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ABSTRACT: Mitral regurgitation and tricuspid regurgitation are the most common valvular heart diseases in patients with heart
failure and have independent prognostic value. Transcatheter interventions are now available for the treatment of valvular
heart disease, and their efficacy and safety have been tested in randomized controlled trials. However, evidence is still limited
and sometimes inconclusive because several aspects of these trials limit their interpretation or consistency. These include
heterogeneity in the pathogenesis and clinical characteristics of patients, the dynamic nature of secondary atrioventricular
valve disease severity, the role of heart failure medications and devices, dependency on procedural results and operators'’
skills, smaller number of patients enrolled and the power to detect differences in trials, and limitations to use patients’
reported outcomes with unblinded study protocols. These specific aspects of trials in patients with atrioventricular valve
disease are reviewed in this article with a focus on possible solutions to generate further evidence for the efficacy and safety
for transcatheter treatments of atrioventricular valve disease in patients with heart failure.
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itral regurgitation (MR) and tricuspid regur-
M gitation (TR) are the most common valvular

heart diseases (VHDs) in patients with heart
failure (HF).""® Their prognostic role has been estab-
lished,2#8™9-11 ‘and many treatment options are now
available for these patients. However, evidence for the
efficacy and safety of transcatheter interventions in
patients with HF and MR or TR is challenged by either
limited or conflicting data from randomized controlled
trials, leading to varying degree of acceptance by the
clinical community. The interaction among specialists

in HF, imaging, interventional cardiology, and cardiac
surgery is crucial for evidence generation, implementa-
tion, and management of patients with HF with MR or
TR to generate the most reliable and valid data and, in
turn, maximize the utility of these interventions in the
right patient population. The aim of this document is to
analyze current studies on the treatment of MR and TR,
discuss the limitations of current data, provide a road
map on how to bridge the gap in data, and create col-
laboration among the various specialties involved in this
scientific domain.
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Nonstandard Abbreviations and Acronyms

6MWTD
A-SMR

ARNI

COAPT

GDMT

HF
HFrEF

KCCQ

Lv
LVEF
MATTERHORN

MITRA-FR

MR
M-TEER

NT-proBNP

NYHA
PROM

RESHAPE-HF2

RV
SMR
STR
TEER

TR

TRILUMINATE
Pivotal

6-minute walking test distance
atrial secondary mitral
regurgitation

angiotensin receptor neprilysin
inhibitor

Cardiovascular Outcomes
Assessment of the MitraClip
Percutaneous Therapy for Heart
Failure Patients with Functional
Mitral Regurgitation
guideline-directed medical
therapy

heart failure

heart failure with reduced
ejection fraction

Kansas City Cardiomyopathy
Questionnaire

left ventricular

left ventricular ejection fraction
Multicenter Mitral Valve
Reconstruction for Advanced
Insufficiency of Functional or
Ischemic Origin

Multicentre Study of Percu-
taneous Mitral Valve Repair
MitraClip Device in Patients
with Severe Secondary Mitral
Regurgitation

mitral regurgitation

mitral transcatheter edge-
to-edge repair

N-terminal probrain natriuretic
peptide

New York Heart Association
patient-reported outcome
measure

Randomized Investigation

of the MitraClip Device in
Heart Failure: Second Trial
in Patients With Clinically
Significant Functional Mitral
Regurgitation

right ventricular

secondary mitral regurgitation
secondary tricuspid regurgitation
transcatheter edge-to-edge
repair

tricuspid regurgitation

Trial to Evaluate Cardiovascular
Outcomes in Patients Treated
With the Tricuspid Valve Repair
System Pivotal

TRISCEND Edwards EVOQUE Tricuspid
Valve Replacement: Investigation
of Safety and Clinical Efficacy
After Replacement of Tricuspid

Valve with Transcatheter Device

Edwards EVOQUE Transcatheter

Tricuspid Valve Replacement:

Pivotal Clinical Investigation

of Safety and Clinical Efficacy

Using a Novel Device

transcatheter tricuspid edge-

to-edge repair

TTVI tricuspid transcatheter valve
intervention

TTVR transcatheter tricuspid valve
replacement

VI transcatheter valve intervention

VHD valvular heart disease

V-SMR ventricular secondary mitral
regurgitation

TRISCEND I

T-TEER
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BACKGROUND: EPIDEMIOLOGY AND
PROGNOSTIC IMPACT

The prevalence of moderate or severe secondary MR
(SMR) in patients with HF ranges between 31% and
619%,"9121% with the highest percentages in patients with
HF with reduced ejection fraction (HFrEF), those who are
hospitalized with worsening HF, and those with advanced
HFS11"4 Prevalence of moderate or severe TR ranges be-
tween 10 and 36% depending on HF phenotype and TR
etiology.268'® Among outpatients the proportion of moder-
ate/severe TR is higher in patients with HF with preserved
ejection fraction compared with those with HFrEFS”

Both MR and TR are associated with worse HF
symptoms, poorer quality of life, and higher risk for
mortality and hospitalization.5%'2  These associa-
tions are independent of other confounders, includ-
ing those related to HF severity.5°121® |t can thus be
expected that transcatheter valve interventions (TVIs)
may improve symptoms and outcome. The evidence
from randomized trials remain limited, however, in part
because of inherent characteristics of the trials, includ-
ing patients enrolled, the design of the trials, and in
some cases conflicting results. Here, we discuss fac-
tors that are specific for atrioventricular valve interven-
tions trials that may limit the evidence on the efficacy
and safety of these interventions. These include het-
erogeneity of the patient phenotypes with MR or TR
and HF, as well as trial designs and end points. Pos-
sible future improvements for evidence generation so
that data on efficacy and safety can be more readily
available and acceptable by the clinical community are
given in Table 1.
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Table 1. Consideration for Designing Trials in Patients With Secondary VHD and Chronic HF

Problem

Possible solutions

Heterogeneity of atrioventricular VHD

Careful phenotypic characterization based on anatomic and clinical criteria
Trials including or excluding selected patients phenotypes:
Atrial vs ventricular SMR
COAPT-like vs non-COAPT-like patients with SMR
Atrial vs ventricular STR
TR and left-side related VHD
Characterization of pulmonary hypertension pathogenesis in patients with STR
Severe/end-stage HF

Use of GDMT Mandate GDMT before randomization/procedure
Mandate optimization of GDMT after the procedure
Mandate multidisciplinary team preprocedural assessment
Size of the study group Include also worsening HF events without patient hospitalization
Use recurrent events analysis or hierarchical win-ratio analyses
End points Mortality: unbiased but requires large study groups

HF hospitalizations/events: may be biased and requires large study groups

Quality of life: is biased but may yield useful data

Hemodynamic parameters/RV function: useful for a mechanistic end point

Biomarkers: unbiased and may be used as surrogate for mortality

Postprocedural changes in cardiac function assessed by echocardiography or cardiac MRI: may be
used as surrogates for mortality

COAPT indicates Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients with Functional Mitral Regurgitation; GDMT,
guideline-directed medical therapy; HF, heart failure; MRI, magnetic resonance imaging; RV, right ventricular; SMR, secondary mitral regurgitation; STR, secondary tricus-

pid regurgitation; TR, tricuspid regurgitation; and VHD, valvular heart disease.

CLINICAL PHENOTYPES

Clinical phenotypes of patients with MR or TR and con-
comitant HF may have a major impact on the results of
trials with TVI (Figure 1).

Mitral Regurgitation

MR is traditionally classified as primary or secondary.’®"
Primary MR may cause HF. Surgery is the standard of
care in symptomatic patients with primary MR at low
or intermediate risk.'® EVEREST Il (Endovascular Valve
Edge-to-Edge Repair Study) compared conventional sur-
gery with transcatheter edge-to-edge repair (TEER) in
279 patients with moderately severe to severe MR, 27%
with functional MR. The percutaneous procedure was
less effective than surgery with respect to the primary
end point, although mainly for a higher need of surgical
repair, but had superior safety and similar improvement
in clinical and instrumental end points at 12 months with
results confirmed at b years.’®?° A significant interaction
was found according to type of MR with better results for
surgery only in patients with primary MR.™®

Thus, according to current guidelines, TEER of the
mitral valve (M-TEER) remains a safe alternative in
patients with primary MR and contraindications for sur-
gery or high operative risk.'81921

A head-to-head comparison of M-TEER and surgery
for the treatment of primary MR is being further investi-
gated in randomized trials enrolling high-risk (MITRA-HR
study [Multicentre Study of MITRACLIP Transcatheter
Mitral Valve Repair in Patients With Severe Primary

1344 May 6, 2025

Mitral Regurgitation Eligible for High-risk Surgeryl;
NCT03271762) and intermediate-risk (REPAIR-MR
study [MitraClip REPAIR MR Study]; NCT04198870)
patients.???® The development of new devices and results
of most recent trials are likely to expand the indications
to TVI for a larger number of patients at low to intermedi-
ate surgical risk.

