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Transcatheter Tricuspid Valve Replacement for
Tricuspid Regurgitation: A Systematic Review
and Meta-analysis

ABSTRACT

Background: The present data aim to evaluate the feasibility of the orthotopic trans-
catheter tricuspid valve replacement devices, echocardiographic, functional improve-
ments, and mortality rates following replacement in patients with significant tricuspid
valve regurgitation.

Methods: We systematically searched for the studies evaluating the efficacy and safety
of transcatheter tricuspid valve replacement for significant tricuspid valve regurgitation.
The efficacy and safety outcomes were the improvementsin New York Heart Association
functional class, 6-minute walking distance, all-cause death, and periprocedural and
long-term complications. In addition, a random-effect meta-analysis was performed
comparing outcomes before and after transcatheter tricuspid valve replacement.

Results: Nine studies with 321 patients were included. The mean age was 75.8 years, and
the mean European System for Cardiac Operative Risk Evaluation |l score was 8.2% (95%
Cl: 6.1t010.3). Severe, massive, and torrential tricuspid valve regurgitation was diagnosed
in 95% of patients (95% Cl: 89% to 98%), and 83% (95% Cl: 73% to 90%) of patients were in
New York Heart Association functional class Ill or IV. At a weighted mean follow-up of
122 days, New York Heart Association functional class (risk ratio=0.20; 95% Cl: 0.11to 0.35;
P <.001) and 6-minute walking distance (mean difference=911m; 95% Cl: 37.3t0 144.9 m;
P < .001) significantly improved, and similarly, the prevalence of severe or greater tri-
cuspid valve regurgitation was significantly reduced after transcatheter tricuspid valve
replacement (baseline risk ratio=0.19; 95% Cl: 0.10 to 0.36; P < .001). In total, 28 patients
(10%; 95% Cl: 6% to 17%) had died. Pooled analyses demonstrated non-significant differ-
ences in hospital and 30-day mortality and >30-day mortality than predicted operative
mortality (risk ratio=1.03; 95% Cl: 0.41to 2.59; P=.95, risk ratio=1.39; 95% Cl: 0.69 to 2.81;
P=.35, respectively).

Conclusion: Transcatheter tricuspid valve replacement could be an emerging treatment
option for patients with severe tricuspid regurgitation who are not eligible for transcath-
eter repair or surgical replacement because of high surgical risk and poor prognosis.
Keywords: Interventional cardiology, transcatheter tricuspid valve replacement, tricus-
pid regurgitation

INTRODUCTION

Tricuspid regurgitation (TR) is a common echocardiographic finding observed
in 75%-90% of the population and, when severe, is associated with poor clinical
outcomes and high mortality rates.™ The etiology of TR can be divided into pri-
mary (organic) and secondary (functional), according to the presence of struc-
tural abnormalities of the tricuspid valve (TV). While primary TR is associated with
the anatomical abnormality of the TV apparatus in merely 8%-10% of patients,
secondary TR results from an annular dilation due to right ventricular dilatation
and dysfunction by pulmonary hypertension following left-sided heart disease or
atrial fibrillation. Additionally, right ventricle (RV) device leads cause evident TR in
20%-30% of patients.>*

According to current guidelines, initial treatment must necessarily be pharma-
cological treatment. Tricuspid valve surgery for functional TR can be considered
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when performing surgery for concomitant left-sided valve
disease; otherwise, if possible, TV repair techniques should
be selected for functional disease. The crucial principle for
tricuspid intervention, whether valve repair or replacement,
should exist before irreversible remodeling of the RV." In the
past, minor or moderate functional TR was expected to
diminish or disappear after surgical correction of left-sided
valve disease. Hence, TR has been excluded for a long time
since it is intertwined with primary left heart disease signs
and symptoms, leading to the late referral of the patients.
Eventually, the fact that many patients with symptomatic
severe TR are at high or prohibitive surgical risk with an inef-
fective pharmacological therapy has forced to use only the
palliative management options.

Transcatheter tricuspid valve interventions (TTVI) have
emerged in the wake of the successes achieved with aortic
and mitral valve interventions as a less-invasive approach
to TV diseases and provoked cardiologists to evaluate
the efficacy and safety of the novel devices in early fea-
sibility trials and small cohort studies.® In this context, the
European Society of Cardiology's 2021 Valvular Heart
Disease Guideline recommends TTVI for severe symptom-
atic TR in inoperable patients, emphasizing the impor-
tance of early referral as lIb level C category.' They can be
categorized into leaflet-directed interventions (MitraClip/
TriClip, PASCAL), occupying the regurgitant orifice area
(PASCAL, FORMA), annulus-reshaping repair-ring annulo-
plasty (Cardioband), and annulus-reshaping repair-suture
annuloplasty (Trialign, TriCinch). Transcatheter tricus-
pid valve replacement (TTVR) devices are classified into:
(a) orthotopic (NaviGate, EVOQUE, Trisol, LUX-Valve,
Intrepid, TRICares), where the valve is placed at the TV
annulus, and (b) heterotopic, where valves are placed in
superior and inferior vena cava aiming to diminish the
hemodynamic consequences of TR.® Apart from the repair
techniques with the advances in transcatheter-based
devices and expertise, orthotropic TTVR therapies have
shed new light on the treatment of TR. Transcatheter tri-
cuspid valve replacement has better results in extensive
damage of TV apparatus, leaflet dislocation (pacemaker
lead-induced TR), or secondary TR due to severe annulus
dilation and excessive leaflet tethering.?’

