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BACKGROUND
Among patients with heart failure who have mitral regurgitation due to left ventricular 
dysfunction, the prognosis is poor. Transcatheter mitral-valve repair may improve their 
clinical outcomes.

METHODS
At 78 sites in the United States and Canada, we enrolled patients with heart failure 
and moderate-to-severe or severe secondary mitral regurgitation who remained symp-
tomatic despite the use of maximal doses of guideline-directed medical therapy. 
Patients were randomly assigned to transcatheter mitral-valve repair plus medical 
therapy (device group) or medical therapy alone (control group). The primary effective-
ness end point was all hospitalizations for heart failure within 24 months of fol-
low-up. The primary safety end point was freedom from device-related complications 
at 12 months; the rate for this end point was compared with a prespecified objective 
performance goal of 88.0%.

RESULTS
Of the 614 patients who were enrolled in the trial, 302 were assigned to the device 
group and 312 to the control group. The annualized rate of all hospitalizations for 
heart failure within 24 months was 35.8% per patient-year in the device group as 
compared with 67.9% per patient-year in the control group (hazard ratio, 0.53; 95% 
confidence interval [CI], 0.40 to 0.70; P<0.001). The rate of freedom from device-
related complications at 12 months was 96.6% (lower 95% confidence limit, 94.8%; 
P<0.001 for comparison with the performance goal). Death from any cause within 
24 months occurred in 29.1% of the patients in the device group as compared with 
46.1% in the control group (hazard ratio, 0.62; 95% CI, 0.46 to 0.82; P<0.001).

CONCLUSIONS
Among patients with heart failure and moderate-to-severe or severe secondary mitral 
regurgitation who remained symptomatic despite the use of maximal doses of guide-
line-directed medical therapy, transcatheter mitral-valve repair resulted in a lower 
rate of hospitalization for heart failure and lower all-cause mortality within 24 months 
of follow-up than medical therapy alone. The rate of freedom from device-related 
complications exceeded a prespecified safety threshold. (Funded by Abbott; COAPT 
ClinicalTrials.gov number, NCT01626079.)
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In patients with heart failure and 
left ventricular dilatation, mitral regurgitation 
may develop as a result of the geometric dis-

location of the papillary muscles and chordae ten-
dineae, impairing coaptation of the mitral leaflets.1 
Such secondary (functional) mitral regurgitation 
increases the severity of volume overload and has 
been strongly associated with decreased quality of 
life, an increased rate of hospitalization for heart 
failure, and shortened survival.2,3 Guideline-direct-
ed medical therapy and cardiac resynchronization 
therapy may provide symptomatic relief, improve 
left ventricular function, and in some patients, 
lessen the severity of mitral regurgitation.4 How-
ever, whether the correction of secondary mitral 
regurgitation improves the prognosis among pa-
tients with heart failure is unknown. Although 
mitral-valve surgery is curative for primary (degen-
erative) mitral regurgitation, neither surgical re-
pair nor surgical replacement of the mitral valve 
has been shown to lower the rate of hospitalization 
or death associated with secondary mitral regur-
gitation, and both procedures confer a substantial 
risk of complications.4-6 Thus, most patients with 
heart failure and secondary mitral regurgitation 
are treated conservatively,7 and this high-risk group 
has few therapeutic alternatives.

Reduction of the severity of mitral regurgitation 
may be accomplished percutaneously by approxi-
mation of the anterior and posterior mitral leaf-
lets, a procedure that leads to formation of a dou-
ble-orifice valve.8,9 In the randomized Endovascular 
Valve Edge-to-Edge Repair Study (EVEREST) II, 
transcatheter mitral-leaflet approximation with 
the MitraClip device (Abbott) was safer than sur-
gical mitral-valve repair but was not as effective in 
reducing the severity of mitral regurgitation.8 How-
ever, device-based and surgical mitral-valve repair 
were associated with similar outcomes in the small 
subgroup of patients with secondary mitral regur-
gitation.8 We therefore conducted a randomized 
trial to evaluate the safety and effectiveness of 
transcatheter mitral-leaflet approximation in pa-
tients with heart failure and secondary mitral re-
gurgitation who remained symptomatic despite 
the use of guideline-directed medical therapy.

Me thods

Trial Design

Details about the design of the Cardiovascular 
Outcomes Assessment of the MitraClip Percutane-

ous Therapy for Heart Failure Patients with Func-
tional Mitral Regurgitation (COAPT) trial have 
been published previously.10 In brief, the COAPT 
trial was a multicenter, randomized, controlled, 
parallel-group, open-label trial of transcatheter 
mitral-valve repair with the MitraClip device in 
symptomatic patients with heart failure and mod-
erate-to-severe or severe mitral regurgitation. De-
tails about the organization of the trial and a list 
of participating centers are provided in the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org.

The trial was sponsored by Abbott. The proto-
col, available at NEJM.org, was designed by the 
principal investigators and the sponsor in accor-
dance with the principles delineated by the Mitral 
Valve Academic Research Consortium.4,11 The pro-
tocol was approved by the investigational review 
board at each participating center, and all the 
patients provided written informed consent. The 
sponsor participated in site selection and manage-
ment and in data analysis. The principal investiga-
tors had unrestricted access to the data, wrote the 
manuscript, and vouch for the accuracy and com-
pleteness of the data and analyses and for the 
fidelity of the trial to the protocol.

