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ABSTRACT

BACKGROUND The clinical efficacy of transcatheter tricuspid valve replacement (TTVR) in abolishing
tricuspid regurgitation might be attenuated by the occurrence of paravalvular leak (PVL).

OBJECTIVES The aim of this study was to investigate the incidence, outcomes, and predictors of moderate
or severe PVL post-TTVR.

METHODS All eligible patients undergoing TTVR in the multicenter TRIPLACE (Global Multicenter Registry on
Transcatheter Tricuspid Valve Replacement) registry were stratified according to predischarge PVL severity.

The primary endpoint was the occurrence of moderate or severe PVL post-TTVR. Secondary endpoints were
1-year mortality, 1-year heart failure hospitalization, and post-TTVR NYHA functional class Ill or IV. Outcomes
were analyzed using logistic regression (PVL), Cox regression (mortality), and Gray's test (heart failure).

RESULTS Of 394 TTVR patients, 24 (6.1%) had moderate or severe, 88 (22.3%) mild, and 282 (71.6%) no or
trace PVL post-TTVR. Patients with moderate or severe PVL had significantly higher TRI-SCOREs (P < 0.001),
lower estimated glomerular filtration rates (P = 0.001), and larger right ventricular and right atrial dimensions
(P = 0.002 for both). Patients with moderate or severe PVL post-TTVR had worse 1-month functional class
(53% in NYHA functional class Ill or IV) than those with mild (16%) or no or trace (15%) PVL. The presence of
moderate or severe PVL post-TTVR was associated with increased 1-year mortality (39.7%; adjusted HR: 2.6;
95% Cl: 1.2-5.7) compared with those with mild (12.6%) or no or trace (10.5%) PVL. A larger right atrial
volume (P = 0.02), device malposition (P = 0.0002), and type IV valve morphology (P = 0.01) were inde-
pendently associated with moderate or severe PVL post-TTVR.

CONCLUSIONS Moderate or greater PVL occurred in 6.1% of patients post-TTVR and was associated with
increased 1-year mortality and worse functional status. A larger right atrial volume, device malposition, and

type IV valve morphology conferred a higher risk for developing moderate or severe PVL post-TTVR. These

findings have important implications for future TTVR design and procedural optimization. (Global Multicenter
Registry on Transcatheter Tricuspid Valve Replacement [TRIPLACE]; NCTO6033274)

(JACC Cardiovasc Interv. 2026;19:680-693) © 2026 by the American College of Cardiology Foundation.

Scotti et al 681
Paravalvular Leak After TTVR

ABBREVIATIONS
AND ACRONYMS

HF = heart failure

PVL = paravalvular leak
RA = right atrial/atrium

TR = tricuspid regurgitation

TTVR = transcatheter tricuspid
valve replacement

TV = tricuspid valve

ricuspid regurgitation (TR) is the most prev-
alent valvular heart disease, particularly
among elderly and comorbid patients, and
is independently associated with increased
morbidity and mortality.' Because of the large un-
met clinical need for treating symptomatic patients
with severe TR, transcatheter tricuspid valve replace-
ment (TTVR) has emerged commercially as a viable
solution to fully restore tricuspid valve (TV) func-
tion, achieving near complete resolution of TR in
the majority of cases.*® Although TTVR can achieve
mild or less residual TR in >95% of patients,” there
are some patients with paravalvular leak (PVL), a
complication that may attenuate the clinical and he-
modynamic benefits of valve replacement.
PVL has been extensively studied in the context of
transcatheter aortic and mitral valve replacement, in

which its presence has been linked to adverse out-
comes, including heart failure (HF) symptoms, he-
molysis, and increased mortality.”® In the tricuspid
position, the implications of PVL remain less clearly
defined, given the unique anatomical challenges of
the tricuspid annulus, frequent annular dilation, and
lower pressure right-sided circulation.

