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OBJECTIVES The authors sought to evaluate the association between mean mitral valve gradient (MVG) and clinical

outcomes among patients who underwent MitraClip treatment for secondary mitral regurgitation (SMR) in the COAPT

(Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients with Functional

Mitral Regurgitation) trial.

BACKGROUND In the COAPT trial, patients with heart failure (HF) and severe SMR who remained symptomatic despite

guideline-directed medical therapy had marked 2-year reductions in mortality and HF hospitalizations after treatment

with MitraClip.

METHODS MitraClip-treated patients were divided into quartiles (Q) based on discharge echocardiographic MVG

(n ¼ 250). Endpoints including all-cause mortality, HF hospitalization, and health status measures at 2 years were

compared between quartiles.

RESULTS Mean MVG after MitraClip was 2.1 � 0.4 mm Hg, 3.0 � 0.2 mm Hg, 4.2 � 0.5 mm Hg, and 7.2 � 2.0 mm Hg in

Q1 (n ¼ 63), Q2 (n ¼ 61), Q3 (n ¼ 62), and Q4 (n ¼ 64), respectively. There was no difference across quartiles in the 2-

year composite endpoint of all-cause mortality or HF hospitalization (43.2%, 49.2%, 40.6%, and 40.9%, respectively;

p ¼ 0.80), nor in improvements in New York Heart Association functional class, Kansas City Cardiomyopathy Ques-

tionnaire score, or 6-min walk time. Results were similar after adjustment for baseline clinical and echocardiographic

characteristics, post-procedure MR grade, and number of clips (all-cause mortality or HF hospitalization Q4 [44.6%] vs.

Q1 to Q3 [40.3%]; adjusted hazard ratio: 1.23, 95% confidence interval: 0.60 to 2.51; p ¼ 0.57).

CONCLUSIONS Among HF patients with severe SMR, higher MVGs on discharge did not adversely affect clinical out-

comes following MitraClip. These findings suggest that in select patients with HF and SMR otherwise meeting the COAPT

inclusion criteria, the benefits of MR reduction may outweigh the effects of mild-to-moderate mitral stenosis after

MitraClip. (J Am Coll Cardiol Intv 2021;14:879–89) © 2021 by the American College of Cardiology Foundation.
N 1936-8798/$36.00 https://doi.org/10.1016/j.jcin.2021.01.049
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ABBR EV I A T I ON S

AND ACRONYMS

6MWD = 6-min walk distance

CI = confidence interval

GDMT = guideline-directed

medical therapy

HF = heart failure

HR = hazard ratio

KCCQ = Kansas City

Cardiomyopathy Questionnaire

LV = left ventricle

LVEF = left ventricular ejection

fraction

MR = mitral regurgitation

MVG = mitral valve gradient

MVOA = mitral valve orifice

area

NYHA = New York Heart

Association

ROC = receiver-operating

characteristic

SMR = secondary mitral

regurgitation
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S econdary (also known as functional)
mitral regurgitation (SMR) may
develop in patients with heart failure

(HF) due to malcoaptation of the mitral valve
leaflets in the setting of geometric changes of
the left ventricle (LV). SMR is associated with
increased morbidity and mortality (1). In the
COAPT (Cardiovascular Outcomes Assess-
ment of the MitraClip Percutaneous Therapy
for Heart Failure Patients with Functional
Mitral Regurgitation) trial, among HF pa-
tients with moderate-to-severe or severe
SMR who remained symptomatic despite
maximally tolerated guideline-directed med-
ical therapy (GDMT), transcatheter mitral
valve repair with the MitraClip (Abbott
Vascular, Santa Clara, California) reduced
the rate of HF hospitalization and improved
survival compared with GDMT alone (2). In
light of the COAPT trial results, the Food
and Drug Administration expanded the
labeled indications of the MitraClip for treat-
ment of selected HF patients with moderate-
to-severe and severe SMR (3).
SEE PAGE 890
Implantation of the MitraClip in the EVEREST I
pilot study (Endovascular Valve Edge-to-Edge Repair
Study) and in the roll-in cohort of the randomized
EVEREST II study (Pivotal Study of a Percutaneous
Mitral Valve Repair System) demonstrated a reduc-
tion in the mitral valve orifice area (MVOA) by as
much as 50% and an increase in the mitral valve
gradient (MVG) that was not associated with clinically
significant mitral stenosis (4,5). Conversely, after
surgical repair for mitral regurgitation (MR), some
studies have demonstrated an association of an
increased MVG with reduced functional capacity (6).
In the current era of transcatheter treatment of MR
with multiple clips and in patients with SMR and
reduced LV ejection fraction (LVEF), the effects of an
elevated MVG on long-term outcomes have been
conflicting (7,8). We therefore sought to evaluate the
association between MVG and clinical outcomes in
patients who underwent MitraClip treatment for SMR
in the COAPT trial.