Enrollment, Randomization, and Follow-up

Eligible patients had ischemic or nonischemic 
cardiomyopathy with a left ventricular ejection 
fraction of 20 to 50%, had moderate-to-severe 
(grade 3+) or severe (grade 4+) secondary mitral 
regurgitation that was confirmed at an echocar-
diographic core laboratory before enrollment, and 
remained symptomatic (New York Heart Associa-
tion [NYHA] functional class II, III, or IVa [ambu-
latory]) despite the use of stable maximal doses of 
guideline-directed medical therapy and cardiac 
resynchronization therapy (if appropriate), which 
were administered in accordance with guide-
lines of professional societies. A complete list of 
enrollment criteria is provided in Table S1 in the 
Supplementary Appendix.5,6,12 At each site, patients 
were assessed by a heart team that consisted of 
a heart-failure specialist, an interventional cardi-
ologist, and a cardiothoracic surgeon with exper-
tise in mitral-valve disease. The interventional 
cardiologist confirmed that the patient was ana-
tomically eligible for device implantation, and the 
cardiothoracic surgeon determined that mitral-
valve surgery was not appropriate. A central eligi-
bility committee confirmed that the patient met 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF PENN LIBRARY on October 21, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿ 3

Tr anscatheter Mitr al-Valve Repair in Heart Failure

all the enrollment criteria (including use of maxi-
mal doses of guideline-directed medical therapy), 
confirmed that mitral-valve surgery would not be 
performed, and categorized the patient’s risk of 
surgery-related complications or death, with high 
risk defined as a Society of Thoracic Surgeons 
(STS) score for the risk of death within 30 days 
after mitral-valve replacement of 8% or higher 
(on a scale of 0.4 to 98.1%, with higher percent-
ages indicating greater risk) or the presence of 
features that portend an extremely high risk of 
operative stroke or death.

Enrolled patients were randomly assigned, in 
a 1:1 ratio, to undergo transcatheter mitral-valve 
repair, to be performed within 14 days after ran-
domization, and receive guideline-directed medi-
cal therapy (device group) or to receive guideline-
directed medical therapy alone (control group). 
Randomization was stratified according to trial 
site and cause of cardiomyopathy (ischemic or 
nonischemic) and was performed with random 
block sizes of 2, 4, or 6. Details about the trial 
device and implantation procedure have been 
published previously and are provided in the Sup-
plementary Appendix.8-10 Details about the trial 
assessments are shown in Table S2 in the Sup-
plementary Appendix. Clinical follow-up, which 
is ongoing, was to be performed at 1 week and 
at 1, 6, 12, 18, and 24 months after the implan-
tation procedure in the device group and after a 
visit with the site heart-failure specialist in the 
control group (either of which would occur with-
in 14 days after randomization) and then annually 
through 5 years. Follow-up assessments include 
periodic echocardiography, 6-minute walk tests 
(with longer distances indicating more preserved 
functional capacity and a 10% relative change from 
the baseline value indicating a minimally signifi-
cant difference), and assessments of quality-of-life 
measures, including the NYHA functional class 
and the Kansas City Cardiomyopathy Question-
naire (KCCQ) score (on a scale of 0 to 100, with 
higher scores indicating better quality of life and 
a difference of 5 points indicating a minimally 
significant difference). Assessment for the pri-
mary effectiveness end point was to be performed 
through 2 years, with a minimum of 1 year of 
follow-up in all patients. Crossover was not to be 
permitted before 2 years of follow-up.

End Points

The definitions of the primary and secondary end 
points for hypothesis testing are provided in Ta-

bles S3 and S4 in the Supplementary Appendix. 
The primary effectiveness end point was all hos-
pitalizations for heart failure within 24 months 
of follow-up, including recurrent events in patients 
with more than one event. The primary safety end 
point was freedom from device-related complica-
tions at 12 months. A device-related complication 
was defined as any occurrence of single-leaflet 
device attachment, embolization of the device, en-
docarditis that led to surgery, mitral stenosis (as 
confirmed by the echocardiographic core labora-
tory) that led to mitral-valve surgery, implanta-
tion of a left ventricular assist device, heart trans-
plantation, or any other device-related event that 
led to nonelective cardiovascular surgery. Adverse 
events were adjudicated by an independent events 
committee with the use of source documents. Ven-
tricular volumes and function, the severity of ste-
nosis, and the severity of mitral regurgitation (with 
grade 0 indicating none, 1+ mild, 2+ moderate, 
3+ moderate-to-severe, and 4+ severe) were as-
sessed at the independent echocardiographic core 
laboratory.13,14

Statistical Analysis

Details about the event-rate assumptions and 
power analyses have been published previously.10 
Analysis of the primary effectiveness end point 
of all hospitalizations for heart failure was per-
formed with a joint frailty model to account for 
correlated events and the competing risk of death.15 
Assuming an annualized rate of all hospitaliza-
tions for heart failure of 42.0% per patient-year 
in the device group and 60.0% per patient-year in 
the control group, a 12-month mortality of 22.0% 
and 27.0%, respectively, and a 12-month attrition 
rate of 7.5%, we calculated that a sample of 610 
patients would provide the trial with 80% power, 
at a one-sided alpha level of 0.05, to show the su-
periority of device-based treatment over medical 
therapy alone with regard to the annualized rate 
of all hospitalizations for heart failure within 24 
months. Hazard ratios and two-sided 95% confi-
dence intervals were also calculated with the joint 
frailty model. Analysis of the primary safety end 
point of freedom from device-related complica-
tions was performed with the asymptotic z test; 
the event-free rate was estimated with the Kaplan–
Meier method and the standard error was esti-
mated with the Greenwood method.16 We calcu-
lated that a sample of 305 patients in the device 
group would provide the trial with more than 
95% power, at a one-sided alpha level of 0.05, to 
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Characteristic
Device Group 