SMR is the most frequent form of MR in HF. It is sub-
divided into atrial and ventricular induced MR:?* Both
MITRA-FR (Multicentre Study of Percutaneous Mitral
Valve Repair MitraClip Device in Patients with Severe
Secondary Mitral Regurgitation) and COAPT (Cardiovas-
cular Outcomes Assessment of the MitraClip Percutane-
ous Therapy for Heart Failure Patients with Functional
Mitral Regurgitation) enrolled patients with ventricular
SMR (V-SMR), as shown by a left ventricular (LV) ejec-
tion fraction (LVEF) of 15% to 40% and 20% to 50%,
respectively.?>2° Different enrollment criteria, inclusion of
patients with less severe SMR, more severe LV dilatation
and dysfunction, and more advanced HF in MITRA-FR
compared with COAPT have been cited as reasons of
diverging results between the 2 trials.?”*° The 5-year
follow-up of the COAPT trial confirmed the large prog-
nostic benefit of M-TEER at b years. Patients undergo-
ing crossover after 2 years (allowed per protocol) did
derive a similar benefit of the initial cohort compared with
guideline-directed medical therapy (GDMT) alone, which
provided internal validation of the reported results.®
RESHAPE-HF2 (Randomized Investigation of the Mitra-
Clip Device in Heart Failure: Second Trial in Patients
With Clinically Significant Functional Mitral Regurgita-
tion) confirmed the benefits of M-TEER in patients with

Circulation. 2025;151:1342-1363. DOI: 10.1161/CIRCULATIONAHA.124.070411
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Figure 1. Different phenotypes of patients with MR and TR.

ATTR-CA indicates transthyretin cardiac amyloidosis; CAD, coronary artery disease; CIED, cardiac implantable electronic devices, COAPT,
Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients with Functional Mitral Regurgitation trial;
GUCH, grown-up congenital heart disease; HCM, hypertrophic cardiomyopathy; HF, heart failure; LV, left ventricular; MR, mitral regurgitation;

PH, pulmonary hypertension; RVD, right ventricular dysfunction; SMR, secondary mitral regurgitation; STR, secondary tricuspid regurgitation; TR,

tricuspid regurgitation; and VHD, valvular heart disease.

HFrEF and moderate to severe V-SMR, who remained
symptomatic despite optimized GDMT.2"%2

Real-world registries showed that a non—COAPT-like
profile was associated with lower rates of procedural
success, more frequent in-hospital complications, lon-
ger length of hospitalization, and worse prognosis after
M-TEER compared with patients with a COAPT-like pro-
file.33%% However, non—-COAPT-like patients may show
improvement in quality of life and exercise capacity simi-
lar to the COAPT-like patients.33%2 TV| of severe MR
may also be useful as bridge to LV assist device implan-
tation or heart transplantation.'63738 |n addition, M-TEER
may benefit patients with moderate SMR and improve LV
remodeling®"; however, these extensions to adjacent
populations need evaluation with randomized trials. The
MATTERHORN (Multicenter Mitral Valve Reconstruction
for Advanced Insufficiency of Functional or Ischemic Ori-
gin), a randomized, controlled, parallel-group study, inves-
tigated the efficacy and safety of percutaneous mitral
valve repair by means of the MitraClip device for patients
with moderate to severe SMR compared with surgical
therapy. M-TEER was noninferior to mitral valve surgery
with respect to a composite of death, rehospitalization for
HF, stroke, reintervention, or implantation of an LV assist
device at 1 year (F<0.001 for noninferiority).4?

Circulation. 2025;151:1342-1363. DOI: 10.1161/CIRCULATIONAHA.124.0704 11

Atrial SMR (A-SMR) is characterized by preserved LV
geometry and LVEF with atrial remodeling and myopa-
thy. Results for the effects of M-TEER in A-SMR cannot
be extrapolated from the COAPT and MITRA-FR trials
because these trials enrolled patients with V-SMR. Data
on the efficacy of TVI in patients with A-SMR still come
mainly from observational studies.*®**¢ In these stud-
ies, M-TEER and indirect mitral valve annuloplasty were
shown to be feasible and safe,*** and the efficacy of
M-TEER was similar in A-SMR and V-SMR.#3444¢ Few
patients enrolled in the MATTERHORN trial were cat-
egorized as having A-SMR (34 patients, of whom 16
versus 18 were randomized to TEER versus surgery,
respectively). A nonprespecified post hoc analysis of the
trial reproduced the overall results of MATTERHORN in
both the A-SMR and V-SMR subgroups.*’

Tricuspid Regurgitation

Different phenotypes of TR have been classified by
the Tricuspid Valve Academic Research Consortium,
and they have a major impact on treatment.*®" Pri-
mary TR results from anatomic abnormality of the tri-
cuspid valve apparatus and may cause HF. Secondary
TR (STR) results from annular dilation caused by right
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ventricular (RV) enlargement and dysfunction due to
pulmonary hypertension or right atrial enlargement. It
includes atrial STR due to right atrial/tricuspid annular
dilatation and ventricular STR due to LV disease, left-
sided VHD, pulmonary disease, RV dysfunction/re-
modeling, or cardiac implantable electronic devices.*®
Cardiac implantable electronic device—related STR is
further subdivided into 2 subtypes based on whether
the cardiac implantable electronic device interferes or
does not interfere with the tricuspid valve apparatus
function.*950

The cause of TR and comorbidities may have a major
role in the management of severe TR before transcath-
eter or surgical correction.*®%%%2 Surgery is currently rec-
ommended in symptomatic patients with severe primary
TR and without severe RV dysfunction and should be
considered in selected asymptomatic or mildly symp-
tomatic patients with an initial RV dilation or RV func-
tion decline.’® In addition, tricuspid valve repair during
left-sided surgery is recommended for severe STR and
should be considered for mild or moderate STR with
annulus dilation.”® On the other hand, the benefits of
surgical repair of isolated STR are not yet established,
and the procedure might be burdened by a nonnegli-
gible risk of periprocedural mortality and morbidity when
patients are treated at a late stage.?®** The TRI-SCORE
has been recently proposed to estimate in-hospital
mortality in patients undergoing isolated TR surgery.®®
With the progressive development of novel devices
that offer also the possibility of percutaneous tricuspid
valve replacement and the high surgical risk of many
patients with TR, it seems that transcatheter treatment
will be adopted more frequently. However, also in this
case, randomized controlled trials are required to directly
compare outcomes between transcatheter treatment
and surgery, as was done for aortic valve replacement
and more recently for MR. Restoration of normal sinus
rhythm may be effective for atrial STR caused by annu-
lar dilation associated with atrial fibrillation.?® Atrial STR
has been associated with lower mortality compared
with ventricular STR, independently of other clinical
and echocardiographic characteristics.52°%%" |n the real-
world multicenter TriValve registry (Transcatheter Tri-
cuspid Valve Therapies), among 298 patients with STR
undergoing transcatheter tricuspid edge-to-edge repair
(T-TEER), 65 (22%) had atrial STR and 233 (78%) had
ventricular STR. Procedural success and TR reduction
were similar in the 2 groups.®®

STR is often associated with left-sided VHD.5259-63
In a prospective transcatheter aortic valve replacement
registry, more than one-half of patients with moderate
or greater TR had a reduction in TR after aortic valve
replacement® The magnitude of TR improvement after
M-TEER is variable, but improvement may occur in a
meaningful proportion of patients, as shown in observa-
tional studies.626566
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Patients with TR and other comorbidities, including
atrial fibrillation and left-sided VHD, deserve a specific
approach, if not specific trials, because these concomi-
tant conditions affect each other. Whether TR and either
atrial fibrillation or left-sided VHD should be corrected
with TVI at the same time or sequentially is not settled.

