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Abstract

Background: Tricuspid regurgitation (TR) has a poor prognosis and limited treatment options and is fre-
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o chronic heart quently accompanied by right ventricular (RV) dysfunction. Transcatheter tricuspid valve interventions

failure
e tricuspid disease
e TTVI

(TTVI) to reduce TR have been shown to be safe and feasible with encouraging early results. Patient selec-
tion for TTVI remains challenging, with the role of right ventricular (RV) function being unknown.

Aims: The aims of this study were 1) to investigate survival in a TTVI-treated patient population and
a conservatively treated TR population, and 2) to evaluate the outcome of TTVI as compared to conserva-
tive treatment stratified according to the degree of RV function.

Methods: We studied 684 patients from the multicentre TriValve cohort (TTVI cohort) and compared
them to 914 conservatively treated patients from two tertiary care centres. Propensity matching identified
213 pairs of patients with severe TR. As we observed a non-linear relationship of RV function and TTVI
outcome, we stratified patients according to tricuspid annular plane systolic excursion (TAPSE) to pre-
served (TAPSE >17 mm), mid-range (TAPSE 13-17 mm) and reduced (TAPSE <13 mm) RV function. The
primary outcome was one-year all-cause mortality.

Results: TTVI was associated with a survival benefit in patients with severe TR when compared to
matched controls (one-year mortality rate: 13.1% vs 25.8%; p=0.031). Of the three RV subgroups, only in
patients with mid-range RV function was TTVI associated with an improved survival (p log-rank 0.004).
In these patients, procedural success was associated with a reduced hazard ratio for all-cause mortality (HR
0.22; 95% CI: 0.09, 0.57).

Conclusions: TTVI is associated with reduced mortality compared to conservative therapy and might

exert its highest treatment effect in patients with mid-range reduced RV function.
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Abbreviations

CAvVI caval valve implantation

eGFR estimated glomerular filtration rate

EuroSCORE  European System for Cardiac Operative Risk
Evaluation

IGR interquartile range

LVEDD left ventricular end-diastolic diameter

LVEF left ventricular ejection fraction

MR mitral regurgitation

NT-proBNP  N-terminal pro-B-type natriuretic peptide

NYHA New York Heart Association

RV right ventricular

RVD right ventricular dysfunction

sPAP estimated systolic pulmonary artery pressure

TAPSE tricuspid annular plane systolic excursion

TR tricuspid regurgitation

TvI transcatheter tricuspid valve intervention

Introduction

Tricuspid regurgitation (TR) is experiencing growing recognition as

a public health concern with major effects on morbidity and mortality

owing to its propagation of right heart failure (HF)'2. Mortality for

isolated tricuspid valve surgery remains higher than for any other sin-
gle heart valve surgery, ranging between 8 and 10% in contemporary
cohorts*®. Transcatheter tricuspid valve intervention (TTVI) is a rap-
idly evolving treatment option for severe TR, currently under clinical
investigation. TTVI has been performed on a compassionate use basis,
in patients at high or prohibitive surgical risk, with a range of sys-
tems®'3. However, TTVI is still developing, and the role of the proce-
dure and appropriate patient selection remains inconclusively defined.

Prior evidence revealed an association of TTVI with improved
survival in patients with symptomatic severe TR in comparison with
conservatively managed patients'*!>. As TTVI is lacking randomised
controlled trial data, these large registries are integral to our under-
standing of the factors contributing to procedural risk and post-pro-
cedural adverse events as well as the identification of subgroups
within the TR population where TTVI may be beneficial or futile.

The presence of right ventricular dysfunction (RVD) is a recog-
nised risk factor associated with adverse outcome in the general
population'®, in patients with TR!? and in tricuspid valve surgery's.

However, the clinical impact of RVD in patients undergoing TTVI

has not been comprehensively evaluated.
The aims of this study were:

—To investigate survival in a TTVI-treated patient population
from the prospective multicentre TriValve registry and a con-
servatively treated TR population from two tertiary care centres.

— To evaluate the outcome of TTVI as compared to conservative
treatment stratified according to the degree of RV function.

Methods

STUDY POPULATION - TTVI COHORT

The patient population consisted of 684 consecutive patients with
symptomatic significant TR undergoing TTVI from September 2014

to January 2020, after enrolment into the International Multisite
Transcatheter Tricuspid Valve Therapies Registry (TriValve regis-
try; NCT03416166). This multicentre registry includes 21 heart cen-
tres across Europe and North America. A comprehensive description
of the TriValve registry has been reported previously'. All patients
were symptomatic with signs of heart failure. The majority of
patients were in New York Heart Association (NYHA) functional
classes III or IV. TR therapy was indicated in accordance with inter-
national guidelines®*?!. Heart Team consensus rendered all patients
at high or prohibitive surgical risk. TTVI was conducted on an off-
label or compassionate use basis. Caval valve implantations (CAVI)
were excluded from this study.