(N = 302)
Control Group 

(N = 312)

Clinical

Age — yr 71.7±11.8 72.8±10.5

Male sex — no. (%) 201 (66.6) 192 (61.5)

Diabetes — no. (%) 106 (35.1) 123 (39.4)

Hypertension — no. (%) 243 (80.5) 251 (80.4)

Hypercholesterolemia — no. (%) 166 (55.0) 163 (52.2)

Previous myocardial infarction — no. (%) 156 (51.7) 160 (51.3)

Previous percutaneous coronary intervention — no. (%) 130 (43.0) 153 (49.0)

Previous coronary-artery bypass grafting — no. (%) 121 (40.1) 126 (40.4)

Previous stroke or transient ischemic attack — no. (%) 56 (18.5) 49 (15.7)

Peripheral vascular disease — no. (%) 52 (17.2) 57 (18.3)

Chronic obstructive pulmonary disease — no. (%) 71 (23.5) 72 (23.1)

History of atrial fibrillation or flutter — no. (%) 173 (57.3) 166 (53.2)

Body-mass index† 27.0±5.8 27.1±5.9

Creatinine clearance

Mean — ml/min‡ 50.9±28.5 47.8±25.0

≤60 ml/min — no./total no. (%) 214/299 (71.6) 227/302 (75.2)

Anemia — no./total no. (%)§ 180/301 (59.8) 192/306 (62.7)

STS risk score¶

Mean — % 7.8±5.5 8.5±6.2

≥8% — no. (%) 126 (41.7) 136 (43.6)

Risk of surgery-related complications or death — no./total no (%)‖

High 205/299 (68.6) 218/312 (69.9)

Not high 94/299 (31.4) 94/312 (30.1)

Related to heart failure

Cause of cardiomyopathy — no. (%)

Ischemic 184 (60.9) 189 (60.6)

Nonischemic 118 (39.1) 123 (39.4)

NYHA class — no./total no. (%)

I 1/302 (0.3) 0/311 (0)

II 129/302 (42.7) 110/311 (35.4)

III 154/302 (51.0) 168/311 (54.0)

IVa, ambulatory 18/302 (6.0) 33/311 (10.6)

Hospitalization for heart failure within previous 1 yr — no. (%) 176 (58.3) 175 (56.1)

Previous cardiac resynchronization therapy — no. (%) 115 (38.1) 109 (34.9)

Previous implantation of defibrillator — no. (%) 91 (30.1) 101 (32.4)

B-type natriuretic peptide level — pg/ml 1014.8±1086.0 1017.1±1212.8

N-terminal pro–B-type natriuretic peptide level — pg/ml 5174.3±6566.6 5943.9±8437.6

Assessed at the echocardiographic core laboratory

Severity of mitral regurgitation — no./total no. (%)

Moderate-to-severe, grade 3+ 148/302 (49.0) 172/311 (55.3)

Severe, grade 4+ 154/302 (51.0) 139/311 (44.7)

Table 1. Characteristics of the Patients at Baseline.*
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show that the rate of freedom from device-relat-
ed complications at 12 months was higher than 
a prespecified objective performance goal of 88.0% 
(see the Supplementary Appendix). If the hypoth-
eses for both primary end points were met, then 
analyses of 10 secondary end points that the trial 
was powered to assess were to be performed in a 
prespecified hierarchical order to control for mul-
tiple comparisons (Table S3 in the Supplementary 
Appendix).10

All effectiveness analyses were performed from 
the time of randomization in the intention-to-
treat population. The primary safety analysis was 
performed in the safety population, which con-
sisted of all patients in the device group in whom 
device implantation was attempted. Sensitivity 
analyses were performed in the per-protocol and 
as-treated populations. Detailed descriptions of 
these populations are provided in the Supple-
mentary Appendix.

For analyses of time to first event, event rates 
were compared with a Cox regression model. 
Categorical variables were compared with Fisher’s 
exact test. Continuous variables were compared 

with t tests or the Wilcoxon rank–sum test for non-
normally distributed data. An analysis of covari-
ance model was used to compare mean changes in 
continuous variables from baseline to follow-up 
between groups. A sensitivity analysis with mul-
tiple imputation was performed to account for 
missing data.17 For the analysis of superiority, a 
two-sided P value of less than 0.05 was consid-
ered to indicate statistical significance. All sta-
tistical analyses were performed with SAS soft-
ware, version 9.4 (SAS Institute).

R esult s

Patients and Treatments

From December 27, 2012, through June 23, 2017, 
a total of 614 patients at 78 centers in the United 
States and Canada were enrolled in the trial; 302 
were randomly assigned to the device group and 
312 to the control group (Fig. S2 in the Supple-
mentary Appendix). The baseline characteristics 
of the patients in the two trial groups were well 
matched (Table 1). Among all the patients, the 
mean (±SD) age was 72.2±11.2 years, 36.0% were 

Characteristic
Device Group 

(N = 302)
Control Group 

(N = 312)

Effective regurgitant orifice area — cm2 0.41±0.15 0.40±0.15

Left ventricular end-systolic dimension — cm 5.3±0.9 5.3±0.9

Left ventricular end-diastolic dimension — cm 6.2±0.7 6.2±0.8

Left ventricular end-systolic volume — ml 135.5±56.1 134.3±60.3

Left ventricular end-diastolic volume — ml 194.4±69.2 191.0±72.9

Left ventricular ejection fraction

Mean — % 31.3±9.1 31.3±9.6

≤40% — no./total no. (%) 231/281 (82.2) 241/294 (82.0)

Right ventricular systolic pressure — mm Hg 44.0±13.4 (253) 44.6±14.0 (275)