Severity and Cause of HF

The severity of HF may be a major determinant of the
efficacy of TVI and a major factor for trial design. Treat-
ment of MR or TR at late stages of HF may not be as
beneficial. "' COAPT criteria for the selection of pa-
tients for M-TEER were based mainly on the exclusion
of patients with more severe HF or severe LV or RV dys-
function.’®”2"™ Although the procedural success of TVl is
independent of baseline LVEF observational data have
shown that the prognostic impact of MR or TR severity is
greater in patients with mild to moderate compared with
more severe impairment of cardiac function, as shown
by LVEF and NT-proBNP (N-terminal probrain natriuretic
peptide) concentrations.8'287 |n addition, patients en-
rolled in RESHAPE-HF2 may have been less sick com-
pared with patients enrolled in COAPT and MITRA-FR,
as shown by lower NT-proBNP concentrations.®’ From
these data, a larger prognostic benefit from TVI can be
expected in patients with less advanced HF. On the other
hand, the lower risk of events in these patients may re-
quire a larger study group or a longer follow-up.
Advanced right-sided HF is characterized by irrevers-
ible organ damage and dysfunction. Diuretic resistance
and kidney or hepatic dysfunction, gut malabsorp-
tion, and malnutrition are commonly encountered and
denote a poor prognosis.”'"8™ Therefore, careful clinical
assessment, echocardiography, and, at least for T-TEER,
right-sided heart catheterization are mandatory in the
preprocedural evaluation of candidates for atrioventricu-
lar valve interventions not only to define valve anatomy
but also to predict outcomes and patient management.®?
RV dysfunction has a major role for both mitral and tri-
cuspid valve interventions.®88% Myocardial deformation
imaging and 3-dimensional echocardiography are pre-
ferred for the assessment of RV geometry and function
and prognostic stratification of patients with TR before
tricuspid TVI (TTVI). Patients with severely depressed
RV function were excluded from the TRISCEND Il
trial (Edwards EVOQUE Transcatheter Tricuspid Valve
Replacement: Pivotal Clinical Investigation of Safety
and Clinical Efficacy Using a Novel Device)®' The Tri-
cuspid Valve Academic Research Consortium proposed
possible echocardiographic cutoffs.*® Although actual
evidence is limited,®>®® irreversible pulmonary vascular
resistance exceeding 3 Wood units has been adopted as
an exclusion criterion for most studies. Systolic pulmo-
nary artery pressure >70 mmHg and fixed precapillary
pulmonary hypertension with uncontrolled precapillary
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pulmonary hypertension (systolic pulmonary artery pres-
sure >60 mmHg) were among the exclusion criteria of
the TRILUMINATE Pivotal trial (Trial to Evaluate Cardio-
vascular Outcomes in Patients Treated With the Tricuspid
Valve Repair System Pivotal) and Tri.Fr (a multicenter,
controlled, randomized, superior, open-label, and parallel-
group study testing the value of TriClip implantation in
patients with severe STR) trials, respectively.84%

The cause of HF may also have an impact on TV,
although this has not been assessed thoroughly. Specific
therapies now exist for cardiac amyloidosis, hypertrophic
cardiomyopathy, and other cardiomyopathies and may
affect the course of VHD, 316748687

MEDICAL THERAPY

Secondary MR

For SMR associated with HFrEF, GDMT for HF is in-
dicated.”® Observational studies report considerable
underuse of GDMT in patients with HF including also
those undergoing M-TEER®8°° However, GDMT may
improve LV performance, favor LV reverse remodeling,
and reduce SMR in =40% of patients, with most data
suggesting a main role of angiotensin receptor neprilysin
inhibitors (ARNIs)'%°192 and recently of sodium-glucose
cotransporter-2 inhibitors.%

Thus, GDMT must be uptitrated at maximum tolerated
doses before M-TEER is considered for the treatment
of SMR, with a meaningful effect to be expected from
ARNIs and sodium-glucose cotransporter-2 inhibitors
among the medications introduced recently.'® The opti-
mization of HF medical therapy before M-TEER was a
major difference between the COAPT and MITRA-FR
trials. Although both trials enrolled symptomatic patients
with HFrEF and SMR, the COAPT trial used strict inclu-
sion criteria with a central committee of HF specialists
evaluating and optimizing GDMT before M-TEER. This
nevertheless resulted in the tolerance of 3, 2, and 1
GDMT class (any dose) in 38.8%, 39.4%, and 19.8% of
patients, respectively.®* 3-Blockers were best tolerated
(93.1%), followed by angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, or ARNI
(68.5%) and then mineralocorticoid receptor antago-
nist (55.0%). Only 1.9% did not tolerate any GDMT.®
A higher proportion of patients were on HF GDMT in
RESHAPE-HF2 than in the other 2 studies.®

Secondary TR

Medical therapy options for the management of se-
vere TR are limited, with no Class | recommendations in
guidelines except for diuretics. Recently, sodium-glucose
cotransporter-2 inhibitors have been recommended
for all patients with HF with preserved ejection frac-
tion, regardless of VHD.'87%5% | oop diuretics relieve
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congestion, although many patients with severe STR
experience progressive cardiorenal syndrome, diuretic
resistance, and the need for periodic intravenous di-
uretics. Mineralocorticoid receptor antagonists may
have additive benefit, especially in the setting of hepatic
congestion, which may promote secondary hyperaldo-
steronism.'8™ Pulmonary vasodilators may be helpful in
reducing RV afterload and STR in selected patients with
pulmonary hypertension.®® GDMT for HF might be ef-
fective for STR attributable to HFrEF.'® Small observa-
tional studies reported the possible beneficial effect of
ARNI and sodium-glucose cotransporter-2 inhibitors on
RV function in patients with HE®"*® Further studies are
needed to assess the impact of GDMT for HF on RV
function and, namely, TR severity.9"%®

In TRISCEND (Edwards EVOQUE Tricuspid Valve
Replacement: Investigation of Safety and Clinical Effi-
cacy After Replacement of Tricuspid Valve With Trans-
catheter Device), medical therapy was at investigator
discretion and included diuretics in stable doses unless
a patient had a history of intolerance.® In TRILUMINATE
Pivotal, being a randomized controlled trial of T-TEER
versus GDMT, the eligibility committee ensured that
patients were on a background dose of diuretics, but no
prespecified criteria for the dosing, drug type, or adjust-
ment in follow-up were available.®* In TRILUMINATE Piv-
otal, #90% of patients were on diuretics and <40% were
on angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers or ARNI at baseline. These data likely
due to the high rate of patients with preserved LVEF.

Increasing diuretics just before transcatheter pro-
cedure to improve fluid status and leaflet coaptation
before T-TEER was described in the TRILUMINATE
Pivotal trial® No improvement of TR severity was
observed in the control group of the TRILUMINATE
Pivotal trial, suggesting the limited role of medical
therapy on RV remodeling in patients with TR and pre-
served LVEF or its low prescription rate in this trial. On
the other hand, in the control group of TRISCEND Il
trial, regression of TR to less than severe at 1 year was
reported in 16.1% of the patients®' Further data are
warranted to assess the impact of medical therapy on
the severity of TR.

Limitations of GDMT in Patients With VHD

Limitations remain in the uptitration of GDMT in patients
with severe SMR, mainly because of poor tolerance. Only
a very low percentage of the patients in COAPT were
able to tolerate therapeutic GDMT doses despite con-
siderable efforts by a screening committee including HF
specialists. Furthermore, the optimization of GDMT has
been associated with an improvement by at least 1 grade
of MR in less than half of patients. There is an important
gap in evidence on GDMT for the treatment of patients
with severe functional TR.
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Postprocedural Enabling of Medical Therapy

Successful TVI facilitates the implementation of GDMT
and affects the subsequent outcome as a consequence
of hemodynamic improvement with improved stroke
volume and blood pressure and reduced systemic, kid-
ney, and hepatic congestion,'#52°91% countering hypo-
tension and deterioration in kidney function, which are
the main causes of underuse of GDMT in HF%4101-103
An analysis of Euro-SMR registry showed GDMT up-
titration in 307 patients (38%) after M-TEER and a
lower risk of all-cause death (adjusted hazard ratio,
0.62 [95% ClI, 0.41-0.93]; P=0.020) and of all-cause
death or HF hospitalization (adjusted hazard ratio, 0.54
[95% Cl, 0.38-0.76]; ~<0.001) in patients who under-
went GDMT uptitration compared with those who did
not. Degree of MR reduction between baseline and
the 6-month follow-up was an independent predictor
of GDMT uptitration after M-TEER (adjusted odd ratio,
1.71[95% Cl, 1.08-2.71]; P=0.022).°° These data sug-
gest that GDMT combined with M-TEER has a major
impact on outcome and therefore GDMT use before
and after intervention needs standardization in protocol
design.

