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ABSTRACT
BACKGROUND Pulmonary hypertension worsens prognosis in patients with heart failure (HF) and secondary mitral
regurgitation (SMR).
OBJECTIVES This study sought to determine whether baseline pulmonary hypertension inﬂuences outcomes of
transcatheter mitral valve repair (TMVr) in patients with HF with SMR.
METHODS In the COAPT (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure
Patients with Functional Mitral Regurgitation) trial, 614 patients with HF with moderate-to-severe or severe SMR were
randomized to TMVr with the MitraClip plus guideline-directed medical therapy (GDMT) (n ¼ 302) versus GDMT alone
(n ¼ 312). Baseline pulmonary artery systolic pressure (PASP) estimated from echocardiography was categorized as
substantially increased ($50 mm Hg) versus not substantially increased (<50 mm Hg).
RESULTS Among 528 patients, 184 (82 TMVr, 102 GDMT) had PASP of $50 mm Hg (mean: 59.1  8.8 mm Hg) and 344
(171 TMVr, 173 GDMT) had PASP of <50 mm Hg (mean: 36.3  8.1 mm Hg). Patients with PASP of $50 mm Hg had higher
2-year rates of death or HF hospitalization (HFH) compared to those with PASP of <50 mm Hg (68.8% vs. 49.1%;
adjusted hazard ratio: 1.52; 95% conﬁdence interval: 1.17 to 1.97; p ¼ 0.002). Rates of death or HFH were reduced by
TMVr versus GDMT alone, irrespective of baseline PASP (pinteraction ¼ 0.45). TMVr reduced PASP from baseline to 30 days
to a greater than GDMT alone (adjusted least squares mean: –4.0 vs. –0.9 mm Hg; p ¼ 0.006), a change that was
associated with reduced risk of death or HFH between 30 days and 2 years (adjusted hazard ratio: 0.91 per –5 mm Hg
PASP; 95% conﬁdence interval: 0.86 to 0.96; p ¼ 0.0009).
CONCLUSIONS Elevated PASP is associated with a worse prognosis in patients with HF with severe SMR.
TMVr with the MitraClip reduced 30-day PASP and 2-year rates of death or HFH compared with GDMT alone,
irrespective of PASP. (J Am Coll Cardiol 2020;76:2595–606) © 2020 by the American College of Cardiology
Foundation.
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P

ABBREVIATIONS
AND ACRONYMS
GDMT = guideline-directed
medical therapy

HF = heart failure

ulmonary hypertension (PHTN) is pre-

Patients had a left ventricular ejection fraction

sent in 15% to 30% of patients with

(LVEF) between 20% and 50%, left ventricular

mitral regurgitation (MR) and may

end-systolic diameter (LVESD) of #70 mm, and

occur in up to 64% of patients with MR with

absence of severe PHTN (deﬁned as pulmonary

New York Heart Association functional class

artery systolic pressure of >70 mm Hg as assessed

III or IV status (1,2). Current guidelines pro-

by echocardiography or right heart catheterization

vide a Class IIa recommendation for mitral

despite vasodilator therapy) or moderate or severe

valve surgery in patients with primary

right ventricular (RV) failure. Patients were ran-

(degenerative) MR and pulmonary artery sys-

domized 1:1 to receive TMVr plus GDMT or GDMT

tolic pressure (PASP) of >50 mm Hg, although

alone and are followed up at regular intervals

surgical risks are increased with PHTN (3,4).

through 5 years. At the present time, all patients

In contrast, surgical interventions have not

have completed the 2-year follow-up. The protocol

end-systolic diameter

been shown to be beneﬁcial in patients with

was approved by the investigational review board

MR = mitral regurgitation

heart failure (HF) and severe MR secondary

at each participating center, and all patients pro-

PASP = pulmonary artery

to left ventricular dysfunction who remain

vided written informed consent.

systolic pressure

symptomatic despite optimal medical ther-

ECHOCARDIOGRAPHIC CORE LABORATORY ANALYSIS.

