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ABSTRACT

BACKGROUND Although mitral valve transcatheter edge-to-edge repair (M-TEER) achieves symptomatic benefit for a
broad spectrum of patients with relevant secondary mitral regurgitation, conflicting data exist on its prognostic impact.

OBJECTIVES Adapted enrollment criteria approaching those used in the COAPT (Cardiovascular Outcomes Assessment
of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation) and MITRA-FR
(Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation) trials were retrospectively applied to a
European real-world registry to evaluate the influence of the respective criteria on outcomes.

METHODS A total of 1,022 patients included in the EuroSMR (European Registry of Transcatheter Repair for Secondary
Mitral Regurgitation) registry and treated with M-TEER (November 2008 to September 2019) were stratified into
COAPT-eligible (n = 353 [34.5%]) and COAPT-ineligible (n = 669 [65.5%]) as well as MITRA-FR-eligible (n = 408
[48.3%]) and MITRA-FR-ineligible (n = 437 [51.7%]) groups.

RESULTS Although the stratification of patients according to adapted MITRA-FR criteria led to comparable outcomes
regarding all-cause mortality (P = 0.19), the application of adapted COAPT enrollment criteria demonstrated lower
mortality rates in COAPT-eligible compared with COAPT-ineligible patients (P < 0.001). Multivariable Cox regression
analysis identified New York Heart Association functional class IV (hazard ratio [HR]: 2.29; 95% confidence interval [Cl]:
1.53-3.42; P < 0.001), logarithmic N-terminal pro-brain natriuretic peptide (HR: 1.47; 95% Cl: 1.24-1.75; P < 0.001), and
right ventricular-to-pulmonary arterial coupling (HR: 0.10; 95% Cl: 0.02-0.57; P = 0.009) as independent predictors of
outcome. Yet improvement of functional outcome was demonstrated in a subset of patients irrespective of COAPT
eligibility status.

CONCLUSIONS In this real-world cohort of patients with secondary mitral regurgitation undergoing M-TEER, the
retrospective application of adapted COAPT enrollment criteria successfully identified a specific phenotype demonstrating
lower mortality rates. On the contrary, stratification according to adapted MITRA-FR criteria resulted in comparable
outcomes. (J Am Coll Cardiol 2021;78:2408-2421) © 2021 by the American College of Cardiology Foundation.
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ver the past decade, mitral valve transcath-

eter edge-to-edge repair (M-TEER) has been

increasingly used to treat relevant primary
and secondary mitral regurgitation (MR) in symptom-
atic patients with prohibitive surgical risk (1,2). Be-
sides high procedural safety and success rates,
quality-of-life improvement can be achieved in the
vast majority of patients (3,4). Although the surgical
approach remains the reference standard for primary
MR, treatment of secondary MR (SMR) always in-
volves guideline-directed medical therapy and re-
quires a multidisciplinary approach. In terms of
prognostic benefit, convincing surgical data are lack-
ing, while controversial data exist for M-TEER (5-7).
In 2018, the COAPT (Cardiovascular Outcomes Assess-
ment of the MitraClip Percutaneous Therapy for
Heart Failure Patients With Functional Mitral Regur-
gitation) trial demonstrated improved survival in pa-
tients with SMR treated using M-TEER on top of
guideline-directed medical therapy in comparison
with patients treated with guideline-directed medical
therapy only. In light of the neutral results of
the MITRA-FR (Percutaneous Repair or Medical
Treatment for Secondary Mitral Regurgitation) trial,
the applicability of the findings of the COAPT trial
to a less selected population has been the subject of
controversy (8), as well as the impact of differences
in the trial protocols on the inconsistent results (9).
Influenced by the divergent results of the COAPT
and MITRA-FR trials, current American and European
guidelines and a joint European position statement
on SMR recommend the use of M-TEER, especially
in patients meeting COAPT eligibility criteria (10-12).
The aim of this retrospective study was to apply
both adapted COAPT and MITRA-FR trial inclusion
and exclusion criteria to patients treated with
M-TEER for relevant SMR in a large, real-world,
multicenter registry and investigate their influence
on outcomes.

SEE PAGE 2422

METHODS

STUDY POPULATION AND ENDPOINT ANALYSIS.
This retrospective analysis comprises anonymized
patients with relevant SMR included in the EuroSMR
(European Registry of Transcatheter Repair for Sec-
ondary Mitral Regurgitation) registry (German Clinical
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Trials Register; DRKS00017428) treated with
M-TEER between November 2008 and
September 2019 at 11 high-volume centers in
France, Switzerland, Italy, Portugal, and
Germany. All data collection and analysis
were performed with the approval of the
Institutional Review Board of the respective
academic center. Patients received appro-
priate treatment with guideline-directed
medical therapy and were determined to be
not amenable to open heart surgery by an
interdisciplinary heart team prior to M-TEER.

Follow-up was performed at the treating
sites by clinical visits, phone calls, or hospital
and civil record assessment, including mor-
tality, transthoracic echocardiography, and
the assessment of New York Heart Associa-
tion (NYHA) functional class. In a subset of
patients, 6-minute walk distance and quality
of life by the Minnesota Living With
Heart Failure Questionnaire (MLHFQ) were

ABBREVIATIONS
AND ACRONYMS

CI = confidence interval

EROA = effective regurgitant
orifice area

HR = hazard ratio
IGR = interquartile range
LV = left ventricular

MLHFQ = Minnesota Living
With Heart Failure
Questionnaire

M-TEER = mitral valve
transcatheter edge-to-edge
repair

MR = mitral regurgitation

NYHA = New York Heart
Association

PA = pulmonary arterial
RV = right ventricular

SMR = secondary mitral
regurgitation

assessed. The primary study endpoint was defined as
all-cause mortality (censored after 2-year follow-up).

PROCEDURAL TECHNIQUE AND ECHOCARDIOGRAPHIC
ASSESSMENT. M-TEER was performed by MitraClip
implantation (Abbott Medical) under general anes-
thesia using established protocols (13). All patients
underwent echocardiography performed by experi-
enced physicians at each site, including the assess-
ment of left ventricular (LV) volumes (end-diastolic
and end-systolic volumes), LV diameters (end-dia-
stolic and end-systolic diameters), and function (LV
ejection fraction by the Simpson biplane method).
SMR severity was evaluated applying a multi-
parametric approach according to the European rec-
ommendations for valve regurgitation,
integrating vena contracta, effective regurgitant
orifice area (EROA) derived using the proximal
isovelocity surface area method, and regurgitant
volumes (14). SMR severity was expressed using a 4-
grade approach. Right ventricular (RV) function was
assessed by tricuspid annular plane systolic excur-
sion. Pulmonary artery systolic pressure was calcu-
lated from the tricuspid regurgitant jet velocity,
adding the estimated right atrial pressure. RV-to-
pulmonary arterial (PA) coupling was estimated using
the ratio between tricuspid annular plane systolic

native
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FIGURE 1 Study Flowchart
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Adapted COAPT (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation) and
MITRA-FR (Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation) inclusion criteria were applied to a real-world registry to evaluate the
influence of the respective criteria on outcome. After exclusion, 1,022 patients with secondary mitral regurgitation (MR) and guideline-directed medical therapy treated
with mitral valve transcatheter edge-to-edge repair (M-TEER) were examined in 2 independent analyses: COAPT analysis (left) and MITRA-FR analysis (right).

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; EuroSMR = European Registry of
Transcatheter Repair for Secondary Mitral Regurgitation; NYHA = New York Heart Association; TAPSE = tricuspid annular plane systolic excursion.

excursion and pulmonary artery systolic pressure as a
noninvasive measure of RV-arterial coupling (15).

APPLICATION OF ADAPTED INCLUSION AND
EXCLUSION CRITERIA. The application of adapted
inclusion and exclusion criteria according to COAPT
and MITRA-FR was performed in 2 independent an-
alyses: 1) COAPT analysis; and 2) MITRA-FR analysis.
To achieve a comparable cohort, especially with

regard to the availability of RV parameters, patients
with missing data for the application of adapted
COAPT inclusion criteria were initially excluded from
all further analyses.

The following parameters were used to identify
patients as COAPT-eligible (16): SMR =3+, NYHA
functional class =II, LV ejection fraction =20%
and =50%, LV end-systolic diameter =70 mm,
tricuspid regurgitation <2+, pulmonary artery systolic
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pressure =70 mm Hg (echocardiographic assessment),
and preserved RV function as assessed by tricuspid
annular plane systolic excursion =15 mm (17). Only
patients meeting all of the aforementioned criteria
were classified as COAPT-eligible. Patients with
missing variables were excluded. Conversely, COAPT-
ineligible patients met at least 1 of the contrary criteria.

In contrast to the published inclusion criteria, no
information on previous heart failure hospitaliza-
tions, the origin of the primary regurgitant jet, mitral
valve orifice area, leaflet anatomy, creatine kinase-
MB level, chronic obstructive lung disease requiring
continuous home oxygen therapy, chronic outpatient
oral steroid use, and modified Rankin scale score at
baseline was available. Because of the availability of
echocardiographic data, SMR =3+ was used for
stratification instead of the previously published al-
gorithm for MR quantification in the context of the
COAPT trial (18). Supplemental Figure 1 depicts the
classification of MR according to the published algo-
rithm. In addition, the applied definition of RV
dysfunction was not specified in COAPT. In accor-
dance with a previously published analysis, tricuspid
annular plane systolic excursion <15 mm was there-
fore used (17).

In a second independent analysis, the following
adapted MITRA-FR inclusion criteria were applied:
NYHA functional class =II, LV ejection fraction =15%
and =40%, regurgitant volume >30 mL/beat, and/or
EROA >20 mm?. Only patients meeting all of the
aforementioned criteria were classified as MITRA-FR-
eligible. Patients with missing variables for the
appropriate application of the MITRA-FR criteria were
excluded. MITRA-FR-ineligible patients did fulfill at
least 1 of the opposite criteria.

In contrast to the published inclusion criteria, no
information on previous heart failure hospitalizations
was available. Categorization of the predefined
groups is depicted in Figure 1.

STATISTICAL ANALYSIS. Continuous variables are
expressed as median (interquartile range [IQR]) and
were compared using the Mann-Whitney U test. For
selected continuous variables, the mean + SD is given.
Binary variables are shown as count (frequency) and
were compared using the chi-square test.

Box plots for 6-minute walk distance and MLHFQ
are expressed as the median (IQR) of all differences
between time points. The whiskers mark the smallest
and largest measurements. The Mann-Whitney U test
was used to test for differences; in case of compari-
sons between time points, the paired Mann-Whitney
U test was calculated, and missing values at any
time point were excluded. To assess differences in
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outcomes, the predefined endpoint within 2 years of
follow-up was analyzed. Median follow-up time was
estimated by the reverse Kaplan-Meier estimator.
Survival probabilities were evaluated using the
Kaplan-Meier method. Groups were compared using
the log-rank test. All survival analyses were con-
ducted with the primary outcome censored at 2-year
follow-up. A censoring curve is provided to describe
the follow-up (Supplemental Figure 2). To examine
predictors of all-cause mortality, univariable and
multivariable Cox regression was calculated. Vari-
ables with P values <0.05 in univariable logistic
regression for all-cause mortality were chosen for
further multivariable analysis. COAPT-eligible pa-
tients were excluded for the multivariable analysis. P
values <0.05 were considered to indicate statistical
significance. P values and 95% confidence intervals
(CIs) presented in this report were not adjusted for
multiplicity, and therefore inferences drawn from
these statistics may not be reproducible. All analyses
were performed using R version 4.0.3 (R Foundation
for Statistical Computing).

RESULTS

A total of 1,676 patients were included in the
EuroSMR registry. After excluding patients with
missing data regarding adapted COAPT inclusion
criteria, 1,022 patients (median age 74 years [IQR:
68.0-79.7 years], 70.4% men, median European
System for Cardiac Operative Risk Evaluation II
score 7.0% [IQR: 4.1%-12.5%]) were included in the
COAPT analysis. Among patients with the complete
dataset, 353 (34.5%) met all adapted inclusion and
none of the exclusion criteria applicable and were
therefore classified as COAPT-eligible. In contrast,
669 patients (65.5%) were labeled as COAPT-
ineligible.

The MITRA-FR analysis included all patients
eligible for the COAPT analysis. After a further
exclusion of 177 patients because of missing data for
the application of adapted MITRA-FR criteria, 408
patients (48.3%) were categorized as MITRA-FR-
eligible. Conversely, 437 patients (51.7%) were iden-
tified as MITRA-FR-ineligible (Figure 1). Clinical
baseline characteristics according to COAPT and
MITRA-FR status are given in Table 1. For comparison,
Supplemental Tables 1 and 2 depict baseline and
postprocedural parameters for patients initially
excluded from any analysis. Supplemental Tables 3
and 4 present the respective parameters for patients
excluded from the MITRA-FR analysis. Although

limited by the absence of individual dosage

24m
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TABLE 1 Baseline Characteristics According to Adapted COAPT and MITRA-FR Status
COAPT Analysis MITRA-FR Analysis
COAPT-Eligible COAPT-Ineligible MITRA-FR-Eligible MITRA-FR-Ineligible
(n = 353) (n = 669) P Value (n =408) (n =437) P Value

Sociodemographic

Age, y 75.4 (68.0-80.0) 74.0 (68.0-79.3) 0.24° 74.0 (67.0-79.0) 75.0 (68.0-80.0) 0.059°

Male 234 (66.5) 485 (72.5) 0.54 295 (72.3) 289 (66.3) 0.69

Body mass index, kg/m? 25.6 (23.4-28.6) 25.6 (23.2-28.7) 0.92° 25.1 (22.9-28.0) 25.6 (23.3-28.4) 0.059°

EuroSCORE |1 6.0 (3.8-11.1) 7.7 (4.4-13.6) 0.0016° 7.3 (4.3-13.1) 7.1 (4.0-12.4) 0.37°
Cardiovascular risk factors

Hypertension 240 (72.7) 428 (70.6) 0.55 251 (67.3) 300 (77.7) 0.0017

Diabetes 106 (30.1) 228 (36.1) 0.66 124 (31.4) 147 (35.7) 0.22
Cardiac comorbidities

Previous myocardial infarction 110 (31.5) 216 (32.5) 0.81 134 (33.3) 119 (27.4) 0.78

Previous PCI 113 (40.8) 219 (43.5) 0.51 142 (41.6) 139 (42.8) 0.83

Previous CABG 59 (17.4) 137 (21.6) 0.3 68 (17.5) 87 (21.4) 0.19

History of atrial fibrillation 181 (51.3) 427 (63.8) <0.001 228 (55.9) 280 (64.1) 0.8
Noncardiac comorbidities

COoPD 59 (16.8) 101 (15.2) 0.62 58 (14.3) 72 (16.6) 0.39

Previous stroke 27 (7.7) 65 (9.7) 0.33 34 (8.4) 41(9.4) 0.69
Laboratory results

NT-proBNP, pg/mL 2,638.0 3,817.0 0.015° 3,500.0 3,125.5 0.17°

(1,209.7-6,613.7) (1,631.5-8,422.5) (1,781.3-8,330.2) (1,323.4-6,877.7)

eGFR, mL/min 46.0 (32.8-61.9) 45.0 (31.0-59.9) 0.54° 44.9 (32.8-61.0) 46.0 (31.3-60.0) 0.92°

eGFR =60, mL/min/1.73 m? 239 (72.0) 480 (75.2) 0.31 287 (74.0) 297 (72.4) 0.68
Clinical presentation

MLHFQ score, % 37.0 (24.7-52.0) 36.0 (25.7-55.0) 0.73° 42.5 (31.0-57.0) 35.0 (25.0-54.0) 0.022°

6-min walking distance, m 247.0 (140.0-372.9)  224.0 (133.3-340.0) 0.20° 260.0 (150.0-360.0)  221.0 (133.2-330.0) 0.079°
NYHA functional class

Il 61(17.3) 70 (10.5) 0.003 54 (13.2) 51 (11.7) 0.57

11l 235 (66.6) 405 (60.9) 0.87 260 (63.7) 272 (62.4) 0.74

\% 57 (16.1) 188 (28.3) <0.001 94 (23.0) 111 (25.5) 0.46
Device therapy

Previous CRT 87 (24.8) 182 (28.1) 0.29 104 (26.1) 99 (23.3) 0.41

Previous ICD 47 (27.5) 123 (30.2) 0.58 72 (31.9) 71 (26.6) 0.24

information, a high proportion of all patients received
applicable guideline-directed medical therapy
(Table 1). In particular, no information on the use of
sodium-glucose transporter protein 2 inhibitors was
available.