HIGHLIGHTS

e Transcatheter tricuspid valve replacement (TTVR) has
emerged as aless-invasive approach to tricuspid regur-
gitation (TR). The present meta-analysis evaluated the
efficacy and safety of orthotropic TTVR for moderate-
severe native TR.

e Our analysis showed that patients with orthotropic
TTVR had low mortality rates, experienced NYHA func-
tional class improvements, and reduced echocardio-
graphic parameters of TR severity.

e Orthotropic TTVR may become the preferred treat-
ment option for surgically ineligible high-risk patients.
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Based on the present data, we aimed to evaluate the fea-
sibility of the orthotopic TTVR devices, echocardiographic,
functional improvements, and mortality incidence rates fol-
lowing replacementin this pooled analysis.

METHODS

Search Strategy and Study Selection

We systematically searched MEDLINE/PubMed, EBSCO,
the Cochrane Library, Web of Science, www.tctmd.com,
www.ClinicalTrials.gov, and www.clinicaltrialresults.org
for the studies published on or prior to November 10, 2021.
The search was limited to English papers. Additionally,
references of case series studies, reviews, editorials, and
commentaries were manually searched to find relevant
studies. Search terms included Cardiovalve (Boston Medical,
Shrewsbury, MA, USA), Evoque (Edwards Lifescience, Irvine,
CA, USA), LuX-Valve (Jenscare Biotechnology, Ningbo,
China), NaviGate (NaviGate Cardiac Structures Inc., Lake
Forest, CA, USA), Trisol (Trisol Medical, Yokneam, Israel),
Intrepid (Medtronic Plc, Minneapolis, MN, USA), Tricares
(TRiCares SAS, Paris, France) or TV regurgitation or insuf-
ficiency; and TTVR/TTVI. Both authors manually reviewed
all full-text articles to determine eligibility for inclusion in
the meta-analysis. EndNote and Rayyan software were
used to remove any duplicates and select eligible studies
from the database findings and other sources (lists of refer-
encesinincluded studies). Two authors (BB and EIC) indepen-
dently reviewed all retrieved title abstracts to determine the
potential for inclusion using Rayyan software.® Any discrep-
ancies were resolved after discussion with the senior author
(CB). Preferred Reporting Items for Systematic Reviews and
Meta-Analyses and Meta-Analysis of Observational Studies
in Epidemiology guidelines®® were used. Two authors (BB and
EIC) independently assessed the quality of studies and risk
for bias according to the ROBINS-I tool.” The original study
protocol was registered on the International Prospective
Register of Systematic Review (PROSPERO) platform: regis-
tration number, CRD42021291523.™

Eligibility Criteria

Studies were considered eligible if they fulfilled all the fol-
lowing criteria: (1) the study population was patients with
at least moderate native TR and treated with orthotropic
TTVR; (2) the design was a case series study enrolling >4
patients; (3) at least 1 of the efficacy outcomes included all-
cause mortality (in-hospital and >30-day). Patients with TR
were excluded due tostructural dysfunction of bioprostheses
or failed surgical annuloplasty rings, valve-in-valve, valve-
in-ring, and heterotopic TTVR. Data of TTVR device type,
duration of follow-up, predicted operative mortality (such
as European System for Cardiac Operative Risk Evaluation
[EuroSCORE]), and 30-day and late (>30-day) all-cause
mortality were extracted (if available) from each study.

Study Outcomes

Baseline characteristics include the total number of partici-
pants and pooled mean or incidence rate of age, sex, hyper-
tension, diabetes, stroke/transient ischemic attack (TIA),
renal impairment, coronary artery disease, previous inter-
ventions (coronary artery bypass grafting and/or prior valve
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surgery), percutaneous coronary interventions, and perma-
nent pacemaker.

Efficacy outcomes of this analysis were the rate reduc-
tion of (1) severe TR; (2) New York Heart Association
(NYHA) functional class lll or IV at longest follow-up; and
(3) The changes in functional and echocardiographic param-
eters, including 6-min walking distance (6MWD), left ven-
tricular ejection fraction (LVEF), tricuspid annular plane
systolic excursion (TAPSE), and right ventricular fractional
area change (RV FAC), and RV end-diastolic basal diameter.
Procedural success definition included successful device
implantation and retrieval of the delivery system, correct
and stable positioning of the valve prosthesis, and no severe
or life-threatening adverse events during the procedure.

Safety outcomes included periprocedural and long-term
complications thatincluded all-cause deaths, stroke, or TIA,
myocardial infarction (Ml), paravalvular regurgitation, cen-
tral valve regurgitation, device embolization and/or malpo-
sitioning/migration, major bleeding, conversion to surgery,
vascular complications, need for support device (extracor-
poreal membrane oxygenation [ECMOY], intra-aortic balloon
pump [IABP], or other), and conduction abnormality requir-
ing a permanent pacemaker.