PHTN = pulmonary

apy, regardless of PASP levels (3,4). Recent

Transthoracic echocardiograms were performed at

hypertension

uncontrolled

registry-

baseline and at 1, 6, 12, 18, and 24 months after

RAP = right arterial pressure

based studies (mostly in patients with degen-

randomization and were analyzed by an independent

RV = right ventricular

erative MR) suggest that edge-to-edge trans-

core laboratory (MedStar Health Research Institute,

TMVr = transcatheter mitral

catheter mitral valve repair (TMVr) with the

Washington, DC). Among patients who were identi-

valve repair

MitraClip (Abbott, Santa Clara, California) is

ﬁed as possible trial candidates at the sites, the

safe and may improve outcomes in high–surgical

echocardiographic core laboratory was also respon-

risk patients with PHTN (5–7). Less evidence supports

sible for conﬁrming the presence of 3þ or 4þ sec-

TMVr treatment of severe MR in patients with HF

ondary mitral regurgitation. MR severity was graded

with PHTN.

by following a pre-speciﬁed multiparametric algo-

HFH = heart failure
hospitalization

HR = hazard ratio
IVC = inferior vena cava
LVEF = left ventricular ejection
fraction

LVESD = left ventricular

single-center

and

rithm created for the COAPT trial (10) adapted from

SEE PAGE 2607

The COAPT (Cardiovascular Outcomes Assessment
of

the

MitraClip

Percutaneous

Therapy

for

the criteria recommended by the American Society of
Echocardiography 2003 guidelines (11).

Heart Failure Patients with Functional Mitral Regur-

ESTIMATION OF PASP. The maximum peak tricuspid

gitation) trial demonstrated reduced rates of HF

regurgitant velocity was recorded from any view with

hospitalization (HFH) and improved survival in pa-

continuous-wave Doppler imaging and was used to

tients with HF with moderate-to-severe or severe

determine the PASP with the simpliﬁed Bernoulli

secondary MR after TMVr with the MitraClip plus

equation: PASP ¼ 4  (peak tricuspid regurgitant

guideline-directed

(GDMT)

velocity) þ mean right arterial pressure. The mean

compared with GDMT alone. In the present analysis

right arterial pressure (RAP) was estimated from the

from the COAPT trial, we sought to assess the asso-

inferior vena cava (IVC) diameter and the respiratory

ciation between PASP and adverse outcomes in pa-

changes with inspiration as follows: IVC of <20 mm

tients with HF and secondary MR undergoing TMVr

and collapses of >50% ¼ RAP of 5 mm Hg; IVC

and to evaluate the effectiveness of TMVr in reducing

of <20 mm and collapses of <50% ¼ RAP of 10 mm Hg;

pulmonary pressures and improving clinical out-

IVC of >20 mm and collapses of >50% ¼ RAP of

comes compared to GDMT alone.

15 mm Hg; and IVC of >20 mm and collapses

medical

therapy

of <50% ¼ RAP of 20 mm Hg. PASP was assumed to

METHODS

equate to the RV systolic pressure in the absence of
pulmonic stenosis or RV outﬂow tract obstruction.

STUDY DESIGN. The COAPT trial design (8) and

Substantially increased PASP was deﬁned as PASP

primary results (9) have been previously pub-

of $50 mm Hg based on current guidelines recom-

lished.

In

a

mending surgery as a Class IIa indication in patients

open-label

with severe primary MR (3,4) given evidence that

trial of TMVr with the MitraClip device in pa-

PASP of $50 mm Hg is associated with worse short-

tients with HF and moderate-to-severe (3þ) or

and long-term outcomes with conservative care in

severe (4þ) secondary MR who remained symp-

such patients (7,12–14). The impact of PASP was also

tomatic

analyzed as a continuous variable.

multicenter,

brief,

COAPT

randomized,

despite

(NCT01626079)
controlled,

maximally

tolerated

was

GDMT.
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T A B L E 1 Clinical and Laboratory Characteristics of the Patients According to Baseline PASP

PASP of $50 mm Hg
(n ¼ 184)

PASP of <50 mm Hg
(n ¼ 344)

p Value

Clinical
Age, yrs

72.9  10.8

71.7  11.9

0.26

Female

30.4 (56/184)

40.4 (139/344)

0.02
0.09

BMI, kg/m2
Diabetes
Hypertension

26.3  5.3

27.2  5.8

42.9 (79/184)

33.1 (114/344)

0.03

80.4 (148/184)

79.9 (275/344)

0.89

Hypercholesterolemia

50.5 (93/184)

54.1 (186/344)

0.44

Previous myocardial infarction

53.8 (99/184)

48.8 (168/344)

0.28

Previous percutaneous coronary intervention

45.1 (83/184)

46.5 (160/344)

0.76

Previous coronary artery bypass grafting

43.5 (80/184)

38.7 (133/344)

0.28

Previous stroke or transient ischemic attack

10.3 (19/184)

13.7 (47/344)

0.27

Peripheral vascular disease

20.1 (37/184)

18.3 (63/344)

0.62

Chronic obstructive pulmonary disease
History of atrial ﬁbrillation or ﬂutter

22.3 (41/184)

24.7 (85/344)

0.53

56.0 (103/184)

53.8 (185/344)

0.63
0.002

44.5  23.7

52.1  28.6

30.4 (56/184)

20.3 (70/344)