METHODS

STUDY POPULATION. The COAPT trial was a multi-
center, randomized, open-label clinical trial of
transcatheter mitral valve repair with MitraClip in HF
patients with moderate-to-severe or severe SMR.
Details of the study protocol and design were
previously published (2). In brief, The COAPT trial
enrolled patients with HF and moderate-to-severe or
severe (3þ or 4þ) SMR who remained symptomatic
despite maximally tolerated GDMT and cardiac
resynchronization therapy when applicable. The
severity of MR was graded according to American
guidelines (9). Eligible patients had either ischemic or
nonischemic cardiomyopathy. Heart teams at the
participating centers identified patients for whom
surgery was not the standard of care and with mitral
valve anatomy suitable for MitraClip intervention.
Inclusion criteria included LVEF between 20% and
50% and LV end-systolic dimension #70 mm. Exclu-
sion criteria included a primary (degenerative) etiol-
ogy of MR and MVOA <4 cm2, among others (2).
Eligible patients were randomized in a 1:1 ratio to
either MitraClip in addition to GDMT or GDMT alone.
Institutional review board/ethics committee approval
was obtained from all sites that participated in the
COAPT trial, and all patients signed
informed consent.

For the present study, patients randomized to the
MitraClip arm in whom the device was implanted
were divided into quartiles (Q1, Q2, Q3, and Q4) based
on their MVG on discharge echocardiography. Follow-
up duration was 24 months. Adverse events in COAPT
were adjudicated by an independent clinical events
committee. Echocardiographic findings were assessed
by an independent echocardiographic core labora-
tory. MVG was measured from continuous wave
Doppler of the mitral inflow in diastole by tracing the
entire forward flow contour from the apical views, as
recommended by the American Society of Echocar-
diography guidelines, on 3 consecutive beats when-
ever available (5 consecutive beats if the patient was
in atrial fibrillation), and the average was reported.

ENDPOINTS. For the present report, the principal
endpoint of interest was the time to the first occur-
rence of all-cause mortality or HF hospitalization
within 2 years. Additional analyses were performed
for quality of life and functional status measures,
including 6-min walk distance (6MWD), New York
Heart Association (NYHA) functional class, and the
Kansas City Cardiomyopathy Questionnaire (KCCQ)
summary score. Missing values for the 6MWD were
imputed according to the protocol (2). Subjects who
expired due to an adjudicated HF death before the 2
years’ follow-up time or were unable to walk due to
cardiac reasons were included in the analysis and
assigned a distance of 0.

STATISTICAL PLAN. Continuous data are expressed
as mean � SD and were compared with Student’s
t-tests or the Wilcoxon rank sum test for non-



CENTRAL ILLUSTRATION Post MitraClip-Treatment Mitral Valve Gradients and
Clinical Outcomes
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Upper: Mean (and SD) of mitral valve gradient by quartile in patients assigned to and treated with the MitraClip as assessed by pre-discharge

echocardiography. Lower: Two-year rates of all-cause mortality or hospitalization for heart failure in the 4 quartiles of MitraClip-treated

patients. There was no difference across quartiles in the 2-year composite endpoint of all-cause mortality or heart failure hospitalization.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 4 , N O . 8 , 2 0 2 1 Halaby et al.
A P R I L 2 6 , 2 0 2 1 : 8 7 9 – 8 9 Effect of Mitral Valve Gradient After MitraClip

881



TABLE 1 Baseline Clinical and Core Laboratory Echocardiographic Characteristics by MVG Quartile

Quartile 1 (n ¼ 63) Quartile 2 (n ¼ 61) Quartile 3 (n ¼ 62) Quartile 4 (n ¼ 64) Overall p Value

Baseline characteristics

Age, yrs 73.1 � 11.8 73.3 � 10.3 71.3 � 10.6 68.6 � 13.6 0.09

Female 17.5 (11/63) 24.6 (15/61) 29.0 (18/62) 57.8 (37/63) <0.001

Race

White or Caucasians 76.2 (48/63) 80.3 (49/61) 80.6 (50/62) 68.8 (44/64) 0.36

African-American 11.1 (7/63) 6.6 (4/61) 14.5 (9/62) 25.0 (16/64) 0.02

Hispanic or Latino 9.5 (6/63) 6.6 (4/61) 1.6 (1/62) 3.1 (2/64) 0.19

Asian 1.6 (1/63) 1.6 (1/61) 3.2 (2/62) 1.6 (1/64) 0.89

Native Hawaiian or other Pacific Islander 0.0 (0/63) 0.0 (0/61) 0.0 (0/62) 0.0 (0/64) -

American Indian or Alaska Native 0.0 (0/63) 0.0 (0/61) 0.0 (0/62) 0.0 (0/64) -

Other 1.6 (1/63) 4.9 (3/61) 0.0 (0/62) 1.6 (1/64) 0.26

Body mass index, kg/m2 26.1 � 5.2 26.4 � 4.3 27.1 � 5.3 29.4 � 8.2 0.008

Heart rate, beats per min 72.2 � 12.3 73.4 � 13.6 76.3 � 13.4 78.4 � 10.7 0.02

Systolic blood pressure, mm Hg 111.1 � 19.2 113.5 � 17.6 110.0 � 15.6 110.9 � 16.5 0.72

Diastolic blood pressure, mm Hg 66.7 � 10.3 65.5 � 9.1 64.8 � 9.9 64.7 � 9.7 0.65

Hemoglobin, g/dl 12.3 � 1.8 12.1 � 1.8 12.1 � 1.5 12.3 � 1.7 0.86

Creatinine clearance, ml/min 49.0 � 25.5 50.5 � 23.7 50.9 � 25.1 55.9 � 34.4 0.53