PATIENT SELECTION AND TIMING OF
TRANSCATHETER TREATMENT OF MR
AND TR

Proper patient selection for TVl remains a major chal-
lenge for clinical practice and for the design of clinical
trials. This topic has been extensively considered in re-
cent in-depth reviews*8815286104 and  with respect to
SMR, in guidelines for HF and VHD.'®'® According to
current guidelines, M-TEER can be considered only in
patients not eligible for surgery and not needing coro-
nary revascularization, should be considered to reduce
HF hospitalizations only in patients who have the clinical
characteristics of those included in the COAPT trial, and
may be considered to improve symptoms in the non—
COAPT-like patients. These indications are, however,
likely to be broadened after the recently published re-
sults of MATTERHORN®*? and RESHAPE-HF23" trials
showing the noninferiority of M-TEER compared with
surgery for the treatment of SMR and the efficacy of M-
TEER compared with medical therapy alone, respectively,
for the reduction of HF events in patients with HFrEF
and less severe SMR (mean effective regurgitant ori-
fice area [0.25 cm?] was smaller in patients enrolled in
RESHAPE-HF2 than among those in the COAPT trial
[0.40 cm?] and the MITRA-FR trial [0.31 cm?]).%!

The decision process leading to the selection of
patients for TVI for TR compared with other strategies
(medical therapy or surgery) should include (1) the
identification of the cause and mechanisms of TR by
means of clinical evaluation, imaging, and hemodynamic
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assessment; (2) evaluation of the stage of disease (ie,
RV function, type and severity of pulmonary hyper-
tension, organ damage); (3) anatomic considerations,
namely suitability for different TTVI devices; and (4)
assessment of comorbidities and surgical risk.52 There
is no evidence on the right timing for TTVI from pro-
spective clinical trials to date. However, observational
studies suggest that an intervention at an early or inter-
mediate stage of disease might be more beneficial than
at a later stage.™0'%

Multidisciplinary Team

The central role of a multidisciplinary team for the man-
agement of VHD is highlighted by guidelines,'61852106
Decisions concerning treatment and intervention for
atrioventricular valve disease should be made by a
heart team with expertise in VHD comprising clinical
and interventional cardiologists, HF specialists, cardi-
ac surgeons, imaging specialists with experience in in-
terventional imaging, cardiovascular anesthesiologists,
and other specialists as needed (eg, electrophysiolo-
gists). GDMT management must be clearly specified.
This has been implemented in recent major trials, in-
cluding the COAPT, MATTERHORN, TRILUMINATE
Pivotal, and TRISCEND Il trials, and should be rein-
forced in the future.”®'® The benefit of M-TEER ob-
served in the COAPT trial resulted in part from the
multidisciplinary effort to optimize preprocedural treat-
ment and patient selection; this should be reproduced
in clinical practice.

CLINICAL TRIAL DESIGN

In addition to peculiarities related to patient charac-
teristics, other aspects of trial design in patients with
atrioventricular VHD and HF undergoing TVI deserve
consideration (Figure 2).

Sample Size

Key considerations for sample size determination in-
clude the expected event rate of the primary end point
in the control group and the expected magnitude of
treatment effect.’” Most of the trials leading to cur-
rent indications for HF medical therapy were clinical
outcome trials'®™ and have enrolled thousands of
patients, which is not achievable in device interven-
tion trials. COAPT, MITRA-FR, and RESHAPE-HF2
randomized 614, 304, and 505 patients, respectively
(Table 2).25%278  Similarly, the TRILUMINATE Pivotal
randomized a total of 572 patients®*1%8; 176 patients
were enrolled in the multicenter, prospective, single-
arm TRISCEND study'®; and a total of 400 and 300
patients were randomized in the TRISCEND Il and Tri.
Fr trials, respectively.®’
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v Changes in imaging data: need
measurements blinded for
patient's status, may be used as
surrogates for harder endpoints
N AN U\ J

N

Figure 2. Trials design to assess efficacy and safety of transcatheter atrioventricular valve interventions.
GDMT indicates guideline-directed medical therapy; HF, heart failure; and PROM, patient-reported outcome measure.

Table 3 provides strategies that may help with sta-
tistical power calculations to get an affordable sample
size while preserving scientific integrity. The inclusion of
patients at higher risk for the primary end point and the
use of a composite end point including patient-reported
outcome measures (PROMs) in addition to mortality
and hospitalizations, outpatient HF events, and exercise
capacity assessment may boost the numbers of events
and the power to detect differences, provide compre-
hensive assessment of the intervention, and reduce the
required sample size (Table 3). However, except for mor-
tality, all other components are influenced by knowledge
of the procedure and treatment group assignment, and
this may affect the results and their interpretation.'”
Laboratory examinations, including biomarkers of con-
gestion and kidney and hepatic function, are objective,
and although they are surrogates of outcomes, they may
be useful for smaller studies.

EFFICACY END POINTS
Major Outcomes: Mortality and HF
Hospitalizations

Recommendations in current HF guidelines are based
mainly on randomized trials and strong end points.’ This

Circulation. 2025;151:1342-1363. DOI: 10.1161/CIRCULATIONAHA.124.0704 11

approach has also been used in the 2 major trials of M-
TEER in patients with SMR.?"?® No reduction in the prima-
ry end point of all-cause mortality or HF hospitalizations
at 1 year was shown in MITRA-FR, whereas a significant
reduction in HF hospitalizations (primary end point) and
in mortality alone (secondary end point) at 2 years was
shown in COAPT.?%7 |n RESHAPE-HF2, the rate of first
or recurrent HF hospitalization or cardiovascular death
at 24 months was 37.0 events per 100 patient-years in
the device group and 589 events per 100 patient-years
in the control group (relative risk, 0.64 [95% ClI, 0.48—
0.85]), and the rate of first or recurrent hospitalization for
HF was significantly reduced by 41%.32 A meta-analysis
of the 3 trials reported better outcomes for the M-TEER
group compared with the control group in terms of total
unplanned HF hospitalizations within 24 months, recur-
rent events of hospitalization for HF, or all-cause mortal-
ity within 24 months, whereas statistical significance was
not reached for all-cause mortality and cardiovascular
mortality alone at 24 months.'™®

Transcatheter TR treatment was associated with
greater survival and lower risk of HF rehospitalizations
compared with medical therapy alone in a propensity-
matched case-control study.'"" The TRILUMINATE Piv-
otal trial demonstrated an improvement in the composite
hierarchical end point (death resulting from any cause
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Table 2. Major Randomized Controlled Interventional Trials for Treatment of Mitral or Tricuspid Regurgitation

