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BACKGROUND: The extent of cardiac damage and its association with clinical outcomes in patients undergoing transcatheter
edge-to-edge repair (TEER) for degenerative mitral regurgitation remains unclear. This study was aimed to investigate
cardiac damage in patients with degenerative mitral regurgitation treated with TEER and its association with outcomes.

METHODS: We analyzed patients with degenerative mitral regurgitation treated with TEER in the Optimized Catheter Valvular
Intervention-Mitral registry, which is a prospective, multicenter observational data collection in Japan. The study subjects
were classified according to the extent of cardiac damage at baseline: no extravalvular cardiac damage (stage 0), mild left
ventricular or left atrial damage (stage 1), moderate left ventricular or left atrial damage (stage 2), or right heart damage
(stage 3). Two-year mortality after TEER was compared using Kaplan-Meier analysis.

RESULTS: Out of 579 study participants, 8 (1.4%) were classified as stage 0, 76 (13.1%) as stage 1, 319 (55.1%) as stage
2, and 176 (30.4%) as stage 3. Two-year survival was 100% in stage O, 89.5% in stage 1, 78.9% in stage 2, and 75.3%
in stage 3 (P=0.013). Compared with stage O to 1, stage 2 (hazard ratio, 3.34 [95% ClI, 1.03-10.81]; A=0.044) and stage
3 (hazard ratio, 451 [95% ClI, 1.37-14.85]; P=0.013) were associated with increased risk of 2-year mortality after TEER.
Significant reductions in heart failure rehospitalization rate and New York Heart Association functional scale were observed
following TEER (both, A<0.001), irrespective of the stage of cardiac damage.

CONCLUSIONS: Advanced cardiac damage is associated with an increased risk of mortality in patients undergoing TEER for
degenerative mitral regurgitation.
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WHAT IS KNOWN

* Degenerative mitral regurgitation is a disease of
the mitral valve apparatus, developing heart failure
symptoms and excess mortality risk. Although the
introduction of transcatheter edge-to-edge repair
has changed the landscape of the clinical prac-
tice of degenerative mitral regurgitation, data on
risk prediction in this new treatment entity remain
limited.

WHAT THE STUDY ADDS

* The staging classification of cardiac damage in
patients with degenerative mitral regurgitation
offers prognostic implications for clinical outcomes.

* Advanced cardiac damage is associated with an
increased risk of mortality after transcatheter edge-
to-edge repair.

 Transcatheter edge-to-edge repair may mitigate the
risk of mortality rehospitalization and improve their
symptomatic status, irrespective of the extent of
cardiac damage.

Nonstandard Abbreviations and Acronyms

DMR degenerative mitral regurgitation
LA left atrium

Lv left ventricle

MR mitral regurgitation

NYHA New York Heart Association
TEER transcatheter edge-to-edge repair
TR tricuspid regurgitation

of the mitral valve apparatus, and the pathologies
of the mitral valve components (ie, leaflets, chordae,
papillary muscles) cause incompetence of valves, with
regurgitant blood flow from the left ventricle to the left
atrium. DMR is a serious condition, developing heart fail-
ure symptoms and excess mortality risk. The incidence
of DMR is high in elderly patients and increases in the
global community owing to its aging society."? Although
surgical mitral valve correction is an established standard
therapy for young, low-surgical risk patients®* a large
amount of the elderly population is often deemed at
high-surgical risk because of advanced age and multiple
comorbidities.? The introduction of transcatheter edge-
to-edge repair (TEER) has changed the landscape of the
clinical practice of DMR}® which is a safe alternative to
surgery if high perioperative risks are expected.3* How-
ever, data on risk prediction in this new treatment entity
remain to be investigated.
A staging classification of cardiac damage has been
proposed and applied in patients with chronic heart

Degenerative mitral regurgitation (DMR) is a disease
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failure or aortic stenosis, showing a good ability for risk
prediction of mortality®” Namely, the involvements of
extravalvular damages are found to be associated with
outcomes. A similar association was recently demon-
strated in patients with DMR treated with surgery.® How-
ever, no study has investigated a staging classification of
cardiac damage in patients undergoing TEER for DMR
and its association with outcomes. If significant volume
overload of DMR persists, it may provoke myocardial
damage,® resulting in heart failure and death. Vice versa,
TEER may regress cardiac damage by reducing mitral
regurgitation (MR), thereby improving clinical outcomes.