Chronic kidney disease, CrCl #60 ml/min 77.8 (49/63) 68.3 (41/60) 71.0 (44/62) 69.4 (43/62) 0.64

NT-proBNP, pg/ml 4,067 � 2,801 6,090 � 8,253 3,914 � 3,118 4,131 � 3,501 0.60

Etiology of cardiomyopathy

Ischemic 54.0 (34/63) 67.2 (41/61) 66.1 (41/62) 51.6 (33/64) 0.16

Nonischemic 46.0 (29/63) 32.8 (20/61) 33.9 (21/62) 48.4 (31/64) 0.16

Coronary artery disease 65.1 (41/63) 80.3 (49/61) 75.8 (47/62) 67.2 (43/64) 0.19

Chronic obstructive pulmonary disease 25.4 (16/63) 24.6 (15/61) 17.7 (11/62) 29.7 (19/64) 0.48

History of atrial fibrillation or flutter 60.3 (38/63) 59.0 (36/61) 54.8 (34/62) 48.4 (31/64) 0.53

Diabetes 28.6 (18/63) 32.8 (20/61) 29.0 (18/62) 43.8 (28/64) 0.23

Baseline echocardiographic measures

Mitral regurgitation
Moderate to severe, 3þ 47.6 (30/63) 44.3 (27/61) 45.2 (28/62) 54.7 (35/64) 0.64
Severe, 4þ 52.4 (33/63) 55.7 (34/61) 54.8 (34/62) 45.3 (29/64) 0.64

Mitral regurgitation EROA by PISA, cm2 0.40 � 0.16 0.42 � 0.13 0.44 � 0.18 0.42 � 0.16 0.57
Mitral regurgitation regurgitant volume, ml 55.9 � 19.9 60.6 � 20.8 60.9 � 26.6 62.9 � 20.5 0.35
LV ejection fraction, % 30.9 � 9.2 31.7 � 10.4 30.0 � 8.7 33.6 � 8.9 0.18
LV end-diastolic dimension, cm 6.4 � 0.7 6.0 � 0.7 6.3 � 0.8 6.0 � 0.8 0.01
LV end-diastolic volume index, ml/m2 205.0 � 76.5 185.7 � 52.1 207.6 � 73.8 183.5 � 75.2 0.13
Mitral valve orifice area, cm2 5.4 � 1.5 5.0 � 0.9 5.3 � 1.3 4.9 � 1.4 0.08
Mitral valve area indexed to BSA, cm2/m2 2.9 � 0.8 2.7 � 0.6 2.8 � 0.6 2.6 � 0.7 0.09
Mitral valve mean gradient, mm Hg 1.9 � 0.8 2.3 � 0.7 2.2 � 0.8 3.2 � 1.2 <0.001
Right ventricular systolic pressure, mm Hg 47.2 � 14.0 45.4 � 14.0 44.5 � 13.5 40.8 � 14.1 0.13
Tricuspid regurgitation

Moderate, 2þ 16.1 (10/62) 20.0 (12/60) 11.3 (7/62) 9.5 (6/63) 0.33
Moderate-to-severe, 3þ 0.0 (0/62) 0.0 (0/60) 1.6 (1/62) 0.0 (0/63) 0.39
Severe, 4þ 0.0 (0/62) 0.0 (0/60) 0.0 (0/62) 0.0 (0/63) N/A

Values are mean � SD or % (n/N).

BSA ¼ body surface area; CrCl ¼ creatinine clearance; EROA ¼ effective regurgitant orifice area; LV ¼ left ventricular; MVG ¼ mitral valve gradient; NT-proBNP ¼ N-terminal Pro–B-type
natriuretic peptide; PISA ¼ proximal isovelocity surface area.
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normally distributed data. Categorical variables are
summarized as percentages and were compared using
the chi-square or Fisher exact test as appropriate. The
primary endpoint, composite of all-cause death and
HF hospitalization, is analyzed as time-to-first event.
Time-to-event variables are summarized as Kaplan-
Meier event rates and were compared by the log-
rank test. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were determined using Cox propor-
tional hazards regression. Multivariable analyses
were performed with adjustment for the following
variables: age, sex, body mass index, chronic
obstructive pulmonary disease, history of atrial
fibrillation or flutter, diabetes, chronic kidney dis-
ease, baseline LV end-diastolic volume index, base-
line effective regurgitant orifice area, ischemic versus
nonischemic etiology of MR, baseline LVEF, baseline
MVG, number of MitraClips, post-procedural MR
grade, and final MVG. The relationship between
discharge MVG and risk of interested outcomes was
further explored by entering the logarithmic MVG
measurement as a nonlinear term (penalized spline



TABLE 2 Procedural Characteristics and Discharge Core Laboratory Echocardiographic Measures by MVG Quartile

Quartile 1
(n ¼ 63)

Quartile 2
(n ¼ 61)

Quartile 3
(n ¼ 62)

Quartile 4
(n ¼ 64)

Overall
p Value

Procedural characteristics

Average number of MitraClips implanted 1.7 � 0.6 1.5 � 0.6 1.8 � 0.7 1.8 � 0.7 0.04