*	�Plus–minus values are means ±SD. Data on B-type natriuretic peptide level were available for 208 patients in the device 
group and 209 patients in the control group; N-terminal pro–B-type natriuretic peptide level, 74 and 85, respectively; ef-
fective regurgitant orifice area, 289 and 302; left ventricular end-systolic dimension, 301 and 306; left ventricular end-di-
astolic dimension, 301 and 307; left ventricular end-systolic volume, end-diastolic volume, and ejection fraction, 281 
and 294; and right ventricular systolic pressure, 253 and 275. There were no significant differences between the trial 
groups with regard to baseline characteristics. NYHA denotes New York Heart Association.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�The mean creatinine clearance was calculated with the Cockcroft–Gault equation.
§	� In accordance with World Health Organization criteria, anemia was defined as a hemoglobin level at initial presenta-

tion of less than 13 g per deciliter in men and less than 12 g per deciliter in women.
¶	�Society of Thoracic Surgeons (STS) scores for the risk of death within 30 days after mitral-valve replacement range from 

0.4 to 98.1%, with higher percentages indicating greater risk.
‖	�Risk of surgery-related complications or death was determined by the central eligibility committee. High risk was de-

fined as an STS score for the risk of death within 30 days after mitral-valve replacement of 8% or higher or the presence 
of features that portend an extremely high risk of operative stroke or death.

Table 1. (Continued.)
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women, and 36.5% had received previous cardiac 
resynchronization therapy. The cause of cardio-
myopathy was ischemic in 60.7% of the patients 
and nonischemic in 39.3%. The mean left ven-
tricular ejection fraction was 31.3±9.3%, and the 
mitral regurgitation grade was 3+ in 52.2% of the 
patients and 4+ in 47.8%. The mean STS score 
for the risk of death within 30 days after mitral-
valve replacement was 8.2±5.9%. The central eli-
gibility committee determined that 69.2% of the 
patients were at high risk for surgery-related com-
plications or death and 30.8% were not.

Device implantation was attempted in 293 of 
the 302 patients (97.0%) in the device group, with 
1 or more clips implanted in 287 patients (98.0% 
of the 293 patients in whom implantation was 
attempted; 95.0% of all 302 patients in the device 
group) and a mean of 1.7±0.7 clips implanted per 
patient (range, 1 to 4) (Table S5 in the Supple-
mentary Appendix). Among the 260 patients in 
whom echocardiography was performed at the 
time of discharge, the mitral regurgitation grade 
was 1+ or lower in 214 patients (82.3%), 2+ in 33 
patients (12.7%), 3+ in 9 patients (3.5%), and 4+ in 
4 patients (1.5%). In the device group, the 30-day 
rates of death and stroke were 2.3% and 0.7%, 
respectively, and no patients underwent mitral-
valve surgery. Details about medication use are 
provided in Tables S6 and S7 in the Supplementary 
Appendix. Major changes in medications during 
follow-up were infrequent in the two trial groups.

Primary and Secondary End Points

Data collection for this analysis ended on Au-
gust 3, 2018, when the last enrolled patient had 
completed 1 year of follow-up. A total of 97.7% 
of the patients in the device group and 94.2% in 
the control group had data available for 1 year of 
follow-up; the median follow-up was 22.7 months 
(interquartile range, 12.4 to 24.0) and 16.5 months 
(interquartile range, 10.1 to 24.0), respectively 
(Fig. S2 in the Supplementary Appendix). The re-
sults for the primary and secondary end points 
that the trial was powered to assess are shown 
in Table 2, and in Tables S8 through S18 in the 
Supplementary Appendix. One or more hospital-
izations for heart failure occurred during follow-
up in 92 of the patients in the device group and 
in 151 in the control group. The total number of 
hospitalizations for heart failure within 24 months 
was 160 in the device group and 283 in the control 
group (Fig. 1A). The annualized rate of all hospi-

talizations for heart failure was 35.8% per patient-
year in the device group as compared with 67.9% 
per patient-year in the control group (hazard ra-
tio, 0.53; 95% confidence interval [CI], 0.40 to 0.70; 
P<0.001). The number needed to treat to prevent 
1 hospitalization for heart failure within 24 months 
was 3.1 (95% CI, 1.9 to 7.9). The rate of freedom 
from device-related complications at 12 months 
was 96.6% (lower 95% confidence limit, 94.8%), 
a rate that exceeded the objective performance 
goal of 88.0% for the primary safety end point 
(P<0.001) (Fig. 1B). The results of analyses per-
formed in the per-protocol and as-treated popula-
tions were similar to the results of the primary 
effectiveness and safety analyses (Table S9 in the 
Supplementary Appendix).

Hypothesis testing was positive for the 10 pre-
specified secondary end points that the trial was 
powered to assess. All-cause mortality within 24 
months was significantly lower with device-based 
treatment than with medical therapy alone (29.1% 
vs. 46.1%; hazard ratio, 0.62; 95% CI, 0.46 to 0.82; 
P<0.001) (Fig. 1C). The number needed to treat 
to save one life within 24 months was 5.9 (95% CI, 
3.9 to 11.7). In addition, quality of life (as as-
sessed by the KCCQ and by determination of the 
NYHA functional class) was significantly better, 
functional capacity (as measured by the 6-minute 
walk test) was more preserved, and mitral regur-
gitation and left ventricular remodeling (as mea-
sured by mitral regurgitation grade and left ven-
tricular end-diastolic volume) were less severe 
with device-based treatment than with medical 
therapy alone. The results for the primary and 
secondary end points were consistent after ac-
counting for missing data with multiple imputa-
tion (Table S10 in the Supplementary Appendix).