STUDY POPULATION - CONSERVATIVELY TREATED TR
COHORT

Consecutive patients with severe TR were evaluated at the Charité
Medical University, Campus Charité Mitte and Benjamin Franklin,
Berlin, Germany, between 2010 and 2017. Patients with >severe TR
(on a four-grade scale as described before??) and with a functional TR
aetiology were retrospectively identified. The collection of retrospec-
tive data and the inclusion of patients in this study were approved by
the local institutional review board. All patients received guideline-
directed medical therapy. Follow-up was obtained by contacting the
local registration offices. The primary outcome was all-cause mortal-
ity. Both study cohorts and the investigation conform with the princi-
ples outlined in the Declaration of Helsinki.

DEVICE AND PROCEDURE

The TTVI procedures were performed using the MitraClip®
(Abbott Vascular, Santa Clara, CA, USA), Trialign™ (Mitralign
Inc., Tewksbury, MA, USA), Cardioband™, FORMA, PASCAL
(Edwards Lifesciences, Irvine, CA, USA), TriCinch System™
(4Tech, Galway, Ireland), and GATE™ (NaviGate Cardiac
Structures, Lake Forest, CA, USA) devices. Technical aspects of
each device have already been reported in detail®'3.

PATIENT DATA

In the TriValve registry, clinical and echocardiographic baseline and
follow-up data were prospectively collected. Clinical follow-up was
carried out by clinical visits and/or phone consultation at 30 days,
6 months, and one year, and annually thereafter. The inclusion of
patients in this study was approved in each centre by a local ethics
committee or per local practice for clinical data collection.

DEFINITIONS

All patients included in the TTVI study had symptomatic at least
severe TR. Transcatheter therapy was conducted on an off-label
or compassionate use basis after interdisciplinary Heart Team
evaluation. Grading of TR severity was assessed according to
a combination of semiquantitative and quantitative parameters,
as recommended by the American Society of Echocardiography®
and European Association of Echocardiography guidelines®,
and extended by a fourth grade®>. RV function was qualitatively



assessed in the apical four-chamber view and quantified by tricus-
pid annular plane systolic excursion (TAPSE).

Procedural success was defined as a device successfully implanted
and delivery system retrieved, with a residual TR grade <2. Mitral
Valve Academic Research Consortium criteria were used to define

adverse events®.

ENDPOINTS
The primary endpoint was defined as the incidence of all-cause
mortality within one year of follow-up in the matched population.

STATISTICAL ANALYSIS

Patients in the TTVI cohort were matched with conservatively
managed patients using propensity scores. The following vari-
ables were used for the calculation of propensity scores: TAPSE,
age, EuroSCORE 11, estimated glomerular filtration rate (¢GFR),
left ventricular ejection fraction (LVEF), left ventricular end-
diastolic diameter (LVEDD), echocardiographically determined
systolic pulmonary artery pressure (sPAP), haemodialysis, New
York Heart Association (NYHA) class (binary class I and II vs
IIT and 1V), presence of atrial fibrillation/flutter and NT-proBNP.
Based on these propensity scores, TTVI-treated patients were
matched 1:1 with control patients randomly selected from the
control pool of patients defined by the parameters using the
nearest neighbour rule of +0.2 standard deviations. The bal-
ance between the groups of patients with TTVI and controls was
assessed by standardised differences (defined as the difference
in means or proportions divided by the mutual standard devia-
tion). Standardised differences below 0.1 were considered not
significant.

Continuous data are presented as means and standard deviations
for parametric data or medians with interquartile range (IQR) for
non-parametric data. The normality assumption was evaluated
using the Kolmogorov-Smirnov test. Statistical comparisons were
conducted by the Mann-Whitney U test for two-group compari-
sons and the chi-square test or Kruskal-Wallis test for multi-group
analyses. For repeated measurements of non-parametric data, the
Wilcoxon signed-rank test was used.

The primary endpoint was analysed using Kaplan-Meier esti-
mates and the log-rank test was applied for group comparisons.