Study Design, patients, N | Main enrolment criteria Primary end point Main results
Mitral valve
EVEREST II"®% Description | Multicenter, Moderately severe or severe Primary composite for efficacy: | Efficacy: 55% with M-TEER
randomized, MR candidates for surgery. freedom from death, surgery vs 73% with surgery
open-label, 2:1 If symptomatic: LVEF for mitral valve dysfunction (P=0.007) driven by higher
randomized >25%, LVESD <65 mm; if and from grade 3+ or 4+ MR need of surgery mitral valve
comparison of asymptomatic with >1 of at 12 mo. dysfunction. Similar mortality,
M-TEER and surgical | LVEF 25%-60% or LVESD Primary for safety major LV size reduction, NYHA class
therapy. 40-55 mm and/or new atrial adverse events at 30 d. and quality of life improvement.
N=279 fibrillation and/or pulmonary Lower rate of adverse events
hypertension. with M-TEER, 15% vs 48%
in the surgery group at 30 d
(F<0.001).
27% with SMR vs 73%
with degenerative MR with
significant heterogeneity:
similar efficacy in SMR vs
better efficacy in degenerative
MR (P=0.02)
Evidence Strong Moderate Moderate Moderate
for HF (no specific criteria for HF) (end points on MR reduction) (end points on MR reduction)
treatment
MITRA-FR* Description | Multicenter, Severe SMR with regurgitant A composite HR for the primary end point,
randomized, open- volume of >30 mL/beat or of death resulting from 1.16 (95% ClI, 0.73-1.84).
label, comparison of | EROA >20 mm? any cause or unplanned HR for all-cause death, 1.11
M-TEER and medical | LVEF 15%-40% hospitalization for HF at 12 mo | (95% Cl, 0.69-1.77).
therapy. NYHA class Il to IV. after randomization. HR for HFH, 1.13 (95% CI,
N=304 0.81-1.56).
Evidence Strong Strong Strong Strong
for HF
treatment
COAPT™ Description | Multicenter, Moderate to severe or greater | HF hospitalizations at 24 mo. | HR for HFH, 0.53 (95% Cl,
randomized, open- SMR Freedom from device-related 0.40-0.70).
label comparison of | LVEF 20-50% complications at 12 mo. HR for all-cause death at
M-TEER and medical | NYHA II, Il or IVa despite 24 months, 0.62 (95% CI,
therapy GDMT and CRT (if 0.46-0.82).
N=614 appropriate) Freedom from device-related
complications at 12 mo was
96.6%.
Evidence Strong Strong Strong Strong
for HF
treatment
RESHAPE-HF2% | Description | Multicenter, Moderate to severe or severe 3 primary end points were: (1) Rate ratio for first
randomized, open- SMR (1) Rate of the composite or recurrent HFH or
label, comparison of | LVEF 20%-50% (initially, LVEF | of first or recurrent HFH or cardiovascular death was 0.64
M-TEER and medical | was 15%-35% for patients cardiovascular death during 24 | (95% ClI, 0.48-0.85) at 24
therapy. with NYHA class Il and 15%- | mo; (2) rate of first or recurrent | mo; (2) rate ratio for first or
N=505 459% for patients with NYHA HFH during 24 mo; and (3) recurrent HFH was 0.59 (95%
class Ill or IV) change from baseline to 12 Cl, 0.4-0.82) at 24 mo; (3)
NYHA class Il to IV mo in KCCQ-0SS KCCQ-OSS increased in the
Either an HFH within 12mo device group vs the control
or elevated NPs (BNP =300 group (mean difference, 10.9
pg/mL or NT-proBNP >1000 points [95% ClI, 6.8-15.0]) at
pg/mL) 12 mo.
Evidence Strong Strong Strong Strong
for HF
treatment
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Table 2. Continued
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Study Design, patients, N | Main enrolment criteria Primary end point Main results
MATTERHORN?®? | Description | A multicenter, Clinically significant SMR The primary efficacy end Within 1y, at least 1 of the
prospective, (defined by at least 2 of the point was a composite of components of the primary
randomized, following criteria: EROA >20 death, HFH, mitral valve efficacy end point occurred in
controlled mm?, biplane VC width >8 reintervention, implantation of 16.7% of patients with avail-
noninferiority mm, regurgitant an assist device, or stroke able data in the intervention
trial with 2 volume >30 mL, regurgitant within 1y after the procedure. | group and in 22.5% in the sur-
parallel treatment fraction of at least 50%, or at gery group (estimated mean
groups (M-TEER, least 2 HFHs during the 12 difference, —6 percentage
intervention group) mo before enrollment) points; [95% CI, —17 to 6];
or surgical mitral LVEF >20% A<0.001 for noninferiority).
valve repair or NYHA class II-1V despite
replacement (surgery | GDMT
group). Eligibility for both TEER or mitral
N=210 valve surgery as determined by
the local heart team
Evidence Strong Strong Strong Strong for noninferiority
for HF
treatment
REDUCE FMR Description | Double-blinded, mul- | NYHA class -1V Change in MR volume Significant reduction in MR
Trial'®® ticenter, randomized, | LVEF <50% at 12 mo by quantitative volume vs control (decrease of
proof-of-concept, sh- | LVEDD >55 mm, SMR grade echocardiography. 7.1 mL/beat [95% CI, —11.7
am-controlled com- 2-4+ despite >3 mo of GDMT to —2.5] vs an increase of 3.3
parison of coronary B6MWT distance 150-450 m mL/beat [95% CI, —6.0 to
sinus—based mitral 12.6]; P=0.049).
annular reduction Significant reduction in LV
(Carillon system) and volumes.
sham procedure.
N=120
Evidence Strong Strong Mild (no outcome end point) Moderate (surrogate end
for HF point)
treatment
Tricuspid valve
TRILUMINATE Description | Multicenter, Severe TR (NYHA class Il Composite end point including | Efficacy at 1y, win ratio, 1.48
Pivotal®* randomized, open- to IV, PASP <70 mmHg, on all-cause death or TV surgery; (95% ClI, 1.06-2.13).
label comparison of stable GDMT for HF) HF hospitalization; and an Rate: moderate or less TR
T-TEER and medical | At intermediate or greater improvement in quality of life at 30 d, 87.0% in the TEER
therapy. surgical risk (defined as an increase 215 group vs 4.8% in the control
N=350 points in the KCCQ score at group.
the 1-y follow-up).
Evidence Strong Strong Moderate to strong (outcomes | Strong (based on primary
for HF only as components of the outcome)
treatment composite end point)
Tri.Fr (multicenter, | Description | Prospective, Symptomatic secondary se- Packer composite clinical At 1-y follow-up, 74.1% in the
controlled, ran- multicenter, vere TR or greater stable for at | end point (CCS), combining T-TEER group improved vs
domized, 1:1 controlled, least 30 d NYHA class, PGA, and major 40.6% in the medical therapy
ratio, superior, randomized, 1:1 TR characterized by at least 1 cardiovascular events (all- group (relative risk, 0.67 [95%
open-label, and ratio, superior, of the following criteria: regur- | cause mortality, cardiovascular | Cl, 0.61-0.72]).
parallel-group open-label, and gitation volume >45 mL/beat; mortality, tricuspid valve
study sponsored parallel-group study | EROA >40 mm?; VC >7 mm; surgery, HFH, cardiovascular
by the French comparing Tri-Clip gap between leaflets <7 mm and noncardiovascular
Ministry for implantation and NYHA class I1-IV without cir- hospitalizations) over a period
Solidarity and medical therapy only. | rhosis or ascites of 12 mo after randomization.
Health)''2 N=300 Signs of HF in the previous
12 mo with or without hospi-
talization
Stable optimized medical and/
or interventional treatment for
at least 30 d
Ineligible for corrective ac-
tion on the valve by a surgical
approach after a heart team
consultation
Evidence Strong Strong Moderate to strong (outcomes | Strong (based on primary
for HF only as components of the outcome)
treatment composite end point)
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Table 2. Continued

Transcatheter Valve Interventions in Heart Failure

Study Design, patients, N | Main enrolment criteria Primary end point Main results
TRISCEND Il Description | Prospective, multi- Severe or greater TR Hierarchical composite primary | Win ratio for the primary
trial®' center, randomized Signs or symptoms of TR or outcome of death resulting outcome favoring valve re-
controlled pivotal previous hospitalization for HF | from any cause, implantation placement was 2.02 (95% ClI,
clinical trial compar- | despite medical therapy of an RV assist device or heart | 1.56-2.62) at 1 y.
ing the EVOQUE Appropriate for TTVR transplantation, postindex tri-
system with OMT cuspid valve intervention, HFH,
(randomization in 2:1 an improvement of at least 10
ratio) points on the KCCQ-OSS,
an improvement of at least 1
NYHA class, and an improve-
ment of at least 30 m on the
6MWT.
Evidence Strong Strong Moderate to strong (outcomes | Strong
for HF only as components of the
treatment composite end point)

6MWT indicates 6-minute walking test; BNP, brain natriuretic peptide; CCS, Clinical Composite Score; COAPT, Cardiovascular Outcomes Assessment of MitraClip
Percutaneous Therapy for HF With Functional Mitral Regurgitation; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; EROA, effective
regurgitant orifice area; EVEREST Il, Endovascular Valve Edge-to-Edge Repair Study; GDMT, guideline-directed medical therapy; HF, heart failure; HFH, hospitalization for
heart failure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; LVESD, left ventricular end-systolic diameter; M-TEER, mitral-transcatheter edge-to-edge repair; MATTERHORN, Multicenter Mitral Valve Reconstruction
for Advanced Insufficiency of Functional or Ischemic Origin; MITRA-FR, Multicentre Study of Percutaneous Mitral Valve Repair MitraClip Device in Patients With Severe
Secondary Mitral Regurgitation; MR, mitral regurgitation; MV, mitral valve; NF, natriuretic peptide; NT-proBNF, N-terminal probrain natriuretic peptide; NYHA, New York
Heart Association; OMT, optimal medical therapy; OR, odds ratio; OSS, Overall Summary Score; PASP, pulmonary artery systolic pressure; PGA, patient global assess-
ment; PVR, pulmonary vascular resistance; REDUCE FMR, A Randomized Sham-Controlled Study of Percutaneous Mitral Annuloplasty in Functional Mitral Regurgitation;
RESHAPE-HF2, Randomized Investigation of the MitraClip Device in Heart Failure: Second Trial in Patients With Clinically Significant Functional Mitral Regurgitation; RV,
right ventricular; SMR, secondary mitral regurgitation; T-TEER, tricuspid-transcatheter edge-to-edge repair; TR, tricuspid regurgitation; TRILUMINATE, Trial to Evaluate Car-
diovascular Outcomes in Patients Treated With the Tricuspid Valve Repair System Pivotal; TRISEND II, Edwards EVOQUE Transcatheter Tricuspid Valve Replacement: Piv-
otal Clinical Investigation of Safety and Clinical Efficacy Using a Novel Device; TTVR, transcatheter tricuspid valve replacement; TV, tricuspid valve; and VC, vena contracta.