The purpose of this study is to assess the extent of
cardiac damage in patients undergoing TEER for DMR
and to investigate its association with clinical outcomes.

METHODS

Study Population

The data that support the findings of this study are available
from the corresponding author upon reasonable request. This
study was designed as a retrospective analysis of data from
the Optimized Catheter Valvular Intervention-Mitral registry,
which is a multicenter, consecutive, prospective data collec-
tion of patients undergoing transcatheter mitral valve interven-
tions in Japan.'® MitraClip (Abbott Vascular Inc, Santa Clara,
CA) has been the only commercially available transcatheter
system for treating MR since April 2018, starting with the
G2 system, whereas the MitraClip G4 system has also been
launched since September 2020. In the present study, pooled
data of patients with DMR treated with the MitraClip system
from April 2018 to June 2021 were reviewed for analysis. The
study registry was approved by the institutional review com-
mittee of Keio University and recorded with the University
Hospital Medical Information Network Clinical Trials Registry
(UMINO00023653). All subjects received informed consent.
The data collection and analysis were conducted in accordance
with the provisions of the Declaration of Helsinki and the
guidelines for epidemiological studies issued by the Ministry of
Health, labor, and Welfare of Japan.

Definition of Staging Classification of Cardiac

Damage

Parameters in the staging classification were selected based
on the previous literature and current guidelines for DMR.3469
We also considered the simplicity of acquisition. All patients
were categorized into 4 stages according to the presence or
absence of extravalvular cardiac remodeling or dysfunction as
assessed by transthoracic echocardiography at baseline—stage
0: no cardiac damage detected; stage 1: mild left-entricular
(LV) or atrial (LA) damage as defined by the presence of LV
ejection fraction <60%, LV end-diastolic diameter >565 mm,
LV end-systolic diameter >35 mm, LA volume index 240 mL/
m?2, or atrial fibrillation; stage 2: moderate LV or LA damage as
defined by the presence of LV ejection fraction <60%, LV end-
diastolic diameter >60 mm, LV end-systolic diameter >40 mm,
or LA volume index 260 mL/m?; stage 3: right heart damage as
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defined by the presence of tricuspid regurgitation (TR) severe
or severe right ventricle dysfunction (tricuspid annular plane
systolic excursion <13 mm or right ventricle fractional area
change <2800p).34611.12

Follow-Up

After the procedure, clinical and echocardiographic data were
prospectively collected during scheduled outpatient clinic vis-
its and registered on the internet-based system. The data-
base was checked by self-audit on each site. Data committee
members regulated the completeness and consistency of the
database and regularly sent queries to each center. Telephone
interviews directed to patients or their families were alterna-
tively performed, if necessary.

Study End Point

The primary end point of the present study was all-cause mor-
tality within 2 years after TEER. The secondary end points
included 2-year cardiac death and noncardiac death. Also, we
assessed changes in the rate of heart failure rehospitalization
and the New York Heart Association (NYHA) functional class
within 1 year before after TEER.

Statistical Analysis

Al statistical analyses were performed using EZR version 1.37
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), Rversion 4.3.0 (R Foundation for Statistical Computing),
or IBM SPSS Statistics 26 (IBM Corporation, New York).

We compared baseline demographics and clinical outcomes
among the cardiac damage staging. The Cochran-Armitage
test was applied to test whether there was a linear trend in
categorical variables according to the stages, whereas the
Jonckheere-Terpstra test was used to assess a trend in con-
tinuous variables. Continuous variables are presented as mean
and SD or median and interquartile range. Categorical variables
are expressed as numbers and percentages.