We stratified patients according to their TAPSE into quintiles
and performed separate Cox regression analyses to obtain hazard
ratios for survival comparing TTVI with conservative treatment.
The hazard ratios and their 95% confidence bands were fitted in
cubic non-linear curves. Due to a non-linear association of TTVI
with all-cause mortality in relationship with TAPSE, we stratified
patients according to RV function into three groups with respec-
tive preserved (TAPSE >17 mm), mid-range (TAPSE 13-17 mm)
and reduced (TAPSE <13 mm) function. This stratification was
based on identification of the TAPSE quintiles with the lowest
p-value and their corresponding borders.

Cox regression analyses were carried out to identify predictors

for the occurrence of one-year survival in patients with mid-range

RV function and transcatheter tricuspid valve intervention

RVD. The proportionality of hazards assumption was confirmed
for all Cox models.

A two-sided p-value <0.050 was considered statistically signi-
ficant. Kaplan-Meier curves were created with GraphPad Prism
8.0 (GraphPad Software Inc, San Diego, CA, USA). All statisti-
cal analyses were performed with SPSS, Version 25 (IBM Corp.,
Armonk, NY, USA).

Results

STUDY POPULATION AND CHARACTERISTICS OF THE
PROPENSITY-MATCHED COHORTS

We combined 684 patients from the TriValve registry with 914 patients
from a registry of conservatively managed patients with severe TR
from Charité/Berlin for a total of 1,598 patients. After exclusion
of cases for lack of reported TAPSE, age, EuroSCORE II, eGFR,
LVEF, LVEDD, sPAP, haemodialysis, NYHA class, presence of atrial
fibrillation/flutter, NT-proBNP, follow-up below 31 days without an
event, or non-functional aetiology, 850 patients were included in
the analysis (Supplementary Figure 1). Baseline characteristics by
conservative versus interventional treatment are shown in Table 1.
Patients in the unmatched TTVI cohort had significantly higher age,
EuroSCORE 11, higher rates of atrial fibrillation, higher LVEF, larger
LVEDD and lower rates of haemodialysis, TAPSE, lower proportion
of mitral regurgitation (MR) >grade 3 and sPAP as compared to the
unmatched conservatively treated cohort (all p<0.050).

Propensity score matching identified 213 pairs of matched
patients for a total of 426 patients. Baseline characteristics of the
matched cohorts are shown in Table 1. No significant differences
between unmatched and matched patients were observed (Table 1,
Supplementary Figure 2).

In the matched TTVI cohort, procedural success was achieved in
167 patients (80.7%). Overall, 54 (32.9%) had concomitant mitral
procedures for significant left-sided valve disease (MitraClip in all
cases). The MitraClip system was predominantly used for TTVI
(n=192 [90.0%]) (Supplementary Table 1).

TRANSCATHETER VERSUS CONSERVATIVE TREATMENT FOR
SEVERE TR

In the matched cohort, the estimated mortality rate after one year
was 25.4% in the conservatively treated cohort and 13.1% in the
TTVI cohort (p=0.031) (Figure 1A). Mortality was significantly
reduced in patients with successful TTVI as compared to conserv-
atively managed patients (p=0.007) (Figure 1B), but not in patients
with procedural failure when compared to conservatively treated
patients (Figure 1B). In isolated TTVI, the one-year mortality rate
was also significantly lower in the matched TTVI cohort when
compared to either conservative treatment or conservative treat-
ment without MR >grade 3 (p=0.001 and p=0.006, respectively)
(Figure 1C).

RELATIONSHIP BETWEEN RVD AND TTVI OUTCOME
We observed a non-linear relationship of the prognostic impact
of TTVI with TAPSE (Central illustration, top panel). Overall,
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Table 1. Baseline clinical and echocardiographic characteristics of the unmatched and matched population.

Unmatched cohort Matched cohort

Control Control

N=562 N=213
Age, years 76 [69; 82] 78 [74; 82] <0.001 78173; 82] 78 [75; 82] 0.56
Female 296 (52.7) 160 (55.6) 0.424 109 (51.2) 118 (55.4) 0.38
NYHA Class Il or IV 520 (92.5) 261 (90.6) 0.337 190 (89.2) 190 (89.2) 1.00
EuroSCORE II 3.6[2.2;5.8] 5.9[3.6; 10.2] <0.001 44126;7.1] 4.713.1;7.0] 0.34
Atrial fibrillation 419 (74.6) 253 (87.7) <0.001 188 (88.3) 188 (88.3) 1.00
Chronic obstructive pulmonary disease 126 (22.4) 64 (22.2) 0.948 46 (21.6) 50 (23.5) 0.64
eGFR, ml/min/1.73 m2 52 [37;71] 42 [30; 58] <0.001 45[33; 59] 46 [32; 601 0.73
Dialysis 67 (11.9) 21(7.3) 0.036 14 (6.6) 15(7.0) 0.85
NT-proBNP, pg/ml 3,696 [1,491; 9,174] 3,037 [1,440; 6,431] 0.051 3,557 [1,477;7,473] 2,792 [1,318; 6,162] 0.14