In a further analysis, 153 patients (37.2%) were

identified as MITRA-FR and COAPT-eligible (Figure 2).
Detailed characteristics and outcomes according to
only MITRA-FR-eligible and both MITRA-FR and
COAPT-eligible are provided (Supplemental Tables 5
and 6, Supplemental Figure 3).
BASELINE CHARACTERISTICS. Despite a higher
prevalence of atrial fibrillation in COAPT-ineligible
patients, no significant differences were found be-
tween the 2 groups regarding baseline demographic
factors and cardiovascular risk factors (Table 1).

The retrospective application of adapted COAPT
criteria resulted in a higher proportion of NYHA
functional class IV in the COAPT-ineligible group
(28.3% Vs 16.1%; P < 0.001) as well as higher levels of

Continued on the next page

N-terminal pro-brain natriuretic peptide in the
COAPT-ineligible group (3,817 pg/mL [IQR:
1,631-8,422 pg/mL] vs 2,638 pg/mL [IQR: 1,209-
6,613 pg/mL]; P = 0.015). No significant differences
were found for quality of life as assessed by MLHFQ
or 6-minute walk distance.

In the MITRA-FR analysis, MITRA-FR-ineligible
patients showed a significantly higher percentage of
hypertension. In other respects, no significant dif-
ferences were found regarding baseline demographic
factors and cardiovascular risk factors.

Echocardiographic parameters are reported in
Table 1. Despite the absence of MR severity grade
2+ because of the applied criteria in the COAPT
analysis, no significant differences were noted at
baseline for MR severity grade 3+ or grade 4+ or for
EROA in both groups. Conversely, the application of
adapted MITRA-FR exclusion criteria resulted in sig-
nificant differences in the severity of MR between
MITRA-FR-ineligible and MITRA-FR-eligible patients
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TABLE 1 Continued
COAPT Analysis MITRA-FR Analysis
COAPT-Eligible COAPT-Ineligible MITRA-FR-Eligible MITRA-FR-Ineligible
(n =353) (n = 669) P Value (n = 408) (n = 437) P Value
Medication
Beta-blockers 277 (90.5) 497 (91.2) 0.84 311 (88.6) 309 (93.4) 0.43
ACE inhibitors, ARBs, or ARNIs 325 (92.1) 610 (91.2) 0.71 362 (88.7) 414 (94.7) 0.0022
MRAs 184 (70.5) 327 (75.2) 0.21 204 (69.2) 188 (74.6) 0.19
Loop diuretic agents 292 (97.7) 522 (97.9) 0.99 324 (98.5) 325 (97.9) 0.78
Echocardiographic parameters
Severity of baseline mitral regurgitation
Moderate to severe, grade 3+ 168 (47.6) 301 (45.1) 0.16 174 (42.6) 245 (56.1) <0.001
Severe, grade 4+ 185 (52.4) 318 (47.6) 0.16 228 (55.9) 157 (35.9) <0.001
Effective regurgitant orifice area, mm? 31.6 £19.5 33.5+28.9 0.89% 413 + 31.8 241 +14.2 <0.001*
Regurgitant volume, mL/beat 419 £195 411+ 231 0.19° 53.5+19.2 31.8 £19.2 <0.0071"
Left ventricular parameters
Left ventricular end-systolic dimension, mm 63.0 (55.0-69.0) 63.0 (56.0-72.0) 0.063% 66.0 (58.0-73.0) 60.0 (51.0-67.0) <0.001?
Left ventricular end-diastolic dimension, mm 51.0 (43.0-58.0) 53.0 (43.0-61.3) 0.015° 54.0 (46.0-61.0) 48.0 (39.0-56.0) <0.001*
Left ventricular end-systolic volume, mL 120.0 (84.7-154.0) 133.0 (90.9-180.0) <0.001° 138.0 (104.1-179.0) 108.0 (72.0-155.3) <0.001?
Left ventricular end-diastolic volume, mL 186.0 (142.2-220.0) 186.5 (141.5-240.0) 0.16° 196.9 (157.6-247.3) 170.5 (125.0-217.6) <0.001?
Left ventricular ejection fraction
LVEF, % 34.0 (27.8-39.5) 30.0 (21.0-36.2) <0.001° 30.0 (24.0-34.9) 35.5(25.0-44.0) <0.001"
LVEF =30% 241 (68.3) 334 (50.4) <0.0071° 216 (52.9) 279 (63.8) 0.0017
Severity of baseline tricuspid regurgitation
None to moderate 353 (100) 420 (63.5) <0.001 317 (78.5) 323 (74.4) 0.20
Severe 0 (0) 241 (36.5) <0.001 87 (21.5) 111 (25.6) 0.20
Vena contracta biplane, mm 4.0 (3.0-5.3) 6.0 (4.0-8.0) <0.001? 5.0 3.5-7.0) 5.3 (4.0-7.5) 0.060°
Right ventricular parameters
Pulmonary artery systolic pressure, mm Hg 45.0 (37.2-55.0) 49.1 (39.0-60.0) <0.001" 48.0 (39.0-58.0) 48.0 (37.9-58.0) 0.49°
TAPSE, mm 18.0 (16.6-21.0) 14.0 (12.0-17.0) <0.0071° 16.0 (13.0-19.0) 16.0 (13.0-19.0) 0.84°
RV-PA coupling, mm/mm Hg 0.4 (0.3-0.5) 0.3 (0.2-0.4) <0.001* 0.3 (0.3-0.4) 0.3 (0.3-0.5) 0.73%

annular plane systolic excursion.

Values are median (interquartile range), n (%), or mean =+ SD. The Wilcoxon rank test was used for skewed continuous variables.

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; CABG = coronary artery bypass graft; COAPT = Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation; COPD = chronic obstructive pulmonary disease; CRT = cardiac resynchronization therapy;
eGFR = estimated glomerular filtration rate; EuroSCORE = European System for Cardiac Operative Risk Evaluation; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection fraction;
MITRA-FR = Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation; MLHFQ = Minnesota Living With Heart Failure Questionnaire; MRA = mineralocorticoid receptor antagonists; NT-
proBNP = N-terminal pro-brain natriuretic peptide; NYHA = New York Heart Association; PA = pulmonary arterial; PCl = percutaneous coronary intervention; RV = right ventricular; TAPSE = tricuspid

(EROA: 24.1 + 14.2 mm?® for MITRA-FR-ineligible
patients vs 41.3 + 31.8 mm? for MITRA-FR-eligible
patients [P < 0.001]; regurgitant volume: 31.8 + 19.2
mL/beat for MITRA-FR-ineligible patients vs 53.5 +
19.2 mL/beat for MITRA-FR-eligible patients [P <
0.001]).

The median LV ejection fraction was 31% (IQR:
24%-38%), with significant differences between the
groups (30% [IQR: 21%-36%] for COAPT-ineligible
patients vs 34% [IQR: 28%-40%] for COAPT-eligible
patients [P < 0.001]; 36% [IQR: 25%-44%] for
MITRA-FR-ineligible patients vs 30% [IQR: 24%-35%]
for MITRA-FR-eligible patients [P < 0.001]).

Regarding end-diastolic LV parameters, the COAPT
analysis did not result in any significant differences
between both groups. However, in the MITRA-FR
analysis LV diameters and volumes differed signifi-
cantly. MITRA-FR-eligible patients showed greater LV

diameters and volumes (LV end-systolic volume:
171 mL [IQR: 125-218 mL] for MITRA-FR-ineligible
patients vs 197 mL [IQR: 158-247 mL] for MITRA-FR-
eligible patients; P < 0.001).

Although the application of adapted COAPT criteria
caused significant differences regarding tricuspid
regurgitation severity and RV function, the MITRA-FR
analysis revealed no such differences. Considering
the adapted COAPT criteria of tricuspid regurgitation
=2+, pulmonary artery systolic pressure =70 mm Hg,
and tricuspid annular plane systolic excursion
=15 mm, COAPT-eligible patients consequently had
smaller tricuspid regurgitation vena contracta
(4.0 mm [IQR: 3.0-5.3 mm] for COAPT-eligible patients
vs 6.0 mm [IQR: 4.0-8.0 mm] for COAPT-ineligible
patients; P < 0.001), lower pulmonary artery systolic
pressure (45.0 mm Hg [IQR: 37.2-55.0 mm Hg] for
COAPT-eligible patients vs 49.1 mm Hg [IQR: 39.0-
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FIGURE 2 Proportions of MITRA-FR-Eligible and
COAPT-Eligible Patients

n =353 n =408
COAPT- MITRA-FR-
eligible eligible
patients patients

The Venn diagram depicts the proportions of COAPT-eligible
patients (blue circle; n = 353) and MITRA-FR-eligible patients
(red circle; n = 408) and the overlap of COAPT- and MITRA-FR-
eligible patients (n = 153). Abbreviations as in Figure 1.

60.0 mm Hg] for COAPT-ineligible patients; P < 0.001)
and higher tricuspid annular plane systolic excursion
(18 mm [IQR: 16.6-21.0 mm] for COAPT-eligible pa-
tients vs 14 mm [IQR: 12-17 mm] for COAPT-ineligible
patients; P < 0.001). Analyzing RV dysfunction
defined by impaired RV-PA coupling (15), COAPT-
ineligible patients showed a significant impairment
of RV-PA coupling (0.3 mm/mm Hg [IQR: 0.2-
0.4 mm/mm Hg] for COAPT-ineligible patients vs
0.4 mm/mm Hg [IQR: 0.3-0.5 mm/mm Hg] for COAPT-
eligible patients; P < 0.001). In contrast, no significant
differences regarding RV function and tricuspid
regurgitation severity were found after applying the
adapted MITRA-FR criteria.

COMPARABILITY WITH THE ORIGINAL TRIALS.
Supplemental Table 7 shows clinical and echocardio-
graphic parameters at baseline for COAPT-eligible and
MITRA-FR-eligible patients compared with the
respective “device group” of the original trials (5,16).

Patients included in the COAPT trial showed higher
rates of previous myocardial infarction and previous
strokes in comparison with patients classified as
COAPT-eligible. Although LV and RV parameters were
comparable, patients in the original trial had higher
mean EROA values (0.41 + 0.15 cm? vs 0.32 + 0.20 cm?
in COAPT-eligible patients).

In contrast, patients in the MITRA-FR trial showed
higher median N-terminal pro-brain natriuretic
peptide levels (3,407 pg/mL vs 2,484 pg/mL for
MITRA-FR-eligible patients) and greater mean LV
end-diastolic volumes (136.2 mL/m? vs 114.1 mL/m?
for MITRA-FR-eligible patients), while MR severity,
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as assessed by EROA and regurgitant volume, was
more severe in MITRA-FR-eligible patients (0.41 =+
0.32 cm® vs 0.31 + 0.10 cm? in the “intervention
group”).
FOLLOW-UP, MORTALITY, AND COMBINED ENDPOINT
RATES. The median follow-up time was 2.2 years
(IQR: 2.09-2.44 years), with a maximum follow-up
duration of 10.49 years. Outcome was censored at 2-
year follow-up. Supplemental Figure 2 shows steady
censoring across the whole follow-up period, with a
greater amount at 1 year. Survival analyses were
conducted, including the censored cases; thus sensi-
tivity analysis (Supplemental Figure 4) showed that
the assumption of independent censoring was likely
to be met because of low variation of the logarithmic
hazard ratio (HR) after gamma imputation. Procedural
and overall outcomes are reported in Table 2. Overall,
359 patients (35.2%) died during the 2-year follow-up
period, with 1-year and 2-year mortality rates of 21.8%
and 34.1%, respectively. Kaplan-Meier curves for all-
cause mortality within 2 years revealed significant
differences between COAPT-eligible and COAPT-
ineligible patients (log-rank P < 0.001), in contrast
to MITRA-FR-eligible versus MITRA-FR-ineligible
patients (log-rank P = 0.19) (Central Illustration).
Univariable Cox regression analysis for all-cause
mortality indicated a significant association of
COAPT-eligible status with improved survival
(HR: 0.60; 95% CI: 0.45-0.81; P < 0.001). Multivari-
able Cox regression analysis identified NYHA func-
tional class IV (HR: 2.29; 95% CI: 1.53-3.42; P < 0.001),
logarithmic N-terminal pro-brain natriuretic peptide
(HR: 1.47; 95% CI: 1.24-1.75; P < 0.001), and RV-PA
coupling as independent predictors of outcome
(HR: 0.10; 95% CI: 0.02-0.57; P = 0.009) (Table 3).

QUALITY OF LIFE AND FUNCTIONAL OUTCOMES.
Irrespective of COAPT status, significant changes
were found for 6-minute walk distance and MLHFQ
score after M-TEER, with a significant increase in
6-minute walk distance after 6 weeks or latest follow-
up for both subgroups (COAPT-eligible [n = 78]: me-
dian A +14 m [P = 0.0047]; COAPT-ineligible
[n = 120]: median A +57 m [P < 0.001]) and a signif-
icant reduction for MLHFQ score (COAPT-eligible
[n = 116]: median A -19.0 [P < 0.001]; COAPT-
ineligible [n = 157]: median A -11.0 [P < 0.001])
(Figure 3). Changes in NYHA functional class are given
in Supplemental Figure 5.