The TRIPLACE (Global Multicenter Registry on
Transcatheter Tricuspid Valve Replacement) registry
(NCT06033274) is the largest multicenter, real-world
data set of patients undergoing orthotopic TTVR
with dedicated devices. The aim of the present
analysis was to: 1) investigate the incidence and
severity of PVL following TTVR; 2) explore the
clinical impact of PVL on early postprocedural out-
comes; and 3) identify procedural and anatomical
predictors of PVL.
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METHODS

REGISTRY DESIGN. TRIPLACE (NCT06033274) is an
investigator-initiated, retrospective, single-arm,
open-label, multicenter registry designed to eval-
uate the safety and efficacy of orthotopic TTVR sys-
tems in a real-world setting.'® This registry was
instituted independent of external financial support
and is strategically designed to compile comprehen-
sive data from a global array of centers proficient in
TTVR. Data contributions to date were made by 21
centers across the United States, Europe, and Canada
(Supplemental Appendix). Data collection included
baseline clinical characteristics, preprocedural echo-
cardiographic and computed tomographic data, as
well as detailed procedural and postprocedural met-
rics. These were reported by the participating centers
using a structured reporting form specifically
designed for the registry. Data collection was
approved by the local Institutional Review Boards,
and the study was performed in accordance with the
Declaration of Helsinki.

STUDY POPULATION. As per predefined inclusion
criteria, the registry included all consecutive patients
undergoing isolated orthotopic TTVR for severe TR
using 8 dedicated TV devices.'® A total of 193 patients
(49%) were treated with the commercially approved
EVOQUE system (Edwards Lifesciences), whereas the
remaining 51% underwent TTVR using investiga-
tional devices currently seeking regulatory approval
(Supplemental Table 1). The decision to perform
TTVR was made by the multidisciplinary heart team
at each center, with treatment protocols aligning
with the standard-of-care practices at each site. In
the present analysis focused on PVL post-TTVR, the
following exclusion criteria were applied: intra-
procedural mortality, surgical conversion during the
index TTVR procedure, and absence of data on PVL
at discharge.

STUDY ENDPOINTS. The primary endpoint was the
post-TTVR incidence of moderate or severe PVL
assessed at predischarge echocardiography. Second-
ary endpoints were 1-year all-cause and cardiac
mortality, 1-year HF hospitalization, and changes in
NYHA functional class according to PVL severity af-
ter TTVR.

Cardiac mortality was defined as any death
directly attributable to a primary cardiac cause,
including myocardial infarction, progressive or acute
decompensated HF, fatal arrhythmias, sudden car-
diac death, cardiogenic shock, or complications
related to structural or valvular heart disease or its
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treatment. Deaths clearly attributable to noncardiac
causes (eg, malignancy, infection, pulmonary dis-
ease, trauma, bleeding unrelated to the cardiac pro-
cedure) were not considered cardiac mortality.

ECHOCARDIOGRAPHIC ASSESSMENT. Echocardiographic
evaluations were performed by experienced echo-
cardiographers at high-volume structural heart cen-
ters, each with extensive expertise in TR and TTVR
imaging following contemporary guidelines."'* All
patients underwent baseline transthoracic and
transesophageal echocardiography, followed by se-
rial transthoracic echocardiography post-TTVR, sup-
plemented by transesophageal echocardiography
when clinically indicated or when image quality was
suboptimal. Definitions pertaining to the etiology
and severity of TR, in addition to safety and efficacy
endpoints, were established in accordance with the
guidelines set forth by the Tricuspid Valve Academic
Research Consortium.”® The classification of TV
anatomy adhered to a widely recognized system
based on leaflet configuration: types I, II, IIIA, IIIB,
IIIC, and IV."* PVL was defined as the presence of
regurgitant flow occurring between the outer frame
of the TTVR prosthesis and the native annulus or
surrounding cardiac tissue, rather than through the
valve’s orifice. PVL was identified using color
Doppler echocardiography and graded according to
established multiparametric criteria, incorporating
jet size, flow convergence, vena contracta, and he-
patic vein flow pattern. In cases with multiple jets,
the overall PVL grade represented an integrated
assessment that accounted for the cumulative
regurgitant burden. Severity was categorized as none
or trace, mild, moderate, or severe according to
standard echocardiographic guidelines. PVL assess-
ment was performed at discharge and 1 month and
1 year post-TTVR.