0.01

9.2  5.9

7.7  5.9

0.004

Ischemic

63.6 (117/184)

59.0 (203/344)

0.31

Nonischemic

36.4 (67/184)

41.0 (141/344)

0.31

Creatinine clearance, ml/minute
History of anemia
Society of Thoracic Surgeons score
Related to heart failure
Cause of cardiomyopathy

New York Heart Association functional class
I

0.0 (0/183)

0.3 (1/344)

0.47

II

36.1 (66/183)

37.5 (129/344)

0.75

III

53.6 (98/183)

55.2 (190/344)

0.71

IVa (ambulatory)

10.4 (19/183)

7.0 (24/344)

0.17

57.1 (105/184)

59.9 (206/344)

0.53
0.64

Hospitalization for heart failure within 1 year
Previous cardiac resynchronization therapy

37.5 (69/184)

35.5 (122/344)

Previous implantation of deﬁbrillator

58.2 (107/184)

64.2 (221/344)

0.17

B-type natriuretic peptide level, pg/ml

1,390.0 (1,473.5)

863.0 (941.9)

<0.0001

N-terminal pro–B-type natriuretic peptide level, pg/ml

7,427.7  9,497.8

4,698.0  6,364.4

0.05

Values are mean  SD or % (n/N).
BMI ¼ body mass index; PASP ¼ pulmonary artery systolic pressure.

STATISTICAL ANALYSIS. Patients were grouped ac-

relationship to prognosis in HF: age, sex, diabetes

cording to PASP of <50 mm Hg versus $50 mm Hg.

mellitus, hypertension, hypercholesterolemia, prior

Baseline characteristics were summarized with mean

myocardial infarction, coronary artery disease, prior

 SD or median (interquartile range) for continuous

atrial ﬁbrillation, chronic obstructive pulmonary dis-

measures and proportions for categorical variables.

ease,

Between treatment groups, variables were compared

of #60 ml/min, New York Heart Association funtional

with Student’s t-test for the continuous measures and

classiﬁcation III or IV, LVEF, LVESD, MR severity, and

chi-square or Fisher exact test for categorical vari-

randomized treatment. In addition, interaction terms

ables. Changes in continuous echocardiographic pa-

between PASP categories and treatment assignment

rameters over time were calculated as the difference

were included to assess whether the effect of TMVR

between the baseline and follow-up visits. Analysis of

plus GDMT versus GDMT alone differed according to

covariance was performed to compare mean changes

PASP status. Nonlinear relationships between PASP

in PASP over time adjusted for baseline values. For

and the risk of clinical outcomes were explored by

time to ﬁrst event analyses, event rates were esti-

using penalized splines with 2 degrees of freedom

mated by the Kaplan-Meier method and compared

(15). All p values are 2-tailed, and p < 0.05 was

with Cox regression. Multivariable Cox proportional

considered signiﬁcant for all analyses. Statistical an-

hazards models were adjusted for the following

alyses were performed by using SAS 9.4 (SAS Insti-

covariates based on their previously established

tute, Cary, North Carolina).

history

of

anemia,

creatinine

clearance
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T A B L E 2 Echocardiographic Core Laboratory Measures According to Baseline PASP

PASP of $50 mm Hg
(n ¼ 184)

PASP of <50 mm Hg
(n ¼ 344)

p Value

59.1  8.8

36.3  8.1

<0.0001

Pulmonary artery systolic pressure, mm Hg
Severity of mitral regurgitation
Moderate to severe (3þ)

40.8 (75/184)

55.5 (191/344)

0.001

Severe (4þ)

59.2 (109/184)

44.5 (153/344)

0.001

0.42  0.15

0.41  0.16

0.36

Left ventricular end-systolic dimension, cm

5.2  0.9

5.3  0.8

0.31

Left ventricular end-diastolic dimension, cm

6.1  0.7

6.2  0.7

0.39

Left ventricular end-systolic volume, ml

131.0  57.3

136.0  59.4

0.37

Left ventricular end-diastolic volume, ml

188.7  68.4

194.9  73.9

0.36

Effective regurgitant oriﬁce area, cm2

Left ventricular ejection fraction, mean, %
#40%

32.0  10.1

31.3  8.9

0.39

80.2 (138/172)

82.0 (268/327)

0.64

Tricuspid regurgitation
None: 0

1.1 (2/182)

0.9 (3/340)

0.81

Mild: 1þ

73.1 (133/182)

85.0 (289/340)

0.001

Moderate: 2þ

24.7 (45/182)

12.9 (44/340)

0.0006

1.1 (2/182)

0.9 (3/340)

0.81

0.0 (0/182)

0.3 (1/340)

0.46

93.8  43.2

90.4  38.9

0.35

Moderate to severe: 3þ
Severe: 4þ
Left atrial volume, ml
Values are mean  SD or % (n/N).
PASP ¼ pulmonary artery systolic pressure.