DISCUSSION

The aim of this study was to investigate the impact of
the inclusion and exclusion criteria of the

10
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TABLE 2 Overall Outcome and Postprocedural Parameters
COAPT Analysis MITRA-FR Analysis
COAPT-Eligible COAPT-Ineligible MITRA-FR-Eligible  MITRA-FR-Ineligible
(n = 353) (n = 669) P Value (n =408) (n =437) P Value
Overall outcome
All-cause death within 2 y 100 (25.2°%) 259 (38.279) <0.001 155 (31.8%) 154 (36.8%) 0.19
Postprocedural outcome
Severity of residual mitral regurgitation
None to mild 236 (66.9) 441 (65.9) 0.82 257 (63.0) 305 (69.8) 0.043
Moderate 95 (26.9) 182 (27.2) 0.98 118 (28.9) 108 (24.7) 0.19
Moderate to severe 18 (5.1) 34 (5.1) 1.00 25 (6.1) 21 (4.8) 0.49
Severe 4.0 1 (1.6) 0.71 8 (2.0) 3(0.7) 0.18
Latest follow-up (6 or 12 mo)
Severity of mitral regurgitation
None to mild 201 (56.9) 360 (53.8) 0.65 194 (47.5) 235 (53.7) 0.13
Moderate 57 (17.2) 70 (11.3) 0.70 69 (18.0) 36 (9.2) <0.001
Moderate to severe 17 (5.1) 19 (3.1) 0.95 19 (4.9) 6 (1.5) 0.013
Severe 2(0.6) 1(0.2) 0.58 2(0.5) 0 (0) 0.47
Clinical presentation
MLHFQ score, % 21.0 (12.0-37.0) 25.0 (14.0-45.0)  0.070°  30.0 (16.2-41.8) 22.5 (11.0-37.1) 0.033°
6-min walking distance, m 293.5 (174.3-416.7) 285.0 (169.7-392.7) 0.63° 281.0 (167.4-420.0) 284.0 (170.8-389.7) 0.85°
NYHA functional class
| 30 (16.7) 49 (14.1) 0.51 36 (18.0) 29 (12.4) 0.14
I 93 (51.7) 168 (48.3) 0.52 105 (52.5) 117 (50.2) 0.71
LI} 50 (27.8) 102 (29.3) 0.79 50 (25.0) 71 (30.5) 0.25
\% 7 3.9) 29 (8.3) 0.82 9 (4.5) 16 (6.9) 0.40
Laboratory results
NT-proBNP, pg/mL 1,917.0 2,228.5 0.35° 2,484.0 1,824.0 0.054°
(740.7-4,538.2) (855.8-5,930.4) (1,084.4-9,209.2) (819.1-4,918.7)
Values are n (%) or median (interquartile range). *Cumulative event rates were calculated using Kaplan-Meier estimator. “The Wilcoxon rank test was used for skewed
continuous variables.
Abbreviations as in Table 1.

randomized controlled COAPT and MITRA-FR trials
on outcomes among patients with relevant SMR un-
dergoing M-TEER. Therefore, the respectively adapt-
ed inclusion and exclusion criteria of both trials were
applied to a large European registry. The main find-
ings are as follows: 1) in contrast to the inclusion and
exclusion criteria used for the MITRA-FR trial, those
used for the COAPT trial seem to adequately identify
patients with superior survival after M-TEER; and 2)
intraindividual significant symptomatic benefit was
found in a subset of patients with available informa-
tion regarding NYHA functional class, quality of life,
and 6-minute walk distance, irrespective of COAPT
eligibility status.

This is the largest study applying adapted COAPT
and the first simultaneously applying MITRA-FR in-
clusion and exclusion criteria to a real-world M-TEER
cohort. Regarding the COAPT analysis, in comparison
with previously published analysis from a single-
center retrospective study (Cologne, Germany) and a
multicenter analysis (Italian/Portuguese), the lowest
proportion of COAPT-eligible patients was found in
our registry (n = 353 of 1,022 [34.5%] vs n = 62 of 122

[50.8%] in the Cologne study vs n = 197 of 304
[64.8%] in the Italian/Portuguese study) (17,19). All
centers also participate in the EuroSMR registry, and
at least a subset of previously analyzed patients were
included in the present analysis. The discrepancy in
the proportion of COAPT-eligible patients in all 3 co-
horts is presumably attributable to the application of
varying key inclusion and exclusion criteria of the
COAPT trial, resulting in different approximations of
the true percentage of patients eligible for the COAPT
trial.

Despite a carefully executed translational applica-
tion of the respective trial enrollment criteria on a
real-world cohort of patients with SMR, noteworthy
differences in baseline characteristics compared with
the intervention arm of the original trials were pre-
sent (Supplemental Table 7). It is essential to high-
light that COAPT-eligible patients had smaller LV
dimensions compared with patients in the original
trial. MITRA-FR-eligible patients likewise had smaller
LV end-diastolic volumes than patients in the original
trial (114.1 + 41.0 mL/m? among MITRA-FR-eligible
patients vs 136.2 + 37.4 mL/m? in the original trial).
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CENTRAL ILLUSTRATION Outcomes Stratified by Adapted Inclusion Criteria

A COAPT Analysis

353 COAPT-Eligible 669 COAPT-Ineligible
Patients Patients
100 - log-rank P < 0.001
?
S 751
£
g
S 50
a
=1
S
= 251
<
01
0 1 2
Years After Mitral Valve Transcatheter Edge-to-Edge Repair
No. at risk
— 262 189 105
— 580 366 210
— COAPT-eligible — COAPT-ineligible
B MITRA-FR Analysis
408 MITRA-FR-Eligible 437 MITRA-FR-Ineligible
Patients Patients
100 + log-rank P = 0.19
I
S 751
£
g
S 50
&
=1
S
L 251
<
01
0 1 2
Years After Mitral Valve Transcatheter Edge-to-Edge Repair
No. at risk
— 310 21 131
— 391 245 135

— MITRA-FR-eligible — MITRA-FR-ineligible

Koell, B. et al. J Am Coll Cardiol. 2021;78(24):2408-2421.

Outcomes were examined in 2 independent analyses: COAPT (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy
for Heart Failure Patients With Functional Mitral Regurgitation) analysis (left) and MITRA-FR (Percutaneous Repair or Medical Treatment for
Secondary Mitral Regurgitation) analysis (right). Although the application of adapted COAPT criteria resulted in successful identification of
patients with lower mortality rates (Kaplan-Meier analysis for all-cause mortality within 2 years; A), stratification according to adapted
MITRA-FR criteria determined groups with comparable outcomes (B).
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TABLE 3 Univariable and Multivariable Cox Regression Analysis of All-Cause Mortality in 2 Years for the COAPT-Analysis
Univariable Cox Regression Multivariable Cox Regression
n HR (95% CI) P Value Multivariable HR (95% CI) P Value
COAPT status
COAPT-eligible 842 0.60 (0.45-0.81) <0.001
COAPT inclusion criteria
TAPSE =15 mm 786 0.62 (0.48-0.81) <0.001 0.95 (0.61-1.48) 0.82
Baseline TR =2+ 834 0.81 (0.61-1.08) 0.16
PASP =70 mm Hg 756 1.67 (0.88-3.14) on
LVEF 20%-50% 838 0.71 (0.51-0.98) 0.039 0.57 (0.34-0.98) 0.041
LVESD =70 mm 731 0.90 (0.56-1.44) 0.66
Sociodemographic
Age, y 841 1.02 (1.00-1.03) 0.018 1.01 (0.99-1.03) 0.26
Male 841 0.97 (0.74-1.27) 0.81
Comorbidities
eGFR =60 mL/min/1.73 m? 791 1.63 (1.18-2.25) 0.003 1.27 (0.77-2.09) 0.36
History of atrial fibrillation 842 1.38 (1.05-1.81) 0.019 1.34 (0.87-2.06) 0.18
Clinical presentation
NYHA functional class IV 838 1.85 (1.43-2.40) <0.001 2.29 (1.53-3.42) <0.001
Log NT-proBNP, pg/mL 488 1.44 (1.26-1.66) <0.001 1.47 (1.24-1.75) <0.001
Echocardiographic parameters
RV-PA coupling, mm/mm Hg 708 0.21 (0.08-0.52) <0.001 0.10 (0.02-0.57) 0.009
Effective regurgitant orifice area =40 mm? 679 0.94 (0.68-1.31) 071
LVEDVi, mL/m? 795 1.00 (1.00-1.00) 0.63
LVEF, % 838 0.99 (0.98-1.00) 0.13
Variables with P values <0.05 in univariable logistic regression for all-cause mortality were chosen for further multivariable analysis. COAPT-eligible patients were excluded for
the multivariable analysis.
Cl = confidence interval; HR = hazard ratio; LVEDVi = left ventricular end-diastolic volume index; LVESD = left ventricular end-systolic diameter; MR = mitral regurgitation;
PASP = pulmonary artery systolic pressure; TR = tricuspid regurgitation; other abbreviations as in Table 1.

Even more crucially, the retrospective application of
adapted enrollment criteria conversely resulted in
diametrically opposing EROA values (median EROA
0.32 + 0.20 cm® among COAPT-eligible patients
vs 0.41 + 0.15 cm® in the original COAPT trial;
0.41 + 0.32 cm? among MITRA-FR-eligible patients vs
0.31 + 0.10 cm? in the original MITRA-FR trial).

COAPT VERSUS MITRA-FR AND TRANSLATIONAL
PERSPECTIVES TO THIS COHORT. The randomized
controlled COAPT trial demonstrated superiority of
M-TEER and guideline-directed medical therapy
for relevant SMR compared with guideline-directed
medical therapy alone (5), whereas the MITRA-
FR trial failed to show significant benefits (6).
Hence, it could conceivably be hypothesized that
these differences may partly be explained by
divergent inclusion and exclusion criteria used in
both studies.

Both studies represent highly selected patient co-
horts: during the 1,640 days of enrollment for the
COAPT trial, merely 614 of 1,576 screened patients

(38.9%) at 78 Canadian and U.S. centers were

randomized (1.75 patients per center and year); in
MITRA-FR, 304 of 452 screened patients (67.2%) were
randomized during an enrollment period of 1,217 days
at 37 sites in France (2.46 patients per center and
year). There is ongoing discussion about the applica-
bility of the divergent results of the MITRA-FR and
COAPT trials with respect to advocating that patients
undergo M-TEER for relevant SMR (20,21).

To reconcile the divergent findings, the concept of
disproportionate MR was introduced by Grayburn
et al (22), distinguishing between proportionate and
disproportionate MR on the basis of whether MR is
greater than expected by end-diastolic volumes. In
addition, no convincing explanation was found after
regurgitant volume-based patient stratification in an
analysis comparing the mean echocardiographic re-
sults in both the MITRA-FR and COAPT trials, ques-
tioning the concept of EROA/LV end-diastolic
volume-based proportionality (23). A subsequent
analysis of this particular concept in the EuroSMR
registry could not confirm the EROA/LV end-diastolic
volume ratio as a predictor of patient outcomes (24).
In line with this, a subanalysis of the MITRA-FR trial
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FIGURE 3 Functional Outcome According to COAPT Status
COAPT-Eligible COAPT-Ineligible
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Clinical presentation at baseline and follow-up according to COAPT (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients With Functional Mitral Regurgitation) status and determined by 6-minute walk distance (COAPT-eligible,
n = 78; COAPT-ineligible, n = 120) and Minnesota Living With Heart Failure Questionnaire (MLWHFQ) (n = 116 and n = 157, respectively).

was not able to identify a subset of patients with su- In the context of a retrospective analysis and in the
perior outcomes after M-TEER, irrespective of echo- absence of a control cohort, it seems crucial for all
cardiographic MR or LV parameters or the analysesand subsequentinterpretations that our data
combination thereof (25). cannot prove an overall survival benefit of M-TEER.
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Accordingly, the survival benefit of COAPT-eligible
compared with COAPT-ineligible patients is not to
be equated with the results of the original COAPT
trial. In contrast to those used in MITRA-FR, the
application of adapted COAPT criteria in this cohort
allowed simple and reliable prognostic stratification
and, therefore, is in line with the current recommen-
dations of the joint position European statement (12).

Comparing the respective inclusion and exclusion
criteria used in both trials, noteworthy differences are
present. Apart from LV ejection fraction and NYHA
functional class, MITRA-FR criteria focused on the
severity of MR by using EROA and regurgitant volume
cutoffs for inclusion. In contrast, the COAPT criteria
took RV dysfunction, pulmonary artery systolic
pressure, and tricuspid regurgitation severity into
account. Apart from NYHA functional class IV and
logarithmic N-terminal pro-brain natriuretic peptide,
our multivariable Cox regression analysis emphasizes
the prognostic importance of RV function and the
absence of pulmonary hypertension by identifying
RV-PA coupling as an independent predictor of
outcome. In a direct comparison, the COAPT trial
considered even physical evidence of right-sided
congestive heart failure with echocardiographic evi-
dence of moderate or severe RV dysfunction as an
exclusion criterion. In MITRA-FR, no RV functional
parameter was regarded for trial enrollment, and only
pulmonary artery systolic pressure and tricuspid
regurgitation grade were collected within the course
of the study. It is warranted that RV function and
associated parameters might deserve more attention
in future M-TEER outcome studies.

Long-standing relevant SMR drives adverse
remodeling and is associated with an increase in left
atrial size, a decrease in RV function, and the devel-
opment of tricuspid regurgitation (26). By applying
adapted COAPT criteria, a subset of patients with
smaller LV diameters, preserved RV function, and
absence of relevant tricuspid regurgitation were suc-
cessfully identified. Subsequently, these COAPT-
eligible patients are characterized by lower values of
N-terminal pro-brain natriuretic peptide and superior
NYHA functional class (27). Whether adapted COAPT
criteria identify a subset of patients in an earlier stage
of MR or a specific phenotype remains uncertain.
Taking the natural history of SMR with its potential
risk for subsequent RV dysfunction into account, the
question of the optimal timing for M-TEER prevails.

SYMPTOMATIC BENEFITS. As demonstrated before,
M-TEER holds the potential to significantly improve
functional status as assessed by 6-minute walk dis-
tance (28,29) and symptom burden as assessed by
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NYHA functional class (2), even in critically ill,
decompensated patients (30). Considering the safety
profile of M-TEER, our data are in line with a recent
European position paper on SMR emphasizing that
this therapeutic approach should not be offered solely
on the basis of COAPT eligibility criteria, but heart
team adjudication may also focus on symptomatic
relief in selected patients (12). Previously published
registry data indicate that symptomatic benefit can be
expected in a large proportion of patients undergoing
M-TEER (2,31). For the subset of patients with the
respective data on functional status, this analysis
demonstrated symptomatic alleviation, irrespective
of COAPT eligibility status. Therefore, it seems justi-
fied not to withhold M-TEER in symptomatic candi-
dates identified as suitable and appropriate for
interventional treatment by heart team consensus.