Time-to-event curves are depicted using the Kaplan-Meier
method and compared between the cardiac stages using the
log-rank test to assess the clinical outcomes according to the
cardiac damage staging. The risk of 2-year mortality accord-
ing to cardiac staging classification was assessed using Cox
proportional hazard model. Age, sex, coronary artery disease,
estimated glomerular filtration ratio, NYHA functional class,
and residual MR 22+ were included in the multivariable models
to adjust the association.'®""® Proportional hazards assumptions
were tested for all models, and no violations were found. As a
sensitivity analysis, a Cox proportional hazard model stratified
by age, sex, NYHA functional class, and history of heart failure
was conducted. Interaction P values are provided. Furthermore,
we assessed the associations of each variable in the staging
classification with outcomes. Finally, we applied logistic regres-
sion analysis to examine the association of each factor in the
staging classification with the risk of residual MR after TEER.

The changes in categorical variables from baseline to
follow-up were tested using Wilcoxon’s signed rank test. In addi-
tion to heart failure hospitalization and NYHA functional scale,
we explored the echocardiographic follow-up within 1 year,
including the severity of MR and repeat mitral valve treatment,
according to the extent of cardiac damage. The log-rank test
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was applied to compare 2-year mortality between patients with
MR >3+ or repeat mitral valve treatment during the follow-up.

RESULTS
Study Population and Baseline Characteristics

From the Optimized Catheter Valvular Intervention-Mitral
registries, 639 patients with DMR were treated with
TEER. After excluding patients due to the incomplete
data collection regarding cardiac damage assessment,
579 patients were included in the present analysis. The
study participants were old (mean age: 82.56+8.4) and
predominantly female (52.5%). At the time of TEER, 8
(1.4%) were in stage O (no cardiac damage), 76 (13.1%)
were in stage 1 (mild LV or LA damage), 319 (55.1%)
were in stage 2 (moderate LV or LA damage), and 176
(30.4%) were in stage 3 (right heart damage). The
prevalence of the cardiac stages is shown in Figure 1.
There were significant trends in baseline characteristics
according to the cardiac stage classifications (Table 1).
Compared with patients in stages O to 1, patients in
stages 2 and 3 more often had a history of myocardial
infarction, longer heart failure duration, higher NYHA
functional scale, lower estimated glomerular filtration
ratio, and elevated brain natriuretic peptide.

Procedural Outcomes

Procedural characteristics are summarized in Table ST.
Compared with patients with cardiac damage in stage
0 to 1, patients with advanced cardiac damage (stages
2 or 3) were less likely to achieve a reduction in MR to
<1+(81.5% in stage 0—1; 68.7% in stage 2; 66.7% in
stage 3) and had a longer duration of hospital stay (9
days [interquartile range, 7-15 days] in stages 0—1; 11
days [interquartile range, 7-20 days] in stage 2; 16 days
[interquartile range, 9-30 days] in stage 3). The associa-
tions of each cardiac damage factor with residual MR are
listed in Table S2. There were no significant differences
in the type of implanted devices or postprocedural trans-
mitral pressure gradient.

Extent of Cardiac Damage and Its Association
With Clinical Outcome

With the median follow-up duration of 527 days (inter-
quartile range, 365-739 days), 87 patients died, with
cardiovascular causes identified in 48 patients and
noncardiovascular death in 39 patients. At 2 years, all-
cause mortality increased with the advancement of car-
diac damage (Table 2; Figure 2): 1-year survival was
100% in stage O, 89.5% in stage 1, 78.9% in stage 2,
and 75.3% in stage 3 (log-rank P=0.013). The differ-
ence was mainly derived from cardiovascular mortal-
ity (log-rank P=0.014). In contrast, noncardiovascular
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WD EErrelEE Mild LV/LA damage R Right heart damage
damage damage
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Echocardiograhy LA volume inde;( LVESD >40mm, TAPSE <13mm
N LA volume index RVFAC <28%
240ml/m >60ml/m?
Atrial fibrillation B

Figure 1. Staging stratification of degenerative mitral regurgitation based on the extent of cardiac damage.