Additional Outcome Measures

Data on adverse events are shown in Table 3, and 
in Table S19 and Figures S3 through S6 in the 
Supplementary Appendix. The 24-month risk of 
the composite of death from any cause or hospi-
talization for heart failure was significantly lower 
in the device group than in the control group, as 
was the 24-month risk of hospitalization for any 
cause. The lower rate of hospitalization for heart 
failure in the device group was robust after ad-
justment for differences between the trial groups 
in medications used for heart failure at baseline 
(hazard ratio, 0.55; 95% CI, 0.42 to 0.73; P<0.001), 
as was the lower mortality (hazard ratio, 0.65; 
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95% CI, 0.49 to 0.86; P = 0.003). The rate of im-
plantation of a left ventricular assist device or 
heart transplantation during follow-up was lower 
in the device group than the control group. The 
lower rates of hospitalization for heart failure, 
death, and the composite of death or hospitaliza-
tion for heart failure in the device group were 
consistent across all the examined subgroups 
(Fig. 2, and Figs. S5 and S6 in the Supplementary 
Appendix). There were no significant interactions 
between the trial group and these events accord-
ing to age, sex, the severity of mitral regurgitation, 
left ventricular function or volume, the cause of 
cardiomyopathy, or the risk of surgery-related com-
plications or death at baseline.

Discussion

The COAPT trial evaluated the safety and effec-
tiveness of transcatheter mitral-valve repair in 
patients with heart failure and moderate-to-severe 
or severe secondary mitral regurgitation who re-
mained symptomatic despite the use of maximal 
doses of guideline-directed medical therapy. In 
this trial, device-based treatment resulted in a sig-
nificantly lower rate of hospitalization for heart 
failure, lower mortality, and better quality of life 
and functional capacity within 24 months of fol-
low-up than medical therapy alone. In addition, 
the rate of freedom from device-related compli-
cations with transcatheter mitral-valve repair ex-
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Figure 1. Primary Effectiveness and Safety End Points 
and Death.

Panel A shows the cumulative incidence of the prima-
ry effectiveness end point of all hospitalizations for 
heart failure within 24 months of follow-up among pa-
tients who underwent transcatheter mitral-valve repair 
and received guideline-directed medical therapy (de-
vice group) and among those who received guideline-
directed medical therapy alone (control group). The 
data shown here do not account for the competing 
risk of death, which was considered in the joint frailty 
model. A total of 160 hospitalizations for heart failure 
occurred in 92 patients in the device group, and a to-
tal of 283 hospitalizations for heart failure occurred in 
151 patients in the control group. Panel B shows the 
rate of the primary safety end point of freedom from 
device-related complications at 12 months among the 
293 patients in whom device implantation was at-
tempted, as compared with an objective performance 
goal. Panel C shows time-to-event curves for all-cause 
mortality in the device group and the control group.
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ceeded a prespecified objective performance goal. 
The benefits were consistent across numerous 
subgroups, including patients who had ischemic 
and nonischemic cardiomyopathy and those who 
were and were not at high risk for surgery-related 
complications or death, and the benefits were in-
dependent of the mitral regurgitation grade and 
left ventricular volume and function at baseline.

The MitraClip device used in this trial was 
approved by the Food and Drug Administration 
in 2013 for the treatment of primary mitral re-
gurgitation in patients who are at a prohibitive 

risk for surgery-related complications or death. 
Approval was based on uncontrolled registry data 
that showed symptomatic improvements,18,19 and 
in the United States, the device is principally used 
for this indication.20 However, outside the United 
States, the device is more often used to treat sec-
ondary mitral regurgitation in patients with heart 
failure.21,22 The prognosis among patients with 
heart failure and secondary mitral regurgitation 
is very poor; in this trial, approximately two thirds 
of such patients died or were hospitalized for heart 
failure within 2 years despite the use of guideline-

Event
Device Group  

(N = 302)
Control Group  

(N = 312)
Hazard Ratio 

(95% CI) P Value

no. of patients with event 
(Kaplan–Meier estimate of event rate)

Death from any cause 80 (29.1) 121 (46.1) 0.62 (0.46–0.82) <0.001

Cardiovascular cause 61 (23.5) 97 (38.2) 0.59 (0.43–0.81) 0.001

Related to heart failure 28 (12.0) 61 (25.9) 0.43 (0.27–0.67) <0.001

Not related to heart failure 33 (13.1) 36 (16.6) 0.86 (0.54–1.38) 0.53

Noncardiovascular cause 19 (7.3) 24 (12.7) 0.73 (0.40–1.34) 0.31

Hospitalization for any cause 194 (69.6) 228 (81.8) 0.77 (0.64–0.93) 0.01

Cardiovascular cause 138 (51.9) 180 (66.5) 0.68 (0.54–0.85) <0.001

Related to heart failure 92 (35.7) 151 (56.7) 0.52 (0.40–0.67) <0.001

Not related to heart failure 72 (29.4) 72 (31.0) 0.98 (0.71–1.36) 0.92

Noncardiovascular cause 124 (48.2) 128 (52.9) 0.91 (0.71–1.17) 0.47

Death or hospitalization for heart failure 129 (45.7) 191 (67.9) 0.57 (0.45–0.71) <0.001