None 1.6 (1/63) 0.0 (0/61) 0.0 (0/62) 1.6 (1/64) 0.58

1 clip 34.9 (22/63) 52.5 (32/61) 33.9 (21/62) 29.7 (19/64) 0.05

2 clips 57.1 (36/63) 44.3 (27/61) 51.6 (32/62) 57.8 (37/64) 0.40

3 clips 6.3 (4/63) 3.3 (2/61) 14.5 (9/62) 10.9 (7/64) 0.13

Echocardiographic measures on discharge

Mitral regurgitation
None, 0 3.4 (2/59) 0.0 (0/61) 1.6 (1/62) 0.0 (0/62) 0.28
Mild, 1þ 83.1 (49/59) 83.6 (51/61) 79.0 (49/62) 83.9 (52/62) 0.88
Moderate, 2þ 10.2 (6/59) 13.1 (8/61) 14.5 (9/62) 12.9 (8/62) 0.91
Moderate to severe, 3þ 1.7 (1/59) 1.6 (1/61) 4.8 (3/62) 1.6 (1/62) 0.58
Severe, 4þ 1.7 (1/59) 1.6 (1/61) 0.0 (0/62) 1.6 (1/62) 0.79
Moderate or less, #2þ 96.6 (57/59) 96.7 (59/61) 95.2 (59/62) 96.8 (60/62) 0.96

Left ventricular ejection fraction 25.9 � 9.4 27.6 � 9.6 26.2 � 7.8 30.0 � 7.8 0.08

Values are mean � SD or % (n/N).

MVG ¼ mitral valve gradient.
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with 2 degrees of freedom) in Cox proportional haz-
ards regression models. A 2-sided p value of <0.05
was considered to indicate statistical significance. All
statistical analyses were performed with SAS soft-
ware, version 9.4 (SAS Institute, Cary,
North Carolina).

DATA AVAILABILITY. At the present time, there are
no plans to make the individual patient data or
aggregate data from the COAPT trial publicly avail-
able, although the sponsor and principal investigators
welcome outside interest for academic collaboration.
The publications committee will consider requests
from non–study-related investigators for secondary
analyses. Such analyses, if approved, will be run by
the Cardiovascular Research Foundation.

RESULTS

COMPARISON OF MVG QUARTILES. One or more
MitraClips were implanted in 287 of 302 randomized
patients, 260 of whom underwent pre-discharge
transthoracic echocardiography. Among these pa-
tients, the MVG measured at discharge was evaluable
in the echocardiographic core laboratory in 250 pa-
tients, comprising the current study population. The
mean (range) of the MVG quartiles were 2.1 � 0.4 (1.0
to 2.6) mm Hg, 3.0 � 0.2 (2.7 to 3.4) mm Hg, 4.2 � 0.5
(3.5 to 5.0) mm Hg, and 7.2 � 2.0 (5.1 to 13.2) mm Hg in
Q1, Q2, Q3, and Q4, respectively (Central Illustration).
Baseline characteristics in the different quartiles are
shown in Table 1. Female sex was more prevalent in
Q4, whereas the proportion of patients of African-
American race was higher in Q4. Patients in Q4 had
a higher body mass index as compared with other
quartiles. There was no difference in baseline hemo-
globin across quartiles (p ¼ 0.86); the mean � SD for
baseline hemoglobin was 12.3 � 1.8 g/dl in Q1, 12.1 �
1.8 g/dl in Q2, 12.1 � 1.5 g/dl in Q3, and 12.3 � 1.7 g/dl
in Q4. Procedural characteristics and echocardio-
graphic outcomes are shown in Table 2. The mean
number of clips implanted per patient was slightly
greater in Q3 and Q4 (1.8 in each) than in Q1 and Q2
(1.7 and 1.5, respectively). Reduction in MR severity
to #2þ on discharge echocardiography was achieved
in 96.3% of patients and did not differ across quar-
tiles. On the pre-discharge echocardiogram, the rates
of moderate-to-severe (3þ) and severe (4þ) MR were
2.5% and 1.2%, respectively. At 1 year, the rates of
moderate-to-severe and severe MR were 3.3%, and
0.6%, respectively. At 2 years, moderate-to-severe
MR was present in 0% of patients and severe MR
was present in 0.7%. There were no significant dif-
ferences between groups according to MVG (Table 3).

EFFECT OF MVG QUARTILE ON CLINICAL OUTCOMES.

The results of the clinical endpoints are shown in the
Central Illustration, Figure 1, and Table 3. At 2 years,
there were no significant differences in the composite
endpoint of all-cause mortality or HF hospitalization
across the 4 quartiles (43.2%, 49.2%, 40.6%, and
40.9% in Q1 through Q4, respectively; p ¼ 0.78).
Compared with Q1 to Q3, Q4 was associated with
similar rates of all-cause mortality, cardiovascular
mortality, HF hospitalization, annualized HF hospi-
talization, and all-cause rehospitalization in unad-
justed analyses. After multivariable adjustment for
baseline clinical and procedural variables, including
number of clips and post-procedural residual MR,



TABLE 3 Clinical Endpoints and Core Laboratory Echocardiographic Measures by MVG Quartile at 2 Years

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Overall p Value

Clinical endpoints

Patients 63 61 62 64

Mortality or hospitalization for heart failure* 43.2 (27) 49.2 (30) 40.6 (25) 40.9 (26) 0.78