Cardiac stratification of degenerative mitral regurgitation based on the extent of cardiac damage. LA indicates left atrial; LVEDD, left ventricular
end-diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; RVFAC, right ventricular
fractional area change; TAPSE, tricuspid annular plane systolic excursion; and TR, tricuspid regurgitation.

death was comparable among the staging groups (log-
rank P=0.58). The associations of each cardiac dam-
age factor with 2-year mortality are listed in Table S3.
After the multivariable adjustment, the advanced stages
of cardiac damage were independently associated with
excess mortality compared with the lower degree of
cardiac damage (stage 2 versus stages O-1: adjusted
hazard ratio, 3.34 [95% CI, 1.03-10.81]; P=0.044;
stage 3 versus stage O—1: adjusted hazard ratio, 4.51
[95% CI, 1.37-14.85]; A=0.013; Table 3). Sex female,
NYHA functional class llI/1V, and residual MR >2+ were
the other factors associated with 2-year mortality after
TEER. Also, no interaction was detected between age,
sex, NYHA functional class, or prior history of heart fail-
ure with the stage of cardiac damage in regard to the
2-year mortality (Figure 3).

Additionally, we incorporated residual MR into the anal-
ysis. Overall, postprocedural MR severity was assessed
in 571 patients, whereas residual MR >2+ was observed
in 171 patients (29.9%). At 2 years, survival rates were
85.1% (95% Cl, 80.0%—89.0%) in patients with residual
MR <1+ and 65.7% (95% CI, 55.2%-74.2%) in those
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with residual MR >2+ (R<0.001). The superior outcomes
of residual MR =2+ over residual MR <1+ were consis-
tent among the staging of cardiac damage, while, with the
limited sample size, no significant difference was seen
in stage 0 to 1 (92.3% [95% Cl, 72.6%—-98.0%)] versus
92.9% [95% Cl, 59.1%-99.0%)]; P=0.29) but in stage 2
(84.3% [95% ClI, 77.3%-89.3%)] versus 65.4% [95% CI,
50.8%—76.6%]; P=0.011) and stage 3 (82.5% [95% C],
71.7%-89.5%] versus 61.5% [95% Cl, 45.2%-74.2%];
P<0.001; Figure S1).

Furthermore, we assessed the development of cardiac
damage over time. A downgrade of the staging classifica-
tion was modestly observed following TEER (Figure 4).
At baseline, 856.5% of patients were deemed as hav-
ing stages 2 or 3, which declined to 77.6% at 30 days
(P=0.003) and 73.8% at 1 year (”<0.001) after TEER.

Heart Failure Hospitalization Prior and After
TEER

The heart failure hospitalization rates before and after
TEER were assessed among patients with 1-year
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Table 1. Patient Characteristics
All Stage O or 1 Stage 2 Stage 3
N=579 n=84 n=319 n=176 P value

Baseline demographics
Age, y 82+8 83+7 82+9 83+9 0.74
Sex female 304 (52.5) 42 (50.0) 170 (563.3) 92 (52.3) 0.83
Coronary artery disease 121 (20.9) 15 (17.9) 60 (18.8) 46 (26.1) 0.06
History of myocardial infarction 50 (8.6) 5 (6.0) 19 (6.0) 26 (14.8) 0.003
Atrial fibrillation 354 (61.1) 30 (35.7) 176 (55.2) 148 (84.1) <0.001
HF duration >12 mo 192 (35.8) 20 (27.8) 104 (34.8) 68 (41.2) 0.04
HF hospitalization prior TEER 0.7+0.4 0.6+0.7 0.8+0.9 1.0£0.9 0.003
EuroSCORE II, % 5.0£4.0 3.7£2.5 4.6+3.7 6.1+4.8 <0.001
NYHA Il or IV 341 (58.9) 41 (48.8) 183 (57.4) 117 (66.5) 0.005
eGFR, mL/min per 1.73 m? 43.4+18.3 49.0+16.8 43.5+18.7 40.3+17.8 <0.001
BNP, pg/mL 327.7+387.2 143.3+190.6 310.9+313.0 459.3+532.2 <0.001
Hemoglobin, mg/ml 11.7£1.8 12.0£15 11.5%1.7 11.7£2.0 0.18