RESULTS

The baseline characteristics of patients with PASP
of $50 mm Hg (n ¼ 184) and PASP of <50 mm Hg

STUDY POPULATION AND PATIENT CHARACTERISTICS.

(n ¼ 344) are shown in Tables 1 and 2. Patients with

Between December 2012 and June 2017, 614 patients

PASP of $50 mm Hg were more frequently male and

were enrolled in COAPT at 78 centers in the United

more frequently had diabetes and a history of anemia,

States and Canada: 302 were randomized to TMVr

had higher mean N-terminal pro–B-type natriuretic

with the MitraClip plus GDMT and 312 to GDMT alone.

peptide levels and higher Society of Thoracic Sur-

Baseline PASP values could be assessed in the echo-

geons operative risk scores. Patients with PASP

cardiographic core laboratory in 528 (86.0%) patients,

of $50 mm Hg also were more likely to have severe

constituting the current study population. The dis-

(4þ) MR and moderate (vs. mild) tricuspid regurgita-

tribution of PASP was non-normal and left skewed

tion.

(Supplemental Figure 1) with a median of 43.1 mm Hg

of $50 mm Hg were treated with antagonists of the

(interquartile range: 34.0 to 53.0), ranging from 13.0

renin-angiotensin system, but this difference did not

At

baseline,

fewer

patients

with

PASP

to 112.0 mm Hg. PASP was substantially elevated

remain signiﬁcant during the course of the study

($50 mm Hg) in 184 of 528 patients (34.8%). The

(Supplemental Table 1). The baseline characteristics

mean age of the cohort was 72.1  11.5 years, 63.1%

of patients excluded because of an absent baseline

were men, and the mean LVEF was 31.6%  9.4%.

PASP value were similar to the characteristics of those

T A B L E 3 2-Year Risks of Adverse Outcomes According to Baseline PASP in All Patients

PASP of $50 mm Hg
(n ¼ 184)

PASP of <50 mm Hg
(n ¼ 344)

Unadjusted
HR (95% CI)

p Value

Adjusted
HR (95% CI)

68.8 (124)

49.1 (163)

1.70 (1.34–2.14)

<0.0001

1.52 (1.17–1.97)

0.002

Death

48.1 (85)

29.9 (97)

1.86 (1.39–2.49)

<0.0001

1.57 (1.14–2.16)

0.006
0.004

Death or hospitalization for heart failure

p Value

Cardiovascular death

41.3 (69)

23.8 (74)

1.98 (1.43–2.75)

<0.0001

1.70 (1.19–2.45)

Noncardiovascular death

11.6 (16)

7.9 (23)

1.47 (0.78–2.79)

0.23

1.15 (0.56–2.36)

0.70

Hospitalization for heart failure

56.9 (92)

39.2 (122)

1.67 (1.27–2.18)

0.0002

1.46 (1.08–1.97)

0.02

Values are Kaplan-Meier estimates, % (n), unless otherwise indicated.
CI ¼ conﬁdence interval; HR ¼ hazard ratio; PASP ¼ pulmonary artery systolic pressure.
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F I G U R E 1 Unadjusted Association Between Baseline Pulmonary Artery Systolic Pressure as a Continuous Variable and the Relative

Hazard of 2-Year Death or Heart Failure Hospitalization in All Patients

Hazard Ratio (95% CI) for the Composite
Outcome of Death or Heart Failure Hospitalization

2.00
1.50

1.00

0.50

0.25
20

25

30

35

40
45
50
Baseline PASP (mm Hg)

55

60

65

70

p for Non-Linearity = 0.88
HRs are referenced to a PASP value of 50 mm Hg where the hazard ratio is set to 1. PASP was <20 mm Hg or >70 mm Hg in 4% (21 of 528) of
patients; data for these PASP values are not shown given the small sample sizes. Shaded areas represent the 95% CIs for the HR at each
pressure. The p values refer to the linear term for log (PASP). The p value of 0.88 is consistent with the relationship being linear.
CI ¼ conﬁdence interval; HR ¼ hazard ratio; PASP ¼ pulmonary artery systolic pressure.

who

were

included

in

the

present

study

modeled

as

a

continuous

variable

(Figure

1,

Supplemental Figure 2). The relationship was linear;

(Supplemental Table 2).

every 10–mm Hg increase in PASP was associated with
CLINICAL OUTCOMES ACCORDING TO BASELINE

an 18% increase in the 2-year risk of death or HFH

PASP. The median duration of follow-up for the

(adjusted HR: 1.18; 95% CI: 1.08 to 1.30; p ¼ 0.0004).

