percutaneous Repair and Surgery (%)SurgerySubgroup

−50

P Value for
Interaction

100/181 (55)  

63/114 (55)  
37/67 (55)

52/86 (60)
48/95 (51)

26/48 (54)
74/133 (56)  

35/68 (51)
64/111 (58)  

65/89 (73)

43/59 (73)
22/30 (73)

23/38 (61)
42/51 (82)

12/24 (50)
53/65 (82)

15/28 (54)
50/61 (82)

0.97

0.009

0.02

0.06

no. of events/total no. (%)

Figure 3. Subgroup Analyses for the Primary End Point at 12 Months.

Shown are the difference in rates of the primary efficacy end point (freedom from death, from mitral-valve surgery, 
and from grade 3+ or 4+ mitral regurgitation) between patients in the percutaneous-repair group and those in the 
surgery group for all randomized patients and those in four post hoc subgroups. In the subgroup for the compari-
son of the left ventricular ejection fraction (LVEF), data were missing for two patients, including one patient who 
had mitral regurgitation of more than grade 2+. The horizontal lines indicate 95% confidence intervals.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on April 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



Percutaneous Repair or Surgery for Mitr al Regurgitation

10.1056/nejmoa1009355 nejm.org 11

improved NYHA functional class, and improved 
quality of life at 12 months, as compared with 
baseline measures. A transient decrease in the 
physical component of the quality-of-life score in 
the surgery group at 30 days was probably re-
lated to the invasiveness of surgery.

Percutaneous treatment was associated with 
more frequent additional procedures for treatment 
of mitral regurgitation than was surgery, but this 
less invasive option had superior safety, and most 
patients with residual or recurrent mitral regur-
gitation underwent subsequent successful mitral-
valve surgery. Transfusions comprised the largest 
single component of the major adverse events at 
30 days in our study and have an important effect 
on late outcomes.22 Even after the exclusion of 
transfusion events, the rate of adverse events was 
lower in the percutaneous-repair group than in 
the surgery group.

Although the multicenter, randomized design is 
an important strength of this study, there are sev-
eral limitations. First, the study was not blinded, 
and more patients discontinued participation in 
the surgery group than in the percutaneous-repair 
group. Second, the use of multiple surgical tech-
niques, including annuloplasty, is usual with sur-
gical mitral-valve repair. The lack of annuloplasty 
in the percutaneous method may in part explain 
the increased reduction in mitral regurgitation in 
the surgery group. An ongoing follow-up report at 
5 years is planned to evaluate this question.

We chose a composite primary end point to 
represent the range of expected adverse events in 
the two study groups. Because the components are 
not all equal in severity, each must be weighed 
both quantitatively and qualitatively for consis-
tency. The protocol specified a wide margin of 
reduced efficacy between percutaneous and sur-

gical treatments, with the expectation that a less 
effective therapy could be acceptable if it proved 
to be safer. Given the complexity of choosing 
between two different treatments with different 
safety and efficacy profiles, it is helpful to refer to 
the actual between-group differences for each 
event instead of comparing P values that rely on 
a prespecified definition of an acceptable margin 
for each composite end point. Because certain 
characteristics of the patients could influence 
treatment effects, we examined a limited number 
of subgroups for interaction. We identified an age 
of at least 70 years and functional mitral regur-
gitation as subgroups in which surgery was not 
superior to percutaneous treatment with regard 
to efficacy, and there was a similar trend in the 
subgroup with reduced left ventricular systolic 
function. These analyses were not prespecified 
and must be considered exploratory.

In conclusion, we describe results of percuta-
neous treatment of mitral regurgitation, as com-
pared with conventional surgery, in a random-
ized, controlled trial that used echocardiographic 
assessment of mitral regurgitation by a core 
laboratory. Although percutaneous repair was 
less effective at reducing mitral regurgitation than 
surgery before hospital discharge, at 12 and 24 
months the rates of reduction in mitral regurgi-
tation were similar, and percutaneous treatment 
was associated with increased safety, improved 
left ventricular dimensions, and clinical improve-
ments in NYHA class and quality of life. Longer-
term follow-up will provide additional data to 
better understand percutaneous treatment of mi-
tral regurgitation.

Supported by Abbott Vascular.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
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