Echocardiography
Vena contracta, mm 6.91+3.2 6.312.4 71+35 6.912.8 0.49
Noncentral lesion of leaflet degeneration 252 (44.5) 35 (42.2) 141 (44.9) 76 (45.0) 0.91
LV ejection fraction, % 60.6£10.9 64.9+6.0 61.2+11.3 575+11.0 <0.001
LV end-diastolic dimension, mm 51.3£7.8 46.815.7 52.8+7.7 50.7%8.1 0.06
LV end-systolic dimension, mm 33.718.4 29.2+4.8 34.5+8.8 34.318.5 <0.001
LA volume index, mL/m? 88.5144.3 47.7£79 90.7+37.3 104.1£53.9 <0.001
TAPSE, mm 18.215.8 20.914.9 19.814.6 14.1£5.9 <0.001
RVFAC, % 38.61£9.4 42.8%5.9 41.3+6.8 31.9+£10.9 <0.001
TR pressure gradient, mm Hg 36.2+14.7 29.6+13.5 36.6£14.3 38.4%£15.1 <0.001
TR moderate or more 221 (38.2) 13 (15.5) 108 (33.9) 100 (56.8) <0.001

Medication
B-blocker 308 (53.2) 32 (38.1) 162 (50.8) 114 (64.8) <0.001
ACE-l 165 (28.5) 24 (28.6) 87 (27.3) 54 (30.7) 0.59
ARB 181 (31.3) 23 (27.6) 111 (34.8) 47 (26.7) 0.51
MRA 266 (45.9) 31 (36.9) 145 (45.5) 90 (51.1) 0.03
Diuretics 462 (79.8) 49 (68.3) 262 (82.1) 151 (85.8) <0.001

Values are either the number with %, meanSD, or median (interquartile range). ACE-| indicates angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration ratio; HF, heart failure; LA, left atrium; LV,
left ventricular; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; RVFAC, right ventricular fractional area change;
TAPSE, tricuspid annular plane systolic excursion; TEER, transcatheter edge-to-edge repair; and TR, tricuspid regurgitation.

follow-up (n=539). The hospitalization rate decreased
from 0.83%0.86 to 0.13£0.47 events/patient-year from
before and after TEER, with a reduction rate of 84%. The

heart failure hospitalization rates consistently reduced in
each stage of cardiac damage (Figure 5). Patients with
advanced cardiac damage (ie, stages 2 or 3) remained

Table 2. Two-Year Outcomes After TEER

Log-rank
Stage 0 Stage 1 Stage 2 Stage 3 P value
All-cause death 0% (0) 10.5% (4) 21.1% (48) 24.7% (35) 0.013
Cardiovascular death 0% (0) 1.4% (1) 11.7% (25) 17.4% (22) 0.014
Noncardiovascular death 0% (0) 9.2% (3) 10.6% (23) 8.8% (12) 0.58
HF rehospitalization 12.5% (1) 4.2% (2) 16.5% (42) 19.4% (20) 0.09
Death and HF rehospitalization 12.5% (1) 14.9% (6) 30.3% (77) 37.1% (48) 0.009
Values are the number with %. HF indicates heart failure; and TEER, transcatheter edge-to-edge repair.
Circ Cardiovasc Interv. 2024;17:e013794. DOI: 10.1161/CIRCINTERVENTIONS.123.013794 June 2024 502
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A  All-cause death
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Figure 2. Two-year outcomes after transcatheter edge-to-edge repair according to the extent of cardiac damage.
A, Survival curves according to cardiac damage. B, Event-free survival from cardiovascular mortality. LA indicates left atrial; LV, left ventricular;

and RV, right ventricular.

to have a higher incidence of hospitalization after TEER
compared with stages O or 1.