CARDIAC COMPUTED TOMOGRAPHIC ASSESSMENT.
Cardiac computed tomographic images were ac-
quired with electrocardiographically synchronized
acquisition to allow multiphase assessment of
tricuspid annular geometry. A biphasic iodinated
contrast injection (=80-120 mL total) with bolus
tracking in the right atrium (RA) ensured homoge-
neous opacification of right-sided chambers and
venous access routes. Images were reconstructed at
0.5- to 0.75-mm thickness across multiple cardiac
phases, and annular, leaflet, and venous access
measurements were obtained using dedicated car-
diac postprocessing software. Tricuspid annular di-
mensions were obtained in the best systolic and
diastolic phases, tracing the annular area at the
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leaflet insertion point in long- and short-axis multi-
planar reconstruction images. The degree of TTVR
device oversizing was calculated in both systolic and
diastolic phases using the following formula: [(TTVR
diameter/perimeter-derived TV annular
diameter) — 1] x 100. TV eccentricity index was
calculated using the following formula: 1 — (short-
axis diameter/long-axis diameter).

device

STATISTICAL ANALYSES. Categorical variables are
expressed as numbers and corresponding pro-
portions and were compared using the chi-square
test with continuity correction or the Fisher exact
test as appropriate. Continuous variables are
expressed as mean + SD or median (Q1-Q3) and were
compared using 1-way analysis of variance (para-
metric test) or the Kruskal-Wallis test (nonparametric
test) according to their distribution. Normality of
continuous variables was assessed using the Shapiro-
Wilk test.

One-year all-cause mortality was estimated using
Kaplan-Meier curves, and differences per PVL
severity were evaluated using the log-rank test. A
multivariable Cox regression analysis was performed
to explore the impact of PVL severity on 1-year
mortality. Covariates included in the Cox propor-
tional hazards regression model were selected ac-
cording to established prognostic relevance in
patients with severe TR and their clinical plausibility
as determinants of outcomes after TTVR. Specifically,
we included TRI-SCORE, RA volume, renal function,
and atrial fibrillation, all of which have been consis-
tently shown to independently predict mortality in
advanced TR populations.” ' Common demographic
variables such as age and sex were not included as
separate covariates, because their prognostic effects
are already integrated within TRI-SCORE, and adding
overlapping variables could risk model overfitting.
However, an additional Cox regression model was
performed as a sensitivity analysis including the
following variables: age, sex, left ventricular ejection
fraction, pulmonary artery systolic pressure, and
baseline TR. The proportional hazards assumption
was formally tested using Schoenfeld residuals, and
no significant violations were detected. Multi-
collinearity was assessed using variance inflation
factors, confirming the absence of concerning
collinearity among covariates. The incidence of HF
hospitalization was estimated using the cumulative
incidence function (Gray’s test) accounting for death
as a competing risk. To further investigate the he-
modynamic impact of PVL post-TTVR, the following
sensitivity analyses were performed: 1) landmark
analysis on 1-year survival after a predefined time
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period of 30 days post-TTVR; 2) 30-day landmark
analysis excluding patients with device malposition
or necessitating intervention for valve dysfunction or
valve-related complication; 3) 1-year survival in
moderate vs no or mild PVL (ie, severe PVL excluded)
after excluding patients with device malposition or
necessitating intervention for valve dysfunction or
valve-related complication.

A Sankey diagram was used to display changes in
PVL severity between hospital discharge and 1-month
follow-up following TTVR. Logistic regression anal-
ysis was performed to explore the association be-
tween baseline variables and the occurrence of
moderate or severe PVL post-TTVR. Variables
entered into the multivariable model were selected
on the basis of clinical relevance and prior evidence,
with univariable associations used only as an initial
screening step. This approach ensured the inclusion
of clinically meaningful covariates regardless of their
univariable significance while minimizing the risk for
overfitting. Because of the small number of events
and potential issues with perfect separation, Firth’s
penalized logistic regression was used for the multi-
variable model to reduce bias in the parameter esti-
mates. A 2-sided P value <0.05 was considered to
indicate statistical significance. Statistical analyses
were performed using R version 4.5.1 (R Foundation
for Statistical Computing).