STUDY LIMITATIONS. By applying adapted inclusion
and exclusion criteria to a retrospective real-life
cohort, important
taken into account, and findings should be inter-
preted with caution and can only be hypothesis
generating. Of the criteria published in the COAPT
trial, sufficient data in the registry are available only
for a limited number of items. It seems to be partic-
ularly worth emphasizing that a control group for
COAPT-ineligible patients is lacking, and their po-
tential prognostic benefit after M-TEER cannot be
judged on the basis of the available data. In addition,
corrected N-terminal pro-brain natriuretic peptide
was not used to stratify patients in the present anal-
ysis, as it was a combined criterion in the original
COAPT trial: rehospitalization for heart failure within
the previous 12 months and/or corrected N-terminal
pro-brain peptide =1,500 pg/mL.
Furthermore, the comparability with the original tri-
als may be biased, as COAPT included only patients in
whom medical therapy had already failed, as adjudi-
cated by an eligibility committee. In our analysis, no
information about the duration of guideline-directed
medical therapy or the daily dose was available. As
this patient population has not been examined in
randomized controlled trials, further data are war-
ranted. Diametrical EROA and LV diameters of the
COAPT and MITRA-FR analysis compared with the
respective original trials may restrict comparability.
However,
identified as independent predictors of outcomes in
the performed Cox regression analysis. Data on
functional outcome (ie, 6-minute walk distance and
MLHFQ score) were available in only a modest pro-
portion of patients. Therefore all results on functional
outcome must be interpreted with caution.

inherent limitations must be

natriuretic

neither EROA nor LV diameters were
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CONCLUSIONS

In contrast to those used in MITRA-FR, adapted COAPT
enrollment criteria appear to adequately identify a
specific phenotype of patients with SMR with lower
mortality rates following M-TEER. The retrospective
application of adapted COAPT enrollment criteria in
this real-world cohort enabled adequate prognostic
stratification and, thus, conceivably contributes to
future patient selection for M-TEER.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND
PROCEDURAL SKILLS: The criteria for inclusion of
participants in the COAPT and MITRA-FR trials
differed, which may explain the disparate outcomes of
these studies. The available data support the use of
M-TEER in a substantial proportion of patients with
symptomatic SMR.

TRANSLATIONAL OUTLOOK: The association of
indexes of RV function with clinical outcomes war-
rants further study in patients undergoing catheter-
based interventions for MR.
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Il. Kontext der Publikation und weitere Ergebnisse

1. Einleitung

Entsprechend ihrer Atiologie wird die Mitralklappeninsuffizienz (eng. mitral
regurgitation; MR) in eine primare (bzw. degenerative) sowie sekundare (bzw.
funktionelle) Form unterteilt. Dabei handelt es sich um zwei elementar divergierende
Erkrankungen, die sich anatomisch, in ihrer Prognose und ihrer Therapie
grundlegend unterscheiden. Wahrend bei der primaren MR ein anatomischer Defekt
der Mitralklappe bzw. des subvalvalvularen Mitralklappenhalteapparates an sich
vorliegt, wird die sekundare MR (SMR) durch eine erhaltene Mitralklappenanatomie
bei gleichzeitigem Vorliegen geometrischer Veranderungen des linken Atriums bzw.
des linken Ventrikels definiert. Diese Veranderungen basieren auf ischamische
sowie nicht ischamische Ursachen (z.B. Vorhofflimmern, Hypertonie, genetische
Ursachen, abgelaufene Myokarditiden) und fuhren meist durch eine Dislokation der
Papillarmuskeln und Chordae Tendineae zu einem Koaptationsdefekt und
konsekutiver MR (1). Die sekundare MR ist mit einer deutlich eingeschrankten
Lebensqualitdt, erhohten Rehospitalisierungsraten und einem verkurzten
Uberleben vergesellschaftet (2).

Wahrend die europadischen sowie amerikanischen Leitlinien bei einer
therapierelevanten primaren MR eine operative Mitralklappenrekostruktion
empfehlen (3,4), beinhaltet die Therapieempfehlung einer SMR eine
leitliniengerechte medizinische Therapie (eng. guideline-directed medical therapy;
GDMT) und falls moglich eine kardiale Resynchronisationstherapie. Diese
Therapieoptionen konnen zu einer Verbesserung der linksventrikularen
Auswurffraktion (eng. left ventricular ejection fraction; LVEF), einer Verbesserung
der Symptomatik sowie einer Reduktion der SMR fuhren (5-11). Sollte trotz
ausgeschopfter konservativer Therapie weiterhin eine hochgradige SMR mit
entsprechender Symptomatik bestehen, wird aktuell eine interdisziplinare
Besprechung im sogenannten Heart Team zur Evaluation einer interventionellen
bzw. operative Versorgung empfohlen (3,4).

Die operative Mitralklappenrekonstruktion konnte jedoch in diesem speziellen
Patient:innenkollektiv bisher keine Uberzeugenden Daten fur einen prognostischen
Vorteil liefern und ist weiterhin mit einem hohen perioperativen Risiko

vergesellschaftet (5,12—15). Lediglich bei Patient:innen mit therapierelevanter SMR
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und zusatzlich bestehender Indikation zur operativen Myokardrevaskularisation wird
aktuell eine operative Versorgung als Kombinationseingriff empfohlen (3,4).

Seit mehr als einer Dekade wird die kathetergestutzte Edge-to-Edge-Reparatur der
Mitralklappe (eng. mitral valve transcatheter edge-to-edge repair; M-TEER)
zunehmend zur Behandlung einer relevanten SMR bei symptomatischen hochriskio
Patient:innen eingesetzt (16,17). Neben einem hohen periprozeduralen
Sicherheitsprofil und guten Erfolgsraten, kann bei einem Grofteil der Patient:innen
eine Verbesserung der Symptomatik sowie der Lebensqualitat erreicht werden
(18,19).

Fir die interventionelle Therapie einer relevante SMR mittels M-TEER liegen jedoch
aktuell kontroverse Daten vor (20-22). Im Jahr 2018 konnte die randomisiert
kontrollierte Studie Cardiovascular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients with Functional Mitral
Regurgitation (COAPT) einen Uberlebensvorteil bei Patient:innen mit relevanter
SMR nachweisen, die zusatzlich zur GDMT mittels M-TEER therapiert wurden (20).
In der gleichzeitig veroffentlichten MITRA-FR-Studie (Percutaneous Repair with the
MitraClip Device for Severe Functional/Secondary Mitral Regurgitation) mit fast
identem Studiendesigne konnte dieser Effekt allerdings nicht nachgewiesen werden
(21). Auf Basis dieser divergierenden Ergebnisse beider randomisiert-kontrollierten
Studien folgte eine intensive wissenschaftliche Debatte, um die mdoglichen
Unterschiede beider Studien zu identifizieren und ihre klinische Relevanz fur die
interventionelle Versorgung der einer relevanten SMR zu definieren (23,24).
Aufgrund der unterschiedlichen Ergebnisse der COAPT- und MITRA-FR-Studie
empfehlen die aktuellen amerikanischen und europaischen Leitlinien sowie eine
gemeinsame europaische Stellungnahme zur Therapie einer relevanten SMR die
interventionelle Versorgung mittels M-TEER insbesondre bei Patient:innen, die
basierend ihrer anatomischen Charakteristika die COAPT-Einschluss Kriterien
erfullen warden (3,4,25).

Um den moglichen Effekt der unterschiedlichen Ein- und Ausschluss Kriterien
beider Studien auf die Selektion und das Outcome von Patient:innen mit SMR zu
untersuchen, wurden daher in dieser Studie die jeweils adaptierten Ein- und
Ausschlusskriterien der COAPT- und MITRA-FR-Studie auf ein grofes
europaisches retrospektives Register fur SMR-Patient:innen angewendet.
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2. Material und Methoden

2.1. Studienpopulation

Diese retrospektive Analyse beinhaltet pra-, intra- und postprozedurale Daten
anonymisierter Patient:innen mit relevanter SMR des EuroSMR-Registers
(Deutsches Register fur klinische Studien, DRKS00017428). Die inkludierten
Patient:innen wurden zwischen 11/2008 und 09/2019 an 11 europaischen Zentren
mittels M-TEER behandelt. Alle Patient:innen erhielten gemafR der geltenden
Leitlinienempfehlungen ein  GDMT und wurden vor der Prozedur durch
interdisziplinares Heart Team als inoperabel eingestuft. Die Studie wurde von den
Ethikkommissionen der teilnehmenden Zentren genehmigt.

Das Follow-Up erfolgte in den entsprechenden Institutionen durch ambulante
Kontrollen bzw. nach telefonischer Abfrage. Als primarer Studienendpunkt wurde
die Gesamtmortalitat definiert (zensiert nach einer Nachbeobachtungszeit von zwei
Jahren).

2.2. Prozedur und echokardiographische Beurteilung

Die interventionelle Therapie wurde unter Vollnarkose und nach etablierten
Protokollen durchgefuhrt (26). Die echokardiographischen Untersuchungen wurden
von erfahrenen Arztinnen in jeder teilnehmenden Institution durchgefihrt und
umfassten die Beurteilung des linksventrikularen Volumens (enddiastolisch und
endsystolisch), der Durchmesser und der LVEF. Der Schweregrad der SMR wurde
anhand eines umfassenden, multiparametrischen Ansatzes gemall den
europaischen Empfehlungen bewertet (27). Dieser umfasst die Vena contracta, die
effektive Regurgitationsoffnung (eng. effective regurgitation orifice area; EROA) und
das Regurgitationsvolumen. Die SMR wurde auf einer vierstufigen Skala eingestuft.
Die Funktion des rechten Ventrikels (RV) wurde anhand der systolischen Exkursion
der Trikuspidalebene (eng. tricuspid annular plane systolic excursion; TAPSE)
ermittelt. Der systolische Pulmonalarterielle Druck (eng. pulmonary arterial systolic
pressure; PASP) wurde aus der Geschwindigkeit des Trikuspidalklappeninsuffizenz
und dem geschatzten Druck des rechten Vorhofs berechnet. Die Kopplung
zwischen RV und Pulmonalarterie (eng. RV-PA Coupling) wurde anhand des
TAPSE/PASP-Verhaltnisses berechnet, das als nichtinvasiver Index fur die RV-
Funktion dient (28).
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2.3. Anwendung der adaptierten Ein- und Ausschlusskriterien
Die aus den COAPT- und MITRA-FR-Studien adaptierten Einschlusskriterien
wurden in zwei separaten Analysen angewendet (20,21):

1. COAPT Analyse:
Patient:innen wurden als COAPT-eligible eingestuft, wenn sie alle folgenden
Kriterien erfullten: SMR 23+, NYHA-Klasse 2Il, LVEF zwischen 20% und 50%, LV-
endsystolischer Durchmesser <70mm, Trikuspidalinsuffizienz <2+, PASP
<70mmHg und erhaltene RV-Funktion (TAPSE 215mm). Patient:innen mit
unvollstandigen Daten fur diese Variablen wurden ausgeschlossen. Patient:innen,
die eines oder mehrere dieser Kriterien nicht erfullten, wurden als COAPT-ineligible
eingestuft.
Aufgrund der begrenzten Datenverfugbarkeit konnten einige ursprungliche COAPT-
Kriterien nicht in diese Analyse inkludiert werden, darunter frihere
Krankenhausaufenthalte aufgrund einer deokmpensierten Herzinsuffizienz,
Mitralklappenanatomie, Mitralklappenoffnung, Kreatinkinase-MB-Spiegel,
chronisch obstruktive Lungenerkrankung, und eine modifizierte Rankin-Skala.
Daruber hinaus wurde die RV-Dysfunktion in der urspringlichen COAPT-Studie
nicht explizit definiert; daher wurde in Ubereinstimmung mit friiheren
Veroffentlichungen ein TAPSE von <15mm definiert.

2. MITRA-FR Analyse:
Patient:innen wurden als MITRA-FR-eligible eingestuft, wenn sie alle folgenden
Kriterien erfillten: NYHA-Klasse 2Il, LVEF zwischen 15% und 40% und entweder
ein Regurgitationsvolumen >30ml oder eine EROA >20mm?. Wie bei der COAPT-
Analyse wurden Patient:innen mit fehlenden Daten ausgeschlossen und diejenigen,
die mindestens ein Kriterium nicht erfullten, als MITRA-FR-ineligible eingestuft.
Die ursprunglichen MITRA-FR-Studienparameter, die fur diese Analyse nicht
verfugbar waren, umfassten Daten zu fruheren Krankenhausaufenthalten aufgrund
einer dekompensierten Herzinsuffizienz.
Die entsprechende Anwendung der adaptierten Ein- und Ausschlusskriterien ist in

der Abbildung 1 zusammengefasst.

21



Interdisciplinary Heart Team Consensus and High or Prohibitive Surgical Risk

Excluded:
Patients with missing values for the application
of adapted COAPT inclusion criteria (n=654)

COAPT Analysis MITRA-FR Analysis
Guideline-directed medical therapy
Beta-blockers 91.0% EXcided
ACE inhibitors, ARBs, or ARNIs 91.5% Patients with missing
Mineralocorticoid receptor antagonists 73.4% L values for the
Loop diuretic agent 97.8% application of adapted

MITRA-FR inclusion
criteria (n=177)

v v
Application of Adapted COAPT Inclusion Criteria Jjj Application of Adapted MITRA-FR Inclusion Criteria

Secondary mitral regurgitation grade 23+

NYHA functional class 2l

NYHA functional class Il

Left ventricular ejection fraction 215 %
Left ventricular ejection fraction 220 %

Left ventricular end-systolic diameter <70 mm

TAPSE 215 mm

Tricuspid regurgigation grade <3+

Regurgitant volume >30 ml per beat
and/or
Effective regurgitant orifice area >20 mm?

Systolic pulmonary arterial pressure <70 mm Hg
1 1

all criteria fulfilled . | . . all criteria fulfilled . | . .
. » at least one criterion not fulfilled . » at least one criterion not fulfilled
all variables availiable l all variables availiable l

ble patients | 669 COAPT-ineligible patients || 408 MITRA-FR-eligible patients

Abbildung 1. Die Applikation der adaptierten COAPT und MITRA-FR-Einschlusskriterien auf ein retrospektives
Register erfolgte, um den Einfluss der entsprechenden Kriterien auf die Uberlebenswahrscheinlichkeit zu
untersuchen. 1022 Patient*innen mit sekundérer Mitralklappeninsuffizienz und leitliniengerechter
medikamentéser Therapie, die mittels transkatheter Edge-to-Edge-Reparatur der Mitralklappe (M-TEER)
behandelt wurden. Alle Patient:innen wurden in zwei unabhédngigen Analysen untersucht: COAPT-Analyse
(links) und MITRA-FR-Analyse (rechts).

