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ABSTRACT

BACKGROUND Data on procedural and early outcomes after transjugular transcatheter tricuspid valve replacement
(TTVR) are limited.

OBJECTIVES This study sought to evaluate first-in-man procedural and clinical outcomes after transjugular TTVR with
a special focus on patients who received large device sizes in whom TTVR outcomes have been questioned.

METHODS The retrospective registry included patients who underwent TTVR using the LuX-Valve Plus system (Jenscare
Biotechnology Co Ltd) for symptomatic tricuspid regurgitation (TR) from January 2022 until February 2024 at 15
international centers in a compassionate use setting. The endpoints were procedural TR reduction, in-hospital death,
adverse events, and 1-month survival. We further stratified results according to the size of the implanted device

(<55 vs =55 mm).

RESULTS The registry included a total of 76 patients at a median age of 78 years (Q1-Q3: 72-83 years, 47.4% women).
TR was reduced to =2+ and <1+ in 94.7% and 90.8% of patients (75.0% of patients received TTVR devices =55 mm)
with well-sustained results at 1-month follow-up (TR =2+ in 95.0% and <1+ 86.8%). Residual TR was paravalvular in all
cases. In-hospital death occurred in 4 patients (5.3%). Four patients (5.3%) underwent cardiac surgery during index
hospitalization. Major in-hospital bleeding events occurred in 5 patients (6.6%). New in-hospital pacemaker implantation
was required in 3.9% of patients in the overall cohort (5.7% in "pacemaker-naive" individuals). No cases of valve
thrombosis, stroke, myocardial infarction, or pulmonary embolism were observed. At 1-month follow-up, survival was
94.4%, and NYHA functional class significantly improved. One further patient received a pacemaker, 1 further bleeding
event occurred, and 2 patients underwent reintervention or surgery within the first 30 days after TTVR. No differences in
procedural outcomes or adverse events were observed after stratification for valve size.

CONCLUSIONS Transjugular TTVR appears to be a safe and effective treatment option for patients with severe TR
with comparable outcomes in very large tricuspid anatomies. (JACC Cardiovasc Interv. 2024;17:1936-1945)

© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ricuspid regurgitation (TR) is a global health
burden associated with significant morbidity
and mortality." The first randomized trial in
the field of interventional TR treatment demon-
strated superiority of transcatheter tricuspid valve
edge-to-edge repair (T-TEER) over diuretic therapy
in terms of quality of life improvement at 1-year
follow-up.” TR is known to be a heterogenous disease
presenting with various anatomical and clinical phe-
notypes.> A significant number of TR patients are
ineligible for T-TEER because of large gap sizes, unfa-
vorable tricuspid valve (TV) anatomy, interacting car-
diac implantable electronic device leads, or poor
echocardiographic visualization, among others.
Therefore, transcatheter tricuspid valve replacement
(TTVR) might be an emerging treatment alternative,
and several devices are currently under clinical inves-
tigation.*™®
One increasingly used TTVR device is the LuX-
Valve Plus system (Jenscare Biotechnology Co Ltd).
In contrast to the existing transfemoral TTVR sys-
tems, the LuX-Valve Plus device is implanted using a
transjugular approach.* The existing data suggest
effective and safe TR reduction and an improvement
in heart failure symptoms after TTVR using the LuX-
Valve system,’ but those data are limited to small
sample sizes and/or early experience patients with
surgical transatrial valve implantation.*%° The de-
vice covers valve sizes up to 65 mm, which is
considerably larger compared to other currently
available TTVR systems (eg, the EVOQUE [Edwards
Lifesciences] valve, which has recently received the
CE mark and Food and Drug Administration approval
for 3 valve sizes up to 52 mm). Until today, outcome
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data for patients undergoing TTVR using
valve sizes =55 mm are completely lacking,
and it has been questioned if very large
tricuspid anatomies with considerably
enlarged right atrial and ventricular di-
mensions will be associated with comparable
favorable outcomes after TTVR compared to
smaller sizes. To add further evidence to the
existing body of literature, we retrospectively
collected patients who underwent trans-
jugular TTVR in an international multicenter
setting. The aim of this report was to evaluate
procedural and early follow-up outcomes af-
ter transjugular TTVR with a special focus on
patients who received large device sizes (=55 mm).

repair

METHODS

OVERALL COHORT AND VARIABLES. This analysis
retrospectively registered all consecutive patients
who underwent TTVR using the LuX-Valve Plus de-
vice for symptomatic TR from January 2022 until
February 2024 at 15 international centers in a
compassionate use program (Supplemental Table 1).
Because of this retrospective design, no inclusion or
exclusion criteria for treatment with this device were
defined. Patients were treated according to each
center’s standard of care practice. Patients provided
written informed consent and were treated after
approval from the corresponding national regulatory
board. Each patient underwent detailed echocardio-
graphic evaluation and received cardiac computed
tomography for further treatment planning. An
interdisciplinary heart team discussed each patient