Death from cardiovascular cause or 
hospitalization for heart failure

117 (42.7) 177 (63.6) 0.56 (0.44–0.70) <0.001

Unplanned mitral-valve intervention 10 (4.0) 15 (9.0) 0.61 (0.27–1.36) 0.23

MitraClip implantation 9 (3.7) 8 (6.6) 0.99 (0.38–2.58) 0.99

Mitral-valve surgery 1 (0.4) 7 (2.5) 0.14 (0.02–1.17) 0.07

PCI or CABG 7 (2.8) 13 (4.3) 0.62 (0.24–1.60) 0.32

PCI 7 (2.8) 11 (3.6) 0.75 (0.28–2.02) 0.57

CABG 0 2 (0.7) — —

Stroke 11 (4.4) 11 (5.1) 0.96 (0.42–2.22) 0.93

Myocardial infarction 12 (4.7) 14 (6.5) 0.82 (0.38–1.78) 0.62

New cardiac resynchronization therapy 7 (2.9) 8 (3.3) 0.85 (0.31–2.34) 0.75

LVAD implantation or heart transplantation 9 (4.4) 22 (9.5) 0.37 (0.17–0.81) 0.01

LVAD implantation 6 (3.0) 16 (7.1) 0.34 (0.13–0.87) 0.02

Heart transplantation 3 (1.4) 8 (3.6) 0.35 (0.09–1.32) 0.12

*	�CABG denotes coronary-artery bypass grafting, LVAD left ventricular assist device, and PCI percutaneous coronary in-
tervention.

Table 3. Adverse Events within 24 Months in the Intention-to-Treat Population.*
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Figure 2. Subgroup Analyses of Hospitalization for Heart Failure within 24 Months.

Shown are annualized estimates of all hospitalizations for heart failure within 24 months of follow-up across subgroups. The median 
value was used as a cutoff for age (median, 74 years), left ventricular ejection fraction (median, 30%), and left ventricular end-diastolic 
volume (median, 181 ml). For the additional cutoff for left ventricular ejection fraction, a value of 40% or less indicates the presence of 
heart failure with reduced ejection fraction and a value of more than 40% the presence of heart failure with preserved ejection fraction, 
two different diseases associated with different prognoses and treatments. Society of Thoracic Surgeons (STS) scores for the risk of 
death within 30 days after mitral-valve replacement range from 0.4 to 98.1%, with higher percentages indicating greater risk. The risk of 
surgery-related complications or death was determined by the central eligibility committee, with high risk defined as an STS score for 
the risk of death within 30 days after mitral-valve replacement of 8% or higher or the presence of features that portend an extremely 
high risk of operative stroke or death. NYHA denotes New York Heart Association.
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33.9 (74/218.5)

44.3 (66/149.0)

31.6 (94/297.5)

30.8 (85/276.0)

44.0 (75/170.5)

41.6 (68/163.3)

32.5 (92/283.2)

38.2 (116/303.8)

30.8 (44/142.7)

31.5 (62/197.1)

34.6 (78/225.5)

83.4 (20/24.0)

39.6 (68/171.7)

33.5 (92/274.8)

36.5 (106/290.4)

33.1 (51/153.9)

27.3 (62/227.0)

44.6 (97/219.5)

29.0 (66/227.7)

40.1 (76/189.6)

32.9 (26/79.0)

34.3 (116/338.3)

35.1 (73/207.9)

32.9 (69/209.4)

67.9 (283/416.8)

61.7 (129/209.2)

74.2 (154/207.5)

58.2 (98/168.4)

74.5 (185/248.4)

66.0 (162/245.6)

70.7 (121/171.1)

72.0 (107/148.7)

65.7 (176/268.1)

69.1 (189/273.7)

65.7 (94/143.1)

53.4 (80/149.9)

68.9 (158/229.4)

113.0 (40/35.4)

80.3 (132/164.4)

59.8 (151/252.4)

76.3 (215/281.8)

50.4 (68/135.0)

58.8 (137/232.9)

80.1 (146/182.4)

60.3 (123/204.0)

82.2 (153/186.1)

51.0 (35/68.6)

75.0 (241/321.5)

80.4 (162/201.5)

60.4 (114/188.7)

annualized rate (no. of events/

total no. of patient-yr)
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directed medical therapy. Transcatheter mitral-
leaflet approximation led to a decrease in the 
severity of secondary mitral regurgitation; this is 
presumably the mechanism behind the improve-
ments in prognosis, quality of life, and functional 
capacity among patients who received device-based 
treatment. Of note, the lower rate of hospitaliza-
tion for heart failure with device-based treatment 
emerged within 30 days after treatment. The 
lower mortality predominantly emerged more 
than 1 year after treatment, a delayed response 
consistent with long-term benefits from a dura-
ble decrease in the severity of left ventricular 
volume overload.

The clip implantation rate of 98% and the 
immediate achievement of a mitral regurgitation 
grade of 2+ or lower in 95% of the patients in 
the device group in this trial were substantially 
better than those outcomes among lower-risk 
patients in the early EVEREST II trial,8 findings 
that probably reflect operators’ increased experi-
ence with implantation and improved echocar-
diographic guidance. The decrease in the severity 
of mitral regurgitation that was associated with 
transcatheter mitral-leaflet approximation was 
also durable over time. Among surviving patients 
in the device group, the mitral regurgitation 
grade at 2 years was 3+ or higher in only 0.9% 
and was 2+ or higher in only 22.8%. In contrast, 
a previous randomized trial evaluated the effec-
tiveness of a downsized annuloplasty ring in pa-
tients who had secondary ischemic mitral regur-
gitation of similar severity to that seen in this 
trial; among surviving patients who were treated 
with the downsized annuloplasty ring, the mitral 
regurgitation grade at 2 years was 3+ or higher in 
14.0% and was 2+ or higher in 58.8%.23