All-cause mortality* 24.0 (15) 30.1 (18) 29.0 (18) 25.4 (16) 0.91

Heart failure hospitalization* 33.4 (19) 42.0 (24) 34.2 (20) 25.5 (15) 0.42

Annualized rate of heart failure hospitalizations,
n events/total N patient-year*

33.0 (35/105.1) 36. 3 (37/101.9) 31.8 (33/103.6) 31.8 (34/107.0) 0.92

All-cause rehospitalization* 67.8 (41) 76.5 (46) 63.6 (38) 69.6 (44) 0.41

LVAD implantation or heart transplantation* 5.8 (3) 1.9 (1) 5.9 (3) 2.1 (1) 0.57

6-min walk distance†

Total distance, m 272.2 � 164.3 196.3 � 182.7 224.4 � 145.8 230.7 � 169.8 0.25

Change from baseline, m �23.0 � 142.3 �53.9 � 158.0 �46.9 � 136.6 �34.2 � 137.8 0.60

KCCQ summary score 22.8 � 22.1 9.8 � 30.3 15.7 � 26.7 13.3 � 24.2 0.20

NYHA functional class

I 23.8 (10/42) 19.4 (6/31) 13.2 (5/38) 7.5 (3/40) 0.21

II 50.0 (21/42) 41.9 (13/31) 55.3 (21/38) 52.5 (21/40) 0.72

III 23.8 (10/42) 32.3 (10/31) 23.7 (9/38) 30.0 (12/40) 0.79

IV 2.4 (1/42) 6.5 (2/31) 7.9 (3/38) 10.0 (4/40) 0.56

III or IV 26.2 (11/42) 38.7 (12/31) 31.6 (12/38) 40.0 (16/40) 0.53

Echocardiographic measures

Patients 38 32 34 36
Mitral valve gradient, mm Hg 2.9 � 1.4 3.1 � 1.4 4.2 �1.9 4.7 þ1.9 <0.001
Mitral regurgitation

None, 0 2.6 (1/38) 3.1 (1/32) 0.0 (0/34) 0.0 (0/36) 0.56
Mild, 1þ 71.1 (27/38) 71.9 (23/32) 79.4 (27/34) 77.8 (28/36) 0.81
Moderate, 2þ 26.3 (10/38) 21.9 (7/32) 20.6 (7/34) 22.2 (8/36) 0.94
Moderate to severe, 3þ 0.0 (0/38) 0.0 (0/32) 0.0 (0/34) 0.0 (0/36) -
Severe, 4þ 0.0 (0/38) 3.1 (1/32) 0.0 (0/34) 0.0 (0/36) 0.33
Moderate or less, #2þ 100.0 (38/38) 96.9 (31/32) 100.0 (34/34) 100.0 (36/36) 0.33

Left ventricular ejection fraction 25.2 � 9.0 27.9 � 7.6 27.2 � 9.3 31.0 � 10.6 0.15

Values are n, % (n), mean � SD, or % (n/N), unless otherwise indicated. *Event rates are Kaplan-Meier estimated rates expressed as % (n of events). †Missing values for the 6-min walk
distance were imputed according to the protocol pre-defined rules. Subjects who expired due to an adjudicated heart failure death prior to the 2 years follow-up time or were unable to walk
due to cardiac reasons were included and assigned a distance of 0.

KCCQ ¼ Kansas City cardiomyopathy questionnaire; LVAD ¼ left ventricular assist device; MVG ¼ mitral valve gradient; NYHA ¼ New York Heart Association.
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MVG in Q4 compared with Q1 to Q3 was not inde-
pendently associated with the 2-year rates of all-
cause mortality or HF hospitalization (HR: 1.23;
95% CI: 0.60 to 2.51; p ¼ 0.57). Nor was higher MVG an
independent predictor of all-cause mortality, cardio-
vascular mortality, or HF hospitalization alone
(Table 4). Furthermore, discharge MVG had no sig-
nificant impact on the improvement in 6MWD, NYHA
functional class, or KCCQ after MitraClip treat-
ment (Table 3).

Patients were further classified into 4 groups based
on different combinations of discharge MVG quartiles
and residual MR (group 1: MVG Q1 to Q3 and MR <2þ
[n ¼ 152]; group 2: MVG Q4 and MR <2þ [n ¼ 52];
group 3: MVG Q1 to Q3 and MR $2þ [n ¼ 30]); and
group 4: MVG Q4 and MR $2þ [n ¼ 10]). There was no
difference in outcomes of all-cause mortality or HF
hospitalization between groups 1 and 2 (HR: 0.98;
95% CI: 0.60 to 1.61; p ¼ 0.94) or between groups 3
and 4 (HR: 1.50; 95% CI: 0.56 to 4.01; p ¼ 0.42)
(overall log-rank test p ¼ 0.07). There was also no
difference in outcomes in the 2 extremes of combi-
nations of MVG and residual MR, between groups 1
and 4 (HR: 0.76; 95% CI: 0.31 to 1.89; p ¼ 0.56).

ADDITIONAL MVG ANALYSES. Effect of MVG as a
cont inuous var iab le on c l in i ca l outcomes .
We used spline regression to assess whether there
was a nonlinear relationship between MVG measured
on discharge echocardiography as a continuous vari-
able and clinical endpoints; no nonlinear associations
were found (all p > 0.05) (Figure 2). In addition, a
sensitivity analysis excluding patients with residual
MR $2þ was performed, and a receiver-operating
characteristic (ROC) curve for prediction of the com-
posite outcome of 2-year all-cause death or HF hos-
pitalization was obtained. The ROC curve suggests no
predictive capacity of post-MitraClip MVG for the
composite outcome (ROC area under the curve 0.49,
95% CI: 0.41 to 0.57) (Supplemental Figure 1).