entire cohort was 24.0 months (interquartile range:

This prognostic relationship was present in patients

10.9 to 35.9 months). In the entire study population,

treated with TMVr plus GDMT as well as GDMT alone

compared

(Supplemental Figure 3).

with

patients

with

baseline

PASP

of <50 mm Hg, patients with PASP of $50 mm Hg had

CLINICAL OUTCOMES ACCORDING TO TREATMENT

higher unadjusted (hazard ratio [HR]: 1.70; 95% CI:

COHORT. Compared with GDMT alone, TMVr plus

1.34 to 2.14; p < 0.0001) and adjusted (HR: 1.52;

GDMT consistently reduced the 2-year rates of the

95% CI: 1.17 to 1.97; p ¼ 0.002) risks of the 2-year

composite endpoint of death or HFH in patients with

composite endpoint of death or HFH. The 2-year

baseline PASP of <50 mm Hg (adjusted HR: 0.59;

risks of death, cardiovascular death, and HFH were

95% CI: 0.42 to 0.82) and $50 mm Hg (adjusted HR:

also increased in patients with higher baseline PASP

0.48; 95% CI: 0.32 to 0.72) (p interaction ¼ 0.45) (Central

(Table 3). The association between PASP and the risk

Illustration, A, Table 4). The beneﬁts of TMVr in

of adverse outcomes was similar when PASP was

reducing the 2-year risk of death or HFH were

2599
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C E NT R AL IL L U STR AT IO N 2-Year Rates of the Composite Outcome of Death or Heart Failure Hospitalization in
Patients With Heart Failure With Secondary Mitral Regurgitation Randomized to Transcatheter Mitral Valve Repair
Plus Guideline-Directed Medical Therapy Versus Guideline-Directed Medical Therapy Alone

Death or Heart Failure
Hospitalization (%)

A

80

80.4%

60

58.7%
55.1%

40

39.7%

20

HR (95% CI) for TMVr Plus GDMT vs GDMT Alone in:
PASP t50 mm Hg: 0.54 (0.39-0.78) p = 0.0009
PASP <50 mm Hg: 0.59 (0.43-0.80) p = 0.0008
pint = 0.78

0
0

6

18

12

24

Time Since Randomization (Months)
No. at risk:
PASP t50 mm Hg TMVr Plus GDMT

82

60

45

41

34

PASP t50 mm Hg GDMT Alone

102

61

41

30

19

PASP <50 mm Hg TMVr Plus GDMT

171

137

117

107

92

PASP <50 mm Hg GDMT Alone

173

124

99

77

58

B
2-year all-cause death or heart failure hospitalization

Hazard Ratio (95% CI) for
TMVr + GDMT vs. GDMT Alone

1.50

GDMT alone
better

1.00
TMVr + GDMT
better

0.75
0.50

0.25
0.20
20

25

30

35

40

45

50

55

60

65

70

Baseline Pulmonary Artery Systolic Pressure (mm Hg)
Ben-Yehuda, O. et al. J Am Coll Cardiol. 2020;76(22):2595–606.

(A) Kaplan-Meier time to ﬁrst event rates for the composite of death or HFH in patients with substantial PHTN ($50 mm Hg) and without substantial PHTN
(<50 mm Hg). The reduction in death or HFH after treatment with MitraClip plus GDMT versus GDMT alone was consistent in patients with and without substantial
PHTN (pinteraction ¼ 0.78). (B) Unadjusted 2-year relative risk for the composite outcome of death or HFH after treatment with MitraClip plus GDMT versus GDMT alone
according to baseline PASP as a continuous variable. Shaded areas represent the 95% CIs for the HR at each baseline PASP. The shaded interval being completely
below the dashed horizontal line is consistent with the upper bound of the 95% CI of the HR being <1. PASP was <20 mm Hg or >70 mm Hg in 4% (21 of 528) of
patients; data for these PASP values are not shown given the small sample sizes. The linear HR relationship demonstrates that MitraClip plus GDMT reduced the rates
of death or HFH consistently across the range of PASP enrolled in the COAPT trial. CI ¼ conﬁdence interval; GDMT ¼ guideline-directed medical therapy; HFH ¼ heart
failure hospitalization; HR ¼ hazard ratio; PASP ¼ pulmonary artery systolic pressure; PHTN ¼ pulmonary hypertension; TMVr ¼ transcatheter mitral valve repair with
the MitraClip.
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T A B L E 4 Two-Year Risks of Adverse Outcomes According to Baseline PASP and Randomized Treatment