ACE=angiotensin-converting enzyme; ARB=angiotensin receptor blocker; ARNI=angiotensin receptor-
neprilysin inhibitor; EuroSMR=European Registry of Transcatheter Repair for Secondary Mitral Regurgitation;
NYHA=New York Heart Association;, TAPSE=tricuspid annular plane systolic excursion.

2.4. Statistische Analyse

Kontinuierliche Variablen werden als Mediane mit Interquartilbereichen (IQR: 25.
bis 75. Perzentil) dargestellt und mit dem Mann-Whitney-U-Test verglichen. Fur
ausgewahlte kontinuierliche Variablen werden Mittelwerte t
Standardabweichungen angegeben. Kategoriale Variablen werden als Anzahlen
und Prozentsatze dargestellt und mit dem x2-Test verglichen.

Boxplots der 6-Minuten Gehstrecke (eng. 6-minute walking distance; 6MWD) und
der Lebensqualitat (Minnesota Living with Heart Failure Questionnaire; MLHFQ)
spiegeln den Median und IQR der Veranderungswerte Uber die Zeitpunkte wider.
Die Whisker zeigen den gesamten Bereich ohne Ausrei3er an. Die Unterschiede
wurden mit dem gepaarten Mann-Whitney-U-Test bewertet. Falle mit fehlenden
Werten zu einem beliebigen Zeitpunkt wurden ausgeschlossen.
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Der primare Endpunkt (Gesamtmortalitat) wurde uber einen
Nachbeobachtungszeitraum von zwei Jahren analysiert. Die mediane
Nachbeobachtungsdauer wurde mit der Kaplan-Meier-Methode geschatzt. Die
Uberlebenswahrscheinlichkeiten wurden mit der Kaplan-Meier-Analyse berechnet
und zwischen den Gruppen mit dem Log-Rank-Test verglichen. Alle
Uberlebensanalysen wurden nach zwei Jahren zensiert.

Zur Identifizierung von Pradiktoren fur die Gesamtmortalitat wurden univariate und
multivariate Cox-Regressionsmodelle verwendet. Variablen mit p < 0,05 in der
univariaten Analyse wurden fur die multivariate Modellierung berucksichtigt. Die
Variable ,COAPT-eligible” wurde aus der multivariaten Analyse ausgeschlossen,
um Kollinearitat zu vermeiden. Ein zweiseitiger p-Wert < 0,05 wurde als statistisch
signifikant angesehen. Die angegebenen p-Werte und 95 %-Konfidenzintervalle
wurden nicht fur multiple Vergleiche angepasst und sollten mit Vorsicht interpretiert
werden.

Alle Analysen wurden mit der Statistiksoftware R Version 4.0.3 (R Foundation for
Statistical Computing, Wien, Osterreich) durchgefiihrt.

3. Ergebnisse

3.1. Zusammenfassung der Ergebnisse

Von den 1.676 Patient:innen, die im EuroSMR-Register inkludiert wurden, bildeten
1.022 Patient:innen mit vollstandigen Datensatzen die Grundlage fur die
Stratifizierung anhand der adaptierten COAPT-Kriterien fur die COAPT Analyse.
Diese Patient:innen hatten ein medianes Alter von 74 Jahren (IQR 68,0-79,7),
waren uberwiegend mannlich (70,4 %) und hatten einen medianen EuroSCORE ||
von 7,0 % (IQR 4,1-12,5). Von ihnen erfullten 353 Patient:innen (34,5%) alle
adaptierten COAPT-Einschlusskriterien und wurden als COAPT-eligible eingestuft,
wahrend 669 Patient:innen (65,5%) als COAPT-ineligible eingestuft wurden.

Die MITRA-FR Analyse wurde an derselben Kohorte von 1.022 Patient:innen
durchgefuhrt. Nach Ausschluss von 177 Patientiinnen aufgrund fehlender
Variablen, die fur die Anwendung der adaptierten MITRA-FR Kriterien erforderlich
waren, wurden 408 Patient:innen (48,3%) als MITRA-FR-eligible und 438 (51,7%)
als MITRA-FR-ineligible eingestuft. Eine weitere Subgruppenanalyse identifizierte
153 Patient:innen (37,2%), die sowohl die adaptierten COAPT- als auch MITRA-

FR-Kriterien erfullten. Die nach diesen Klassifikationen stratifizierten Charakteristika
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sind in Tabelle 1 der Originalpublikation dargestellt. Es gab keine wesentlichen
Unterschiede hinsichtlich der demografischen oder kardiovaskularen Risikofaktoren
zwischen der COAPT-eligible und der -ineligible Gruppe, obwohl Vorhofflimmern in
der COAPT-ineligible Gruppe haufiger auftrat. COAPT-ineligible Patient:innen
waren zu Studienbeginn symptomatischer, mit signifikant hdheren Raten an NYHA-
Klasse IV (28,3% vs. 16,1%; p<0,001) und erhdhten NT-proBNP-Werten (Median
3817pg/ml vs. 2638pg/ml; p=0,015). Die Lebensqualitat (MLHFQ) und die 6MWD-
Werte unterschieden sich bei Baseline nicht signifikant. In der MITRA-FR Analyse
wies die MITRA-FR-ineligible Gruppe eine hohere Pravalenz von Arterieller
Hypertonie auf, zeigte aber ansonsten ahnliche Charakteristika. Die Unterschiede
im Schweregrad der MR waren jedoch ausgepragt. MITRA-FR-eligible
Patient:innen wiesen eine signifikant groRere EROA (41,3mm? vs. 24,1mm?3
p<0,001) und ein groReres Regurgitationsvolumen (53,5ml vs. 31,8ml; p<0,001)

auf, was eine MR-zentrierte Definition der MITRA-FR Kriterien widerspiegelt.

3.2. Echokardiographische Merkmale

In der COAPT Analyse zeigten sich signifikante Unterschiede in der LV-Funktion,
wobei COAPT-eligible Patient:innen eine hohere LVEF aufwiesen (34% vs. 30%;
p<0,001). Es wurden keine Unterschiede in den LV-enddiastolischen Dimensionen
festgestellt. Die MITRA-FR Analyse ergab insgesamt signifikant grof3ere LV-
Volumina und -Durchmesser bei MITRA-FR-eligible Patient:innen.
COAPT-ineligible Patient:innen wiesen schlechtere Rechtsherzparameter auf,
darunter eine grol3ere Trikuspidalklappeninsuffizienz (Vena Contracta 6,0mm vs.
4,0mm; p<0,001), einen hoheren PASP (49,1mmHg vs. 45,0mmHg; p<0,001) und
einen niedrigeren TAPSE (14mm vs. 18mm; p<0,001). Das RV/PA-Coupling war in
der COAPT-ineligible Gruppe ebenfalls signifikant reduziert. Im Gegensatz dazu
wurden keine signifikanten Unterschiede in der Rechtsherzfunktion zwischen
MITRA-FR-eligible und MITRA-FR-ineligible Patient:innen beobachtet. Eine
Ubersicht der echokardiographischen Parameter ist der Tabelle 1 der
Originalpublikation zu entnehmen.

3.3. Vergleich mit den Originalstudien

In der hier gezeigten Tabelle 1 werden die klinischen und echokardiographischen

Parameter fur COAPT-eligible und MITRA-FR-eligible Patient:innen im Vergleich zu

den jeweiligen Interventionsgruppen der randomisiert-kontrollierten Originalstudien

angegeben (20,21). Patienten, die in der EuroSMR-Analyse als COAPT-eligible
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eingestuft wurden, hatten im Vergleich zur Interventionsgruppe der COAPT Studie
weniger vorangegangene Myokardinfarkte und Schlaganfalle, jedoch eine ahnliche
LV- und RV-Funktion. Die COAPT-Studienkohorte wies insgesamt eine hohere
durchschnittiche EROA auf, was auf eine disproportional schwerere SMR
hindeutet.

Im Gegensatz dazu wiesen die Patient:innen der Interventionsgruppe der MITRA-
FR Studie im Median hohere NT-proBNP-Werte und groRere mittlere
enddiastolische LV-Volumina auf. Der Schweregrad der MR, gemessen anhand der
EROA und des Regurgitationsvolumens, war in der aktuellen Analyse bei MITRA-
FR-eligible Patientiinnen schwerer als in der Interventionsgruppe der original
MITRA-FR Studie (0,41£0,32cm? vs. 0,31+0,10cm?).

3.3. Klinische Ergebnisse und Mortalitat

Die mediane Nachbeobachtungszeit betrug 2,2 Jahre (IQR 2,09-2,44), wobei die
maximale Nachbeobachtungszeit Uber 10 Jahre lag. Wahrend der zweijahrigen
Nachbeobachtungszeit verstarben 359 Patientiinnen (35,2%). Die Ein- und
Zweijahres-Mortalitatsraten betrugen 21,8% bzw. 34,1% fur die Gesamtkohorte. Die
Kaplan-Meier-Uberlebensanalyse ergab eine signifikant bessere Uberlebensrate
bei Patientiinnen der COAPT-eligible Gruppe im Vergleich zu COAPT-ineligible
Patient:innen (Log-Rank p<0,001). Hingegen konnte in der MITRA-FR Analyse kein
signifikanter Unterschied in der Uberlebensrate zwischen MITRA-FR-eligible und
MITRA-FR-ineligible Patient:innen nachgewiesen werden (Log-Rank p=0,19; siehe
Abbildung Central lllustration der Originalpublikation).

Die univariate Cox-Regression ergab, dass eine COAPT-Eignung anhand der
adaptierten Ein- und Ausschlusskriterien mit einer 40-prozentigen Verringerung des
gesamt Mortalitatsrisikos verbunden war (HR=0,60; 95%KI: 0,45-0,81; p<0,001). In
der multivariablen Analyse waren unabhangige Pradiktoren fur die Mortalitat eine
NYHA-Klasse IV bei Einschluss (HR=2,29; p<0,001), ein hoherer NT-proBNP-Wert
(HR=1,47; p<0,001) und ein reduziertes RV/PA-Coupling (HR=0,10; p=0,009).
Tabelle 3 der Originalpublikation zeigt die Ergebnisse der Uni- und Multivariaten
Cox-Regressionsanaylse der COAPT-Analyse.

Nach der M-TEER zeigten sowohl die COAPT-eligible als auch die COAPT-
ineligible Gruppen signifikante Verbesserungen der 6MWD und der Lebensqualitat.
Bei den COAPT-eligible Patient:innen verbesserte sich die 6MWD um median 14
Meter (p=0,0047) und der MLHFQ um 19 Punkte (p<0,001). COAPT-ineligible
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Patient:innen zeigten jedoch ebenfalls eine Zunahme der 6MWD (+57m; p<0,001)
und eine Verbesserung des MLHFQ um 11 Punkte (p<0,001). Die NYHA-
Funktionsklasse verbesserte sich signifikant in beiden Gruppen. Abbildung 3 der
Originalpublikation bildet die Anderungen im funktionellen Outcome geman der
COPAT-Analyse ab.

COAPT MITRA-FR
COAPT-eligible Interventions- MITRA-FR-eligible Interventions-
Gruppe Gruppe
(20) (21)
(N=353) (N=302) (N=408) (N=152)
- Demographische Parameter
Alter (Jahre) 729 +10.7 71.7+11.8 71.8+10.3 70.1 £ 10.1
Mannliches Geschlecht (%) 234 (66.5) 201 (66.6) 295 (72.3) 120 (78.9)
Body-mass index (kg/m?) 26.1+4.4 27.0+5.8 - --
EUROSCORE II - - 7.3(4.3,13.1) 6.6 (3.5-11.9)
- Kardiovaskulare Risikofaktoren
Arterielle Hypertonie (%) 240 (72.7) 243 (80.5) - -
Diabetes Mellitus (%) 106 (30.1) 106 (35.1) 124 (31.4) 50 (32.9)
Vorhofflimmern (%) 181 (51.3) 173 (57.3) 228 (55.9) 49 (34.5)
- Laborchemische Parameter
NT-proBNP (pg/ml) 5441.2+7896.3 5174.3 + 6566.6 (108518’3‘;'509_2) (1943;067790)
eGFR (ml/min) 48.2+22.0 50.9 £ 28.5 48.3+23.3 48.8 £ 19.7
eGFR <60 ml/min/1,73 m? (%) 239 (72.0) 299 (71.6) - -
- NYHA Klasse (%)
I 61 (17.3) 129 (42.7) 54 (13.2) 56 (36.8)
1 235 (66.6) 152 (51.0) 260 (63.7) 82 (53.9)
\% 57 (16.1) 18 (6.0) 94 (23.0) 14 (9.2)
- Echokardiographische Parameter
Schweregrad der
Mitralklappeninsuffizienz
Mittel- bis hochgradig, Grad 3 168 (47.6) 148 (49.0) - --
Hochgradig, Grad 4 185 (52.4) 154 (51.0) - --
EROA (mm?) 0.31+0.19 0.41+0.15 0.41+0.23 0.31+0.10
Linksventrikuldre Parameter
LV enddiastolische Dimension (cm) 58+0.2 6.2+0.7 - --
LV enddiastolisches Volumen (ml) 198.2+75.8 194.4 £ 69.2 - --
I(_r:]/l;irr:zd)diastolischer Volumen Index B _ 114.1 + 41.0 136.2 + 37 4
LVEF (%) 33.7+79 31.3+9.1 28.8+6.9 33.3+6.5

Tabelle 1: Vergleich der klinischen und echokardiographischen Variablen im Vergleich zu den jeweiligen
Interventionsgruppen der Originalstudien.Die Parameter werden als n (%), median (mit 25. und 75. Perzentile) oder als
Mittelwert + Standardabweichung angegeben.

eGFR=estimated glomerular filtration rate; EROA=effective regurgitation orifice area; LV=linsventrikular;
LVEF=linksventrikulare Ejektionsfraktion; NT-proBNP=N-terminal pro-brain natriuretic peptide; NYHA=New York Heart

Association.

26



4. Diskussion

Die vorliegende Analyse retrospektiver, multizentrischer Daten liefert wertvolle
Erkenntnisse zu den prognostischen und funktionellen Ergebnissen von
Patient:innen mit SMR, die sich einer M-TEER unterzogen haben. Die gezeigten
Ergebnisse deuten darauf hin, dass die aus COAPT abgeleiteten Auswahlkriterien
eine bessere prognostische Stratifizierung in dieser heterogenen Population
ermoglichen, wahrend eine Einteilung anhand der adaptierten MITRA-FR-Kriterien
keine Vorhersage Uber das langfristige Uberleben zulassen. Dennoch traten sowohl
bei COAPT-eligible als auch bei COAPT-ineligible Patient:innen funktionelle
Verbesserungen auf, was den symptomatischen Nutzen von M-TEER auch in
fortgeschrittenen Krankheitsstadien unterstreicht.