Statistical Analysis

Statistical heterogeneity of exposure was evaluated by 2
statistics. If 2 <25%, it suggests that there is negligible sta-
tistical heterogeneity. If ?>75%, it indicates possible statis-
tical heterogeneity. We calculated pooled risk ratios (RRs)
and standardized mean differences (MDs) with 95% Cls to
summary statistics for outcomes of interest using a random-
effects model according to DerSimonian and Laird,”™ and for
the outcomes of interest represent within-group changes.
A leave-one-out sensitivity analysis was performed on the
efficacy endpoints to evaluate if the results were primar-
ily affected by single studies. We also pooled the baseline
characteristics individually and presented them as weighted
means and 95% Cls. When data were available only as medi-
ans andinterquartile ranges, mean + standard deviation (SD)
was calculated according to Wan et al.™ Inverse variance-
weighted average of the logarithm of study-specific RRs was
combined in the random-effects model. Statistical signifi-
cance was set at a 2-sided P value <.05. Sensitivity analyses
were performed for primary endpoints by assessing remov-
ing individual studies on the pooled RR. Egger and Begg tests
and visual inspection of funnel plots were used to evaluate
publication bias. All analyses were performed using Review
Manager version 5.3 (available from http:/tech.cochrane.
org/revman) and comprehensive meta-analysis software.”™

RESULTS

Systematic Review of Studies

A total of 9447 published articles were identified from elec-
tronic databases and other sources. After removing dupli-
cate studies (n=677), 8770 studies were eligible for an initial
screening based on titles and abstracts. Following the initial
screening, 8560 records were removed, and the full texts
of 210 articles were screened against the defined eligibility
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criteria. After the full-text screening, 4 published studies,™
2caseseries,?*?and 3conference presentations (ANew, Non-
Radial Force Transcatheter Tricuspid Valve Replacement
(LuX Medical) | tctmd.com; https:/www.tctmd.com/slide/na
vigate-transcatheter-tricuspid-valve-replacement-early-
findings-technology-and-clinical; https:/www.tctmd.com/
slide/triscend-six-month-outcomes-transfemoral-tricus
pid-valve-replacement-patients-tricuspid) were included in
this meta-analysis with a total of 321 patients with at least
moderate TR undergoing TTVR. Figure 1 shows the PRISMA
flowchart.

Patients were treated with different orthotropic transcath-
eter tricuspid valves:

1. NaviGate (n=71) is a radial force-dependent TTVR
device, delivered via transatrial or transjugular approach
with a 42 Fr system.

2. The EVOQUE system (n=157) is another radial force-
dependent TTVR device, delivered via transatrial
approach with the 28 F transfemoral system.

3. LuX-Valve (n=93) is a self-expanding tissue valve deliv-
ered via a 32-F catheter through a minimally invasive
right thoracotomy and transatrial approach.

Additional information on individual studies' case reports is
shownin Table 1.

Baseline Characteristics

This present meta-analysis involves 9 studies with 321 high-
risk patients.'®?? Patients had a mean age of 75.8 years (95%
Cl: 72.3 to 79.3 years), including 67% (59%-74%) female, and
were at high surgical risk, with a mean EuroSCORE Il score
of 8.2 (95% Cl: 6.1to 10.3). Severe, massive, and torrential TR
was diagnosed in 95% of patients (95% Cl: 89% to 98%), and
83% (95% Cl: 73% to 90%) of patients were in NYHA func-
tional class lll or IV (Supplementary Figure 1). Other baseline
characteristics are reported in Table 1.

Efficacy Outcomes

Procedure time was on average 122.3 minutes (95% Cl: 821 to
162.5). Many of the procedures 74% (95% Cl: 36% to 93%) were
performed via a trans atrial approach with a minimally inva-
sive right thoracotomy in the right fourth intercostal space.
The pooled analysis showed the procedural success of TTVR
was achieved in 92% of patients (95% Cl: 87% to 96%). The
prevalence of technical success was 90% (95% Cl: 78 to 95%)
in NaviGate system, 95% (95% Cl: 90 to 97%) in the EVOQUE
system, and 98% (95% Cl: 91to 99%) in the LuX-Valve.

A statistical comparison of baseline characteristics, proce-
dural safety, and efficacy outcomes is shown in Tables 2 and
3. New York Heart Association functional class (RR=0.20;
95% Cl: 011 to 0.35; P < .001) and 6MWD (MD =911 m; 95%
Cl: 37.3to 144.9 m; P < .001) significantly improved following
TTVR, and similarly, the prevalence of severe or greater TR
was significantly reduced after TTVR baseline (RR=0.19; 95%
Cl: 010t0 0.36; P < .001).

Other echocardiographic findings after TTVR showed
noticeable reductions in RV end-diastolic basal diam-
eter (MD=-0.51 cm; 95% Cl: —0.83 to —0.20 cm; P < .001).
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Figure1. Diagram of the studies’ search and selection.