RESULTS

BASELINE CHARACTERISTICS. To date, 421 TTVR
recipients have been enrolled in TRIPLACE from 2016
through 2025. After applying exclusion criteria rele-
vant to this analysis (6 procedural deaths, 5 surgical
conversions, 16 patients with missing post-TTVR PVL
data), 394 patients were included (Supplemental
Figure 1). Baseline clinical characteristics and labo-
are displayed in Table 1
Supplemental Table 2. Overall, mean age was 76.6 +
8.8 years, and 65.2% were women. The median Eu-
ropean System for Cardiac Operative Risk Evaluation
II mortality risk and TRI-SCORE were 4.2% and 5.0,
respectively. Nearly one-half of patients (43.5%) had
been hospitalized for HF within the 12 months pre-
ceding TTVR, and most of them (78.2%) presented in
NYHA functional class III or IV.

A total of 24 patients (6.1%) had moderate or
greater PVL post-TTVR, with mild PVL being
observed in 88 (22.3%) and no or trace PVL in the
remaining 282 patients (71.6%) (Central Illustration).
Among patients with moderate or greater PVL, 17
(71%) had moderate PVL, and 7 (29%) had severe PVL.
Compared with no or trace or mild PVL, patients with

ratory values and
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TABLE 1 Baseline Characteristics per Paravalvular Leak Severity
Overall None/Trace Mild Moderate/Severe
(N =394) (n =282) (n = 88) (n=24) P Value

Age, y 76.6 + 8.8 76.1 £ 9.1 77.6 + 8.0 775 + 6.7 0.33
Women 257 (65.2) 194 (68.8) 51 (58) 12 (50) 0.05
EuroSCORE I, % 4.2 (2.7, 6.9) 4.2 (2.6, 6.8) 4.1 (3.0, 6.5) 4.9 (3.7, 8.6) 0.14
TRI-SCORE 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 7.0 (6.0, 7.5) <0.001
NYHA functional class I1I/1V 308 (78.2) 218 (77.3) 71 (80.7) 19 (79.2) 0.79
HF hospitalization (=12 mo) 171 (43.5) 120 (42.6) 41 (47.1) 10 (41.7) 0.72
6MWD, m 231.0 £ 115.0 230.9 £ 113.2 240.2 +£120.0 178.2 4 149.9 0.61
KCCQ score 54.8 + 20.0 55.7 £19.2 50.9 + 243 53.9 +18.0 0.66
Device at baseline 0.25

None 261 (66.4) 193 (68.7) 52 (59.1) 16 (66.7)

PM/CRT-P 94 (23.9) 63 (22.4) 24 (27.3) 7 (29.2)

CRT-D/ICD 23 (5.9) 12 (4.3) 10 (11.4) 1(4.2)

Leadless PM 1 (2.8) 9(3.2) 2(2.3) 0 (0.0)

Other 4 (1.0) 4 (1.4) 0 (0.0) 0 (0.0)
CIED lead across the TV 109 (27.7) 70 (24.8) 31(35.2) 8 (33.3) 0.133
CIED lead contributing to TR 75 (19.2) 48 (17.2) 24 (27.3) 3 (13.0) 0.09
Prior cardiac surgery 164 (41.6) 17 (41.5) 36 (40.9) 11 (45.8) 0.91
Prior TV surgery 19 (4.8) 14 (5.0) 3.4 2(8.3) 0.60
Prior TAVR 24 (6.1) 18 (6.4) 4 (4.5) 2(8.3) 0.66
Comorbidities

Hypertension 274 (69.5) 194 (68.8) 62 (70.5) 18 (75.0) 0.80

Diabetes mellitus 91 (23.1) 63 (22.3) 20 (22.7) 8 (33.3) 0.47

Atrial fibrillation 342 (86.8) 218 (83.8) 83 (97.6) 21(97.5) 0.004

CKD 188 (47.8) 128 (45.6) 48 (54.5) 12 (50.0) 0.33

Prior dialysis 14 (3.6) 8 (2.8) 3334 3(12.5) 0.07

COPD 56 (14.2) 41 (14.5) 11 (12.5) 4 (16.7) 0.82

Peripheral vascular disease 45 (11.5) 31 (11.0) 1 (12.5) 3(12.5) 0.82

Peripheral edema 297 (75.4)) 209 (74.1) 69 (78.4) 19 (79.2) 0.65

Ascites 76 (19.3) 50 (17.7) 18 (20.5) 8 (33.3) 0.17
Laboratory values

Albumin, g/dL 3.8+0.6 3.8+ 0.6 3.8+0.7 3.6 +0.6 0.62

Creatinine, mg/dL 1.2 (0.9-1.6) 1.1(0.9-1.5) 1.3 (1.0-1.7) 1.7 (1.2-2.1) <0.001

eGFR, mL/min/1.73 m? 50.5 (37.0-68.0) 54.0 (39.0-69.0) 47.0 (36.0-61.2) 35.0 (27.5-47.5) 0.001