From the *Medizinische Klinik und Poliklinik I, Ludwig-Maximilians University Klinikum, Ludwig-Maximilians University
Miinchen, Munich, Germany; ®German Center for Cardiovascular Research (DZHK), Partner Site Munich Heart Alliance, Munich,
Germany; “Centre for Cardiovascular Innovation, St Paul’s and Vancouver General Hospital, Vancouver, British Columbia, Canada;
dst, Michael’s Hospital, University of Toronto, Toronto, Ontario, Canada; *Department of Structural Heart Disease, Division of
Cardiology, Henry Ford Health System, Detroit, Michigan, USA; ‘The Heart Center, Rigshospitalet, Copenhagen, Denmark; &Cli-
nique Pasteur, Toulouse, France; "Division of Cardiology, Department of Medicine and Therapeutics, Prince of Wales Hospital,
Chinese University of Hong Kong, Hong Kong SAR, China; ‘Montefiore-Einstein Center for Heart and Vascular Care, Montefiore
Medical Center, Albert Einstein College of Medicine, Bronx, New York, USA; University of Lille, Inserm U1011-EGID, Centre
Hospitalier Universitaire Lille, Institut Pasteur de Lille, Lille, France; *Cardiology Department, Centre Cardiologique du Nord,
Saint-Denis, France; 'Department of Cardiology and Cardiovascular Surgery, Heart Valve Center, Institut Ceeur Poumon, Centre
Hospitalier Universitaire de Bordeaux, Bordeaux, France; ™Department of Cardiology, Complejo Asistencial Universitario de
Salamanca, Salamanca, Spain; "Department of Interventional Cardiology, Hospital Alvaro Cunqueiro, Vigo, Spain; °Instituto de
Investigacion Galicia Sur, Servizo Galego de Saude, Vigo, Spain; PDepartment of Cardiology, Smidt Heart Institute, Cedars-Sinai
Medical Center, Los Angeles, California, USA; and the 9Department of Cardiology, Centre Hospitalier Universitaire Rennes,

Inserm, LTSI-UMR 1099, University of Rennes 1, Rennes, France.

Nicole Karam, MD, served as Guest Editor for this paper. H. Vernon “Skip” Anderson, MD, served as Guest Editor-in-Chief for this

paper.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

visit the Author Center.

Manuscript received February 21, 2024; revised manuscript received June 6, 2024, accepted June 11, 2024.

DOAC = direct oral
anticoagulant

RV = right ventricular

T-TEER = tricuspid valve
transcatheter edge-to-edge

valve replacement
TV = tricuspid valve

TVARC = Tricuspid Valve
Academic Research Consortium

1937

ABBREVIATIONS
AND ACRONYMS

TR = tricuspid regurgitation

TTVR = transjugular tricuspid


https://doi.org/10.1016/j.jcin.2024.06.014
https://www.jacc.org/author-center

1938

Stolz et al

LuX-Valve Compassionate Use Outcomes

and opted for transjugular TTVR as the therapy
of choice.

Procedural details of TTVR using the LuX-Valve
system have previously been described.* Briefly
summarized, the device is implanted under fluoro-
scopic and echocardiographic guidance by a trans-
jugular access route.* After advancing the delivery
system through the jugular vein, the capsule con-
taining the valve is adjusted in the center and
perpendicular to the tricuspid annulus. For valve
anchoring, 2 leaflet graspers are extended under the
anterior and posterior leaflet before expansion of the
ventricular valve component, respectively.* After
deployment of the atrial disc and fixation of the
septal anchor, the delivery catheter is removed.*

Echocardiographic analyses were performed by
experienced physicians at each center according to
recent recommendations,'?-** and all data are site re-
ported. The collected clinical baseline characteristics
included demographic, laboratory, and medical data
as well as relevant comorbidities. Cardiorenal and
cardiohepatic syndromes were defined as an esti-
mated glomerular filtration rate <60 mL/min and as
elevation of 2 of 3 laboratory cholestasis parameters
(bilirubin, gamma glutamyl transferase, and
alkaline phosphatase), respectively, as previously
described."'® The assessment of heart failure symp-
toms comprised NYHA functional class, peripheral
edema, jugular vein distension, pleural effusion, and
ascites. Echocardiographic evaluation included left
and right ventricular (RV) function and dimensions,
the TR effective regurgitant orifice area, the TR
regurgitant volume, and the mean TV inflow gradi-
ents (the TV mean pressure gradient). The analysis
was conducted with the principles outlined in the
Declaration of Helsinki.