Negligible differences were found regarding LVEF, TAPSE,
and RV FAC before and after TTVR (MD=-1.42 mm; 95% Cl:
—-3.08t00.24mMm; P=.09,MD =-318; 95% Cl: —9.75t0 —3.38%,;
P=.34). Functional and echocardiographic parameters at
baseline and after TTVR are reported in Table 3. Forest plots
describing the mean difference and RR of the study'’s pri-
mary outcomes before and after TTVR are represented in
Figure 2. Funnel plots and Egger’s regression test results are
reported in Supplementary Figure 2. The exclusion of any
single trial from the analysis did not substantively alter the
overall results of our analysis.

Safety Outcomes

The meta-analysis revealed an incidence of periprocedural
and non-periprocedural stroke of 0%, while the incidence of
paravalvular and central TR was 31% (95% Cl: 15% to 53%) and
15% (95% Cl: 6% to 34%), respectively. In addition, the inci-
dence rate of M, renal dysfunction, major bleeding, major
vascular complications, device embolization, and/or malpo-
sitioning/migration, conversion to surgery, need for support
device (ECMO, IABP, or other), and conduction abnormality
requiring permanent pacemaker were shown in Table 3 and
supplemental Table 1.

According to the pooled analysis of all devices, the preva-
lence of atrioventricular block and paravalvular leakage was
6% (95% Cl: 2% to 15%), 50% (95% Cl: 12% to 87%) in NaviGate
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system; 7% (95% Cl: 3% to 12%), 52% (95% Cl: 33% to 70%) in
EVOQUE system; and 1% (95% Cl: 0.4% to 8%), 9% (95% Cl: 4%
t0 20%) in the LuX-Valve, respectively.

Patients were discharged on average of 10.7 days (95% Cl:
4.5 to 16.9) after the procedure. At last available follow-up
after TTVR, 28 patients (10%; 95% Cl: 6% to 17%) had died
(Figure 3, Supplementary Figure 3). Pooled analyses dem-
onstrated nonsignificant differences in hospital and 30-day
mortality than predicted operative mortality (RR=1.03; 95%
Cl: 0.41 to 2.59; P for effect=.95; P for heterogeneity=.29,
=19), while nonsignificantly higher >30-day mortality
(RR=1.39; 95% ClI: 0.69 to 2.81; P for effect=.35; P for hetero-
geneity=.46, ’=0) (Table 4, Supplementary Figure 4).

DISCUSSION

The present analysis evaluated the efficacy and safety of
orthotropic TTVR for significant TR. The main findings of
this pooled analysis can be summarized as follows: patients
undergoing TTVR showed low mortality rates, experienced
significant improvements in functional status, and a signifi-
cant reduction in TR severity; moreover, echocardiographic
parameters of TR consistently improved following TTVR.

The TV was virtually ignored for a long time; however, it is
frequently related to the poor prognosis, and it may affect
as much as 65%-85% of the population.®In addition, approx-
imately 80% of significant TR is functional and associated
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Table 2. Procedural and 30-Day Outcomes

Length of
Stay
(Aays)

Procedural
Success

Operation

First Author Year Time (min)

Complications

Pooled estimates:
mean/incidence
(95% Cl)

Kodali 2021

0.92(0.87 to
0.96)

122.3(821to

162.5) 16.9)

128 (96.2%) 72.8 +£2815

(130)

3(0.35)

Lu 2021 45 (97.8) 150.0 (118.8,

180)

12.0 (9.0,
20.0)

Fam 2021 23(92) 140 +79 NA

Hahn 2020 26 (87) 102+ 51 NA

Cao 2019 35(100) 150.2+ 481 NA

Hahn 2019 5(100) NA 19.4 +£159

Lu2020 12 (100) NA 16.5 (5, 94)

Elgharably 2019 4 (100) NA 14.5+10.3

Hahn 2018 32(100) NA NA

10.7 (4.5 to

Reintervention (n=2, 1.6%), renal dysfunction (n=1, 0.8%), major
bleeding (n=22,17.7%), renal complications requiring unplanned
dialysis or renal replacement therapy (n=1, 0.8%), major access
site and vascular complications (n=2, 1.6%), major cardiac
structural complications (n=1, 0.8%), conduction disturbances
requiring permanent pacemaker (n=38, 10.5%).

Central valve regurgitation (n=2, 4.4%), paravalvular
regurgitation (n=5,10.9%), perforation of right ventricle wall
(n=1,2.2%), reoperation for bleeding (n=4, 8.7%), renal failure
requiring dialysis (n=6,13.0%), gastrointestinal hemorrhage
(n=6,13.0%), device migration (n=1,2.5%), Ml (n=2, 4.4%).
Central valve regurgitation (n=10, 56%), paravalvular
regurgitation (n=13, 44%), reintervention (n=1, 4%), major
bleeding (n=312%; 1gastrointestinal bleed, 1spontaneous thigh
intramuscular hematoma, and Tretroperitoneal bleed from the
nonaccess site), renal failure requiring dialysis (n=1, 4%),
conduction disturbances requiring permanent pacemaker (n=2,
8%).