ALT, U/L 19.0 (14.0-26.0) 19.0 (14.0-26.0) 19.0 (14.0-25.0) 17.0 (13.5-22.0) 0.38

AST, U/L 27.0 (21.0-34.0) 27.0 (20.0-33.0) 28.0 (21.5-37.0) 27.0 (21.0-30.0) 0.51

Total bilirubin, mg/dL 0.9 (0.6-1.3) 0.8 (0.6-1.3) 0.9 (0.7-1.3) 0.8 (0.6-1.3) 0.27

INR 1.3 (1.1-1.6) 1.3 (1.1-1.6) 1.3 (1.1-1.8) 1.3 (1.2-1.4) 0.70

NT-proBNP, pg/mL 1,641 (949-3,117) 1,466 (829-2,762) 2,021 (1,128-3,509) 2,019 (1,215-4,918) 0.06

Hemoglobin, g/dL 121+ 2.0 122 +£1.9 1.9 +£ 2.1 1.5 +21 0.13

moderate or greater PVL had significantly higher TRI-
SCOREs (7 vs 5 or 5; P < 0.001), lower estimated
glomerular filtration rates (35 mL/min/1.73 m? vs 54
or 47 mL/min/1.73 m? P = 0.001). Other clinical
comorbidities were similar among the study groups,
except for atrial fibrillation, which was less common
in patients with no or trace PVL (P = 0.004).
Regarding baseline pharmacologic management,
91.1% of the cohort were on loop diuretic agents,
while beta-blockers, aldosterone antagonists, and
sodium-glucose cotransporter 2 inhibitors were part
of the treatment regimen for 72.4%, 49.7%, and
30.3% of patients, respectively. Anticoagulation was
common at 86% (59.9% on direct oral anticoagulant
agents).

Continued on the next page

The baseline severity of TR was graded as severe in
30.7%, massive in 29.2%, and torrential in 40.1% of
patients. The etiology of TR was classified as primary
in 11.1% of cases, ventricular secondary in 32.7%, and
atrial secondary in 42.5%. Although no differences
were observed in baseline TR severity, patients with
moderate or greater PVL were more likely to have
atrial secondary TR (60%; P = 0.03). There was a
nonsignificant trend for more PVL in the presence of
cardiac implantable electronic device leads across the
TV during TTVR: moderate or greater, 33.3%; mild,
35.2%; and no or trace PVL, 24.8% (P = 0.13). Patients
with moderate or greater PVL were more likely to
have a 4-leaflet TV, larger right-sided dimensions,
and higher pulmonary artery systolic pressures.
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TABLE 1 Continued