“The prespecified analysis on the first 350 randomized patients was published.

or tricuspid valve surgery; hospitalization for HF; and an
improvement in quality of life defined as an increase of
at least 15 points in the Kansas City Cardiomyopathy
Questionnaire [KCCQ] score at 1 year after T-TEER; win
ratio, 1.48 [95% CI, 1.06-2.13]; P=0.02). The results
were, however, driven by the improvement in quality of
life, whereas the study failed to show a benefit in mortal-
ity and HF hospitalizations alone.8*

The Tri.Fr trial adopted the so-called Packer composite
clinical end point evaluated at 12 months after random-
ization, combining the occurrence of major cardiovascu-

lar events (cardiovascular hospitalization or death) and
changes in New York Heart Association (NYHA) class
or patient global assessment8 Despite a significant
improvement in the composite clinical end point with
T-TEER, statistical significance was not reached for
major cardiovascular events or for cardiovascular death
considered alone."? In the TRISCEND Il trial, the primary
end point was a hierarchical composite of death resulting
from any cause, implantation of an RV assist device or
heart transplantation, postindex tricuspid valve interven-
tion, hospitalization for HF, an improvement of at least 10

Table 3. Strategies to Achieve Statistical Power in Atrioventricular TVI Trials

Control group

A high-risk population is associated with a higher event rate and potentially allows a reduction in the sample size. The inclusion of patients

event rate with a previous HFH might increase the event rate in the control group. However, uncertainty about the clinical benefit of TEER for high-
risk patients with advanced HF features (eg, advanced right-sided HF, irreversible end-organ damage) should be considered.
Heterogeneity of MR and TR causes should also be considered.

Power The greater the power is, the larger the required patient numbers are (but the smaller the likelihood of failing to detect a difference that is

truly present). The TRILUMINATE and MITRA-FR trials reduced the power to 84% and 80%, respectively. A power <80% is generally not
recommended.

Choice of primary
end point

Composite primary end points comprising mortality and several nonfatal events have the potential to enhance statistical power by the
greater frequency of patients experiencing at least 1 component of the composite during follow-up.

In chronic HF, the standard composite primary end point is cardiovascular death and hospitalization for heart failure. Adding extra com-
ponents, for example, including worsening HF events or worsening in quality of life or functional capacity, boosts the numbers of events,
although diluting the effect and meaning of the composite. Because the least serious component may tend to occur earlier (and more
frequently), the Finkelstein-Schoenfeld method or the win ratio approach, which invert the priorities to match with clinical severity, should
be preferred.

Length of follow-up

Longer follow-up increases the rate of events.

HF indicates heart failure; HFH, heart failure hospitalization; MITRA-FR, Multicentre Study of Percutaneous Mitral Valve Repair MitraClip Device in Patients With
Severe Secondary Mitral Regurgitation; MR, mitral regurgitation; TEER, transcatheter edge-to-edge-repair; TR, tricuspid regurgitation; TRILUMINATE, Trial to Evaluate
Cardiovascular Outcomes in Patients Treated With the Tricuspid Valve Repair System Pivotal; and TVI, transcatheter valve intervention.
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points in the score on the KCCQ Overall Summary Score,
an improvement of at least 1 NYHA functional class,
and an improvement of at least 30 m on the 6-minute
walking test distance (BMWTD). The win ratio for the
primary outcome at 1 year favoring valve replacement
was 2.02 (95% CI, 1.56-2.62)8" In the comparison of
patient pairs, those in the valve replacement group had
more wins than the individuals in the control group with
respect to death resulting from any cause (14.8% versus
12.5%) and postprocedural tricuspid valve intervention
(8.2% versus 0.6%) but not with respect to the annual-
ized rate of hospitalization for HF (9.7% versus 10.0%).8!

After the publication of the preliminary results of the
predefined Breakthrough Pathway Cohort, including the
first 160 randomized patients from the TRISCEND I
trial, the EVOQUE device recently received its CE mark
and US Food and Drug Administration approval.''®

Patient-Reported Outcome Measures

Changes in symptoms and quality of life are increasingly
used as primary/coprimary end points in trials and are

meaningful for patients, maybe even more than mortality
for some individuals.'* The KCCQ and the Minnesota
Living with Heart Failure Questionnaire are the most
commonly used PROMs in HE'4"® |n placebo con-
trolled trials, a difference of 5 points in KCCQ may indi-
cate a minimally significant difference, and an increase
of at least 10 to 15 points is considered a moderate or
large improvement that is less likely explained by pla-
cebo effect.''®"'7 When looking at mean improvements
in KCCQ, drug trials generally result in much lower effect
size compared with interventional treatment that can only
partly be explained by the lack of a placebo/sham control
(Figure 3).

Multiple studies have shown an improvement in symp-
toms, often assessed by the NYHA class, quality of life,
and exercise capacity after percutaneous treatment of
MR and TRI32,81,83,84,99,109,111,113,118—121 A-t 1 year in -the TR'-
LUMINATE Pivotal trial, the KCCQ score changed by
a meantSD of 12.3+1.8 points in the T-TEER group
compared with 0.6+£1.8 points in the control group.
Substantial improvements in BMWTD, NYHA class, and
KCCQ score were sustained from 30 days to 2 years.'"®
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Figure 3. Changes in quality of life, measured by KCCQ Overall Summary Score, after medical or device interventions in major

trials in patients with heart failure.

Reported differences were assessed at different time points (angiotensin-neprilysin inhibition and dapagliflozin at 8 months, ferric carboxymaltose
at 12 weeks, tricuspid transcatheter edge-to-edge-repair at 1 year, mitral transcatheter edge-to-edge-repair at 1 month, transcatheter aortic
valve implantation at 1 year). COAPT indicates Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure
Patients With Functional Mitral Regurgitation; DAPA-HF, Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; FAIR-HF, Ferinject
Assessment in Patients With Iron Deficiency and Chronic Heart Failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; PARADIGM-HF,
Angiotensin-Neprilysin Inhibition Versus Enalapril in Heart Failure; PARTNER-2, Placement of Aortic Transcatheter Valve; and TRILUMINATE, Trial
to Evaluate Treatment With Abbott Transcatheter Clip Repair System in Patients With Moderate or Greater Tricuspid Regurgitation.
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In TRISCEND I, a significantly higher proportion of
patients experienced an increase of at least 10 points
in the KCCQ Overall Summary Score, a decrease of at
least 1 NYHA class, and an increase in 6MWTD by at
least 30 m in the valve replacement group compared
with controls®’

There are limitations, however, in the use of improve-
ment in quality of life as an end point. First, some trials
of devices and invasive treatment strategies cannot be
double-blinded. Blinding and sham-controlled random-
ized trials become particularly important when the pri-
mary end point is based on end points such as quality
of life. Second, an improvement in quality of life was
also observed in the control arms of both unblinded
and sham-control HF trials as a result of the placebo
effect.’?? Third, to attribute a change in patient symp-
toms to TR reduction, patients should be on a stable
medical regimen before and after device therapy. How-
ever, changes in the clinical conditions may mandate
a change in medical therapy. In the TRILUMINATE
Pivotal trial, increasing diuretics just before transcath-
eter procedure and increasing diuretics in the con-
trol group during follow-up were described, resulting
in differences in “treatment” between the groups that
might have confounded the results of device therapy.*®
Fourth, the current clinical assessment tools such as
NYHA classification, KCCQ, and 6MWTD were devel-
oped to assess patients with HF caused by LV dysfunc-
tion but not patients with right-sided HF. The clinical
course of right-sided HF, even in presence of severe
TR, may be initially subclinical and then lead to signs
of peripheral congestion with liver and kidney dysfunc-
tion, gut malabsorption, and peripheral oedema. These
signs may have a major impact on patient's quality of
life and exercise tolerance, similar to if not larger than
what can be found in patients with LV dysfunction.
However, abdominal distension, dyspepsia, anorexia,
and early satiety due to systemic congestion involving
splanchnic organs often dominate the clinical picture
in patients with right-sided HF but are seldom present,
except in the late phases, in the patients with LV dys-
function. Last, RV dilatation may cause also LV diastolic
dysfunction through ventricular interdependence, lead-
ing to pulmonary congestion and dyspnoea.’?® Thus,
multiple symptoms, some superimposable to those of
the patients with LV dysfunction and some relatively
specific for right-sided HF and systemic congestion,
characterize patients with right-sided HF. Development
of proper, more specific criteria to assess patients with
right-sided HF seems warranted, although no such
instruments are currently available. However, current
assessments, mainly KCCQ, which has been recently
validated in patients with severe TR,'?* seem rather sen-
sitive to the effects of T-TEER, although with the limita-
tions of unblinded studies.'”'?® Changes in the KCCQ
score were associated with the degree of residual TR
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and magnitude of TR reduction at the 1-year follow-up,
which supports a pathophysiological dose-response
mechanism.®* A prespecified analysis of the TRILUMI-
NATE Pivotal trial showed that the health status benefit
of T-TEER was sustained without attenuation through
1 year of follow-up, and short-term improvement in
health status after T-TEER was strongly correlated
with reduced 1-year mortality and HF hospitalization,
suggesting a true biological effect of T-TEER and sup-
porting the reliability of this end point.™®

Composite End Points

Use of a composite end point comprising mortality and
several nonfatal events may enhance statistical power.
Most of the trials in patients with HF have been based on
the composite primary end point of cardiovascular death
and hospitalization for HF, which are assessed during
the entire follow-up of the study.'®” This end point is now
expanded to include outpatient worsening HF events or
with the analysis of recurrent HF events.'?"-1%°

Other end points targeting important aspects of the
disease or the efficacy of the intervention are often added
in TVI trials, including quality of life, exercise capacity, or
degree of residual MR or TR.