Central valve regurgitation (n=9, 32%), paravalvular
regurgitation (n=13, 54%), conversion OHS (n=2, 7%; 1of whom
had an RV perforation and the second with the valve implanted
into the ventricle), Ml (n=1, 3%), device malpositioning (n=4,
13%), bleeding/access-site complications (n=4, 13%),
conduction abnormality (n=2,10%).

Reintervention for bleeding (n=1,2.9%), Ml (n=1, 2.9%),
gastrointestinal bleeding (n=1, 2.9%), hydrothorax need
drainage (n=5,14.3%), lABP implantation (n=1,2.9%)

Central valve regurgitation (n=2, 40%), paravalvular
regurgitation (n=2, 40%), conversion OHS (n=1,20%),
temporary pacer for bradycardia (n=1, 20%), major bleeding
(n=3,60%), continuous veno-venous hemofiltration (n=1, 20%).

Central valve regurgitation (n=1, 8.3%), reintervention for
bleeding (n=1, 8.3%), post-operative acute kidney injury (n=2,
16.7%), temporary dialysis (n=1, 8.3%), Ml (n=1, 8.3%)

Central valve regurgitation (n=2, 50%), paravalvular
regurgitation (n=2,50%)

Conversion OHS (n=5, 15.6%).

IABP, intra-aortic balloon pump; MI, myocardial infarction; NA, not available; OHS, open heart surgery; RV, right ventricle

with theincreased RV afterload due toleftheartdisease and
subsequentpostcapillary pulmonary hypertension. Although
the primary approach is conventional pharmacological ther-
apy, aninterventional strategy to treat severe TR has gained
expanded clinical consideration because it has been shown
to reduce mortality and hospitalization rates.

From a surgical perspective, whether to repair or replace the
TV is based on disease severity, amount of salvageable leaf-
let tissue, concomitant procedures on other heart valves,
and patient’s comorbidities. Previous studies revealed a high
perioperative mortality rate associated with TV replace-
ment in the range of 20%.24?* Tricuspid valve repair is gener-
ally performed in patients with tricuspid annular dilatation

during concomitant left-sided heart surgery. In contrast, iso-
lated TV repair is not preferred because it continues to have
the highest surgical risk and increases in-hospital mortal-
ity (up to 10%).%¢ Although surgically TV repair is associated
with a better perioperative survival rate, it has relatively
highrecurrent andresidual TR, leading to biventricular heart
failure, death, or reintervention. The latter is related to high
mortality ratesin the range of 40%.2>%28

Our pooled analysis demonstrated the feasibility and highly
successful implantation rates of TTVR with a low mortality
rate at follow-up independent from the advanced clinical
status. Besides, there wasasignificantimprovement of func-
tional status alongside a noticeable reduction in TR severity
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Table 3. Functional and Echocardiographic Parameters at Baseline and After Transcatheter Tricuspid Valve Replacement

Baseline Follow-Up
Mean
Pooled Mean Number of Difference or
orIncidence Studies Relative Risk P for
(95% Cl) Included (95% Cl) P ?(%) Heterogeneity
Functional status
NYHA functional Incidence 83% (73%to 7 Relative risk 0.20 (0.11to <.001 63 .01
classlllor IV 90%) 0.35)
6MWD (m) Mean 2179 (1901 to 3 Mean 91.1(37.3to <.001 50 014
245.8) difference 144.9)
Echocardiographic
data
TR severeorgreater Incidence 95% (89% to 9 Relative risk 019 (010 to <.001 66 .005
98%) 0.36)
TAPSE (mm) Mean 13.8 (0.7 to 4 Mean -1.42(-3.08to .09 54 .09
0.59) difference —0.24)
RV basal diameter Mean 5.2(49to 3 Mean —0.51(-0.83to .002 14 .31
5.5) difference —0.20)
RV FAC (%) Mean 37% (36% to 3 Mean -318(—9.75to .34 75 .02
38%) difference —3.38)
LVEF (%) Mean 57% (55% to 3 Mean 0.02(-3.23to 99 0 .81
59%) difference —3.28)

6MWD, 6-minutes walking distance; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RV, right ventricle; RV FAC, right
ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; TV, tricuspid valve.