Echocardiography

TAPSE, mm 17[14; 21] 16 [13; 19] 0.024 16 [13; 20] 16 [13; 201 0.55
TAPSE <17 mm 274 (49) 155 (54) 0.162 118 (55) 109 (51) 0.69
Functional TR aetiology 562 (100) 288 (100) 1.000 213 (100) 213 (100) 1.00
LV-EF 50 [35; 60] 55[43; 61] 0.029 55 [40; 60] 55[45; 61] 0.57
LV-EF <40% 165 (29.4) 67 (23.3) 0.059 52 (24.4) 50 (23.5) 0.82
Left ventricular end-diastolic diameter, mm 49 [42; 55] 50 [45; 57] 0.022 50 [43; 57] 50 [44; 57] 0.80
MR >grade 3 144 (25.6) 96 (34.8) 0.006 55(25.8) 65 (31.9) 0.19
RV size Midventricular RV diameter, mm 39[34; 46] 40[31; 48] 0.858 41[35; 471 41[34; 49] 0.74
Tricuspid annular diameter, mm - 47 [43; 52] - - 47 [43; 52] -
RV>LV 111(19.9) 36(19.9) 0.801 46 (21.8) 29(21.3) 0.92
SPAP, mmHg 48[37; 60] 43 [34; 53] <0.001 45[34; 57] 44 [35; 54] 0.78
SPAP >50 mmHg 247 (44.0) 86 (29.9) <0.001 77 (36.2) 67 (31.5) 0.31

Data are n (%), or medians (interquartile range). EuroSCORE: European System for Cardiac Operative Risk Evaluation; eGFR: estimated glomerular filtration rate; LV-EF: left ventricular ejection

fraction; MR: mitral regurgitation; NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart Association; RV: right ventricular; sPAP: estimated systolic pulmonary artery
pressure; TAPSE: tricuspid annular plane systolic excursion; TTVI: transcatheter tricuspid valve intervention

166 patients had preserved, 179 mid-range reduced and 81 reduced
RV function, with no significant difference between TTVI and
conservative therapy (p>0.05 for all). There were no significant
differences between TTVI and control patients in the respective
subgroups except for a clinically irrelevant lower LVEF in the
control cohort in the mid-range RV function group and slightly
higher rates of RV >LV size in TTVI patients in the reduced RV
function group (Table 2).

In patients with mid-range RV function, TTVI was associated
with a survival benefit when compared to conservative therapy,
while there was no survival benefit in patients with preserved or
reduced RV function (Central illustration, lower panels).

In patients undergoing TTVI or conservative therapy, reduced
RV function was associated with impaired outcome (p log-rank
0.032 and 0.020, respectively) (Figure 2A, Figure 2B). In TTVI
patients, interventional TR treatment improved outcome of
patients with mid-range RV function to the level of patients with
preserved RV function (Figure 2B).

In patients with mid-range RV function, procedural suc-
cess, EuroSCORE 11, LVEF <40%, NT-proBNP and eGFR were
associated with all-cause mortality. However, on multivariable

analysis, only procedural success (HR 0.22; 95% CI: 0.09, 0.57)
and EuroSCORE II (HR 1.10; 95% CI: 1.01, 1.20) remained inde-
pendent predictors of an adverse outcome in this patient popula-
tion (Supplementary Table 2). Rates of procedural success and
post-procedural TR were not statistically different among patients
with preserved, mid-range or reduced RV function (Supplementary
Tahle 3).

Discussion
Our study is the first to analyse comprehensively the role of
RV function in TTVI as compared to conservative therapy in
a large cohort (n=426) of 1:1 propensity-matched patients with
severe functional TR. Specific findings include: when compared
to matched controls treated conservatively, TTVI shows a survival
benefit in patients with severe TR; TTVI improves one-year sur-
vival in a non-linear fashion according to RV function with the
highest observable treatment benefits among patients with mid-
range RV function.