Improvement in NYHA Functional Scale
According to Cardiac Damage

After TEER, a significant improvement in heart failure
symptoms was consistently observed regardless of car-
diac damage (Figure 6). Although patients with advanced
cardiac damage were more likely severely symptomatic
at baseline (NYHA Il or IV: 48.8% in stage 0—1; 57.4%
in stage 2; 66.5% in stage 3; P=0.018), there were
no significant differences in NYHA functional scale at
follow-up (NYHA Il or IV: 4.6% in stages 0—1; 3.4% in
stage 2; 1.1% in stage 3).

Severity of MR During Follow-Up

Echocardiographic follow-up was performed in 511 patients
within 1 year after TEER. At 1 year, a composite of MR
>3+, repeat mitral valve treatment, and all-cause mortality
was observed in 8.0% of patients in stage O to 1, 27.4% in
stage 2, and 31.7% in stage 3 (Figure 7). Detailed percent-
ages are labeled on each graph. Furthermore, patients who
experienced MR >3+ or repeat mitral valve treatment dur-
ing the follow-up showed a lower 2-year survival compared
with those without (65.8% [95% Cl, 50.7%—77.3%)] versus
86.1% [95% Cl, 81.3%—89.7%], log-rank A<0.001).

Circ Cardiovasc Interv. 2024;17:e013794. DOI: 10.1161/CIRCINTERVENTIONS.123.013794

DISCUSSION

The main findings of the present study can be summa-
rized as follows: (1) The extent of cardiac damage was
associated with 2-year mortality. (2) Significant reduc-
tions in hospitalization rate and NYHA functional scale

Table 3. Association of Cardiac Damage Staging With
2-Year Mortality After TEER for DMR

Multivariable model
Adjusted-HR 95% CI P value
Cardiac damage
Stages 0-1 Ref
Stage 2 3.34 1.03-10.81 0.044
Stage 3 4.51 1.837-14.85 0.013
Age 1.08 0.99-1.06 0.12
Sex female 0.57 0.36-0.88 0.012
Coronary artery disease 0.89 0.52-1.51 0.66
Estimated GFR 0.99 0.98-1.01 0.39
NYHA 11l/IV 1.64 1.01-2.68 0.046
Residual MR >2+ 2.24 1.45-38.45 <0.001

The multivariable model included age, sex, coronary artery disease, estimated
GFR, and NYHA functional class for adjusting the association of cardiac dam-
age staging with 2-year mortality after TEER. DMR indicates degenerative mitral
regurgitation; HR, hazard ratio; MR, mitral regurgitation; NYHA, New York Heart
Association; and TEER, transcatheter edge-to-edge repair.
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A Cardiac damage stage 2 vs. stage 0-1

B Cardiac damage stage 3 vs. stage 0-1

Subgroups Hazard Ratio HR 95%-Cl p-interaction
MALE b—s 412 1[0.99; 17.26]

FEMALE = 225 [052; 9.72] 0.56
Age <82 - 4.09 [0.54; 30.72]

Age >82 - 2.84 [0.87; 9.28] 0.76
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Figure 3. Association of cardiac stage with mortality in selected subgroups.
Forrest plots show the association of cardiac damage with all-cause mortality in each subgroup. HFH indicates heart failure hospitalization; HR,

hazard ratio; and NYHA, New York Heart Association.

were consistently observed, irrespective of the extent of
cardiac damage. (3) A downgrade of the staging clas-
sification was modestly observed following TEER, with a
sustained improvement over time.

The term degenerative corresponds to the heter-
ogenous process of valve alternations, and DMR is a
mechanical problem of the leaflet coaptation, which
can be treated either with surgery or transcatheter
approaches. The ideal timing for mitral valve interventions
may be when patients have heart failure symptoms. How-
ever, symptoms do not always coincide with the advance-
ment of the disease, especially in elderly patients. The
idea of the staging classification of cardiac damage is
developed to aim to assess the extent of extravalvular
involvements and refine the risk stratification of patients
with aortic stenosis, while its utility for patients with DMR
treated with TEER remained to be studied.