A NYHA -V

Risk Ratio Risk Ratio D TAPSE
Study or Subgroup __log([Risk Ratio) SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Cao 2019 -2.0083 04395 1686% 0.13(0.06,0.32] _— Mean Difference Mean Difference
Fam 2021 -1.2993 03635 18.8% 0.27(0.13,0.56] —— Study or Subgroup __Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Hahn 2018 -4.0791 14025 38% 0.02(0.00,0.26) ¥ Fam 2021 -16 0781 34.0% -1.60(3.13,-0.07]
Hahn 2020 -1.2432 03695 186% 0.29(0.14,0.60] = Hahn 2019 -4 17464 158% -4.00[-7.42,-0.58] ==
Kodali 2021 -1.9008 03876 181% 0.15(0.07,0.32] — Hahn 2020 -2 13781 211%  -2.00[-4.70,0.70)
Lu 2020 -0.7409 03187 20.1% 0.48(0.26,0.89] = Lu 2021 06 09801 291% 0.601.32,252)
Lu 2021 -4.346 14052 38% 0.01(0.00,0.20) &——
Total (95% CI) 100.0%  -1.42[-3.08,0.24]
Total (95% CI) 100.0%  0.20[0.11,0.35) > Heterogeneity: Tau? = 1.50; Chi*= 6.54, df= 3 (P = 0.09); F= 54% I I S S S—
Heterogeneity. Tau®*= 0.34; Ch*= 16.14, df= 6 (P = 0.01), F= 63% t T T Testfor overall effect Z=1.68 (P = 0.09)
1 1 1 1 POStTTVR Pre-TTVR
Testfor overall effect: Z= 5.48 (P < 0.00001) odos puosl,'n'vR Pre<TTVR° 200
B 6MWD E RV Basal Diameter
Mean Difference Mean Difference Mean Difference Mean Difference
Study or Subgroup _ Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup _Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Kodali 2021 563 22698 466% 56.30(11.81,100.79) —— Fam 2021 -0.43 01404 721% -0.43[(0.71,-0.15] '
Lu 2020 995 599335 16.0% 99.50[-17.97,21697] B s e—— Hahn 2019 -1 03667 17.2% -1.00(1.72,-0.28] ==
Lu 2021 131 302246 37.4% 131.00(71.76,190.24] — Lu 2021 -0.27 04763 107%  -0.27[1.20,0.66] —T
Total (95% CI) 100.0% 91.15[37.37, 144.93) - Total (95% CI) 100.0% -0.51[-0.83,-0.20] <
e e o peoor 1 2 (2= 0.1 = 50% 2ho o0 o 260 Heterogeneity: Tau®= 0.02; Chi"= 2.33, df= 2 (P= 0.31); = 14% + + 4 +
estfor overall effect Z= 3.32 (P = 0.0009) Post-TTVR Pre-TTVR Test for overall effect: Z= 3.17 (P = 0.002) Post-TTVR Pre-TTVR
C TR Severity F RVFAC
Risk Ratio Risk Ratio ) » Mean Difference Mean Difference
Study or Subgroup _log[Risk Ratio) SE_Weight IV Random. 95% CI IV. Random, 95% CI Study or Subgrou Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Elgharably 2019 -05878 04714 152%  0.56(0.22,1.40] — Fam 2021 <76 18975 403% -7.60F11.32,-3.86) -
Fam 2021 10567 02977 18.7% 0.35(0.19,0.62) —— Hahn 2019 =29 4776 238% -2.90[-12.26,6.46) _'—_—
Hahn 2018 30758 0798 97%  005(001,022) ——— e 18126556 359%  1.801:380,6.80) "
Hahn 2019 -1.2993 07177 10.9% 0.27(0.07,1.11] S |
Hahn 2020 10296 03124 184%  0.36(0.19,0.66] —— Totel (95% Cly o ena _ _'°°‘°"_‘ _ ABIRI5330 PR > . "
Kodali 2021 -43188 14066  45%  0.01(0.00,021) +——— Hetorgenaty: Tale = 24.24 ChP= 8.05, 1= 2 (P= 0,02, F=75% 20 -0 10 20
Lu 2020 .20402 07658 101%  0.13(0.03,0.58] —_— Testfor overall effect Z=0.95 (P = 0.34) PoSL-TTVR Pre-TTVR
Lu 2021 -2.8342 0614 128% 0.06 (0.02,0.20] —
Total (95% CI) 100.0% 0.19[0.10, 0.36] L g G LVEF
Heterogeneity. Tau*= 0.50; Ch*= 20.41, df= 7 (P = 0.005); F= 66% 005 o1 10 200 Mean Difference Mean Difference
Testfor overall effect Z= 5.02 (P < 0.00001) ) p'osl_m Pre-TTVR Study or Subgroup _Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Cao 2019 0.7 20517 654% 0.70(3.32,4.72)
Hahn 2020 0 46062 13.0% 0.00-9.03,9.03
Lu 2021 -2 35655 216% -2.00[-899 4.99]
Total (95% CI) 100.0%  0.02[-3.23,3.28]
Heterogeneity. Tau*= 0.00, Chi*= 0.43,df= 2 (P = 0.81), F= 0% 2 =
Testfor overall effect Z= 0.01 (P = 0.99) 100, TR 6Ple-TTVR 0 200

Figure 2. Forest plots describe the mean difference and risk ratio of the primary outcomes of the study before and after TTVR:
NYHA llI-1V (A), 6MWD (B), TR severity (C), TAPSE (mm) (D), RV basal diameter (mm) (E), RV FAC (%) (F), LVEF (%) (G). 6MWD,