In the absence of randomised controlled trials, propensity
score matching offers a valuable tool to glean information from
a matched cohort analysis. One such analysis with propensity



RV function and transcatheter tricuspid valve intervention

A Matched TTVI cohort B Matched TTVI cohort
T mfc::\"‘_“jﬁ
R T 50 TTVI successful vs
= g — TTVI successful  conservative p=0.007
@ — TTVI @ Conservative TTVI successful vs
Conservative p=0.031 = bl il TIVI failure p=0.074
°3 100 200 300 35 3 100 200 300 365
. Days . Days
No. at risk No. at risk
Conservative treatment Conservative
T 213 164 116 97 TTVI successful 167 132 93 81
TTVIfailure 40 28 21 15
C Matched TTVI cohort-isolated TTVI
100 ey
g L] “ross,
p TTVIvs conservative
z p=0.001
= — TTVI .
2 Conservative treatment TTVIVS conservative
-~ Conservative treatment (MR >3 excluded)
0 (MR >3 excluded) p=0.006
0 100 200 300 365
. Days
No. at risk
Conservative treatment
Conservative treatment
(MR >3 excluded) 138 1 126 m
TvI 110 86 55 48

Figure 1. Reduced mortality after transcatheter tricuspid valve intervention (TTVI) compared to conservative treatment. A) Survival in patients
after TTVI or conservative treatment in the propensity score-matched cohort. Kaplan-Meier analysis; N=426, p for log-rank test. B) Kaplan-
Meier analysis for survival in patients after TTVI at one year stratified for procedural success in the propensity score-matched TTVI cohort.
N=420; p for log-rank test. C) Survival in patients after TTVI or conservative treatment (patients with MR >grade 3 excluded) in the
propensity score-matched cohort. Kaplan-Meier analysis; N=268; p for log-rank test.

matching for age, EuroSCORE and pulmonary artery pressure
has been performed for TTVI, using a registry of interventions
and two large cohort studies'®. In that study, TTVI was associated
with improved survival and reduced HF hospitalisation compared
with medical therapy'®. Our current analysis utilised an expanded
TriValve registry and data from two different tertiary care cen-
tres. The two studies thus differ in the patient populations studied.
Compared to the current study, the control cohort in the study by
Taramasso et al'> had a lower incidence of RVD (29% vs 55%)
and NYHA Classes III and IV (23% vs 89%). Compared to their
respective controls, TTVI patients in the study by Taramasso et al
had a higher incidence of RVD, NYHA Class III/IV, mitral regur-
gitation >2+, atrial fibrillation and pacemaker/defibrillators. In our
study, the matching equalised the differences in baseline variables.
Despite the differences in comorbidity burden and completely sep-
arate control cohorts, both studies found a consistent association
of TTVI with improved clinical outcomes compared to medically
managed controls.

Right ventricular dysfunction is a frequent finding in significant
TR, as changes in RV morphology influence ventricular performance

and valvular geometry alike. The interplay between RV function
and TR remains incompletely understood. While data on the role
of RV function in TR are emerging'’, the role of RV function in
TTVI is largely undefined, with a suggestion of poorer RV function
associated with worse outcomes in small case studies'?. In contrast,
Karam et al reported similar outcomes of TTVI in patients strati-
fied according to TAPSE®. These conflicting results and the lack of
comparative outcomes of conservative treatment complicate the use
of RV function as either a clinical selection criterion for TTVI or as
a subgroup analysis for the interpretation of TTVI results.

This is the first study to evaluate specifically the role of RV
function for TTVI outcome by comparing results of TTVI with
conservative treatment in patients with different degrees of RVD.
Importantly, we now demonstrate a U-shaped relationship of RV
function and potential benefits of TTVI as compared to conserva-
tive treatment. Only by appreciation of this non-linear relationship
and the comparison of TTVI to conservative treatment can the
previous controversy about the prognostic value of RV function
in TR and TTVI be understood. Mid-range RV function is assoc-
iated with impaired outcome in conservatively treated patients
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Hazard ratio for TTVI vs conservative

T T T
<13 13-14 15-16 17-19 >19
TAPSE (mm, quintiles)

< l N

Reduced RV function Mid-range RV function Preserved RV function
(TAPSE <13 mm) (TAPSE 13-17 mm) (TAPSE >17 mm)
100 100 .
S S S
S 50 S 50 S 50
> > >
S S S
wn wn w
— TTVI TTVI — TTVI
-- Conservative p=0.51 Conservative p=0.004 -- Conservative p=0.68
0 T T T J 0 T T T J 0 T T T J
0 100 200 300 365 0 100 200 300 365 0 100 200 300 365
Days Days Days

Central illustration. Reduced mortality after transcatheter tricuspid valve intervention (TTVI) compared to conservative treatment in patients
with mid-range right ventricular (RV) function. Top panel. Hazard ratio for TTVI versus conservative treatment per tricuspid annular plane
systolic excursion (TAPSE) quintile. Curve interpolation by polynomial function. Dotted lines represent 95% CI. Lower panels. Survival in
patients with reduced, mid-range and preserved RV function at one year in the propensity score-matched cohort. Kaplan-Meier analysis;
N=166, N=179, N=81, respectively, p for log-rank test.