Overall None/Trace Mild Moderate/Severe
(N =394) (n =282) (n =88) (n =24) P Value
Medications
Loop diuretics 359 (91.1) 258 (91.5) 81(92.0) 20 (83.3) 0.38
Anticoagulation 0.79
None 55 (14.0) 43 (15.2) 10 (11.4) 2(8.3)
DOACs 236 (59.9) 167 (59.2) 55 (62.5) 14 (58.3)
Warfarin 103 (26.1) 72 (25.2) 23 (26.1) 8 (33.3)
Beta-blockers 284 (72.4) 203 (72.2) 68 (78.2) 13 (54.2) 0.07
ACEIs/ARBs/ARNIs 169 (43.1) 19 (42.2) 38 (44.2) 12 (50.0) 0.74
Aldosterone antagonists 193 (49.7) 129 (46.2) 52 (61.2) 12 (50.0) 0.06
SGLT2 inhibitors 118 (30.3) 82(29.2) 28 (32.9) 8 (33.3) 0.76
Echocardiography
TR severity 0.97
Severe 121 (30.7) 88 (31.2) 27 (30.7) 6 (25.0)
Massive 15 (29.2) 82 (29.1) 26 (29.5) 7 (29.2)
Torrential 158 (40.1) 112 (39.7) 35(39.8) 11 (45.8)
TR etiology 0.03
Primary 43 (1.1) 33 (1.9) 6 (6.9) 4 (17.4)
Ventricular secondary 127 (32.7) 95 (34.2) 27 (31.0) 5(21.7)
Atrial secondary 165 (42.5) 18 (42.4) 33 (37.9) 14 (60.9)
CIED 28 (7.2) 17 (6.1) 1 (12.6) 0 (0.0)
Mixed 25 (6.4) 15 (5.4) 10 (11.5) 0 (0.0)
TV morphology type 0.06
[ 216 (58.5) 153 (57.7) 51 (62.2) 12 (54.5)
1] 10 (2.7) 7 (2.6) 33.7) 0 (0.0)
Ila 22 (6.0) 17 (6.4) 5(6.1) 0 (0.0)
I1b 89 (24.1) 70 (26.4) 15 (18.3) 4 (18.2)
Illc 18 (4.9) 10 (3.8) 6 (7.3) 2(9.1)
\% 14 (3.8) 8 (3.0) 2(2.4) 4 (18.2)
TV annular diameter, mm 45.0 (41.0-50.0) 44.0 (41.0-49.0) 47.0 (43.0-51.0) 48.0 (42.0-50.8) 0.01
RV basal diameter, mm 50.0 (44.5-56.0) 49.0 (44.0-55.0) 54.0 (46.0-58.0) 55.0 (50.0-63.0) 0.002
RA volume, mL 125.0 (86.0-161.0) 120.0 (79.0-153.0) 143.0 (110.0-182.0) 129 (121.5-197.5) 0.002
TAPSE, mm 17.0 (14.0-20.0) 17.0 (14.0-20.0) 17.0 (14.0-20.0) 18.0 (16.0-22.0) 0.28
PASP, mm Hg 37.0 (29.0-45.0) 37.0 (28.0-45.0) 35.0 (29.5-43.5) 43.0 (36.5-54.5) 0.03
LVEF, % 55.7 + 8.7 56.3 + 8.4 53.9+9.6 55.8 £ 9.3 0.09
Computed tomography
TV perimeter, diastole, mm 153.0 +£16.9 151.1 + 15.6 158.5 4 20.2 156.4 + 15.4 0.002
TV perimeter, systole, mm 145.7 £ 15.1 143.4 +14.0 153.2 £ 16.5 148.2 £ 15.0 <0.001
TV area, diastole, mm? 1,725.2 + 525.2 1,649.9 + 521.4 1,943.0 + 462.0 1,866.3 + 557.8 <0.001
TV area, systole, mm? 1,612.8 + 898.8 1,559.6 + 1,009.7 1,774.1 + 459.2 1,691.7 + 521.4 0.25
TV maximal diameter, mm 51.0 + 6.2 50.2 £ 5.7 533+ 6.8 524 + 6.8 <0.001
TV minimal diameter, mm 441 +53 432 +£51 46.4 +5.7 459 + 4.6 <0.001
TV eccentricity index 0.13 £ 0.08 0.13 £ 0.09 0.13 + 0.08 0.12 £ 0.07 0.57

Values are mean + SD, n (%), or median (Q1-Q3).

6MWD = 6-minute walk test; ACEI = angiotensin-converting enzyme inhibitor; ALT = alanine transaminase; ARB = angiotensin Il receptor blocker; ARNI = angiotensin receptor neprilysin
inhibitor; AST = aspartate transaminase; CIED = cardiac implantable electronic device; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; CRT-D = cardiac
resynchronization therapy defibrillator; CRT-P = cardiac resynchronization therapy pacemaker; DOAC = direct oral anticoagulant agent; eGFR = estimated glomerular filtration rate;
EuroSCORE Il = European System for Cardiac Operative Risk Evaluation Il; HF = heart failure; ICD = implantable cardioverter-defibrillator; INR = international normalized ratio;
KCCQ = Kansas City Cardiomyopathy Questionnaire; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro-B-type natriuretic peptide; PASP = pulmonary artery systolic
pressure; PM = pacemaker; RA = right atrial; RV = right ventricular; SGLT2 = sodium-glucose cotransporter 2; TAPSE = tricuspid annular plane systolic excursion; TAVR = transcatheter

aortic valve replacement; TR = tricuspid regurgitation; TV = tricuspid valve.