6-minutes walking distance; IV, inverse variance; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RV,
right ventricle; RV FAC, right ventricular fractional area change; SE, standard error; TAPSE, tricuspid annular plane systolic
excursion; TR, tricuspid regurgitation; TTVR, transcatheter tricuspid valve replacement.
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Study name Outcome Statistics for each study Event rate and 95%CI
Event Lower Upper
rate limit limit p-Value
Lu 2021 total mortality 0,174 0,089 0,311 0,000 | -.-—
Fam 2021 total mortality 0,019 0,001 0,244 0,006
Hahn 2020 total mortality 0,133 0,051 0,306 0,000 i+
Hahn 2019 total mortality 0,200 0,027 0,691 0,215 i
Hahn 2018 total mortality 0,188 0,087 0,359 0,001 ——
Cao 2019 total mortality 0,057 0,014 0,202 0,000 84—
Lu 2020 total mortality 0,083 0012 0,413 0,022 —=
Elgharably 2019 total mortality 0,250 0,034 0,762 0,341 ——
Kodali 2021 total mortality 0,038 0,016 0,088 0,000
0,108 0,063 0,177 0,000 ’
-050 -025 0,00 025 0,50
Model Effect size and 95X interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point Lowet Uppes Tau St d
Model Studies estimate e Tvmst Zvalue  P-value Q-value df(Q) P-value |-squared Squared Enor Vanance Tau
Fread k] 012 0073 0158 10.250 0,000 14,064 8 0,080 43118 0,300 0,367 0135 0548

Random 3 0108 0.063 0177 7159 0,000

Figure 3. Forest plots describe pooled incidence rate of mortality.

following TTVR. Tricuspid valve replacement may terminate
the problem of residual regurgitation; however, it can result
in an acute increase of the RV afterload.? Although a sig-
nificant reduction in RV end-diastolic basal diameter was
a favorable anatomical change as shown in this analysis,
it might not be accompanied by concomitant improve-
ments in echocardiographic parameters of RV systolic func-
tion such as TAPSE and RV FAC. It is assumed that early and
abrupt elimination of the TR may be associated with a sig-
nificant increase of the RV afterload leading to RV dysfunc-
tion.>® Moreover, the studies included in this analysis have
varieties of pulmonary arterial pressure (PAP) definitions
for the inclusion and exclusion criteria. In the studies with
LuX-Valve and EVOQUE,"" patients with severe pulmo-
nary arterial hypertension, PAP >60 mm Hg, were excluded,
while PAP < 90 mm Hg was defined as inclusion criteria by
echocardiography and right heart catheterization in a study
with NaviGate system.?® Furthermore, there were no such
definitions in the other studies mentioned in this analy-
sis.”821 However, RV dysfunction and pulmonary hyperten-
sion reflect a more advanced stage of the disease and may
determine a high rate of periprocedural and long-term com-
plications, including RV dysfunction and death.*"*2 This may
arise potential concerns about treatment effectiveness in
such cases.

Even if the clinical outcome was influenced by the begin-
ning of the training process with novel TTVR, in-hospital
and 30-day all-cause mortality was 7% and 10% at follow-up

(weighted mean 122 days) in the present analysis. Since iso-
lated TV surgical repair has an 8.8% in-hospital mortality
and surgical replacement carries nearly twice the repair risk,
TTVR provided lower mortality rates than surgical repair
and replacement.®® Transcatheter TV repair devices have
been studied more than replacement devices; however,
Bocchino et al** showed mortality rates are about 11% at
the last available follow-up after isolated TV replacement;
their meta-analysis included 14 trials. Although the risk of
death was substantial, it should be remembered that these
patients were already receiving optimal medical therapy and
were not deemed candidates for surgery, primarily because
of high surgical risk with a mean EuroSCORE |l score of 8.2%.

This pooled analysis included a range of devices that treat
severe TR using different types of orthotropic valves: the
NaviGate, LuX-Valve, and EVOQUE. Although clinical and
anatomic characteristics influence the most suitable device
to treat TR in each patient, high procedural success, clini-
cal and functional improvement, low complication, and
mortality rates were observed across all device subgroups
in our analysis. Nevertheless, the long-term durability of
these transcatheter devices remains unknown. Since tri-
cuspid devices will be exposed to lower pressures within
the right heart, it is expected to have a longer lifetime than
the devices on the left. However, the durability of tricuspid
devices remains unclear, especially when TTVR expands to
younger and lower-risk patients with organic or functional
TR until more information is gathered.*
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Cao 2019 -1.8213  1.506 8.9% 016 [0.01,3.10)
Fam 2021 -1.579 15282 8.6% 0.21[0.01,4.12)
Hahn 2020 -0.0953 0.7548 28.0% 0.91 [0.21, 3.99] I E—
Kodali 2021 1.6677 1.1157 151% 5.30 [0.60, 47.20)
Lu 2021 0.2657 05836 39.5% 1.30[0.42, 4.09]
Total (95% CI) 100.0% 1.03 [0.41, 2.59]
ity == “Chi*= = = B= + t t + }
Heterogeneity, Tau*=0.22; Chi*=4.95,df=4(P=0.29); F=19% 0005 01 ] 10 200

Test for overall effect: Z= 0.07 (P = 0.95)