ENDPOINTS: IN-HOSPITAL AND 1-MONTH FOLLOW-UP.
The endpoints were intraprocedural success accord-
ing to the Tricuspid Valve Academic Research Con-
sortium (TVARC) consensus statement,'* procedural
TR reduction, procedural complications, in-hospital
death, need for unplanned surgery, conduction
disturbance requiring new pacemaker implantation,
major bleeding complications, myocardial infarction,
pulmonary embolism, stroke, new-onset dialysis, and
device thrombosis. The endpoints at 1-month follow-
up were 30-day clinical success assessed according to
the TVARC criteria, TR reduction, changes in NYHA
functional class, and heart failure symptoms. Addi-
tionally, 1-month survival was assessed.

STATISTICAL ANALYSIS. Data were depicted using
IQRs. One-month survival rates were depicted using
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Kaplan-Meier curves. Differences between 2 inde-
pendent samples were evaluated using the
Mann-Whitney U test. Dependent samples were
compared by applying the Wilcoxon test or the McNe-
mar test as appropriate. A 2-sided P value <0.05 yiel-
ded statistical significance. The exact numerator and
denominator for all percentages throughout the paper
are presented in Tables 1 to 5. All analyses were per-
formed using R version 4.0.4 (R Foundation for Sta-
tistical Computing) and SPSS version 25 (IBM Corp).

RESULTS

BASELINE CHARACTERISTICS. Seventy-six patients
from 15 centers at a median age of 78 years (Q1-Q3:
72-83 years, 47.4% women) were included. TR was
massive or torrential in 75.0% of patients. The median
TR effective regurgitant orifice area and regurgitant
volume were 65.5 mm? (Q1-Q3: 50.0-88.8 mm?) and
52.0 mL (Q1-Q3: 46.8-89.3 mL). Although most pa-
tients presented with preserved left ventricular
function (55.0% [Q1-Q3: 50.0%-60.3%]), RV function
was borderline according to tricuspid annular plane
systolic excursion (17.0 mm [Q1-Q3: 14.0-20.0 mm])
and RV fractional area change (35.1% [Q1-Q3: 28.5%-
43.4%]). Overall, the right ventricle was significantly
dilated (RV end-diastolic area = 30.5 cm? [Q1-Q3: 21.4-
37.5 cm?], tricuspid annulus diameter = 47.0 mm
[Q1-Q3: 42.0-52.0 mm], and RV midventricular
diameter = 42.5 mm [Q1-Q3: 48.0-48.8 mm]). The
prevalence of cardiovascular comorbidities was
high (atrial fibrillation = 90.7%, arterial
hypertension = 73.0%, dyslipidemia = 64.9%, and
diabetes mellitus = 24.3%). Cardiorenal and car-
diohepatic syndromes were prevalent in 73.0% and
44.9% of patients, respectively. A transvalvular lead
was present in 30.3% of patients. Right heart cathe-
terization indicated mild postcapillary pulmonary
hypertension (median mean pulmonary arterial
pressure = 25.0 mm Hg [Q1-Q3: 18.0-32.1 mm Hg],
pulmonary capillary wedge pressure = 16.0 mm Hg
[Q1-Q3: 10.8-23.0 mm Hg]). Surgical risk was elevated
as represented by a median TRI-SCORE of 6 points
(Q1-Q3: 4-9 points)™ and a median EuroSCORE II of
4.5% (Q1-Q3: 2.4%-8.7%). Detailed baseline charac-
teristics are outlined in Tables 1 and 2.

Patients suffered from severe signs and symptoms
of right heart failure, with NYHA functional class =III
in 90.7%. Peripheral edema, ascites, and pleural
effusion were observed in 85.5%, 44.6%, and 37.4%,
respectively. Diuretic agents included a large dosage
of loop diuretic agents in 89.2% of patients (furose-
mide equivalence dosage = 80 mg/d [Q1-Q3:
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TABLE 1 Baseline Characteristics

Clinical characteristics (N = 76)

Age, y 78 (72-83)
Female 36 (47.4)
BMI, kg/m? 24.9 (21.2-28.8)
BSA, m? 1.8 (1.6-2.0)
Dyslipidemia 48 (64.9)
Arterial hypertension 54 (73.0)
Myocardial infarction 8 (15.4)
COPD 15 (19.7)
Diabetes mellitus 17 (24.3)
Stroke 11 (15.5)
Cardiac surgery 35 (46.0)
AVR 2(2.6)
TVr 2(2.6)
CABG 9 (11.8)
CABG + AVR 3(3.9)
MVR + AVR 3(3.9)
MVR + AVR + TVr 1(1.3)
Mvr 2(2.6)
HTx 6 (7.9)
NA 7(9.2)
TV lead 23 (30.3)
Afib/flutter 68 (90.7)
Coronary artery disease 27 (36.0)
Dialysis 7 (9.6)
EuroSCORE I, % 4.5 (2.4-8.7)
TRI-SCORE 6 (4-9)
Heart failure symptoms
Edema 65 (85.5)
Ascites 33 (44.6)
Pleural effusion 19 (37.4)
NYHA functional class
| 0 (0.0)
Il 7(9.3)
1 54 (72.0)
I\ 14 (18.7)
Medication data
MRA 21 (42.9)
Loop diuretic 66 (89.2)
Loop diuretic dosage, mg/d 80 (40-120)
Thiazide 8 (19.0)
Beta blocker 36 (73.5)
RAS-I 22 (44.9)
ASS 4(8.2)
Clopidogrel 4 (8.5)
Prasugrel 0 (0.0)
DOAC 34 (73.9)
Vitamin K antagonist 1 (22.4)