Preprocedural computed tomographic planning
revealed larger TV annuli in patients with PVL post-
TTVR, with median TV perimeters in diastole of
156.4 + 15.4 mm vs 158.5 + 20.2 mm Vs 151.1 +
15.6 mm (P = 0.002) for moderate or greater vs
mild vs no or trace PVL, respectively. No differ-
ences were observed according to TV eccentricity.
In line with larger TV annuli, patients demon-
strating mild or greater PVL received larger pros-
thetic sizes for TTVR (Table 2). There was no

significant difference in oversizing between PVL
groups (P = 0.10). Valve malposition after TTVR
was significantly associated with moderate or
greater PVL (moderate or greater PVL, 20.8%; mild
PVL, 1.1%; no or trace PVL, 1.4%; P < 0.001). Two
patients (8.3%) with moderate or greater PVL
required intervention for valve-related dysfunction,
migration, thrombosis, or other complication, 2
(2.3%) with mild PVL, and 3 (1.1%, P = 0.04) with
no or trace PVL.

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on April 14,
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.




686

Scotti et al
Paravalvular Leak After TTVR

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 19, NO. 6, 2026
MARCH 23, 2026:680-693

CENTRAL ILLUSTRATION PVL After TTVR

Orthotopic TTVR (N

21 Centers, 2018-2025

=421)
Exclusion Criteria:

« Intraprocedural Death
(n=6)

»

Study Population, N

\ TR //
A Incidence of PVL After TTVR ] 1-Year Mortality

« Surgical Conversion (n = 5)

=394 * No PVL Data (n = 16)

50% - Adj HR: 2.6 [95% Cl: 1.2-5.7]
Log-Rank P < 0.0001
None/Trace 40% - 39.7%
n =282
. £ 30% -
Mild ]
n=88 £ 20% -
12.69
10% o 10.5*‘//‘:,
0% -
0 1 2 3 45 6 7 8 9101 12
Months
Moderate/Severe No. at Risk:
n=24 —— 282 259 217 193 183 170 166 155 149 144 137 135 128

88 81 61 57 55 54 48 47 45 41 40 39 35
— 24 22 2116 16 14 13 11 11 10 8 8 7

—— No/Trace PVL Mild PVL —— Moderate/Severe PVL

» Moderate or severe PVL occurred in 6.1% of patients after TTVR.
» Moderate/severe PVL was associated with increased 1-year mortality (39.7%, Adj HR: 2.6 [95% Cl: 1.2-5.7]).

» Larger RA volume, type IV TV morphology, and valve malposition were predictors of = moderate PVL.

Scotti A, et al. JACC Cardiovasc Interv. 2026;19(6):680-693.

(A) Post-transcatheter tricuspid valve replacement (TTVR) incidence of paravalvular leak (PVL) graded as none or trace, mild, and moderate or severe. (B) One-year
all-cause mortality after TTVR based on postprocedural PVL severity. Multivariable Cox regression analysis was performed for moderate or severe PVL vs no, trace, or
mild PVL and adjusted for TRI-SCORE, atrial fibrillation, right atrial (RA) volume, and renal function. Adj HR = adjusted HR; TRIPLACE = Global Multicenter Registry on

Transcatheter Tricuspid Valve Replacement; TV = tricuspid valve.

EVOLUTION OF PVL SEVERITY POST-TTVR.
Paired discharge, 1-month, and 1-year echocardio-
grams were available for 159 patients. The evolution
of PVL severity post-TTVR is illustrated by the San-
key diagram (Figure 1). At 1 year post-TTVR, a larger
group of patients were diagnosed with moderate or
greater PVL. A total of 7 patients showed reductions
in PVL from moderate or greater to mild (n = 4) and
none or trace (n = 3) at 1 month and 1 year. Of these
patients, 4 were treated with intensification of

diuretic therapy, and the other 3 showed favorable
right ventricular reverse remodeling. Conversely, a
group of those starting with mild or no or trace PVL
(n = 7), or having mild or no or trace PVL at 1 month
(n = 5) progressed to moderate or severe PVL at
follow-up.