PASP of <50 mm Hg

PASP of $50 mm Hg

TMVr Plus GDMT
(n ¼ 171)

GDMT Alone
(n ¼ 173)

Adjusted
HR (95% CI)

TMVr Plus GDMT
(n ¼ 82)

GDMT Alone
(n ¼ 102)

Adjusted
HR (95% CI)

Death or hospitalization for heart failure

39.7 (66)

58.7 (97)

0.59 (0.42–0.82)

55.1 (45)

80.4 (79)

0.48 (0.32–0.72)

0.45

Death

26.2 (43)

33.7 (54)

0.69 (0.45–1.05)

38.0 (31)

57.1 (54)

0.58 (0.36–0.93)

0.60

Cardiovascular death

20.4 (32)

27.3 (42)

0.67 (0.41–1.10)

30.4 (23)

50.7 (46)

0.49 (0.28–0.84)

0.39

7.2 (11)

8.8 (12)

0.73 (0.30–1.78)

11.0 (8)

13.1 (8)

1.17 (0.40–3.45)

0.52

29.9 (46)

48.4 (76)

0.51 (0.35–0.75)

41.5 (30)

70.2 (62)

0.38 (0.23–0.61)

0.32

Noncardiovascular death
Hospitalization for heart failure

Values are Kaplan-Meier estimates, % (n), unless otherwise indicated.
GDMT ¼ guideline-directed medical therapy; TMVr ¼ transcatheter mitral valve repair; other abbreviations as in Table 3.

consistent across the range of baseline PASP studied

30 days following treatment, a reduction that was

(Central Illustration, B). Similarly, the beneﬁcial ef-

independently associated with reduced 30-day to

fects of TMVr in reducing the individual outcomes of

2-year rates of death or HFH. 3) The beneﬁcial effects

death, cardiovascular death, and HFH were consis-

of treatment with TMVr plus GDMT compared with

tent in patients with and without substantial PHTN

GDMT alone were consistent in patients with and

(Figures 2 and 3, Table 4). The treatment effects of

without a substantial elevation in estimated baseline

TMVr compared with GDMT alone were consistent in

PASP and were evident across the range of PASPs seen

the patients who were excluded because of an absent

in the trial.

baseline PASP value and those who were included in

The ﬁnding that elevated PASP ($50 mm Hg) at

the present study (Supplemental Table 3).

baseline conferred worse outcomes at 2 years in pa-

IMPACT OF EARLY CHANGES IN PASP FROM BASELINE TO

tients with HF and secondary MR extends the results

30

of previous single-center and registry-based studies

DAYS. At 1 month, 198 of 253 patients (78.3%)

randomized to TMVr and 212 of 275 patients (77.1%)

(5–7). The magnitudes of the mortality risk associated

randomized to GDMT alone were alive and had

with substantially elevated PASP levels were similar

adequate assessment of PASP in the echocardio-

in those reports to that seen in the present study.

graphic core laboratory. Mean PASPs at 1 month were

However, those earlier studies did not take into ac-

40.3  11.9 mm Hg and 43.9  14.0 mm Hg, respec-

count the etiology of MR (primary vs. secondary) or

tively. The paired least squares mean change in PASP

the severity of MR and lacked data on post-procedure

from baseline to 30 days was –4.0  0.8 mm Hg

pulmonary pressures. To our knowledge, the present

(n ¼ 198) after TMVr and –0.9  0.8 mm Hg (n ¼ 212)

analysis is the ﬁrst large, multicenter, randomized

after GDMT (difference between groups: –3.1 

clinical trial demonstrating that baseline PHTN is a

1.1 mm Hg; p ¼ 0.006). A reduction in PASP from

strong negative prognostic factor in patients with HF

baseline to 30 days was independently associated

and secondary MR. In this regard, elevated PASP was

with a reduced risk of the composite outcome of

not only associated with a worse prognosis when

death or HFH between 30 days and 2 years in both

categorized as a dichotomous variable of $50 mm Hg;

treatment cohorts (Table 5).

a linear increase in the risk of death or HFH with
continuously increasing PASP was apparent. After

DISCUSSION

adjustment for baseline covariates, every 10–mm Hg
increase in baseline PASP was associated with an 18%

The major ﬁndings of the present analysis from the

increase in the 2-year risk of death or HFH. These

COAPT trial, in which patients with HF and moderate-

ﬁndings emphasize the arbitrary nature of the

to-severe or severe secondary MR were randomized

threshold of 50 mm Hg in PASP as indication for

to TMVr with the MitraClip plus GDMT or GDMT

mitral valve surgery that has been present in the

alone, are as follows. 1) Substantially elevated esti-

guidelines for the management of valvular heart

mated PASP at baseline was associated with a higher

disease since 1998 (16). There are few data to support

2-year risk of the composite endpoint of death or

such a dichotomous cutpoint.