Laboratory parameters
eGFR, mL/min
Creatinine, mg/dL
Bilirubin, mg/dL

42.0 (28.8-61.3)
1.2 (0.8-1.6)
0.8 (0.6-1.3)

AST, U/L 29.0 (22.0-37.0)
ALT, U/L 17.5 (12.8-26.0)
GGT, U/L 68.0 (42.0-188.0)

Alkaline phosphatase, U/L

Hb, g/dL
NT-proBNP, ng/mL

17.5 (12.8-26.0)
1.7 (10.9-12.9)

2,237 (1,109-4,487)

Continued in the next column

TABLE 1 Continued

Right heart catheterization

36.0 (27.8-46.0)
17.5 (11.8-24.0)
25.0 (18.0-32.1)
16.0 (10.8-23.0)
18.5 (13.0-27.8)

PA pressure systolic, mm Hg
PA pressure diastolic, mm Hg
PA pressure mean, mm Hg
PCWP, mm Hg

RA V-wave, mm Hg

Values are median (Q1-Q3) or n (%).

Afib = atrial fibrillation; ALT = alanine aminotransferase; ASS = aspirin;
AST = aspartate aminotransferase; AVR = aortic valve replacement; BSA = body
surface area; BMI = body mass index; CABG = coronary artery bypass graft;
COPD = chronic obstructive pulmonary disease; DOAC = direct oral anti-
coagulation; eGFR = estimated glomerular filtration rate; GGT = gamma gluta-
myltransferase; Hb = hemoglobin; HTx = heart transplantation;
MRA = mineralocorticoid receptor antagonist; MVr = mitral valve repair;
MVR = mitral valve replacement; NA = not applicable; NT-proBNP = N-terminal
pro-B-type natriuretic peptide; PCWP = pulmonary capillary wedge pressure;
PA = pulmonary artery; RAS-I = renin angiotensin system inhibitor; TV = tricuspid
valve; TVr = tricuspid valve repair.

40-120 mg/d]). On admission, 96.3% of patients
received oral anticoagulation (73.9% direct oral anti-
coagulants [DOACs] and 22.4% vitamin K antagonist).

PROCEDURAL CHARACTERISTICS AND OUTCOMES.
Intraprocedural success according to the TVARC
consensus statement criteria was achieved in 93.4%
of patients. The median procedure time was 140 mi-
nutes (Q1-Q3: 97-160 minutes). According to intra-
procedural echocardiography, TR was reduced to =2+
in 94.7% of patients, =1+ in 90.8%, and 0+ in 65.8%
of patients (Central Illustration). Residual TR =3+ was
observed in 4 patients (5.2%). Residual TR was para-
valvular in all cases.

Conversion to TV surgery was necessary in 4 cases
(1 malpositioning of the valve, 1 device embolization,
1 anchor detachment with subsequent pericardial
tamponade, and 1 pericardial effusion before device
deployment). In 1 patient, the procedure was aborted
because of insufficient extension of the leaflet
graspers. One patient underwent surgery for access
site complications. Bleeding complications that
required blood transfusions occurred in 6.6% of
patients. We observed no cases of in-hospital
pulmonary embolism, stroke, or myocardial infarc-
tion. New in-hospital conduction disturbances that
required permanent pacemaker implantation
occurred in 3 (3.9%) patients (5.7% [3 of 53 patients]
in pacemaker “naive” patients; 3 patients during in-
hospital stay). Two patients received a transvalvular
lead, and 1 patient received left bundle brunch pac-
ing. Two patients (2.6%) suffered acute renal failure
requiring new-onset dialysis. In total, 4 patients died
within the index hospitalization (2 following emer-
gency surgery, 1 from gastrointestinal bleeding
following the procedure, and 1 from right heart
failure).
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TABLE 2 Echocardiographic Baseline Data

LVEF, %

LVEDV, mL

LVESV, mL

LA volume, mL

TR EROA, mm?

TR RegVol, mL

TR VC, mm

TV mean PG, mm Hg

RV FAC, %

RV EDA, cm?

RV ESA, cm®

RV mid-diameter, mm
RV base diameter, mm
RV length, mm

TV annular diameter, mm
RA area, cm?