B Total Mortality

Risk Ratio
Weight IV, Random, 95% Cl

Study or Subgroup  log[Risk Ratio] SE

Observed, better Predicted, better

Risk Ratio
IV, Random, 95% CI

Cao 20149 -0.2585 09105 154% 077013, 4.60]

Fam 2021 -1.879 1.5282 5.5% 0.21[0.01,412]

Hahn 2020 0.1924 06974 26.2% 1.21[0.31, 4.76] e

Kodali 2021 16677 111587 10.2% 5.30 [0.60, 47.20] -

Lu 2021 0.5534 05467 427% 1.74 [0.60, 5.08] —

Total (95% CI) 100.0% 1.39 [0.69, 2.81] "

Heterageneity; Tau?= 0.00; Chi*= 3.62, df= 4 (P = 0.46); F= 0% =U 005 051 150 EDD:

Testfor overall effect Z=083 (P =0.35)

Observed, better Predicted, better

Figure 4. Forest plots describe observed and predicted in-hospital/30-day and total mortality based on European System for

Cardiac Operative Risk Evaluation (EuroSCORE). IV, inverse variance; SE, standard error.

Concerns regarding access selection, residual paraval-
vular and central regurgitation, interaction with conduc-
tion system, pacing devices, and antithrombotic treatment
remain a vital drawback of TTVR. Since saddle-shaped and
enlarged TV annulus after dilating the right heart, prosthetic
TV valves are designed with a large profile requiring large-
caliber sheaths (up to 45 Fr). Trans-jugular access provides
an excellent angle to approach TV, while the steep angle
between the inferior vena cava and TV may be challeng-
ing for the femoral vein access. Furthermore, the surgical
transatrial approach via anterior right thoracotomy allows
to reach TV directly but more invasively. Hence, there is no
evident answer on which access routes and devices are the
best. However, our analysis revealed that the LuX-Valve
showed higher technical success with lower atrioventricular
block and paravalvular leakage, which create crucial differ-
ences comparing NaviGate and EVOQUE valve systems. This
may be attributed to its self-expanding tissue valve design,
which does notrely onradial forces butinstead utilizes a sep-
tal anchoring mechanism and its adaptive skirt to prevent
the paravalvular leak.

Study Limitations

This present analysis included only single-arm interventional
studies case series, and no randomized controlled trials were
available for inclusion at the time of the study. It should be

noted that the studies have more potential for bias regard-
ing excellent treatment effects and significant heterogene-
ity when they are not randomized or controlled.” As a result
of this fact, this analysis comprehended specific devices with
different mechanisms of TV replacement alongside favor-
able outcomes inducing a potential selection bias regarding
patient and anatomic features.

Moderate heterogeneity was found concerning the included
studies’ results. Because there were changing degrees of
reductionsin NYHA functional class and baseline TR severity
expanded from moderate to torrential even though leave-
one-out analysis affirmed the consistency of the results.

As there are currently no specific guideline recommenda-
tions for patient selection for TTVR, the studies included in
this meta-analysis are also limited by the lack of uniformity
inthe definition of procedural success. However, as seen with
the transcatheter aortic valve replacement, outcomes will
be reported according to the valve academic research con-
sortium, which clarified specific definitions and expanded
the understanding of patient risk stratification and case
selection.*® Furthermore, outcomes will improve as each
generation of the device can address imperfections in its
forerunner and as operators complete their learning curve
performing the procedure.
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CONCLUSION

Transcatheter TV repair techniques had been on the agenda
for some time and presented as a valuable alternative to
surgery to correct at least moderate TR. Our pooled analy-
sis has demonstrated, for the first time in the literature, that
orthotropic TTVR devices have benefited in numerous ways
over surgical replacement and TV repair. The most char-
acteristic feature distinguishes these TTVR devices from
repair methods, primarily because they are independent of
leaflet morphology and etiology and have a lower mortality
risk. Hence, TTVR is an arising treatment for patients with
severe TR who are not eligible for transcatheter repair or
surgical replacement because of high surgical risk and poor
prognosis. Nevertheless, the findings reported from well-
conducted randomized controlled trials with “real-world
evidence" addressing optimal device and patient selection
are warranted.
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Supplementary Figure 1. Forest and Funnel plots describe pooled incidence rate of TR severity and NYHA IlI-1V: TR severity (A),
NYHAIII-IV (B). NYHA: New York Heart Association; TR, tricuspid regurgitation.
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Supplementary Figure 2. Funnel plot and Egger’s test explore assessing the publication bias of the outcomes of interest: NYHA
-1V (A), BMWD (B), TR severe or greater (C), TAPSE (mm) (D), RV basal diameter (mm) (E), RV FAC (%) (F), LVEF (%) (G). 6MWD,
6-minutes walking distance; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RV, right ventricle; RV
FAC, right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
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Supplementary Figure 3. Forest and Funnel plots describe pooled incidence rate of mortality.
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Supplementary Figure 4. Forest and Funnel plots describe observed and predicted in-hospital/30-day and total mortality based

on EuroSCORE: in-hospital/30-day mortality (A), total mortality (B). 1V, inverse va

ndard error.