Die randomisierte kontrollierte COAPT Studie, hat die Uberlegenheit der M-TEER
in Kombination mit einer GDMT gegenuber einer alleinigen GDMT bei Patient:innen
mit signifikanter SMR nachgewiesen (20). Im Gegensatz dazu konnte die MITRA-
FR Studie keinen signifikanten klinischen Nutzen von M-TEER bei einer
vergleichbaren Kohorte nachweisen (21). Diese divergierenden Ergebnisse haben
zu einer breiten wissenschaftlichen Diskussionen gefuhrt, wobei eine plausible
Erklarung in den unterschiedlichen Einschluss- und Ausschlusskriterien der beiden
Studien liegt. Beide Studien umfassten hochselektierte Kohorten. Wahrend der
1.640-tagigen Rekrutierungsphase der COAPT-Studie wurden nur 614 von 1.576
gescreenten Patienten (38,9%) an 78 Standorten in Kanada und den Vereinigten
Staaten randomisiert — was einer durchschnittlichen Rekrutierungsrate von nur 1,75
Patienten pro Zentrum und Jahr entspricht. Im Vergleich dazu wurden in der MITRA-
FR-Studie 304 von 452 untersuchten Patienten (67,2%) Uber einen Zeitraum von
1.217 Tagen in 37 franzosischen Zentren randomisiert, was 2,46 Patienten pro
Zentrum und Jahr entspricht. Die niedrigen Einschlussraten und unterschiedlichen
Strategien  zur  Patientenauswahl  werfen  Fragen  hinsichtlich  der
Verallgemeinerbarkeit der Ergebnisse auf.

Um die widerspruchlichen Ergebnisse von COAPT und MITRA-FR in Einklang zu
bringen, schlugen Grayburn et al. das Konzept der proportionalen versus
disproportionalen MR vor. Nach dieser Hypothese werden Patient:innen, deren MR-
Schweregrad uber dem aufgrund des linksventrikularen enddiastolischen Volumens
(LVEDV) zu erwartenden Wert liegt, als Patient:innen mit disproportionaler MR

klassifiziert und konnten einen groReren Nutzen aus M-TEER ziehen (29). In
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Registerarbeiten konnte diese Therapie jedoch keine ausreichende Erklarung fur
die divergierenden Ergebnisse liefern (30). Auch eine Analyse des EuroSMR-
Registers bestatigte das EROA/LVEDV-Verhaltnis nicht als Pradiktor fur klinische
Ergebnisse nach M-TEER (31).

4.1. Prognostische Stratifizierung unter Verwendung der adaptierten COAPT-
und MITRA-FR-Kriterien

Unter Anwendung der adaptierten COAPT-Eignungskriterien erfullten lediglich
34,5% der Patienten alle Einschluss- und keine der Ausschlusskriterien. Diese
Patient:innen hatten nach zwei Jahren eine signifikant niedrigere Gesamtmortalitat
als COAPT-ineligible Patient:innen (HR 0,60, 95% Kl 0,45-0,81; p<0,001), was die
prognostische Validitat dieser Kriterien in einer realen retrospektiven Kohorte
bestatigt. Im Gegensatz dazu konnte eine Stratifizierung nach MITRA-FR keine
Unterschiede in der Uberlebensrate feststellen, wobei die Kaplan-Meier-
Schatzungen zwischen MITRA-FR-eligible und MITRA-FR-ineligible Patient:innen
keinen signifikanten Unterschied zeigten (Log-Rank p=0,19). Diese Ergebnisse
stehen im Einklang mit friheren registerbasierten Analysen, die eine gunstigere
Prognose in COAPT-ahnlichen Populationen zeigten. Adamo et al. berichteten
beispielsweise, dass COAPT-geeignete Patienten eine signifikant hohere 2-Jahres-
Uberlebens- und eine geringere Rehospitalisierungsrate aufwiesen. Das Risiko fir
hohere Rehospitalisierungsraten stieg in dieser Analyse proportional zur Anzahl der
erfullten COAPT-Ausschlusskriterien (32). Unsere Daten erweitern diese
Ergebnisse, indem sie sowohl adaptierte COAPT- als auch MITRA-FR-Definitionen
an derselben Kohorte anwenden und so einen direkten Vergleich ermoglichen. Der
Unterschied in den Ergebnissen lasst sich moglicherweise auf die umfassendere
und hamodynamisch integrative Natur der COAPT-Kriterien zuruckfuhren, die nicht
nur die LV-Dimensionen und den Schweregrad der MR, sondern auch Marker der
Rechtsherzfunktion bertcksichtigen. In unserer Kohorte wiesen COAPT-ineligible
Patient:innen signifikant hohere Raten an hochgradigen Trikuspidalklappen-
insuffizienzen, erhohte PASP- und eine reduzierte TAPSE-Werte auf. Dies deutet
zum einen auf eine biventrikulare Dysfunktion bzw. zum anderen auf einen
fortgeschrittenen Krankheitsverlauf hin. Eine Beeintrachtigung des RV/PA-Coupling
wurde als unabhangiger Pradiktor fur die Mortalitat identifiziert (HR 0,10, 95% CI
0,02-0,57; p=0,009). Dieser Befund stutzt die zunehmenden Hinweise darauf, dass
die Rechtsherzfunktion eine entscheidende Rolle fur die Prognose nach M-TEER
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spielt (28). Im Gegensatz zur COAPT Studie berucksichtigen die Einschlusskriterien
der MITRA-FR Studie keine rechtsventrikularen Parameter, was ihren geringeren
prognostischen Wert in unserer Analyse erklaren konnte.

Daruber hinaus wiesen COAPT-eligible Patient:innen zu Studienbeginn signifikant
niedrigere NT-proBNP Spiegel auf. Zudem prasentierten sich weniger Patient:innen
hochsymptomatisch (entsprechend NYHA-Klasse V). Die multivariable Cox-
Regression bestatigte beide Variablen als unabhangige Pradiktoren fur die
Gesamtmortalitat, was ihre klinische Relevanz fur die Risikostratifizierung
unterstreicht. Diese Ergebnisse stutzen die Hypothese, dass sich COAPT-ahnliche
Patient:innen in einem fruheren Krankheitsstadium ohne irreversiblem

rechtsventrikularen Remodellierung befinden.

4.2. Funktionelle und symptomatische Verbesserung in allen Gruppen
Unabhangig der adaptierten COAPT-Eignung zeigten ein Groldteil aller
Patient:innen unserer Analyse nach M-TEER signifikante funktionelle
Verbesserungen und einen positiven Effekt auf die Lebensqualitat. Sowohl COAPT-
eligible als auch COAPT-ineligible Patient:innen wiesen beim Follow- erhdhte
6MWD und verbesserte MLHFQ-Werte auf. Diese Verbesserungen gingen mit einer
Verringerung der Symptomlast einher, was sich in den NYHA-Klassenanderungen
widerspiegelte. Diese Ergebnisse stehen im Einklang mit frGheren Studien, die
zeigen, dass M-TEER selbst bei Hochrisikopatienten mit fortgeschrittener
Herzinsuffizienz zu einer Linderung der Symptome und einer Steigerung der
korperlichen Leistungsfahigkeit fuhrt (33). In einer COAPT Substudie konnte zudem
nachgewiesen werden, dass fast zwei Drittel der Patient:innen der COAPT-Studie,
die sich einer M-TEER unterzogen hatten, nach 24 Monaten eine signifikante
Verbesserung ihres Gesundheitszustands aufwiesen, gegenuber nur 28% der
Patienten, die lediglich eine GDMT erhielten (34). Die in unserer Analyse
beobachteten funktionellen Verbesserungen deuten darauf hin, dass M-TEER auch
bei COAPT- bzw. MITRA-FR ineligible Patient:iinnen als symptomlindernde
Intervention dienen kann. Daher kdnnen die adaptierten COAPT-Kriterien zwar
einer prognostischen Aussagekraft dienen, jedoch nicht als ausschlielliche
Determinanten fur die Eignung fur M-TEER angesehen werden - insbesondere
wenn eine symptomatische Verbesserung das primare Therapieziel ist.
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4.3. Vergleich zu den Originalstudien

Trotz adaptierten Einschlusskriterien blieben zwischen unserer Registerkohorte und
den urspriunglichen COAPT- und MITRA-FR-Studienpopulationen bemerkenswerte
Unterschiede  bestehen. Im  Vergleich zur urspringlichen COAPT-
Interventionsgruppe wiesen unsere COAPT-eligible Patient:innen etwas kleinere
linksventrikulare Volumina und niedrigere EROA-Werte auf. Umgekehrt wiesen
unsere MITRA-FR-eligible Patient:innen im Vergleich zur ursprunglichen Studie
eine groRere EROA sowie hohere Regurgitationsvolumina, aber kleinere
linksventrikulare Volumina auf. Diese Diskrepanzen spiegeln madglicherweise die
Versorgungsrealitat sowie die Variationen einer retrospektiven Datenerfassung,
beeintrachtigen jedoch nicht die Konsistenz der gezeigten Ergebnisse. Weder die
EROA noch linksventrikulare Dimensionen waren in der multivariablen Analyse mit

der Gesamtmortalitat assoziiert.

4.4. Limitationen

Bei der retrospektiven  Anwendung  modifizierter  Einschluss-  und
Ausschlusskriterien aus vorangegenen randomisiert-kontrollierter Studien auf eine
retrospektive Kohorte mussen mehrere inharente Limitationen bericksichtigt
werden. Die aus einem solchen Ansatz gewonnenen Erkenntnisse sind explorativer
Natur und sollten mit Vorsicht interpretiert werden. Sie dienen in erster Linie der
Generierung von Hypothesen und nicht der Ableitung endgultiger
Schlussfolgerungen. Insbesondere lieferte der Registerdatensatz nur fur einen Teil
der ursprunglichen COAPT-Kriterien vollstandige Informationen.

Daruber hinaus konnte eine der wichtigsten Eignungskomponenten der COAPT-
Studie — entweder eine kurzliche Herzinsuffizienz-Hospitalisierung innerhalb der
letzten 12 Monate oder ein NT-proBNP-Spiegel = 1.500 pg/ml — in der aktuellen
Analyse nicht vollstandig repliziert werden. Eine weitere Einschrankung betrifft die
Definition des Versagens der konservativen Therapie. In der COAPT-Studie wurde
die medikamentose Therapie von einem unabhangigen Zulassungsausschuss
beurteilt, der sicherstellte, dass Patient:innen erst nach Ausschopfung aller GDMT-
Optionen in die Studie aufgenommen wurden. Im Gegensatz dazu fehlten in der
vorliegenden Analyse Daten sowohl zur Dauer als auch Dosierung der
medikamentosen Therapie.

Die diametralen Werte fur die EROA und linksventrikularen Dimensionen im
aktuellen Datensatz stimmten nicht genau mit denen Uberein, die in COAPT oder
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MITRA-FR berichtet wurden. Allerdings erwiesen sich weder die EROA noch die
LV-Dimensionen in der multivariablen Cox-Regressionsanalyse als unabhangige
Pradiktoren fur das klinische Ergebnis.
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5. Zusammenfassung

Diese multizentrische, retrospektive Analyse aus dem EuroSMR-Register evaluierte
1.022 Patient:innen mit sekundarer Mitralklappeninsuffizienz (SMR), die mittels
kathetergestutzter Edge-to-Edge-Reparatur (M-TEER) behandelt wurden, wobei
adaptierte Ein- und Ausschlusskriterien aus der COAPT- sowie MITRA-FR-Studie
angewendet wurden. Nur 34,5% erfullten die COAPT-Kriterien und zeigten eine
signifikant geringere Zweijahressterblichkeit (HR 0,60, p<0,001), wahrend die
adaptierten MITRA-FR-Kriterien die Uberlebensprognose nicht erfolgreich
stratifizierten. Die rechtsventrikulare Funktion in Relation zum pulmonalarteriellen
Druck (RV-PA Coupling) und eine NYHA-Klasse IV bei Studieneinschluss konnten
unabhangig die Gesamtmortalitédt voraussagen. Jedoch erfuhren sowohl COAPT-
eligible als auch COAPT-ineligible Patientiinnen signifikante funktionelle
Verbesserungen. Die Studie unterstreicht somit den Wert der COAPT-Kriterien flur
die prognostische Stratifizierung. Trotzdem erstrecken sich symptomatische
Vorteile von M-TEER auch auf eine breitere SMR-Population. Somit wird die
Wichtigkeit einer patientenzentrierte Entscheidungsfindung durch multidisziplinare

Herzteams unterstitzt.

This multicentre, retrospective analysis from the EuroSMR registry evaluated 1,022
patients with secondary mitral regurgitation (SMR) treated by transcatheter edge-
to-edge repair (M-TEER), applying adapted inclusion and exclusion criteria from the
COAPT and MITRA-FR trials. Only 34.5% met COAPT criteria and showed
significantly lower two-year mortality (HR 0.60, p<0.001), while MITRA-FR criteria
did not stratify survival outcomes. Right ventricular-pulmonary artery (RV-PA)
coupling and NYHA class IV independently predicted mortality. Importantly, both
COAPT-eligible and ineligible patients experienced significant functional
improvement, including gains in 6-minute walk distance and reductions in symptom
burden. The study highlights the value of COAPT criteria for prognostic stratification,
while reinforcing that symptomatic benefits of M-TEER extend to broader SMR
populations, supporting patient-centered decision-making by multidisciplinary heart

teams.
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6. Abkurzungsverzeichnis

6MWD
COAPT

EROA
GDMT

LV

LVEF
M-TEER
MITRA-FR

MLHFQ
MR
NYHA
PASP
RV
SMR
TAPSE
TR

eng. 6-minute walk distance

Cardiovascular Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients with Functional Mitral Regurgitation
eng. effective regurgitation orifice area

eng. guideline-directed medical therapy

linker Ventrikel/linksventrikular

eng. left ventricular ejection fraction

eng. mitral valve transcatheter edge-to-edge repair

Percutaneous Repair with the MitraClip Device for Severe
Functional/Secondary Mitral Regurgitation

Minnesota Living with Heart Failure Questionnaire

eng. mitral regurgitation

New York Heart Association

eng. pulmonary arterial systolic pressure

rechter Ventrikel/rechtsventrikular

sekundare MR

eng. tricuspid annular plane systolic excursion

eng. tricuspid regurgitation
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VI. Erganzendes Material

Supplemental Figure 1: Stratification of COAPT-eligible Patients Compared to the
Echocardiographic Algorithm Used in the Original COAPT Trial.