RA volume, mL

TAPSE, mm

TR maximum PG, mm Hg
SPAP (echo), mm Hg

TR severity
O+
1+
2+
3+
4+
5+

55 (50.0-60.3)
89.0 (58.2-142.9)
35.0 (21.2-52.2)
80 (55.7-113.0)
65.5 (50.0-88.8)
52.0 (46.8-89.3)
10.0 (5.0-14.0)
1.0 (0.9-1.5)
35.1(28.5-43.4)
30.5 (21.4-37.5)
18.0 (11.9-23.1)
42.5 (48.0-48.8)
51.0 (47.0-56.8)
71.0 (61.4-84.5)
47.0 (42.0-52.0)
32.2 (26.9-39.7)
134.3 (108.2-160.0)
17.0 (14.0-20.0)
23.0 (13.3-32.0)
37.0 (27.0-47.0)

0 (0.0)
0 (0.0)

2(2.6)
17 (22.4)
19 (25.0)
38 (50.0)

Values are median (Q1-Q3) or n (%).

EDA = end-diastolic area; EROA = effective regurgitant orifice area; ESA = end-
systolic area; FAC = fractional area change; LA = left atrium; LVEDV = left ven-
tricular end-diastolic volume; LVEF = left ventricular ejection fraction;
LVESV = left ventricular end-systolic volume; PG = pressure gradient; RA = right
atrial; RegVol = regurgitant volume; RV = right ventricular; sPAP = systolic pul-
monary artery pressure; TAPSE = tricuspid annular plane systolic excursion;
TR = tricuspid regurgitation; TV = tricuspid valve; VC = vena contracta.

TABLE 3 Procedural Outcomes (N = 76)
Intraprocedural success according to TVARC 71 (93.4)
Device and procedural complications 5(6.6)
Embolization of the device 1(1.3)
Malposition of the device 1(.3)
Anchor detachment 1(1.3)
Pericardial effusion before valve deployment 1(1.3)
Incomplete extension of anterior leaflet graspers 10.3)
In-hospital death 4 (5.3)
Right heart failure 2 (2.6)
Cardiac tamponade 1(1.3)
Gl bleeding 1(1.3)
Need for heart surgery 4 (5.3)
TVR because of malposition/embolization 2 (2.6)
Cardiac tamponade/pericardial effusion 2 (2.6)
Need for access site surgery
Access site complication 1(1.3)
Requirement of pacemaker implantation
Related to all patients 3(.9)
Related to pacemaker-naive patients 3(.7)
In-hospital bleeding 5(6.6)
In-hospital myocardial infarction 0 (0.0)
In-hospital stroke 0 (0.0)
In-hospital new-onset dialysis 2 (2.6)
In-hospital valve thrombosis 0 (0.0)
TV mean PG postprocedural, mm Hg 2.0 (1.8-3.4)
TV mean PG discharge, mm Hg 2.0 (1.1-2.1)
Procedure time, min 140 (97-160)
TR severity postprocedural
O+ 50 (65.8)
1+ 19 (25.0)
2+ 3(3.9)
3+ 2 (2.6)
4+ 2 (2.6)
54 0 (0.0)
Values are n (%) or median (Q1-Q3).
Gl = gastrointestinal; TVARC = Tricuspid Valve Academic Research Consortium;
TVR = tricuspid valve replacement; other abbreviations as in Table 2.

The median postprocedural TV inflow gradients
were 2.0 mm Hg (Q1-Q3: 1.8-3.4 mm Hg). There was
no evidence of valve thrombosis at discharge. All
patients were discharged with oral anticoagulation
therapy (57% DOACs and 43% vitamin K antagonist).

1-MONTH FOLLOW-UP. Four patients died within the
first month after the procedure (1 following surgery
for malpositioning of the device, 1 following cardiac
tamponade after detachment of the septal anchor, 1
following right heart failure, and 1 from gastrointes-
tinal bleeding), leading to a 30-day survival rate of
94.4% (Figure 1). Sixty-seven patients were eligible
for the 1-month follow-up (4 patients died <30 days,
and 6 patients were not able to attend the 30-day
follow-up because the date of TTVR was <30 days
before database closure). Clinical 1-month follow-up
was available in 91.0% of eligible patients
(n = 61/67) at a median time of 45 days (Q1-Q3:

28-50 days). TR remained reduced to =2+ in 95.0% of
patients and =1+ in 86.8% of patients (Central
Illustration). TR =3+ was observed in 3 patients
(4.9%). Follow-up echocardiography revealed
detachment of the septal anchor in 2 patients. One
patient underwent subsequent heterotopic tricuspid
valve replacement, and 1 patient underwent surgical
tricuspid valve replacement. Between discharge and
the 1-month follow-up, 1 further bleeding event
occurred, and 1 further patient underwent pacemaker
implantation (leadless pacemaker). The overall
30-day pacemaker rate was 5.2% (4 of 76) among all
patients and 7.5% (4 of 53) among those without a
pre-existing pacemaker. There was no evidence of
valve thrombosis at 1-month follow-up. The median
TV inflow gradient was 2.0 mm Hg (Q1-Q3:
1.2-2.1 mm Hg). Clinical success at 30 days according
to the TVARC consensus statement was 91.8% among
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patients with eligible follow-up. Symptomatic status
significantly improved as indicated by NYHA func-
tional class 85.4% of patients
(Central Illustration).