HFH, as well as death and HFH individually, with

Importantly, a reduction in PASP from baseline to

similar adverse effects in patients treated with TMVr

30 days (whether achieved by TMVr or GDMT) was

plus GDMT and GDMT alone. 2) TMVr was associated

independently associated with reduced rates of death

with a reduction in estimated PASP within the ﬁrst

or HFH from 30 days to 2 years in both the TMVr and

p interaction
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F I G U R E 2 Kaplan-Meier Time to First Event Analyses According to Baseline PASP and Randomized Therapy

A

80

Death (%)

60

57.1%

40

38.0%
33.7%
26.2%

20
HR (95% CI) for TMVr Plus GDMT vs GDMT Alone in:
PASP t50 mm Hg: 0.61 (0.39-0.96) p = 0.03
PASP <50 mm Hg: 0.77 (0.51-1.14) p = 0.19
pint = 0.46

0
0

6

12

18

24

Time Since Randomization (Months)
No. at risk:
PASP t50 mm Hg TMVr Plus GDMT

82

70

60

53

48

PASP t50 mm Hg GDMT Alone

102

83

63

51

36

PASP <50 mm Hg TMVr Plus GDMT

171

152

136

126

110

PASP <50 mm Hg GDMT Alone

173

156

130

113

91

B

80
Heart Failure Hospitalization (%)

2602

70.2%
60
48.4%
41.5%

40

29.9%
20
HR (95% CI) for TMVr Plus GDMT vs GDMT Alone in:
PASP t50 mm Hg: 0.47 (0.30-0.72) p = 0.0005
PASP <50 mm Hg: 0.53 (0.37-0.76) p = 0.0005
pint = 0.71

0
0

6

12

18

24

Time Since Randomization (Months)
No. at risk:
PASP t50 mm Hg TMVr Plus GDMT

82

60

45

41

34

PASP t50 mm Hg GDMT Alone

102

61

41

30

19

PASP <50 mm Hg TMVr Plus GDMT

171

137

117

107

92

PASP <50 mm Hg GDMT Alone

173

124

99

77

58

(A) Death. (B) Heart failure hospitalization. CI ¼ conﬁdence interval; GDMT ¼ guideline-directed medical therapy; HR ¼ hazard ratio; PASP ¼
pulmonary artery systolic pressure; TMVr ¼ transcatheter mitral valve repair.

GDMT-alone arms. TMVr reduced PASP at 30 days to a

The underlying pathogenesis of PHTN in left-sided

greater degree than GDMT alone, which likely

heart failure is complex and frequently multifactorial

contributed to the marked 2-year improvement in

(17). Elevated left atrial ﬁlling pressure, which occurs

prognosis in patients with HF treated with the

as a consequence of systolic, diastolic, or valvular

MitraClip in the COAPT trial.

heart disease, contributes directly to elevations in
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F I G U R E 3 Unadjusted 2-Year HRs of Treatment With TMVr Compared With GDMT Alone According to Baseline PASP as a

Continuous Variable

A
Death
3.00
2.50

Hazard Ratio (95% CI)

2.00
1.50

1.00
0.75

0.50

0.25
20

25

30

35

40
45
50
55
Baseline PASP (mm Hg)

60

65

70

B
HFH
2.00

Hazard Ratio (95% CI)

1.50
1.00
0.75
0.50

0.25

0.15
20

25

30

35

40
45
50
55
Baseline PASP (mm Hg)

60

65

70

(A) Death. (B) Heart failure hospitalization (HFH). The beneﬁts with TMVr were consistent across the range of pulmonary artery pressures
studied in the trial, although few patients had low or very high pulmonary pressures, and as such, the CIs are wide at the extremes. Shaded
areas represent the 95% CIs for the HR at each baseline PASP. PASP was <20 mm Hg or >70 mm Hg in 4% (21 of 528) of patients; data for
these PASP values are not shown given the small sample sizes. Abbreviations as in Figures 1 and 2.
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T A B L E 5 Risks of Adverse Outcomes Between 30 Days and 2 Years Associated With a 5–mm Hg Decrease in PASP From Baseline to 30 Days

Unadjusted HR (95% CI)

punadjusted

Adjusted HR (95% CI)

padjusted

0.89 (0.84–0.94)

<0.0001

0.91 (0.86–0.96)

0.0009

Death or hospitalization for heart failure
Death

0.92 (0.85–0.99)

0.02

0.94 (0.88–1.02)

0.12

Cardiovascular death

0.90 (0.83–0.97)

0.01

0.92 (0.85–1.01)