Effect of MVG cutoff value of 5 mm Hg on clinical
outcomes. An additional analysis was performed using

https://doi.org/10.1016/j.jcin.2021.01.049


FIGURE 1 Kaplan-Meier Curves of Clinical Outcome Measures During 2-Year Follow-Up According to Post MitraClip-Treatment MVG by Quartile

(A) All-cause mortality; (B) cardiovascular mortality; (C) heart failure hospitalization. There were no significant differences in clinical outcomes according to post-

MitraClip mitral valve gradient (MVG).
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MVG cutoff at a value of 5 mm Hg instead of quartiles.
In multivariate Cox regression analyses, discharge
MVG $5 mm Hg was not associated with a higher risk
of all-cause death (HR: 0.83; 95% CI: 0.35 to 1.98;
p¼ 0.68), HF hospitalization (HR: 0.87; 95% CI: 0.47 to
1.60; p ¼ 0.65), or the composite endpoint of all-cause
death or HF hospitalization (HR: 1.00; 95% CI: 0.51 to
1.97; p ¼ 0.99) at 2 years compared with
MVG <5 mm Hg (Table 5). In addition, the interaction
between discharge MVG $5 mm Hg and residual
MR $2þ was not statistically significant for the com-
posite endpoint of all-cause death or HF hospitaliza-
tion (p ¼ 0.85). Supplemental Figure 2 shows the
Kaplan-Meier curves for the outcome of HF hospitali-
zation or all-cause death by groups with different
combinations of MVG ($5 mm Hg vs. <5 mm Hg) and
residual MR ($2þ vs. <2þ). The overall comparison
log-rank for these groups was not statistically
different. The only binary comparison that was sta-
tistically different was the comparison showing the
group with the combination of MVG <5 mm Hg and
residual MR $2þ had a higher rate of HF hospitaliza-
tion or all-death at 2 years versus patients with
TABLE 4 Multivariable Adjusted Clinical Outcomes at 2 Years Accord

2-Year Outcome Measure Q4

All-cause mortality 25.4 (16)

Cardiovascular mortality 21.6 (13)

Hospitalization for heart failure 25.5 (15)

Cardiovascular mortality or hospitalization for heart failure 37.5 (23)

All-cause mortality or hospitalization for heart failure 40.9 (26)

Event rates are Kaplan-Meier estimated rates expressed as % (n of events).

CI ¼ confidence interval; MVG ¼ mitral valve gradient.
MVG $5 mm Hg and residual MR <2þ (HR: 2.10;
95% CI: 1.13 to 3.91; p ¼ 0.017).

DISCUSSION

The major findings of this study are as follows: 1)
Approximately 25% of patients with HF and SMR
treated with the MitraClip in the COAPT trial had an
elevated MVG >5 mm Hg at discharge. These patients
weremore likely female, African-American, and obese;
2) Nonetheless, patients with an elevated MVG
measured at discharge after MitraClip treatment had
similar rates of mortality, HF hospitalization, and
measures of functional status, including 6MWD, NYHA
functional class, and KCCQ score during 2-year follow-
up compared with those with absent or lesser MVGs.

In the COAPT trial, the reduction of moderate-to-
severe and severe SMR with the MitraClip in HF
patients resulted in substantial improvements in
prognosis compared with GDMT alone (2). The lack of
an association between an elevated MVG following
MitraClip implantation and worse outcomes of mor-
tality, HF hospitalization, and measures of functional
ing to Quartile of Discharge MVG After MitraClip Treatment

Q1 to Q3
Adjusted Hazard Ratio (95% CI)

Q4 vs. Q1 to Q3
Adjusted
p Value

27.6 (51) 0.90 (0.37 to 2.19) 0.82

21.6 (38) 0.90 (0.34 to 2.36) 0.83

36.5 (63) 1.00 (0.52 to 1.90) 0.99

41.6 (75) 1.21 (0.58 to 2.54) 0.61

44.3 (82) 1.23 (0.60 to 2.51) 0.57

https://doi.org/10.1016/j.jcin.2021.01.049


FIGURE 2 Spline Regression Analysis of Post MitraClip-Treatment MVG and Clinical Outcome Measures

There were no significant correlations between mitral valve gradient (MVG) as a continuous variable and clinical outcomes as assessed by spline regression. The vertical

dotted line indicates the reference point of a discharge mitral valve gradient of 5 mm Hg that corresponds to a hazard ratio of 1. CI ¼ confidence interval.
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status provides important guidance regarding MR
reduction in COAPT eligible patients. Residual MR
after MitraClip is associated with worse outcomes
(10–12); often, placement of additional clips is
considered when residual MR is substantial. Further
reducing the severity of MR with additional clips
while avoiding mitral stenosis can be challenging.
Most guidelines recommend avoiding a post-
MitraClip gradient of >5 mm Hg (9). However, in the
COAPT trial population, the clinical benefits of SMR
reduction were preserved despite 25% of MitraClip-
treated patients having a post-procedure MVG in
this range (mean 7.2 mm Hg, range 5.1 to 13.2 mm Hg).
Thus, although avoiding a substantial post-treatment
MVG is desirable, the present study suggests that the
benefits of MR reduction outweigh the effects of
mild-to-moderate mitral stenosis after MitraClip
treatment in select HF patients who remain symp-
tomatic despite maximally-tolerated GDMT and car-
diac resynchronization therapy if appropriate.