(Figure 2A), but not in TTVI patients, which is explained by The greatest survival benefit of TTVI in the mid-range TAPSE
the finding that TTVI improved survival in mid-range RV func-  group suggests that clinical benefit may be highest in patients at
tion patients to the level of patients with preserved RV function  the onset of RVD. It has been speculated that the improved sur-
(Figure 2B). Consequently, the treatment effect of TTVI dimin-  vival may in part be due to breaking the vicious circle of vol-
ishes the prognostic value of mid-range RV function. ume overload mediated RV remodelling and dysfunction caused

>

Conservative B TTVI
U 100 - —_—
S 50 - S 50 -
% -~ Preserved RV function % — Preserved RV function
» Mid-range RV function » Mid-range RV function
—- Reduced RV function IJ=|].020 — Reduced RV function p=l].032
0 100 200 300 365 0 100 200 300 365
. Days . Days
No. at risk No. at risk
Preserved RV function 42 35 32 30 Preserved RV function 39 28 21 15
Mid-range function Mid-range RV function
Reduced RV function 82 11 69 64 Reduced RV function 84 10 44 36

Figure 2. Increased mortality in reduced right ventricular (RV) function in conservatively treated tricuspid regurgitation (TR) and after
transcatheter tricuspid valve intervention (TTVI). A) Survival in patients after conservative treatment in the propensity-matched cohort
stratified by RV function. Kaplan-Meier analysis; N=213; p for log-rank test. B) Kaplan-Meier analysis for survival in patients after TTVI at
one year stratified for RV function. N=213; p for log-rank test.
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Table 2. Baseline clinical and echocardiographic characteristics of the matched study population stratified by right ventricular
dysfunction (RVD).

Mid-range RV function Reduced RV function

(TAPSE 13-17) pfor (TAPSE <13) pfor
TVl vs TVl vs TIVI vs
Control control |  Control control | Control control

N=82 N=89 N=42

Preserved RV function
(TAPSE >17) plor

m
=
=
=
=
=3
(1]
-
<
(1]
=
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o
N
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=
B
()
w
H
w
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o
w
1
N

Age, years 79(74,851 | 7975821 | 057 | 77072811 | 78(75821 | 034 | 7606882 | 78069821 | 0l
Female 18 (59) 52 (62) 075 43 (48) 50 (56) 037 18 43) 16 (41) 1.00
NYHA Class Il or IV 72(88) 71(85) 0.66 80 (90) 81 (90) 1.00 38.(91) 38.(97) 0.36
EuroSCORE I 34121,59] | 40027,571 | 031 | 53[32,85 | 53030,78] | 086 | 47028741 | 5204082 | 023
TMTVR NA 20 (29) NA NA 25 (36) NA NA 9.(36) NA
trial fibrllation 72 (88) 75 (89) 081 80 (90) 81 (90) 1.00 36 (86) 32.(82) 0.77
DSy 20 (24) 20 (24) 1.00 18 (20) 21(23) 072 8 (19) 9.(23) 0.79
eGFR, mU/min/1.73 m2 48135621 | 49(33,621 | 085 | 4503158 | 46[32,56] | 083 | 45033641 | 38026501 | 0.2
Haemodialysis 4(5) 5(6) 1,00 7) 44) 037 30) 6(15) 0.30
NT-proBNP, pg/mi 2,700 2,090 4,280 3,038 4431 4,167

0.68 0.10 0.85

[1,143,4,811] | [1,153, 4,687] [1,766,9,9911 | [1,748, 5,858] [2,220, 8,301] |[1,432,10,597]