There are concerns related to the impact of a placebo
effect on these measurements in the absence of blind-
ing. However, having a larger threshold to define a sig-
nificant improvement in PROMs such as quality of life,
that is, an increase of at least 15 points on the KCCQ
from baseline at 1 year, might reduce the possible pla-
cebo effect. In addition, the use of multiple measure-
ments during a long follow-up may reduce the placebo
effect because this is more likely to occur immediately
after the procedure. Last, wearable technologies could
provide less-biased, because not self-reported, assess-
ment of functional capacity and quality of life. To date,
they have been used in a relatively small study and were
successful in showing an improvement in activity after
T_TEERITSO—TSQ

When the Finkelstein-Schoenfeld method or the win
ratio approach is used to assess composite end points,
the outcomes of interest are evaluated according to a
prespecified hierarchy, which allows the assignment of
priority to the harder components of the primary out-
come, that is, death and hospitalizations, and avoids
issues related to different components of a nonhierar-
chical composite outcome being influenced in opposite
directions by the active intervention such as what could
happen with a traditional approach.'¥'% However, the
drawback of the win ratio method is that most of the effi-
cacy of the intervention could be explained by a reduc-
tion of those measurements that are less important from
a clinical, regulatory, and guidelines standpoint, limiting
the impact of the results of the trial. Therefore, the utility
of the win ratio method depends on the proper definition
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and ranking of clinically meaningful components of the
primary outcome and the consistency of the active treat-
ment effects across the different components of the end
point.

In TTVI trials, the primary end points were mainly a
hierarchical composite that included death resulting from
any cause or tricuspid valve surgery, hospitalization for
HF and an improvement in symptoms (NYHA class),
health status (as measured with KCCQ), or functional
capacity (BMWTD)£18485 The addition of PROMs and
of worsening HF events is particular importance in trials
investigating patients with severe TR because, unlike in
SMR, right-sided HF does not necessarily result in hos-
pitalization and is frequently managed in the ambulatory
setting. Although currently not implemented in random-
ized controlled trials testing interventions in the field of
valve heart disease and HF, wearable technologies could
provide less-biased, because not self-reported, assess-
ment of functional capacity, a key component of quality
of life assessment.

Hemodynamics and Cardiac Function

Hemodynamic changes and the reduction in MR or TR
grade have seldom been included as composite end
points although they may be useful for the assessment
of the efficacy of valve interventions. Improvements in
hemodynamic parameters and reverse LV remodeling
were repeatedly observed after M-TEER2':2573135136 Re-
duced MR severity and decreased pulmonary pressure
were associated with better short- and long-term out-
comes after M-TEER.'%"37139 Improvements in hemo-
dynamic (ie, cardiac output), blood pressure, congestion,
and RV and renal function may enable optimization of
GDMT90,100,123,138,140

Whether TTVI may determine short- or long-term
changes in RV function is not settled. An observa-
tional study showed that T-TEER led to an increase in
RV stroke volume and cardiac output with a decrease
in RV end-diastolic volume. LV filling also improved with
an increase in LV end-diastolic volume and LV stroke
volume, likely through ventricular interdependence.™'
In the TRILUMINATE trial (Trial to Evaluate Treatment
With Abbott Transcatheter Clip Repair System in Patients
With Moderate or Greater Tricuspid Regurgitation; n=85)
both RV end-diastolic diameter and tricuspid annular
plane systolic excursion showed long-term favorable
remodeling through 2 years.'' Positive RV remodeling
was also observed with other devices, including the PAS-
CAL transcatheter valve repair system,’®® EVOQUE sys-
tem for valve replacement®’ Cardioband Tricuspid Valve
Reconstruction System,'® and TricValve transcatheter
bicaval valves for the superior and inferior vena cavae.'*?

Among patients with severe TR enrolled in the
TRISCEND study, TR was reduced to mild or less in
97.6% after transcatheter TV replacement, with conse-
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quent increases in stroke volume (10.56£16.8 mL) and
cardiac output (0.6+£1.2 L/min) and improvement in
NYHA class, KCCQ score, and 6MWTD.*® Increasing
doses of diuretics was reported in the control arm of the
TRILUMINATE Pivotal trial compared with the device
arm.8*

Biomarkers

Natriuretic peptides and, less frequently, cancer antigen
125 are used as makers of congestion.'*¥'%5 Plasma
concentrations of natriuretic peptides are related to LV
dysfunction, whereas cancer antigen 125 may better re-
flect systemic congestion. Thus, NT-proBNP/BNP may
be more appropriate for assessing MR, whereas can-
cer antigen 125 might be an important additional tool
in the patients with TR. Biomarkers have seldom been
used as surrogate end points for atrioventricular valve
interventions in HF, although they have the advantage of
being unbiased by knowledge of treatment allocation. To
progress toward precision medicine and to gain deep-
er insights into the molecular characteristics of various
stages of MR and TR, it is advisable to biobank blood
in prospective trials for future omics studies. Conducting
serial evaluations of biomarkers could offer insights into
disease progression and prove valuable for guiding man-
agement.'*3'%¢ However, procedures conducted on the
right side for TR treatment may lead to acute variations
of biomarker values that may be interpreted negatively
but may reflect only the afterload mismatch, not long-
term consequences, complicating interpretation during
the acute phase.

Postprocedural Regurgitation Grade

The assessment of postintervention MR and TR grade
relies on echocardiography.*86395.147 = Assessment of
transcatheter intervention results may be complicated by
the anatomy and functional effects of the MR and, to a
larger extent, TR. Residual regurgitant jets after TEER
may be multiple, in different planes, and of different se-
verity and may merge, adding to the complexity of the as-
sessment of residual MR and TR severity.'*” Guidelines
for the evaluation of valvular regurgitation after trans-
catheter valve repair or replacement were developed by
international societies.'*” A higher degree of residual MR
and TR after intervention was associated with worse out-
comes.53,137,139,148—151

A key difference between transcatheter valve replace-
ment and TEER repair devices is the almost complete
elimination of atrioventricular valve regurgitation with
valve replacement®' The required degree of TR reduc-
tion for sufficient volume unloading or structural RV
reverse remodeling, leading to favorable outcomes,
remains unknown. However, data from the EuroTR Reg-
istry reported worse survival in patients with residual
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TR 3+ after T-TEER, without significant differences
between residual TR 14+ and 2+.'% The complete elimi-
nation of TR with transcatheter tricuspid valve replace-
ment (TTVR) may enhance the afterload mismatch after
the procedure. Moreover, TTVR is burdened by a higher
rate of procedural complications (ie, major bleeding and
conduction disturbance) compared with T-TEER. Thus,
to date, TTVR is indicated mainly in patients considered
ineligible for T-TEER. However, a direct comparison
between T-TEER and TTVR may be needed with better
evidence and advances in TTVR.