353 COAPT-eligible Patients with Secondary MR 23+

n=162 patients with missing
variables

| }
= v
2
E Effective regurgitant orifice area  Effective regurgitant orifice area  Effective regurgitant orifice area
<< 20.3cm? 20.2cm? and <0.3cm? not measured or <0.2cm?
8
With any 1 of the following: With at least 2 of the following:
* Regurgitant volume 245ml/beat *» Regurgitant volume 245ml/beat
« Regurgitant fraction 240% « Regurgitant fraction 240%
« Vena contracta width 20.5cm * Vena contracta width 20.5cm
n=144 (75.4%) n=30 (15.7%) n=17 (8.9%)

Effective regurgitant orifice area  Effective regurgitant orifice area Effective regurgitant orifice area

20.3cm? 20.2cm? and <0.3cm? not measured or <0.2 cm?
or
Pulmonary vein systolic flow With any 1 of the following: With at least 2 of the following:
reversal * Regurgitant volume 245ml/beat * Regurgitant volume 245ml/beat
« Regurgitant fraction 240% * Regurgitant fraction 240%
* Vena contracta width 20.5cm * Vena contracta width 20.5cm

« Proximal isovelocity surface area
radius >0.9cm, but continuous wave
Doppler of mitral regurgitation jet not

done

Original COAPT Trial

« Large (26.0cm) holosystolic jet
wrapping around left atrium

« Peak E velocity 2150 cm/s

n=570 (85.7%) n=70 (10.5%) n=25 (3.8%)

The upper part depicts the adapted echocardiographic algorithm used for validation of the COAPT-
eligible cohort. After exclusion of n=162 due to missing data, n=191 datasets had complete
echocardiographic data. The lower part shows the echocardiographic algorithm used in the original
COAPT-trial and published by Asch et. al (18). Despite limited by the missing information on
“pulmonary vein systolic flow reversal”, “proximal isovelocity surface area radius”, “holosystolic jet
diameter” and “peak E velocity”, the proportion in the COAPT analysis seem comparable to the
original trial.

MR = mitral regurgitation.

Koell et al. Supplemental Material 1

42



Supplemental Figure 2: NYHA Functional Class Through 6-Months Follow-Up.
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Irrespective of COAPT-status, all patients improved in NYHA functional class at 6 months. The p
values indicate significance from McNemar’s test. NYHA=New York Heart Association; MR=mitral

regurgitation.

Koell et al. Supplemental Material 2
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Supplemental Figure 3: Censoring Curve.
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Freedom of censoring

0.001
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Years after M-TEER
No. at risk
All 839 552 312

Strata

Censoring Curve is generated by calculating Kaplan-Meier estimator for the event of censoring
(reversed event). Survival analysis consider censored observations correctly if the assumption of
independent censoring is met. To check this condition a sensitivity analysis with gamma imputation
within the R package InformativeCensoring is done [David Ruau, Nikolas Burkoff, Jonathan Bartlett,
Dan Jackson, Edmund Jones, Martin Law and Paul Metcalfe (2020). InformativeCensoring: Multiple
Imputation for Informative Censoring. R package version 0.3.5. https://CRAN.R-
project.org/package=InformativeCensoring].

A range of gamma values are tested which relax the assumption. Corresponding variation of the log
HR reveals the plausibility of the condition.”

M-TEER = mitral valve transcatheter edge-to-edge repair

Koell et al. Supplemental Material 3
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Supplemental Figure 4: Sensitivity Analysis.
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Sensitivity analysis with gamma imputation of the time to event of the censored with the R package
InformativeCensoring. Testing different gamma values, which relaxes the assumption of independent

censoring, reveals a small variation in the log HR. The assumption is likely to be met.

Koell et al. Supplemental Material 4
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Supplemental Table 1: Comparison of Baseline Characteristics according to the Intervention

Groups of the Original Trials.

COAPT MITRA-FR
COAPT-eligible Device Group MITRA-FR- [ntervention
eligible Group
(original study) (original study)
(N=353) (N=302) (N=408) (N=152)
- Sociodemographic
Age (years) 72.9 +10.7 71.7+11.8 71.8+10.3 70.1+10.1
Male sex (%) 234 (66.5) 201 (66.6) 295 (72.3) 120 (78.9)
Body-mass index (kg/m?) 26.1+4.4 27.0+£58 -- -
EUROSCORE I - - 7.3 (4.3,13.1) 6.6 (3.5-11.9)
- Cardiovascular risk factors
Hypertension (%) 240 (72.7) 243 (80.5) - -
Diabetes (%) 106 (30.1) 106 (35.1) 124 (31.4) 50 (32.9)
- Cardiac co-morbidities
Previous myocardial infarction (%) 110 (31.5) 156 (51.7) 134 (33.3) 75 (49.3)
Previous PCI (%) 113 (40.8) 130 (43.0) 142 (41.6) 71 (46.7)
Previous CABG (%) 59 (17.4) 121 (40.1) - -
History of atrial fibrillation (%) 181 (51.3) 173 (57.3) 228 (55.9) 49 (34.5)
- Non-cardiac co-morbidities
COPD (%) 59 (16.8) 71(23.5) - -
Previous stroke (%) 27(7.7) 56 (18.5) - --
- Laboratory results
2484.0 3407
NT-proBNP (pg/ml) 5441.2 £7896.3 5174.3 £ 6566.6 (1084.4, 9200.2) (1948: 6790)
eGFR (ml/min) 48.2+22.0 50.9 +28.5 48.3+23.3 48.8+19.7
eGFR <60 ml/min/1,73 m? (%) 239 (72.0) 299 (71.6) - -
- NYHA class (%)
il 61 (17.3) 129 (42.7) 54 (13.2) 56 (36.8)
I 235 (66.6) 152 (51.0) 260 (63.7) 82(53.9)
v 57 (16.1) 18 (6.0) 94 (23.0) 14 (9.2)
- Device Therapy
Previous CRT (%) 87 (24.8) 115 (38.1) -- -
Previous ICD (%) 47 (27.5) 91 (30.1) - --
- Echocardiographic parameters
Severity of baseline mitral regurgitation
Moderate-to-severe, grade 3+ 168 (47.6) 148 (49.0) - --
Severe, grade 4+ 185 (52.4) 154 (51.0) - --
Effective regurgitant orifice area (mm?) 0.31+0.19 0.41+0.15 0.41+0.23 0.31+0.10
Regurgitant volume (ml/beat) - -- 53+19 45+13

Left ventricular parameters

Koell et al.
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Left ventricular endsystolic dimension (cm) 48+0.1 53+09 -- -
Left ventricular enddiastolic dimension (cm) 5.8+0.2 62+0.7 - --
Left ventricular endsystolic volume (ml) 123.7+£52.1 135.5+£56.1 - -
Left ventricular enddiastolic volume (ml) 198.2+75.8 194.4 £ 69.2 - --
Left ventricular enddiastolic volume index
(ml/m?) -- - 114.1+41.0 136.2+37.4
Left ventricular ejection fraction
LVEF (%) 33.7+79 31.3+9.1 28.8+6.9 333+6.5
Right ventricular parameters
Pulmonary artery systolic pressure (mmHg) 46.4+11.2 44.0 +13.4 (253) - --
Values are n (%) or median (interquartile range) or mean + SD or n (%).
CRT=cardiac  resynchronization therapy; eGFR=estimated glomerular filtration rate;

ICD=implantable cardioverter-defibrillator; NT-proBNP=N-terminal pro—brain natriuretic peptide;
NYHA=New York Heart Association.

Koell et al.

Supplemental Material
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Overall Cohort.

Supplemental Table 2: Baseline Characteristics According to In- and Excluded Ptients in the

Included Excluded P-value

(N=1022) (N=654)
- Sociodemographic
Age (years) 74.0 (68.0, 79.7) 77.0 (71.0, 81.0) <0.001
Male sex (%) 719 (70.4) 345 (57.2) <0.001
Body-mass index (kg/m2) 25.6(23.3,28.6) 25.9(23.4,29.0) 0.33
EUROScore II 7.0 (4.1, 12.5) 5.4(3.3,9.6) <0.001
- Cardiovascular risk factors
Hypertension (%) 668 (71.4) 388 (72.5) 0.68
Diabetes (%) 334 (34.0) 157 (29.1) 0.60
- Cardiac co-morbidities
Previous myocardial infarction (%) 326 (32.1) 180 (30.2) 0.45
Previous PCI (%) 332 (42.6) 193 (40.0) 0.41
Previous CABG (%) 196 (20.1) 117 (20.0) 1.00
History of atrial fibrillation (%) 608 (59.5) 373 (62.1) 0.33
- Non-cardiac co-morbidities
COPD (%) 160 (15.7) 122 (20.3) 0.50
Previous stroke (%) 92 (9.0) 51(8.5) 0.78
- Laboratory results
NT-proBNP (pg/ml) 3418.5 2711.0 <0.001

(1441.0, 7328.3) (889.0, 5486.2)

eGFR (ml/min) 45.0 (31.1, 60.0) 47.7 (34.0, 62.0) 0.39
eGFR <60 ml/min (%) 719 (74.1) 376 (68.1) 0.14
- Clinical presentation
MLHEFQ (%) 36.0 (25.0, 54.0) 36.5(25.0, 52.0) 0.36
6-minute walking distance (m) 232.0 (138.0, 352.0) 230.0 (133.7, 322.3) 0.80
- NYHA class (%)
I 131 (12.9) 75 (12.6) 0.92
I 640 (62.9) 412 (69.0) 14
v 245 (24.1) 109 (18.3) 0.0078
- Device Therapy
Previous CRT (%) 269 (27.0) 98 (17.5) <0.001
Previous ICD (%) 170 (29.4) 52(14.4) <0.001
- Medication
Beta-blockers 774 (91.0) 471 (90.9) 1.00
ACE inhibitors, ARBs, or ARNIs 935 (91.5) 603 (92.2) 0.67
MRA 511(73.4) 229 (62.1) <0.001
Loop diuretic agent 814 (97.8) 495 (95.7) 0.42

Echocardiographic parameters

Supplemental Material



regurgitation
Moderate-to-severe, grade 3+ 469 (45.9) 339 (56.2) <0.001
Severe, grade 4+ 503 (49.3) 252 (41.8) 0.0042
Effective regurgitant orifice area (mm2) 30.0 (20.0, 40.0) 30.0 (20.0, 40.0) 0.54
Regurgitant volume (ml/beat) 36.7 (26.0, 51.8) 44.3 (29.0, 60.0) <0.001
- Left ventricular parameters
Left ventricular endsystolic dimension 63.0 (55.0, 70.0) 58.9 (49.0, 66.0) <0.001
(mm)
Left ventricular enddiastolic dimension 52.0 (43.0, 59.0) 47.0 (34.4, 55.6) <0.001
(mm)
Left ventricular endsystolic volume (ml) 127.0 (89.0, 171.1) 83.1(49.3, 131.0) <0.001
Left ventricular enddiastolic volume (ml)  186.0 (142.0, 232.0) 145.0 (104.0, 197.2) <0.001
- Left ventricular ejection fraction
LVEF % median (%) 30.5(24.4,38.0) 40.0 (30.0, 55.0) <0.001
LVEF > 30 % (%) 575 (56.6) 468 (79.1) <0.001
- Severity of baseline tricuspid
regurgitation
none to moderate (%) 773 (76.2) 521(93.9) <0.001
severe (%) 241 (23.8) 34 (6.1) <0.001
Vena contracta biplane (mm) 5.1(3.8,7.0) 4.7(3.0,5.9) <0.001
- Right ventricular parameters
Pulmonary artery systolic pressure 48.0 (38.2, 58.0) 43.4 (35.0, 53.0) <0.001
(mmHg)
TAPSE (mm) 16.0 (13.0, 19.0) 19.0 (16.5, 22.0) <0.001
RV-PA coupling (mm/mmHg) 0.3(0.3,0.4) 0.4 (0.3, 0.6) <0.001

Values are n (%) or median (interquartile range).

ACE=angiotensin-converting  enzyme inhibitor; = ARB=angiotensin  receptor

receptor-neprilysin  inhibitor; CRT=cardiac resynchronization

ARNI=angiotensin

- Severity of baseline mitral

blocker;
therapy;

eGFR=estimated glomerular filtration rate; EuroSCORE II=European System for Cardiac Operative

Risk Evaluation II; ICD=implantable cardioverter-defibrillator; LVEF=left ventricular ejection

fraction, MLHFQ=Minnesota Living with Heart Failure Questionnaire; MRA=mineralocorticoid

receptor antagonists; NT-proBNP=N-terminal pro—brain natriuretic peptide; NYHA=New York Heart

Association; RV-PA coupling=right ventricular-to-pulmonary artery coupling; TAPSE=tricuspid

annular plane systolic excursion.

Koell et al.

Supplemental Material
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Supplemental Table 3: Overall Outcome and Postprocedural Parameters According to In- and

Excluded Patients in the Overall Cohort.

Included Excluded P-value
(N=1022) (N=654)
Overall outcome
All-cause death within 2 years (%) 359 (35.2) 189 (31.3) 0.13
Postprocedural outcome
- severity of residual mitral
regurgitation
None to mild (%) 677 (66.2) 382 (63.5) 0.28
Moderate (%) 277 (27.1) 180 (29.9) 0.25
Moderate to severe (%) 52(5.1) 27 (4.5) 0.67
Severe (%) 15 (1.5) 13(2.2) 0.40
Latest follow up (6 or 12 months)
- severity of mitral regurgitation
None to mild (%) 561 (54.8) 329 (50.3) 0.21
Moderate (%) 127 (13.3) 48 (7.8) <0.001
Moderate to severe (%) 36 (3.8) 15(2.4) 0.19
Severe (%) 3(0.3) 8(1.3) 0.049
- clinical presentation
MLHFQ (%) 24.0 (13.0, 41.0) 29.0(16.0, 45.3) 0.072
6-minute walking distance (m) 285.0(170.7, 405.3) 300.0 (180.0, 360.0) 0.38
- NYHA class (%)
1 79 (15.0) 63 (19.3) 0.12
I 261 (49.4) 144 (44.0) 0.14
11 152 (28.8) 102 (31.2) 0.50
v 36 (6.8) 18 (5.5) 0.53
- laboratory results
NT-proBNP (pg/ml) 2133.5(819.1, 5389.4) 1685.0 (539.6, 3614.0) 0.0043

Values are n (%), or median (interquartile range).

MLHFQ=Minnesota Living with Heart Failure Questionnaire; NT-proBNP=N-terminal pro—brain

natriuretic peptide; NYHA=New York Heart Association.

Koell et al.

Supplemental Material
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Supplemental Figure 5: Kaplan Meier Analysis for All-Cause Mortality in MITRA-FR-eligible

Patients.