TAPSE, mm 2119, 24] 2019, 23] 0.73 15[14, 16] 15[14, 16] 0.31 1119, 12] 11110, 12] 0.20
LV-EF 60 [53, 62] 58 [53, 64] 0.66 50 [30, 60] 5438, 61] 0.037 54 (27, 60] 45128, 571 0.35
LV-EF <40% 7(9) 10 (12) 0.61 31(35) 24 (27) 0.26 14 (33) 16 (41) 0.50
Left ventricular end-diastolic
e, T 4843, 54] 50 [45, 56] 0.11 53 [46, 59] 4943, 56] 0.06 49 [40, 58] 52 [46, 57] 0.28
MR >grade 3 21 (26) 29 (36) 0.17 23 (26) 28 (32) 0.41 11 (26) 8(22) 0.79
RV size Midventricular RV 4235, 50] 40[34,49] 42129, 50]

e 40[33, 48] N=t5 0.36 40 [35, 46] N=55 0.60 43 [36, 48] N=26 0.32

Tricuspid annular 47143, 51] 46 [43, 52]

diameter, mm B 4843, 53] b B N=65 bk B N=29 b

RV>LV 12 (22) 14 (26) 15 (36)

18(22) N=55 - 13 (15) N=55 0.13 3(12) N=26 0.046

sPAP, mmHg 46 [33, 571 44135, 50] 0.38 4535, 571 47 [38, 60] 0.28 42 [33, 60] 41130, 52] 0.41
sPAP >50 mmHg 33 (40) 18 (21) 0.011 30 (34) 38 (42) 0.28 14 (33) 11(28) 0.639

Data are n (%), or medians (interquartile range). EuroSCORE: European System for Cardiac Operative Risk Evaluation; eGFR: estimated glomerular filtration rate; LV-EF: left ventricular ejection
fraction; NT-proBNP: N-terminal pro-B-type natriuretic peptide; MR: mitral regurgitation; NYHA: New York Heart Association; RV: right ventricular; sPAP: estimated systolic pulmonary artery
pressure; TAPSE: tricuspid annular plane systolic excursion; TMTVR: combined transcatheter mitral plus tricuspid valve repair; TTVI: transcatheter tricuspid valve intervention

by TR!?7, We hypothesise that the reduction of venous congestion  exclude that patients with preserved or reduced RV function might

after TTVI may be a function of the RV’s potential to undergo  not benefit from TTVI, but rather we can state that the treatment

reverse remodelling, ultimately impacting on clinical events. This
might be less reversible in patients presenting at a late stage of
the disease with a TAPSE <13, possibly explaining the compar-
able one-year survival as compared to conservative treatment.
In contrast, patients with normal RV function might present too
early to detect a survival difference with a limited follow-up of
one year, given the overall low mortality rate in this RV function
subgroup. Longer follow-up could reveal differences in outcomes
in this subgroup.

However, this study cannot draw conclusions on the effects
of TTVI on heart failure hospitalisations in comparison to the
matched cohort as no heart failure hospitalisation follow-up
data were available in the matched cohort. Therefore, we cannot

effect is smaller as compared to patients with mid-range RV func-
tion. Therefore, larger trials will be necessary to identify relevant
changes in mortality. Nonetheless, in these early stages of TTVI
trial design, patients with mid-range RV function should be con-
sidered an important target subgroup for treatment. Given our
limited understanding of RV function assessment and recovery,
patients with RVD deserve further study. In addition, future trials
should provide data on the performance of TTVI versus surgical
repair and the role of RVD in this comparison.

Limitations
Matched cohort studies may still be subject to bias from unidenti-
fied confounders, and timing of diagnosis and treatment initiation
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relative to registry inclusion may play a role; therefore, the results
must be interpreted with caution. As data on the concomitant treat-
ment of tricuspid and mitral valve regurgitation are promising?,
our analysis also includes cases with transcatheter mitral and
tricuspid valve intervention (TMTVR). Since the majority of
patients with concomitant significant MR underwent TMTVR, we
accounted for this by excluding cases with significant MR from
the control group in individual sub-analyses that evaluated isolated
TTVI procedures to address selection bias. The effect size and sta-
tistical significance of TTVI versus control in isolated TTVI pro-
cedures were not altered by excluding significant MR. However,
selection bias cannot be fully excluded.

As discussed previously, outcome considered survival only;
results might differ with respect to rates of hospitalisation and
symptomatic outcome.

Although TAPSE is easily evaluated and is a robust parameter
owing to its high degree of reproducibility®, there was no central
echocardiographic core laboratory involved.

Inclusion of additional parameters for the evaluation of RV func-
tion would have been desirable®'. TAPSE is influenced by afterload
and probe angulation, as well as the degree of TR itself, as it may lead
to pseudonormalisation. Speckle tracking or 3D-RV parameters for
the evaluation of RVD could be implemented in future trial protocols.