In the present study, the mean age was 82 years old,
and the mean EuroSCORE Il was 5.0%, implying that
this less invasive technology has been applied not only

Circ Cardiovasc Interv. 2024;17:e013794. DOI: 10.1161/CIRCINTERVENTIONS.123.013794

to the elderly population but also to the outside of high-
surgical risk patients. We found that 85.5% of patients
were deemed as having advanced cardiac damage
(stages 2 or 3) at baseline, showing signs of moderate
LV or LA damage or right heart involvement. Patients
with advanced cardiac damage displayed a longer dura-
tion of heart failure and multiple hospitalizations before
TEER.

Regarding procedural results, device-related com-
plications were infrequent among each group, whereas
patients with an advanced stage of cardiac damage were
less likely to achieve a reduction in MR to <1+. These
findings suggest that TEER is safe, regardless of the
extent of cardiac damage, whereas functional outcomes
of TEER may be altered by the disease progression. For
instance, a larger LA volume can pose a challenging
morphology for TEER (eg, displacement of the posterior
mitral annulus, the restricted motion of the posterior leaf-
let).'® We demonstrated that LA volume was positively
associated with the risk of residual MR after TEER.
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The vital question would be the timing of TEER for
patients with DMR. We found that the staging classifi-
cation of cardiac damage stratified the risk of mortal-
ity after TEER. Two-year mortality was 0% in patients
without any sign of cardiac damage (stage 0), while the
mortality increased to 10.5% in patients with mild LV or
LA damage (stage 1), 21.1% in patients with moder-
ate LV or LA damage (stage 2), 24.7% in patients with
right heart damage (stage 3). The association between
advanced stage cardiac damage and an increased risk
of 2-year mortality was independent of baseline demo-
graphics, inferring that the extent of the extravalvular
damage of DMR patients plays an important role in the
prognosis. Based on the findings, it may be conceivable
to conclude that the timing of MR treatment is critical in

patients with DMR, so those patients may need Heart
team evaluation perhaps earlier in the disease process.

Another question is whether an MR treatment is par-
ticularly effective or futile. The association between the
extent of cardiac damage and survivals persisted after
accounting for residual MR. Moreover, the superior out-
comes of MR reduction to <1+ over residual MR >2+
were consistently observed among each stage of car-
diac damage. Although the present study was neither a
propensity-score matching analysis nor a randomized
control trial, our findings indicate that TEER for the
correction of MR may merit survival in patients with
DMR, even if they suffer from advanced cardiac dam-
age. Indeed, significant reductions in hospitalization rate
and NYHA functional scale following TEER were also

1,2
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Figure 5. Reduction in hospitalization
after transcatheter edge-to-edge
repair (TEER).
Hospitalization rates (events per patient-
year) before and after TEER.
0.12
Stage 3
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consistently observed among each stage of cardiac dam-
age. Benfari et al'” reported the potential survival ben-
efit of TEER over medical therapy alone was consistent
among subgroups for atrial fibrillation, LV ejection frac-
tion, or LV end-diastolic diameter. Treating MR by TEER
may be beneficial to mitigate the risk of hospitalization
and improve their symptoms even in cases with advanced
stages of cardiac damage.

We found that the stage of cardiac damage was
modestly downgraded following TEER, with a sustained
improvement over time. Correction of MR and thereby
unloading the left chambers might lead to restoring LV
or LA function.”®2° Ideally, MR is to be treated before
the onset of cardiac damage before irreversible changes
occur.'® Moreover, right heart response to TEER is not
always favorable. Patients with right heart damage with
TR may benefit from concomitant tricuspid surgery' In
contrast, whether a concomitant transcatheter approach

for MR and TR has an impact on right heart damage and
its prognostic benefit remains to be seen.