Some limitations of this trial should be noted. 
First, because the MitraClip device is visible on 
imaging studies, the investigators were aware of 
the trial-group assignments. Efforts to mitigate 
bias included rigorous protocol-specified proce-
dures to standardize guideline-directed medical 
therapy and the use of an independent events 
committee and a central echocardiographic core 
laboratory. The robustness of the lower rate of 
hospitalization for heart failure and the lower 
mortality in the device group, coupled with con-
sistent decreases in the severity of mitral regur-

gitation and improvements in quality of life and 
functional capacity in that group, supports the 
validity of the principal findings. Nonetheless, 
potential bias cannot be completely ruled out. Sec-
ond, the median follow-up was longer in the de-
vice group than in the control group, in part be-
cause of the lower mortality in the device group. 
However, withdrawal from the trial was more 
frequent in the control group. The principal re-
sults were consistent after imputation for missing 
data. Third, agents that affect the renin–angio-
tensin axis were by chance used more frequently 
at baseline in the device group. The principal 
findings were robust after adjustment for these 
differences. Fourth, long-term follow-up, which 
is to be ongoing through 5 years, is necessary to 
fully characterize the safety and effectiveness of 
the device. The results of this analysis apply to 
treatment of secondary mitral regurgitation with 
mitral-leaflet approximation as tested in this 
trial; whether other transcatheter-based or sur-
gical approaches would have similar results is 
uncertain. Finally, all enrolled patients were symp-
tomatic (NYHA class II, III, or IVa [ambulatory]) 
despite the use of maximal doses of guideline-
directed medical therapy (with more than one 
third of patients having undergone cardiac resyn-
chronization therapy) and had moderate-to-severe 
or severe mitral regurgitation, a left ventricular 
ejection fraction of 20 to 50%, and frequent coex-
isting conditions. Whether the device would have 
similar benefits in patients who are less or more 
critically ill or in those with less severe mitral 
regurgitation is unknown.

In conclusion, among patients with heart fail-
ure and moderate-to-severe or severe secondary 
mitral regurgitation who remained symptomatic 
despite the use of maximal doses of guideline-
directed medical therapy, transcatheter mitral-
valve repair resulted in a lower rate of hospitaliza-
tion for heart failure, lower mortality, and better 
quality of life and functional capacity within 24 
months of follow-up than medical therapy alone, 
and the prespecified goal for freedom from de-
vice-related complications was met.

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

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF PENN LIBRARY on October 21, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿12

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Appendix
The authors’ full names and academic degrees are as follows: Gregg W. Stone, M.D., JoAnn Lindenfeld, M.D., William T. Abraham, 
M.D., Saibal Kar, M.D., D. Scott Lim, M.D., Jacob M. Mishell, M.D., Brian Whisenant, M.D., Paul A. Grayburn, M.D., Michael Rinaldi, 
M.D., Samir R. Kapadia, M.D., Vivek Rajagopal, M.D., Ian J. Sarembock, M.B., Ch.B., M.D., Andreas Brieke, M.D., Steven O. Marx, 
M.D., David J. Cohen, M.D., Neil J. Weissman, M.D., and Michael J. Mack, M.D.

The authors’ affiliations are as follows: New York–Presbyterian Hospital and the Cardiovascular Research Foundation (G.W.S.) 
and Columbia University Medical Center (G.W.S., S.O.M.), New York; Advanced Heart Failure, Vanderbilt Heart and Vascular Insti-
tute, Nashville (J.L.); the Departments of Medicine, Physiology, and Cell Biology, Division of Cardiovascular Medicine, and the Davis 
Heart and Lung Research Institute, Ohio State University, Columbus (W.T.A.), the Department of Cardiovascular Medicine, Heart 
and Vascular Institute, Cleveland Clinic, Cleveland (S.R.K.), and Christ Hospital, Cincinnati (I.J.S.) — all in Ohio; Smidt Heart In-
stitute, Cedars–Sinai Medical Center, Los Angeles (S.K.), and Kaiser Permanente–San Francisco Hospital, San Francisco (J.M.M.) 
— both in California; the Division of Cardiology, University of Virginia, Charlottesville (D.S.L.); Intermountain Medical Center, 
Murray, UT (B.W.); Baylor University Medical Center, Baylor Heart and Vascular Institute, Dallas (P.A.G.), and Baylor Scott and 
White Heart Hospital Plano, Plano (M.J.M.) — both in Texas; Carolinas Medical Center, Charlotte, NC (M.R.); Piedmont Hospital, 
Atlanta (V.R.); University of Colorado Hospital, Aurora (A.B.); Saint Luke’s Mid America Heart Institute, University of Missouri–Kansas 
City School of Medicine, Kansas City (D.J.C.); and MedStar Health Research Institute, Hyattsville, MD (N.J.W.).