Conclusions

TTVI is associated with reduced mortality compared to conserva-
tive therapy and might exert its highest treatment effect in patients
with mid-range RV function.

Impact on daily practice

TTVI is associated with reduced mortality compared to con-
servative therapy in a propensity-matched cohort study and
might exert its highest treatment effect in patients with mid-
range reduced RV function. RV function should be assessed
as part of the evaluation before interventional tricuspid valve
therapies and should be included in the design of future ran-
domised trials.
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Supplementary data

Original cohorts Conservative

(N=914)

cohort

TTVI

(N=684)

Excluded for lack of reported tricuspid annular plane systolic excursion (TAPSE), age,
EuroSCORE |I, estimated glomerular filtration rate (eGFR), left ventricular ejection
fraction (LV-EF), left ventricular end-diastolic diameter (LVEDD), echocardiographically
determined systolic pulmonary artery pressure (sPAP), haemodialysis, New York
Heart Association (NYHA) class, presence of atrial fibrillation/flutter, nt-proBNP,
follow-up below 31 days without an event (death or rehospitalization for heart failure)
or non-functional aetiology

— N=396

Excluded N=352 « |
Eligible for matching N=562
Matched cohorts N=213
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Supplementary Figure 1. Study flow chart and exclusion criteria for eligibility for propensity matching.
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Supplementary Figure 2. Standardised mean differences for the propensity matching variables in the unmatched (pre) and matched (post) cohorts.
EuroSCORE: European System for Cardiac Operative Risk Evaluation; eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection
fraction; nt-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart Association; sPAP: estimated systolic pulmonary artery

pressure; TAPSE: tricuspid annular plane systolic excursion



Supplementary Table 1. Devices in the matched TTVI cohort.

Device N (%)
MitraClip (Abbott, USA) 192 (90)
FORMA (Edwards Lifesciences, USA) 2 (1)
Trialign (Mitralign Inc., USA) 2 (1)
GATE (NaviGate Cardiac Structures, USA) 3(1)
Cardioband (Edwards Lifesciences, USA) 6 (3)
TriCinch (4Tech, Ireland) 2(1)

PASCAL (Edwards Lifesciences, USA) 6 (3)




Supplementary Table 2. Stepwise forward Cox proportional hazards analysis for death at one year in patients with mid-range right

ventricular function.

Univariable model B Multivariable model B
) p-value < p-value
all-cause mortality (HR [CI]) all-cause mortality (HR [CI])

Procedural success 0.22 [0.09, 0.56] -1.522 0.002 0.22 [0.09, 0.57] -1.507 0.002
EuroSCORE 11, % 1.13[1.04, 1.22] 0.120 0.002 1.10[1.01, 1.20] 0.096 0.037
LVEF <40% 2.33[1.25, 4.33] 0.845 0.008 - - -
NT-proBNP, pg/ml 1.47 [1.09, 1.99] 0.387 0.011 - - -
eGFR, per 10 ml/min/1.73 m? 0.81 [0.68, 0.96] -0.216 0.017 - - -
Haemodialysis 2.16 [0.85, 5.52] 0.770 0.11 NA NA NA
SPAP, per 10 mmHg 1.14 [0.94, 1.37] 0.126 0.19 NA NA NA
Female gender 0.74 [0.40, 1.39] -0.295 0.36 NA NA NA
NYHA Class Il or IV 0.92 [0.33, 2.59] -0.081 0.88 NA NA NA
MR >grade 3 1.00 [0.51, 1.96] -0.002 1.00 NA NA NA

Data are n (%).

B: B-coefficient; Cl: confidence interval; eGFR: estimated glomerular filtration rate; EuroSCORE: European System for Cardiac Operative Risk

Evaluation; HR: hazard ratio; LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro-B-type natriuretic peptide; MR: mitral

regurgitation; NYHA: New York Heart Association; SPAP: estimated systolic pulmonary artery pressure



Supplementary Table 3. Procedural success and post-procedural TR grade according to stages of RV function.

Preserved RV function Mid-range RV function Reduced RV function
(TAPSE >17) (TAPSE 13-17) (TAPSE <13) p-value
n=84 n=90 n=39
Missing 3 0 3
Procedural success 69 (85) 72 (80) 26 (72) 0.26
Post-procedural TR grade 0.35
0-1 39 (41) 35 (40) 10 (28)
I 30 (37) 37 (41) 16 (44)
>II1 12 (15) 18 (20) 10 (28)

RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion; TR: tricuspid regurgitation