In the surgical published reports, the data on the
effect of post-surgical MVG following mitral valve
repair or replacement are conflicting (6,13–19). Devel-
opment of earlymitral stenosis after surgical repair can
be caused by multiple factors, such as surgical tech-
nique, resection of redundant leaflet tissue, and
undersizing of the annuloplasty ring (20). Some
studies have suggested that post-operative elevated
MVG may result in lower exercise capacity and poorer
quality of life in patients with primaryMR (6,18). There
are limited data on the clinical and long-term effects of
an elevated MVG after surgical repair of SMR; 1 study
demonstrated a decrease in 6MWD (19), althoughmost
others reported no deleterious effects (13,14,16).



TABLE 5 Multivariable Adjusted Clinical Outcomes at 2 Years According to Discharge

MVG $5 mm Hg vs. <5 mm Hg After MitraClip Treatment

Clinical Outcomes at 2 Years

Adjusted Hazard Ratio
(95% Confidence Interval) for Mitral Valve

Gradient $5 mm Hg vs. <5 mm Hg
Adjusted
p Value

All-cause death 0.83 (0.35–1.98) 0.68

Heart failure hospitalization 0.87 (0.47–1.60) 0.65

All-cause death or heart failure
hospitalization

1.00 (0.51–1.97) 0.99

Multivariable analyses were performed with adjustment for the following variables: age, sex, body mass index,
chronic obstructive pulmonary disease, history of atrial fibrillation or flutter, diabetes, chronic kidney disease,
baseline left ventricular end-diastolic volume index, baseline effective regurgitant orifice area, ischemic versus
nonischemic etiology of mitral regurgitation, baseline left ventricular ejection fraction, baseline mitral valve
gradient, number of MitraClips, post-procedural mitral regurgitation grade, and discharge mitral valve gradient
(MVG).
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Herrmann et al. (4,5) first investigated the effects
of MitraClip on mitral valve area and gradient in the
early EVEREST trials. By planimetry, mean MVOA
decreased from 6.0 cm2 at baseline to 3.6 cm2 after
MitraClip implantation, and mean MVG increased
from 1.7 to 4.1 mm Hg. These changes were similar in
patients with 1 and 2 clips, in patients with primary
and secondary MR, and were not associated with the
need for surgery during 2-year follow-up. In these
studies, patients with a baseline MVOA <4.0 cm2

were excluded, and most patients received a single
clip. Other series yielded conflicting results (7,8,11).
Neuss et al. (7) evaluated the impact of high MVG
following MitraClip on the combined endpoint of all-
cause mortality, unsuccessful implantation, mitral
valve surgery, LV assist device implantation, or
repeat procedures in a retrospective study of 216 pa-
tients (70% SMR) from a single center in Germany. A
MVG of >5 mm Hg measured invasively or
>4.4 mm Hg by echocardiographic estimation, both
assessed during the procedure under anesthesia,
were associated with a higher rate of the combined
endpoint (unadjusted HR: 2.3, 95% CI: 1.4 to 3.8;
p < 0.002). A nonsignificant trend for increased
mortality with elevated MVG was noted. Patients with
MVG >5 mm Hg had a higher number of clips (1.50 �
0.72 vs. 1.29 � 0.54; p ¼ 0.02). The investigators also
found that baseline MVOA #4.0 cm2 was associated
with a higher MVG after MitraClip (odds ratio: 3.41;
p ¼ 0.003). Notably, 12% of patients had an initial
MVOA #4.0 cm2, one-half of whom developed sig-
nificant mitral stenosis after the MitraClip procedure.
In addition, patients with residual MR >2þ had worse
outcomes, especially when accompanied with an
elevated MVG. On the basis of these results, the in-
vestigators recommended against accepting a higher
MVG as a tradeoff for better MR reduction. In contrast
to these findings, not only did our study find
comparable clinical outcomes in the different
MVG quartiles, we also observed no significant dif-
ference in all-cause death or HF hospitalization
between patients with MR $2þ plus elevated MVG
(Q4) compared with those with MR <2þ and lower
MVG (Q1 to Q3). However, the number of patients with
the combination of elevated MVG in the highest
quartile and MR $2þ was too small (n ¼ 10) to draw
definitive conclusions. It is also worth noting that the
COAPT trial excluded patients with baseline
MVOA #4.0 cm2, which likely contributed to a lower
post-procedural MVG than that in the study of Neuss
et al. (7). Finally, Neuss et al. did not differentiate
between primary MR and SMR in their analysis,
whereas the COAPT trial exclusively enrolled SMR
patients.
MR is a diverse disease with numerous etiologies
and phenotypes. Specifically, primary MR and
SMR have different physiologies, LV features, and
hemodynamic characteristics. The effect of a post-
procedural elevated MVG may be tolerated differ-
ently in patients with primary MR in whom LV
function is usually preserved and HF patients with
SMR in whom LVEF is typically impaired, comorbid-
ities are common, and baseline functional capacity is
reduced. Patzelt et al. (8) evaluated the effect of
elevated MVG after MitraClip stratified by the type of
MR in a retrospective study of 255 patients (59%
SMR). Reduction of MR severity #2þ was accom-
plished in 98.4% of patients. Post-MitraClip MVG
>4.4 mm Hg measured on echocardiography was
associated with worse combined endpoint of all-
cause mortality, mitral valve surgery, left ventricu-
lar assist device implantation, or repeat procedures in
primary MR, but not in SMR. By contrast, there was
no correlation between elevated MVG and 6MWD in
either primary or SMR. Conversely, in a smaller study
of 78 patients, reduction in MR appeared to be more
important for HF hospitalization than a MVG
>5 mm Hg, regardless of MR etiology (12).