References
1.	 Asgar AW, Mack MJ, Stone GW. Sec-
ondary mitral regurgitation in heart fail-
ure: pathophysiology, prognosis, and 
therapeutic considerations. J Am Coll 
Cardiol 2015;​65:​1231-48.
2.	 Sannino A, Smith RL II, Schiattarella 
GG, Trimarco B, Esposito G, Grayburn 
PA. Survival and cardiovascular outcomes 
of patients with secondary mitral regurgi-
tation: a systematic review and meta-
analysis. JAMA Cardiol 2017;​2:​1130-9.
3.	 Goliasch G, Bartko PE, Pavo N, et al. 
Refining the prognostic impact of func-
tional mitral regurgitation in chronic 
heart failure. Eur Heart J 2018;​39:​39-46.
4.	 Stone GW, Vahanian AS, Adams DH, 
et al. Clinical trial design principles and 
endpoint definitions for transcatheter mi-
tral valve repair and replacement: Part 1: 
clinical trial design principles — a con-
sensus document from the Mitral Valve 
Academic Research Consortium. J Am 
Coll Cardiol 2015;​66:​278-307.
5.	 Nishimura RA, Otto CM, Bonow RO, 
et al. 2017 AHA/ACC focused update of 
the 2014 AHA/ACC Guideline for the Man-
agement of Patients With Valvular Heart 
Disease: a report of the American College 
of Cardiology/American Heart Association 
Task Force on Clinical Practice Guide-
lines. J Am Coll Cardiol 2017;​70:​252-89.
6.	 Baumgartner H, Falk V, Bax JJ, et al. 
2017 ESC/EACTS guidelines for the man-
agement of valvular heart disease. Eur 
Heart J 2017;​38:​2739-91.
7.	 Goel SS, Bajaj N, Aggarwal B, et al. 
Prevalence and outcomes of unoperated 
patients with severe symptomatic mitral 
regurgitation and heart failure: compre-
hensive analysis to determine the poten-
tial role of MitraClip for this unmet need. 
J Am Coll Cardiol 2014;​63:​185-6.
8.	 Feldman T, Foster E, Glower DD, et al. 
Percutaneous repair or surgery for mitral 
regurgitation. N Engl J Med 2011;​364:​
1395-406.

9.	 Silvestry FE, Rodriguez LL, Herrmann 
HC, et al. Echocardiographic guidance 
and assessment of percutaneous repair 
for mitral regurgitation with the Evalve 
MitraClip: lessons learned from EVEREST 
I. J Am Soc Echocardiogr 2007;​20:​1131-40.
10.	 Mack MJ, Abraham WT, Lindenfeld J, 
et al. Cardiovascular outcomes assess-
ment of the MitraClip in patients with 
heart failure and secondary mitral regur-
gitation: design and rationale of the  
COAPT trial. Am Heart J 2018;​205:​1-11.
11.	 Stone GW, Adams DH, Abraham WT, 
et al. Clinical trial design principles and 
endpoint definitions for transcatheter mi-
tral valve repair and replacement: Part 2: 
endpoint definitions — a consensus doc-
ument from the Mitral Valve Academic 
Research Consortium. J Am Coll Cardiol 
2015;​66:​308-21.
12.	 Yancy CW, Jessup M, Bozkurt B, et al. 
2017 ACC/AHA/HFSA focused update of 
the 2013 ACCF/AHA Guideline for the  
Management of Heart Failure: a report of 
the American College of Cardiology/
American Heart Association Task Force 
on Clinical Practice Guidelines and the 
Heart Failure Society of America. J Am 
Coll Cardiol 2017;​70:​776-803.
13.	 Zoghbi WA, Enriquez-Sarano M, Fos-
ter E, et al. Recommendations for evalua-
tion of the severity of native valvular re-
gurgitation with two-dimensional and 
Doppler echocardiography. J Am Soc 
Echocardiogr 2003;​16:​777-802.
14.	 Foster E, Wasserman HS, Gray W, et 
al. Quantitative assessment of severity of 
mitral regurgitation by serial echocar-
diography in a multicenter clinical trial of 
percutaneous mitral valve repair. Am J 
Cardiol 2007;​100:​1577-83.
15.	 Rondeau V, Mathoulin-Pelissier S, 
Jacqmin-Gadda H, Brouste V, Soubeyran 
P. Joint frailty models for recurring events 
and death using maximum penalized 
likelihood estimation: application on 

cancer events. Biostatistics 2007;​8:​708-
21.
16.	 Klein JP, Logan B, Harhoff M, Ander-
sen PK. Analyzing survival curves at a 
fixed point in time. Stat Med 2007;​26:​
4505-19.
17.	 Little RJ, D’Agostino R, Cohen ML, et 
al. The prevention and treatment of miss-
ing data in clinical trials. N Engl J Med 
2012;​367:​1355-60.
18.	 Lim DS, Reynolds MR, Feldman T, et 
al. Improved functional status and quality 
of life in prohibitive surgical risk patients 
with degenerative mitral regurgitation af-
ter transcatheter mitral valve repair. J Am 
Coll Cardiol 2014;​64:​182-92.
19.	 Glower DD, Kar S, Trento A, et al. Per-
cutaneous mitral valve repair for mitral 
regurgitation in high-risk patients: re-
sults of the EVEREST II study. J Am Coll 
Cardiol 2014;​64:​172-81.
20.	 Sorajja P, Vemulapalli S, Feldman T, et 
al. Outcomes with transcatheter mitral 
valve repair in the United States: an STS/
ACC TVT Registry report. J Am Coll Car-
diol 2017;​70:​2315-27.
21.	Maisano F, Franzen O, Baldus S, et al. 
Percutaneous mitral valve interventions 
in the real world: early and 1-year results 
from the ACCESS-EU, a prospective, mul-
ticenter, nonrandomized post-approval 
study of the MitraClip therapy in Europe. 
J Am Coll Cardiol 2013;​62:​1052-61.
22.	Puls M, Lubos E, Boekstegers P, et al. 
One-year outcomes and predictors of 
mortality after MitraClip therapy in con-
temporary clinical practice: results from 
the German Transcatheter Mitral Valve 
Interventions Registry. Eur Heart J 2016;​
37:​703-12.
23.	Goldstein D, Moskowitz AJ, Gelijns 
AC, et al. Two-year outcomes of surgical 
treatment of severe ischemic mitral re-
gurgitation. N Engl J Med 2016;​374:​344-
53.
Copyright © 2018 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF PENN LIBRARY on October 21, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 