0.07

Hospitalization for heart failure

0.88 (0.83–0.94)

<0.0001

0.90 (0.85–0.96)

0.002

There were no signiﬁcant interactions between the effects of the reduction in PASP from baseline to 30 days and randomization to TMVR plus GDMT versus GDMT alone of the
30-day to 2-year rates of composite death or hospitalization for heart failure, death, cardiovascular death, or hospitalization for heart failure (p values for interaction ¼ 0.96,
0.97, 0.57, and 0.66, respectively). The following covariates were included in the adjusted model: age, sex, diabetes mellitus, hypertension, hypercholesterolemia, prior
myocardial infarction, coronary artery disease, prior atrial ﬁbrillation, chronic obstructive pulmonary disease, history of anemia, creatinine clearance #60 ml/min, New York
Heart Association functional classiﬁcation III or IV, left ventricular ejection fraction, left ventricular end-systolic diameter, mitral regurgitation severity, and randomized
treatment.
Abbreviations as in Tables 3 and 4.

pulmonary venous pressure through passive trans-

0.83 (25). Moreover, when echocardiography estima-

mission (18). At later stages of PHTN, some patients

tions were made within 1 day of right heart cathe-

may have a combination of a passive component

terization, there was a strong correlation (r ¼ 0.88).

resulting from pulmonary venous hypertension and a

Second, because of limitations of echocardiography in

pre-capillary component driven by structural and

assessing PASP, 14% of patients in the COAPT trial

functional changes in the pulmonary arterial vessels

had missing baseline PASP values and were excluded

caused by chronically elevated pressures (19,20).

from the analysis. Third, all COAPT patients were

Distal pulmonary arteries may be affected by intimal

symptomatic (New York Heart Association functional

ﬁbrosis and medial hypertrophy, which may lead to a

classes II, III, or IVa) despite the use of maximally

ﬁxed component of elevated pulmonary pressures

tolerated doses of GDMT (with more than one-third of

(19,20). Both pre- and post-capillary PHTN can cause

patients having undergone cardiac resynchronization

RV dilatation and hypertrophy, which, in turn, might

therapy) and had 3þ or 4þ secondary MR, LVEF of

lead to severe tricuspid regurgitation, further exac-

20% to 50%, and frequent comorbidities. Whether the

erbating RV dysfunction (21). Even at this late stage of

MitraClip would have similar effects on PASP and

PHTN, PASP might be reduced by effective treatment

prognosis in patients who are less or more critically ill

of MR, as seen in some surgical studies (22–24).

than those studied is unknown. Furthermore, PASP of

However, long-term studies regarding changes in

>70 mm Hg based on echocardiography or right heart

pulmonary pressures after surgery are limited. The

catheterization was an exclusion criterion, unless

persistence of signiﬁcant PHTN after mitral valve

active systemic vasodilator therapy in the catheteri-

intervention may be due to residual MR, persistent

zation laboratory demonstrated a substantial reduc-

systolic and diastolic dysfunction, and/or as chronic

tion in pulmonary vascular resistance to vasodilator

microvascular changes. Patients with severe ﬁxed

challenge. Our results, therefore, may not apply to

PHTN (unresponsive to active vasodilator therapy in

patients with severe ﬁxed PHTN unresponsive to

the catheterization lab) and those with moderate or

vasodilator therapy. Our results also do not apply to

severe RV dysfunction were excluded from COAPT.

use of non-MitraClip TMVr or replacement technolo-

Whether MitraClip treatment of severe MR would be

gies or to patients with degenerative MR. Finally,

safe and effective in these patients cannot be

longer-term follow-up (currently planned for 5 years)

answered by the present study. However, the relative

is necessary to determine the durability and long-

TMVr-induced reductions in death and HFH were

term impact of the MitraClip in patients with HF

consistent over the range of PASPs included in the

and secondary MR complicated by PHTN.

COAPT trial, although the absolute beneﬁts were
greater in higher-risk patients with PHTN.

CONCLUSIONS

STUDY LIMITATIONS. PASP was not measured by

right heart catheterization, which is the gold stan-

In the COAPT trial, patients with HF with moderate-

dard; however, the correlation with echocardiogra-

to-severe or severe secondary MR had a progres-

phy

therefore,

sively worse prognosis with increasing PASP. TMVr

echocardiography is the standard clinical tool for

with the MitraClip reduced PASP to a greater degree

evaluating pulmonary hypertension in patients with

than GDMT alone. An early reduction in PASP was a

HF, particularly in the outpatient arena. In 6 studies

strong independent predictor of improved long-term

of patients with left heart disease, the r value was

clinical outcomes. Finally, TMVr resulted in reduced

measurements

is

strong,

and
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