<II in

OUTCOMES STRATIFIED BY DEVICE SIZE. A device
size =55 mm was implanted in 75.0% of patients
(40 mm: 5.3%; 45 mm: 1.3%; 50 mm: 19.7%; 55 mm:
30.3%; 60 mm: 23.7%; and 65 mm: 19.7%). Large
valves were more commonly implanted in men
(59.6% vs 31.6% in valves <55 mm). Even though
not achieving statistical significance, patients who
received large valves showed a trend toward more
severe biventricular and biatrial dilation as a sign of
more advanced heart failure (Supplemental Table 2).
Nevertheless, symptomatic status and heart
failure symptoms were comparable between pa-
tients with valve sizes <55 and =55 mm. Beyond
that, we did not observe significant differences in
the prevalence of procedural complications, NYHA
functional class improvement, and TR reduction

after stratification by device size (Figure 2,
Supplemental Table 3).

DISCUSSION

GENERAL CONSIDERATIONS. This retrospective

multicenter registry is the largest to report outcomes
of patients who underwent TTVR using the LuX-
Valve Plus system in a compassionate use setting. In
contrast to previous publications on TTVR outcomes,
it exclusively included patients who were treated
using a transjugular approach, and it reports out-
comes for a considerable percentage of patients with
very large tricuspid anatomies. The main findings of
this analysis were as follows:

1. Transjugular TTVR was linked with acceptable in-
hospital complication rates for a new technology
in a highly selected group of high or prohibitive
surgical risk patients.

2. Transjugular TTVR resulted in an effective TR
reduction up to 1 month after the procedure with
approximately 13% of patients presenting with a
predominantly mild paravalvular leakage of un-
known clinical significance.

3. At 1 month, survival was 94.4%, and a substantial
improvement in heart failure symptoms and ex-
ertional dyspnea was observed.

4. No significant differences in terms of procedural
outcomes and adverse events were observed in
patients requiring <55 or =55 mm valve sizes.

TR REDUCTION IN THE CONTEXT OF CURRENT

LITERATURE. Several years of experience have
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TABLE 4 Clinical 1-Month Outcomes (N = 61)
Clinical success according to TVARC at 30 days 56 (91.8)
Major bleeding 1(.6)
Myocardial infarction 0 (0.0)
Stroke 0 (0.0)
Pulmonary embolism 0 (0.0)
Reintervention/surgery 2(3.3)
TricValve (Products & Features) after detachment of septal anchor 1(1.6)
TVR 1(1.6)
Pacemaker implantation 1(1.6)
New-onset dialysis 0 (0.0)
Valve thrombosis 0 (0.0)
TR severity follow-up
0+ 29 (47.5)
1+ 24 (39.3)
2+ 5(8.2)
3+ 1(1.6)
4t 2(33)
54 0 (0.0)
NYHA functional class
| 24 (43.6)
1] 23 (41.8)
] 4 (7.3)
\% 4(7.3)

Values are n (%). 61 patients were eligible for the 1-month follow-up.
Abbreviations as in Tables 2 and 3.

shown that T-TEER is associated with TR reduction
rates to =2+ between 87% in the setting of a ran-
domized trial® and 83% under real-world conditions.?
Compassionate use EVOQUE data reported 30-day TR

TABLE 5 Laboratory and Echocardiographic Follow-Up Data

Baseline Follow-Up

P Value n

Laboratory data

eGFR, mL/min 48 (31.5-63.0) 44 (29.6-60.5) 0.520 29
Bilirubin, mg/dL 0.8 (0.5-1.3) 0.7 (0.4-1.1) 0.106 24
AST, U/L 29.0 (24.5-35.5) 31.0 (24.5-39.8) 0.195 20
ALT, U/L 18.5 (13.8-24.8) 17.0 (13.0-22.5) 0.465 26
GGT, U/L 74.0 (37.0-203.0) 70.0 (37.5-169.0) 0.041 17
Alkaline phosphatase, U/L 105.0 (78.0-188.0) 137.0 (87.0-187.0) 0.583 23
Hb, g/dL 11.5 (11.0-12.7) 10.9 (9.9-12.0) 0.042 26
NT-proBNP, ng/mL 2,061 (1,083-4,374) 2,118 (1,021-6,206) 0.327 24
Echocardiographic data
LVEF, % 55.0 (50.0-62.4) 60.0 (50.8-65.0) 0.138 38
TAPSE, mm 18.0 (14.8-21.0) 15.0 (12.8-17.5) 0.034 30
RV mid-diameter, mm 42.0 (37.5-49.5) 39.0 (35.4-46.5) 0.096 25
RV base diameter, mm 49.0 (45.7-56.5) 47.0 (43.0-56.0) 0.031 25
RA area, cm? 30.2 (26.3-36.0) 28.0 (26.0-32.2) 0.006 24
RA volume, mL 120.0 (102.4-149.0) 96.0 (75.5-126.2) 0.013 25
SPAP (echo), mm Hg 37.0 (27.5-48.0) 35.0 (29.0-41.0) 0.239 25
Heart failure symptoms
Edema 50 (83.3) 15 (25.0) <0.001 60
Ascites 23 (39.0) 2 (3.4) <0.001 59
Pleural effusion 12 (32.4) 3(8.1) 0.013 37