Given the decent MR reduction in the present study
(residual MR <1+: 68.9%) and in the EVEREST I trial
([Endovascular Valve Edge-to-Edge Repair Study];
residual MR <1+: 52.6%),° one might argue that the
correction of MR using TEER for DMR is indispens-
able but still not perfect. Three-fourths of the devices
in the present study were the second generation of the
MitraClip system. In contrast, the recent literature inves-
tigating the procedural outcomes of the MitraClip G3
system reported higher MR reduction rates in patients
with DMR (residual MR <1+: 82.4%).22 Furthermore,
the fourth generation of the MitraClip platform dem-
onstrated further enhancements in TEER results,®
which are likely attributable to the improved capabilities
of independent leaflet grasping and the availability of
wider clip sizes.
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| | |
p <0.001 p <0.001 <0.001
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1.5% 4.0% _ MR 23+, 100% 1.9% 11.4%  _ MR 23+, 1009 1.4% 25.0%
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Figure 7. Echocardiographic follow-up after transcatheter edge-to-edge repair (TEER).
Severity of mitral regurgitation (MR), repeat mitral valve (MV) treatment, or mortality at 1-mo and 1-y follow-up after TEER.
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Furthermore, the initial achievement of MR reduction
to <1+ may translate to durable results of TEER over
time.?* We found a higher incidence of the recurrence
of MR (ie, MR >3+) and repeat mitral valve treatment in
patients with advanced cardiac damage, which may be
associated with long-term mortality. Besides the extent
of cardiac damage as shown in the present analysis, opti-
mal device selection for patients with DMR is to be inves-
tigated.?>? The PASCAL system (Edwards Lifesciences,
Irvine, CA) is a novel, tool of TEER, which uses a central
spacer and a single horizontal row of leaflet retention
features designed to reduce leaflet stress and optimize
leaflet clasping while minimizing the risk of leaflet dam-
age. According to the recent clinical evidence from the
CLASP 11D trial (Edwards PASCAL Transcatheter Valve
Repair System Pivotal Clinical), each platform (ie, PAS-
CAL and MitraClip systems) provides a safe and effec-
tive procedural outcome in patients with DMR, whereas
they indicated that the initially seemingly comparable
MR reduction might provide different sustainability dur-
ing follow-up.?’

The procedural result of TEER improves along with
the device iterations, physician’ experience, patient
selection, and knowledge of imaging modalities. More-
over, providing the less invasive option has improved the
prognosis of patients with DMR treated with surgery.?®
Further refinement of the risk evaluation and patient
selection is a pivotal milestone before expanding the
transcatheter technologies to lower-risk and younger-
age categories.

Limitations

The present study is subject to inherent limitations due
to its observational, nonrandomized design. However,
this is one of the largest multicenter cohort studies
of patients with DMR undergoing TEER. All measure-
ments were conducted prospectively by independent
sonographers and cardiologists within the routine prac-
tice for DMR evaluation and quantitation using trans-
thoracic echocardiography, which should increase the
generalizability of the findings. Second, the described
staging classification was not validated using other
cohorts or prospectively investigated. Third, a substan-
tial amount of echocardiographic data during follow-up
were missing. Fourth, the theory of the staging classi-
fication infers a causal association between DMR and
the advancement of cardiac damage.® Although other
concomitant comorbidities (eg, coronary artery disease,
chronic lung disease) may coexist, and the observed
structural changes might be rather due to those fac-
tors, the consistency of the findings in several sensitiv-
ity analyses suggests that the cardiac-oriented staging
classification is useful for risk stratification in clinical
practices. Also, although we defined severe TR as a

Circ Cardiovasc Interv. 2024;17:e013794. DOI: 10.1161/CIRCINTERVENTIONS.123.013794
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result of right heart damage, concomitant TR might be
potentially due to the consequence of tricuspid valve
leaflet prolapse, especially in patients with mitral valve
prolapse.®®

Conclusions

Advanced cardiac damage is associated with an
increased risk of mortality in patients with DMR treated
with TEER. The staging classification of cardiac damage
offers prognostic implications for clinical outcomes after
TEER. TEER may mitigate the risk of mortality rehos-
pitalization and improve their symptomatic status, irre-
spective of the extent of cardiac damage. Nonetheless,
a higher incidence of the recurrence of MR and repeat
mitral valve treatment during the follow-up was observed
in patients with advanced cardiac damage, which may be
associated with long-term clinical outcomes. Based on
the findings, it is also possible to conclude that the timing
of MR treatment is critical in patients with DMR so that
patients may need Heart team evaluation earlier in the
disease process.
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