SAFETY

From prior MitraClip studies, the COAPT trial investigators
anticipated an ~6% rate of adverse events, including
single-leaflet device attachment, embolization, endo-
carditis, mitral stenosis, and need for surgery, LV assist
device implantation, or heart transplantation, as well as
other device-related complications that require nonelec-
tive cardiovascular surgery. The performance goal of an
acceptable device-related complication rate of 12% was
developed in concert with the US Food and Drug Ad-
ministration after consideration of what composite risk of
device-related complications was acceptable compared
with the expected effectiveness.?® The primary safety
end-point rate was, however, much lower than expected
and confirmed the high safety of M-TEER even in this
high-risk population.”® Adverse events in major mitral
valve interventions trials are summarized in Table ST.
The most frequent complications reported in observa-
tional studies include procedure-related complications,
namely bleeding (0%—17%) and major vascular compli-
cations (ranging from 1.4% to 4.0%). Pericardial effusion
or tamponade occurred in <0.5% of patients.’®® Rates
of other complications were previously reported.'%6.52
Device-related complications due to structural failure (ie,
single-leaflet device attachment, leaflet injury) are rare.
On the other hand, rates of functional impairment with
residual MR >2+ and transmitral gradient >6 mmHg are
higher (up to #15%). Procedural experience and center
procedural volume may affect procedural success.'®371®

The safety of T-TEER was demonstrated in the TRI-
LUMINATE studies.®+'%6 Qverall, 98.3% of the patients
in the device arm of the TRILUMINATE Pivotal trial were
free from major adverse events at 30 days. No death
occurred during the hospital stay; the median length of
stay was 1.0 days (1.0-2.0 days). One patient (0.6%)
in the TEER group died within 30 days; that death was
adjudicated as not related to the device or procedure®
Among the 172 patients in the attempted-procedure
population, the device was successfully implanted in 170
(98.8%). Device success and procedural success at 30
days after the procedure were reported in 88.9% and
87% of patients, respectively (Table S2).84
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The 1-year outcomes of the 176 patients enrolled in
the TRISCEND study of transcatheter TV replacement
in patients with moderate or greater symptomatic TR
were recently published®® At 30 days, the composite
major adverse events rate was 18.6%, driven primar-
ily by severe bleeding events. Of note, anticoagulation
was recommended for up to 6 months after the proce-
dure. Cardiovascular mortality was reported in 1.7% of
patients, and nonelective reinterventions on the tricuspid
valve occurred in 2.3% (Table S3).""” New permanent
pacemakers were implanted in 15 patients (13.3%), all
within 9 days after the procedure. The median length of
hospital stay was 3.0 days (2.0-7.0 days). Device suc-
cess was 94.4%; procedural success 93.0%; and clini-
cal success 77.1%.*9% In TRISCEND I, severe bleeding
occurred in 15.4% of the valve replacement group com-
pared with in 5.3% of the control group (P=0.003), and
new permanent pacemakers were implanted in 17.4%
and 2.3%, respectively (F<0.001).8

The bRIGHT (An Observational Real-World Study
Evaluating Severe Tricuspid Regurgitation Patients
Treated with the Abbott TriClip Device) postapproval
study was a prospective, single-arm, open-label, mul-
ticenter postmarket registry conducted at 26 sites in
Europe. Successful TriClip device implantation occurred
in 99% of subjects, and TR was reduced to moderate or
less at 30 days in 77%.%3

OTHER VARIABLES

Follow-Up Duration

In the COAPT trial, follow-up was performed at 1 week
and at 1, 6, 12, 18, and 24 months in the device group;
after a visit with the site HF specialist in the control
group (either of which would occur within 14 days af-
ter randomization); and then annually through 5 years.
Outcomes were assessed at 12 months in the MITRA-
FR trial. Clinical follow-up was conducted at 1, 6, and
12 months in the TRILUMINATE trial. The timing of
end-point assessment must be considered when inter-
preting the periprocedural early and late risks and ben-
efits. Length of follow-up could also influence the rate
of events. At a minimum, the occurrence of outcomes
should be reported in hospital, at 30 days, and at 1 year.
Common safety end points should be reported in hospi-
tal and at 30 days; less common ones may be identified
during longer follow-up. Long-term outcomes should be
reported for devices to ascertain whether device durabil-
ity is acceptable. Imaging end points should be reported
at postprocedure or predischarge, 30 days, and 1 year at
minimum and during longer follow-up to provide data on
durability. The experience from randomized trials shows
that a 1-year follow-up may not be sufficient to assess
the magnitude of the treatment effect that emerged be-
yond 1 year in COAPT.
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Intention-to-Treat Compared With Per-Protocol
Analysis

Analysis by intention-to-treat should be prioritized be-
cause it provides an unbiased comparison of treatment
strategies.’®® In the TRILUMINATE trial, the analysis of
primary end point was conducted in the intention-to-treat
population, which included all patients who underwent
randomization. The authors also conducted analyses in
a per-protocol population (patients who underwent ran-
domization and had no major protocol deviations), an
as-treated population (patients who underwent random-
ization, grouped according to the treatment received),
and an attempted-procedure population (patients who
had been randomly assigned to the TEER group, except
for those who withdrew consent before the index pro-
cedure). All analyses were performed according to the
intention-to-treat principle in COAPT and MITRA-FR
trials. An important consideration is allowance of cross-
overs that occurred after 2 years in COAPT, whereas T-
TEER was possible at 1 year in TRILUMINATE. A policy
should be observed to avoid crossovers, especially when
using therapies for which a clear prognostic benefit is not
yet established.

CONSIDERATIONS FOR FUTURE TRIALS

Design of clinical trials and hence building of evidence
for TVI in patients with MR or TR and HF remain ma-
jor unmet needs, only partially overcome by most recent
trials. Major issues, compared with the trials of medical
treatment, include the impossibility of enrolling a large
number of patients and hence testing hard clinical end
points such as mortality, as well as difficulties in having
a double-blind sham-control design with inherent biases
when subjective end points such as quality of life and
PROMs are evaluated.

Table 4, Figure 2, and Figure S1 outline possible
changes that may improve the next trial design. Multiple
strategies may help to compensate for the need to ran-
domize a relatively small number of patients. First, tri-
als may become focused on specific, well-characterized
phenotypes so that dilution of the effects due to hetero-
geneity of the studied population is reduced. An accu-
rate characterization of clinical phenotypes, as outlined
also here, and standardization of medical therapy both
before and after the procedure are examples of this
strategy. Second, a longer length of the follow-up may
increase the number of events. Third, different defini-
tions of outcomes such as the inclusion of worsening
HF events occurring without a hospitalization and/or
recurrent events analysis, rather than time to fist event,
or the addition of days alive outside the hospital, con-
sidering also the length of the hospital stays, may also
increase the power of the study. Fourth, trials may have
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Table 4. Future Directions to Support Evidence for
Transcatheter Interventions for MR and TR in Patients With HF

Size of the study group
Maximize number of patients as much as possible
Focus on specific well-characterized phenotypes
Include all (ambulatory) worsening HF events in addition to HFHs
Use combined end points/recurrent events analysis

Better assessment of patient-reported outcomes
Blinded evaluation of NYHA class and quality-of-life questionnaires by
study personnel
Consider >15-point KCCQ difference in nonsham interventions
Multiple evaluations in the long term to show reproducibility and stability
of the results
Use sham-controlled procedures if possible

Use objective measurements to support subjective data
Serial biomarker measures related with congestion and cardiac function
(natriuretic peptides, CA125, etc) and end-organ damage (troponin,
kidney and liver function, gut microbiota)
Imaging with core laboratory assessment for cardiac function and
pulmonary circulation

Multidisciplinary screening and management, including specialists in HF
and imaging

Standardization of medical treatment before and after procedures

Implement postapproval registries

CA125 indicates cancer antigen 125; HF, heart failure; HFH, heart failure
hospitalization; KCCQ, Kansas City Cardiomyopathy Questionnaire; MR, mi-
tral regurgitation; NYHA, New York Heart Association; and TR, TR, tricuspid
regurgitation.

composite end points, including variables not directly
related with outcomes. As in recent trials®* such a
composite end point may include both mortality (that is
unbiased), all events of worsening HF (ie, both in hospi-
tal and ambulatory),’® and PROMs.

PROMs such as quality-of-life questionnaires may be
biased by knowledge of the procedure, if not its results,
in an open-label trial. However, also in this case, spe-
cific strategies, as listed in Figure S1, may overcome,
at least partially, the lack of a blinded, sham-controlled,
protocol design. They include a blinded evaluation of
NYHA class and quality-of-life questionnaires by the
investigators without knowledge of patient's assign-
ment at the time of randomization; use of higher thresh-
olds to define clinically significant differences in KCCQ
evaluation (ie, >15 points); and adoption of multiple
evaluations in the long term to show the reproducibil-
ity and stability of the results because placebo effects
are typically short-lived. The use of objective measure-
ments and surrogate end points, namely biomarkers
related to congestion, cardiac function (ie, natriuretic
peptides, cancer antigen 125), and end-organ damage
(i.e. troponin and markers of kidney and liver function),
and activity monitors to support subjective data is also
strongly advised. Activity monitors were adopted in a
recent, relatively small study.'®?

Last, the implementation of postapproval registries
may provide further evidence for patient selection,
untoward side effects, and the safety of the procedures.
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