Values are median (Q1-Q3) or n (%).
Abbreviations as in Tables 1 and 2.
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CENTRAL ILLUSTRATION LuX-Valve Plus For Transcatheter Tricuspid Valve Replacement

Transcatheter Tricuspid Valve Replacement Using
the LuX-Valve Plus System:

Early Compassionate Use Outcomes in 2022-2024, N = 76

A In-Hospital Outcomes

* 94.7% with TR reduction to <2+

* 5.3% conversion to cardiac surgery
¢ 5.7% had new PPM implantation

* 6.6% had major bleeding events

* 5.3% in-hospital death

¢ No valve thrombosis, MI, or PE

1-Month Outcomes

Tricuspid Regurgitation NYHA Functional Class

I : E—

« Infrequent need for additional surgery or repeat intervention
* Durable TR reduction to <2+ in 95.0% of patients

« Significantly improved NYHA functional class (85.4% NYHA functional class <l vs
9.3% at baseline)

* No differences in outcomes or adverse events after stratification for valve size
(=55 vs <55 mm)

Stolz L, et al. JACC Cardiovasc Interv. 2024;17(16):1936-1945.

MI = myocardial infarction; PE = pulmonary embolism; PPM = permanent pacemaker; TR = tricuspid regurgitation.
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FIGURE 1 1-Month Survival Following TTVR Using the
LuX-Valve
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1-month survival after transcatheter tricuspid valve replace-
ment (TTVR) using the LuX-Valve system was 93.1%.

FIGURE 2 TR Reduction Stratified by Implanted Valve Size
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Tricuspid regurgitation (TR) reduction was comparable in pa-
tients who received small (<55 mm) (A) vs large (=55 mm) (B)
valve sizes.
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reduction rates to <1+ in 88% of patients.®'® At the
same time, relevant residual TR =3+ has been asso-
ciated with increased mortality in multiple T-TEER
registries.”>'” The degree of TR reduction may also
play an important role in the extent of hemodynamic
improvement after the procedure. RV reverse
remodeling as well as quality of life improvement
have been shown to predominantly occur in T-TEER
patients with successful TR reduction.'®2°

Our analysis revealed TR reduction to =2+ in all
patients who underwent transjugular TTVR, which
was sustained in 95.0% of patients at 1-month follow-
up. All cases of residual TR after transjugular TTVR
were of paravalvular nature, mostly mild (1+) in a
posteroseptal location. The underlying mechanism
for residual paravalvular leakage with the LuX-Valve
might be manifold, including suboptimal, too atrial
device positioning, device anchoring, device sizing,
and pre-existing transvalvular leads (present in 30.3%
of patients), among others. The unique anchoring
mechanisms might require less device oversizing at
the level of the tricuspid annulus than other TTVR
devices, which might result in less sealing forces, but
also in a lower compression of the atrioventricular
node, which might be associated with a lower need
for subsequent pacemaker implantations. The clinical
relevance of mild (1+) or even moderate (2+) residual
paravalvular TR is currently unknown and might
differ from left-sided aortic or mitral paravalvular
leakages because no cases of relevant hemolysis were
observed and patients showed substantial symptom-
atic improvement.

IN-HOSPITAL AND 1-MONTH ADVERSE EVENTS.
Mortality and need for
surgery. The results of this study must be inter-
preted against the background of a compassionate
use setting. Those patients usually presented in a
progressive disease state with multiple comorbidities
and an increased surgical risk, which might explain the
5.3% in-hospital mortality rate. On the other hand,

reintervention or

those patients probably are well selected for treatment
with a new device. Two patients were in cardiogenic
shock requiring preimplant inotropic support, 1died of
ongoing right heart failure and the other following
emergency cardiac surgery because of malpositioning
of the device. In 1 patient, device implantation was
aborted because of incomplete extension of the leaflet
graspers. One patient died following gastrointestinal
bleeding. Another patient had a delayed pericardial
tamponade and cardiac arrest. Detachment of the
septal anchor occurred during cardiopulmonary
resuscitation, and the patient subsequently died post-
emergency surgery. Detachment of the septal anchor

1943
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occurred in 2 further cases at the 1-month follow-up.
One patient underwent heterotopic TTVR and the
other surgical TV replacement. The procedural
learning curve may play a role in these events. In
addition, a small device iteration to adjust the angu-
lation and configuration of the septal anchor has been
made during the enrollment phase of this study.
Further data are needed to evaluate the effectiveness
of the respective design changes of the device.