It is important to note increasing experience with
MitraClip placement has resulted in improved pro-
cedural outcomes. MitraClip treatment had a 93%
success rate in reducing MR to #2þ in the COAPT
trial, substantially higher than in the early EVEREST
trials. Given the substantial contribution of severe
SMR to the poor prognosis of patients with HF who
remain symptomatic despite GDMT, the significant
improvement in MR with the MitraClip in a high
proportion outweighed any detrimental effect of iat-
rogenic mild or moderate mitral stenosis in the
COAPT study population.

Our studyhas several strengths relative toprior ones. It is
the largest such study to assess the impact of MVG at
discharge after treatment of severe SMR in HF. All events
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were monitored and adjudicated by a central committee.
An independent core laboratory was utilized for the echo-
cardiographic assessment of MR and MVG. In addition,
these values weremeasured at discharge rather than under
general anesthesia during the procedure. Although this
study might be underpowered to ascertain differences in
outcomes between patient groups with different combina-
tions of MVG and residual MR, we showed with different
analytic approaches (using MVG quartiles, MVG cutoff
value of 5 mm Hg, ROC curve, and MVG as a continuous
variable in spline regression) that there was no association
between discharge MVG gradient and long-term outcomes
in the study population. Finally, the patients includedwere
a homogenous group with HF and SMR who met defined
inclusion and exclusion criteria of the COAPT trial.

STUDY LIMITATIONS. Our results cannot be gener-
alized to patients who do not meet the inclusion
and exclusion criteria of the COAPT trial, particu-
larly those with baseline MVOA #4.0 cm2 and those
with unfavorable leaflet anatomy that may preclude
MitraClip implantation. Our results are also not
applicable to a healthier, more active patient pop-
ulation with primary MR in whom mild mitral ste-
nosis may not be well tolerated, especially during
exercise. Second, MVG is flow dependent and can
vary depending on the heart rate, loading condi-
tions, and cardiac output at the time of the gradient
measurement, as well as on the existence of
concomitant MR. Changes of the MVG with exertion
were not assessed in this study, although the fact
that functional and quality of life measures such as
6MWD, NYHA functional class, and KCCQ summary
score were not adversely impacted by a mild to
moderate increase in MVG is reassuring. We also
did not use MVOA to assess the effects of MitraClip.
Mitral area is subject to variability in measurement
after MitraClip (21) and was not recorded in most
patients in our study. In this regard, previous
studies have demonstrated that mean MVG is a
reasonable surrogate for MVOA (22). Third, intra-
procedural hemodynamic data were not collected;
as such, it is possible that the intraprocedural MVG
might have affected the decision to implant addi-
tional clips. Finally, the individual group sizes are
small, adding some imprecision. In particular, the
number of patients with an elevated MVG was
modest, and the adjusted confidence interval for
the comparison between Q4 and Q1 to Q3 was wide
(0.60 to 2.51). As such, we cannot exclude a dele-
terious effect of an increased MVG (especially if a
residual MR grade of #2þ cannot be achieved), and
the results of the present study should thus be
considered hypothesis generating.
CONCLUSIONS

Among HF patients with severe SMR who remained
symptomatic despite maximally tolerated GDMT in
the COAPT trial, a higher MVG measured on
discharge echocardiography did not impair the
benefits of MR reduction following MitraClip treat-
ment. Thus, although an elevated MVG should be
avoided if possible, these findings suggest that the
benefits of MR reduction may outweigh the effects
of mild-to-moderate mitral stenosis after MitraClip
treatment in select patients with HF and severe
SMR.
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PERSPECTIVES

WHAT IS KNOWN? The effects of an elevated mitral

valve gradient on long-term outcomes after MitraClip

treatment of heart failure patients with secondary mitral

regurgitation and reduced left ventricular ejection frac-

tion have been conflicting.

WHAT IS NEW? In the COAPT trial, patients with an

elevated mitral valve gradient following mitral valve

repair with MitraClip had similar 2-year rates of death,

heart failure hospitalization, and measures of functional

status as compared to those with lower gradients. These

findings suggest that, in the context of physician-directed

decision-making, the benefits of mitral regurgitation

reduction may outweigh the effects of mild-to-moderate

mitral stenosis after MitraClip treatment in select patients

with heart failure and severe secondary mitral

regurgitation.

WHAT IS NEXT? Additional research is needed to un-

derstand whether our findings translate to patients with

severe mitral regurgitation treated with the MitraClip who

do not otherwise meet the eligibility criteria of the COAPT

trial.
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