Kaplan-Meier Analysis for All-Cause Mortality Within 2 Years

All-Cause Mortality (%)

"MITRA-FR and COAPT-eligible" vs. "only MITRA-FR-eligible"

100+

75+

504

25+

— MITRA-FR and COAPT-eligible log-rank p=0.14
— only MITRA-FR-eligible

No. at risk

0 1 2

Years after M-TEER

— 107 78 43
— 203 133 88

Kaplan-Meier curve for all-cause mortality within 2 years according to the groups “MITRA-FR and
COAPT-eligible” vs. “only MITRA-FR-eligible”.
M-TEER=mitral valve transcatheter edge-to-edge repair

Koell et al.
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Supplemental Table 4: Baseline Characteristics According to “COAPT and MITRA-FR-eligible”
and “only MITRA-FR-eligible”.

COAPT and MITRA-  only MITRA-FR- P-
FR eligible eligible value
(N=153) (N=255)

- Sociodemographic

Age (years)

Male sex (%)

Body-mass index (kg/m2)
EUROScore 11

- Cardiovascular risk factors
Hypertension (%)

Diabetes (%)

- Cardiac co-morbidities
Previous myocardial infarction (%)
Previous PCI (%)

Previous CABG (%)

History of atrial fibrillation (%)
- Non-cardiac co-morbidities
COPD (%)

Previous stroke (%)

- Laboratory results
NT-proBNP (pg/ml)

eGFR (ml/min)

eGFR <60 ml/min (%)

- Clinical presentation
MLHFQ (%)

6-minute walking distance (m)
- NYHA class (%)

I

I

v

- Device Therapy

Previous CRT (%)

Previous ICD (%)

- Medication

Beta-blockers

ACE inhibitors, ARBs, or ARNIs
MRA

Loop diuretic agent

Echocardiographic parameters

75.0 (67.1, 79.0)
110 (71.9)
25.2(23.3,29.1)
6.4 (4.0, 11.7)

98 (69.5)
43 (28.1)

46 (30.5)
49 (38.3)
19 (12.7)
82 (53.6)

21(13.8)
10 (6.6)

2931.0

(1337.3, 6681.2)

48.0 (34.0, 69.1)
100 (68.5)

42.0 (29.4, 55.0)
298.0 (191.7, 382.1)

27(17.6)
102 (66.7)
24 (15.7)

36(23.5)
23 (30.3)

119 (88.1)
140 (91.5)
82 (68.3)
127 (99.2)

Supplemental Material

73.0 (67.0, 78.0)
185 (72.5)
25.1(22.8,27.3)
7.7 (4.7, 14.6)

153 (65.9)
81 (33.5)

88 (34.9)
93 (43.7)
49 (20.5)
146 (57.3)

37 (14.6)
24 (9.4)

4062.5

(1963.7, 9098.7)

43.1 (30.2, 58.5)
187 (77.3)

435 (31.9, 58.1)
224.0 (1317, 348.3)

27 (10.6)
158 (62.0)
70 (27.5)

68 (27.6)
49 (32.7)

192 (88.9)
222 (87.1)
122 (69.7)
197 (98.0)

0.39
0.98
0.31
0.042

0.55
0.31

0.42
0.39
0.065
0.54

0.72
0.42

0.037
0.073

0.64
0.18

0.059
0.39
0.0090

0.43
0.83

0.97
0.23
0.90
0.68
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regurgitation
Moderate-to-severe, grade 3+ 62 (40.5) 112 (43.9) 0.57
Severe, grade 4+ 91 (59.5) 137 (53.7) 0.30
Effective regurgitant orifice area (mm2) 38.4+20.7 43.1+£36.7 0.51
Regurgitant volume (ml/beat) 51.8+16.4 54.5+£20.5 0.41
- Left ventricular parameters
Left ventricular endsystolic dimension
(mm) 65.0 (58.0,71.0) 66.0 (58.0, 75.0) 0.37
Left ventricular enddiastolic dimension
() 53.0 (46.0, 59.0) 55.0 (46.0, 65.8) 0.055
Left ventricular endsystolic volume (ml) 196.9 (166.3, 240.0) 197.0 (152.7,257.1) 0.79
Left ventricular enddiastolic volume (ml) 133.0 (102.4, 168.2) 140.0 (105.0, 186.8) 0.11
- Left ventricular ejection fraction
LVEF % median (%) 32.0 (26.9, 35.0) 27.8(20.1, 33.9) <0.001
LVEF > 30 % (%) 100 (65.4) 116 (45.5) <0.001
- Severity of baseline tricuspid
regurgitation
none to moderate (%) 153 (100) 164 (65.3) <0.001
severe (%) 0(0) 87 (34.7) <0.001
Vena contracta biplane (mm) 43(24,54) 6.0 (4.0, 8.0) <0.001
- Right ventricular parameters
f:llr;n:gl:ry artery systolic pressure 46.0 (38.0, 55.0) 50.0 (40.0, 60.0) 0.010
TAPSE (mm) 18.0 (16.0, 21.0) 13.0 (12.0, 17.0) <0.001
RV-PA coupling (mm/mmHg) 0.4 (0.3,0.5) 0.3(0.2,0.4) <0.001

Values are n (%) or median (interquartile range).

ACE=angiotensin-converting  enzyme inhibitor; = ARB=angiotensin  receptor

receptor-neprilysin  inhibitor; CRT=cardiac resynchronization

ARNI=angiotensin

- Severity of baseline mitral

blocker;
therapy;

eGFR=estimated glomerular filtration rate; EuroSCORE II=European System for Cardiac Operative

Risk Evaluation II; ICD=implantable cardioverter-defibrillator; LVEF=left ventricular ejection

fraction, MLHFQ=Minnesota Living with Heart Failure Questionnaire; MRA=mineralocorticoid

receptor antagonists; NT-proBNP=N-terminal pro—brain natriuretic peptide; NYHA=New York Heart

Association; RV-PA coupling=Right ventricular-to-pulmonary artery coupling; TAPSE=tricuspid

annular plane systolic excursion.
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Supplemental Table 5: Overall Outcome and Postprocedural Parameters According to “COAPT

and MITRA-FR-eligible” and “only MITRA-FR-eligible”.

COAPT and MITRA-
FR eligible only MITRA-FR-eligible P-value
(N=153) (N=255)
Overall outcome
All-cause death within 2 years (%) 51(33.3) 104 (40.8) 0.16
Postprocedural outcome
- severity of residual mitral
regurgitation
None to mild (%) 99 (64.7) 158 (62.0) 0.65
Moderate (%) 43 (28.1) 75(29.4) 0.87
Moderate to severe (%) 8(5.2) 17 (6.7) 0.71
Severe (%) 3(2.0) 5(2.0) 1.00
Latest follow up (6 or 12 months)
- severity of mitral regurgitation
None to mild (%) 72 (47.0) 122 (47.8) 0.85
Moderate (%) 34 (23.4) 35(14.6) 0.041
Moderate to severe (%) 8(5.5) 11 (4.6) 0.87
Severe (%) 2(1.4) 0(0) 0.28
- clinical presentation
MLHFQ (%) 23.0(13.3,36.3) 33.0(18.0,46.1) 0.024
6-minute walking distance (m) 288.5(123.7,422.2) 280.0 (167.4, 405.1) 0.67
- NYHA class (%)
1 14 (18.9) 22 (17.5) 0.95
1T 39 (52.7) 66 (52.4) 1.00
11 18 (24.3) 32(25.4) 1.00
v 3(4.1) 6(4.8) 1.00
- laboratory results
NT-proBNP (pg/ml) 2475.0 (1183.0,7388.7)  2493.0 (1081.2, 10062.0) 0.72

Values are n (%), or median (interquartile range).

MLHFQ=Minnesota Living with Heart Failure Questionnaire; NT-proBNP=N-terminal pro—brain

natriuretic peptide; NYHA=New York Heart Association.
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Supplemental Table 6: Baseline Characteristics According to In- and Excluded Patients in the

MITRA-FR Analysis.

Koell et al.

Included

(N=845)

Excluded

(N=831)

value

- Sociodemographic

Age (years)

Male sex (%)

Body-mass index (kg/m2)
EUROScore 11

- Cardiovascular risk factors
Hypertension (%)

Diabetes (%)

- Cardiac co-morbidities
Previous myocardial infarction (%)
Previous PCI (%)

Previous CABG (%)

History of atrial fibrillation (%)
- Non-cardiac co-morbidities
COPD (%)

Previous stroke (%)

- Laboratory results
NT-proBNP (pg/ml)

eGFR (ml/min)

eGFR <60 ml/min (%)

- Clinical presentation
MLHFQ (%)

6-minute walking distance (m)
- NYHA class (%)

I

I

v

- Device Therapy

Previous CRT (%)

Previous ICD (%)

- Medication

Beta-blockers

ACE inhibitors, ARBs, or ARNIs
MRA

Loop diuretic agent

Echocardiographic parameters

74.2 (68.0, 79.8)
584 (69.2)
25.4(23.1,28.4)
72(4.2,12.5)

551 (72.6)
271 (33.6)

253 (30.2)
281 (42.2)
155 (19.5)
508 (60.1)

130 (15.5)
75(8.9)

3395.0

(1410.5, 7402.3)

453 (32.0, 60.0)
584 (73.2)

37.0 (25.0, 55.0)
231.0 (140.0, 350.0)

105 (12.4)
532 (63.0)
205 (24.3)

203 (24.7)
143 (29.0)

620 (90.9)
776 (91.8)
392 (71.7)
649 (98.2)
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76.0 (70.0, 81.0)
480 (61.5)
26.0(23.5,29.1)
55(33,102)

505 (70.9)
220 (30.8)

253 (32.7)
244 (40.9)
158 (20.7)
473 (60.8)

152 (19.5)
68 (8.7)

2877.0

(1038.1, 6218.3)

47.0 (32.4,61.0)
511 (70.6)

35.5(25.0, 51.0)
230.0 (130.0, 346.7)

101 (13.1)
520 (67.4)
149 (19.3)

164 (22.3)
79 (17.7)

625 (91.0)
762 (91.7)
348 (67.2)
660 (95.9)

<0.001
0.0014
0.0048
<0.001

0.51
0.26

0.30
0.69
0.58
0.82

0.64
0.98

0.0044

0.52
0.28

0.15
0.97

0.75
0.71
0.19

0.29
<0.001

1.00
0.99

0.13
0.23
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- Severity of baseline mitral

regurgitation
Moderate-to-severe, grade 3+ 419 (49.6) 389 (49.9) 0.93
Severe, grade 4+ 385 (45.6) 370 (47.5) 0.46
Effective regurgitant orifice area (mm?2) 30.0 (20.0, 40.0) 30.0 (20.0, 40.0) 0.42
Regurgitant volume (ml/beat) 36.2 (26.0,51.8) 44.7 (29.4, 60.0) <0.001
- Left ventricular parameters
Left ventricular endsystolic dimension
() 63.0 (55.0, 70.0) 61.0 (51.0, 68.0) <0.001
Left ventricular enddiastolic dimension
() 51.0 (42.0, 59.0) 49.0 (37.0, 58.0) 0.0013
Left ventricular endsystolic volume (ml) 125.0 (86.9, 171.0) 97.0 (56.0, 144.1) <0.001
Left ventricular enddiastolic volume (ml) 185.0 (140.0, 232.0) 155.5(111.7,208.1)  <0.001
- Left ventricular ejection fraction
LVEF % median (%) 31.6 (24.7,39.5) 36.0 (28.6, 52.0) <0.001
LVEF > 30 % (%) 495 (58.6) 548 (71.8) <0.001
- Severity of baseline tricuspid
regurgitation
none to moderate (%) 640 (76.4) 654 (89.5) <0.001
severe (%) 198 (23.6) 77 (10.5) <0.001
Vena contracta biplane (mm) 52(3.8,7.2) 4.8 (3.3,6.0) <0.001
- Right ventricular parameters
f;lrfﬂoz;iry artery systolic pressure 48.0 (38.2, 58.0) 45.0 (35.0, 55.0) <0.001
TAPSE (mm) 16.0 (13.0, 19.0) 18.0 (16.0, 21.0) <0.001
RV-PA coupling (mm/mmHg) 0.3(0.3,0.4) 0.4(0.3,0.5) <0.001
Values are n (%) or median (interquartile range).
ACE=angiotensin-converting enzyme inhibitor; ARB=angiotensin receptor blocker; ARNI:

angiotensin receptor-neprilysin inhibitor; CRT=cardiac resynchronization therapy; eGFR=estimated
glomerular filtration rate; EuroSCORE II=European System for Cardiac Operative Risk Evaluation II;
ICD=implantable  cardioverter-defibrillator; =~ LVEF=left = ventricular = ejection  fraction;
MLHFQ=Minnesota Living with Heart Failure Questionnaire; MRA=mineralocorticoid receptor
antagonists; NT-proBNP=N-terminal pro—brain natriuretic peptide; NYHA=New York Heart
Association; RV-PA coupling=Right ventricular-to-pulmonary artery coupling; TAPSE=tricuspid

annular plane systolic excursion.
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Supplemental Table 7: Overall Outcome and Postprocedural Parameters According to In- and

Excluded Patients in the MITRA-FR Analysis.

Included Excluded P-value
(N=845) (N=831)
Overall outcome
All-cause death within 2 years (%) 309 (36.6) 239 (30.7) 0.014
Postprocedural outcome
- severity of residual mitral
regurgitation
None to mild (%) 562 (66.5) 497 (63.8) 0.27
Moderate (%) 226 (26.7) 231(29.7) 0.21
Moderate to severe (%) 46 (5.4) 33(4.2) 0.31
Severe (%) 11 (1.3) 17.(2.2) 0.24
Latest follow up (6 or 12 months)
- severity of mitral regurgitation
None to mild (%) 429 (50.7) 461 (55.4) 0.065
Moderate (%) 105 (13.5) 70 (8.8) 0.0040
Moderate to severe (%) 25@3.2) 26 (3.3) 1.00
Severe (%) 2(0.3) 9(1.1) 0.075
- clinical presentation
MLHEQ (%) 25.0(13.0, 40.0) 26.0 (15.0, 45.0) 0.25
6-minute walking distance (m) 284.0 (169.7, 405.3) 300.0 (180.0, 370.0) 0.59
- NYHA class (%)
1 65 (15.0) 77 (18.2) 0.24
I 222 (51.3) 183 (43.4) 0.025
I 121 (27.9) 133 31.5) 0.29
v 25(5.8) 29 (6.9) 0.60
- laboratory results
NT-proBNP (pg/ml) 2181.5 (969.6, 5588.1) 1568.5 (500.0, 3514.6) <0.001

Values are n (%), or median (interquartile range).

MLHFQ=Minnesota Living with Heart Failure Questionnaire; NT-proBNP=N-terminal pro—brain

natriuretic peptide; NYHA=New York Heart Association.
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