Bleeding and thrombosis. With 4 bleeding events
during hospital stay (6.6%) and 1 further case within
the 1-month follow-up, the overall bleeding rate was
lower compared to previous studies (up to 16.9% at
the 1-month follow-up). TTVR patients are prone to
bleeding complications because of advanced age,
anticoagulation therapy, hepatic dysfunction, and
other comorbid conditions. Almost all patients
received oral anticoagulation therapy for atrial fibril-
lation before TTVR. The optimal anticoagulation
strategy after TTVR (DOACs vs vitamin K antagonist)
is unknown but certainly needs to balance the risk of
bleeding and valve thrombosis. The latter is of special
importance because the hemodynamic low-flow/low-
pressure characteristics of the right side of the heart
may predispose to thrombus formation. Of note, in
the present analysis, no case of device thrombosis
was observed until the 1-month follow-up. In the
present analysis, only 1 patient suffered access
site complication that required surgical treatment
(1.3%), which appears favorable considering the
transjugular access and the large sheath size for
vascular access.

Conduction disturbances and need for pacemaker
implantation. With its close anatomical relationship to
important structures of the conduction system, TTVR
can cause conduction disturbances, which might
require pacemaker implantation. Previous studies re-
ported pacemaker implantation rates up to 13.3%.> Of
note, all relevant conduction disturbances occurred
within 9 days after the procedure.® In the present
registry, 5.2% (4/76) of all patients and 7.5% (4/53) of
those without a pre-existing pacemaker underwent
permanent pacemaker implantation after TTVR. This
rate might be lower compared to other TTVR devices
because of differences in the anchor mechanisms and a
lower need for device oversizing in relation to the
tricuspid annulus with LuX-Valve devices.

AVAILABLE VALVE SIZES. In contrast to all currently
available data on TTVR, the present registry reports
outcomes for patients who received TTVR
devices =55 mm in a considerable percentage of
cases (75%). The largest valve that has been
implanted in the TRISCEND I (Edwards EVOQUE

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 17, NO. 16, 2024
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Tricuspid Valve Replacement: Investigation of Safety
and Clinical Efficacy After Replacement of Tricuspid
Valve With Transcatheter Device) study and other
published reports
measured 52 mm and a
considerable proportion of patients with larger
anatomies were screened out because of this limi-

compassionate use EVOQUE
in diameter,>%'621:22

tation. Therefore, larger orthotopic replacement op-
tions may be an important asset to the toolbox of TR
treatment, especially for patients with excessive
annular dilation. As shown previously, there was no
difference in the rate of adverse events in patients
who received valves sized =55 mm compared to
smaller ones, whereas TR reduction was comparable.
It will be important to confirm this finding in larger
studies that are powered for the detection of po-
tential differences in outcomes.

STUDY LIMITATIONS. Even though not being sub-
jected to core laboratory supervision, all site-reported
data have been collected by experienced physicians
and echocardiographers at each study center accord-
ing to recent guidelines and recommendations. Of
note, the study design is retrospective and included
compassionate use cases only. Follow-up data
beyond 30 days are pending. Finally, the study does
not provide data regarding the 6-minute walking test
distance of the study cohort.

CONCLUSIONS

Transjugular TTVR is a treatment option for patients
with severe TR and large tricuspid anatomies.
Although TR reduction was sustained until the
1-month follow-up, mild or moderate paravalvular
leaks were observed, but the clinical relevance of this
finding is currently unclear. Results of the prospec-
tive TRINITY (A Study to Evaluate the Safety and
Performance of LuX-Valve Plus System for Tricuspid
Replacement; NCT05436028) are highly anticipated
in order to confirm the aggregated, favorable,
compassionate use results.
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PERSPECTIVES

for TTVR in patients ineligible for T-TEER.

TTVR devices =55 mm in diameter.

currently ongoing TRINITY study are highly anticipated.
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APPENDIX For supplemental tables, please
see the online version of this paper.

WHAT IS KNOWN? The LuX-Valve device is increasingly used

WHAT IS NEW? This is the largest registry to report effective
TR reduction up to 1 month after LuX-Valve TTVR. This analysis is
the first to report favorable outcomes of patients who receive

WHAT IS NEXT? Prospective studies are needed to confirm
these compassionate use data. Therefore, the results of the
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