CLINICAL OUTCOMES. The presence of moderate or
greater PVL was associated with increased 1-year all-
cause mortality post-TTVR: moderate or greater,
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TABLE 2 Procedural Characteristics per Paravalvular Leak Severity
Moderate/
Overall None/Trace Mild Severe
(N =394) (n =282) (n =88) (n=24) P Value
Valve size <0.001
=45 mm 57 (14.5) 44 (15.6) 10 (11.4) 3(12.5)
45-55 mm 205 (52.0) 163 (57.8) 33 (37.5) 9 (37.5)
=55 mm 132 (33.5) 75 (26.6) 45 (51.1) 12 (50.0)
TTVR device oversizing, diastole, % 8.9 +£10.0 86 +99 8.6 +7.6 14.1 £ 151 0.10
TTVR device oversizing, systole, % 12.7 £10.2 12.5 +£10.0 12.0 £ 8.9 16.5 + 16.0 0.35
Device malposition 10 (2.5) 4 (1.4) 10.1) 5(20.8) <0.001
Device migration 2 (0.5) 2 (0.7) 0 (0.0) 0 (0.0) 1
Device embolization 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA?
Valve-related dysfunction, migration, 7 (1.8) 3(.1) 2(2.3) 2(8.3) 0.04
thrombosis, or other complication requiring intervention
Values are n (%) or mean + SD. “Due to inaccuracy in zero event rate comparisons.
NA = not applicable; TTVR = transcatheter tricuspid valve replacement.

39.7%; mild, 12.6%; and none or trace, 10.5%
(log-rank P < 0.0001) (Central Illustration). On
multivariable Cox regression analysis, there was an
independent association of moderate or greater PVL
with 1-year all-cause mortality (adjusted HR: 2.6;
95% CI: 1.2-5.7; P = 0.02) (Supplemental Table 3).
The landmark analysis censoring the first 30 days
post-TTVR confirmed the overall results of increased
1-year all-cause mortality for patients with moderate

or greater PVL (log-rank P = 0.0007) (Supplemental
Figure 2). An additional landmark analysis
excluding patients with device malposition or
requiring intervention for valve dysfunction or
valve-related complications confirmed the overall
results, with increased 1-year all-cause mortality for
patients with moderate or greater PVL (log-rank
P =0.0031) (Supplemental Figure 3). When analyzing
the impact of moderate PVL, excluding patients with

FIGURE 1 Evolution of PVL After TTVR

Evolution of PVL after TTVR

Moderate/Severe n

Mild

No/Trace I I I No/Trace

n Moderate/Severe

Mild

Sankey diagram displaying paired changes in paravalvular leak (PVL) severity among post-transcatheter tricuspid valve replacement (TTVR),
1-month, and 1-year echocardiographic assessments (n = 159 patients with paired echocardiographic data).
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FIGURE 2 Cardiac Mortality and HF Hospitalization at 1 Year After Transcatheter Tricuspid Valve Replacement

Cardiac Mortality HF Hospitalization
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HF = heart failure; PVL = paravalvular leak.

severe PVL, device malposition, or requiring inter-
vention for valve dysfunction or valve-related
complication, there was an increased all-cause
mortality compared with those with no or mild PVL
(log-rank P = 0.011) (Supplemental Figure 4). The 2
patientsinthemoderate orgreater PVLgrouprequiring
reintervention underwent valve-in-valve procedures
with 29-mm SAPIEN 3 Ultra valves (Edwards Life-
sciences) that were successfully deployed to stabilize
the TTVR prosthesis (44-mm EVOQUE, 48-mm EVO-
QUE), withnoimpact on PVL severity, which remained
in the moderate or greater grade.

At 1 year post-TTVR, cardiac mortality was higher
in patients with moderate or greater PVL (29.8%)
compared with those with mild (5.9%) and no or trace
(6.3%) PVL (P < 0.0001) (Figure 2). The cumulative
incidence of HF hospitalization, accounting for death
as a competing risk, was numerically higher in pa-
tients with more severe PVL post-TTVR: moderate or
greater, 36.8%; mild, 17.2%; none or trace, 16.6%
(P = 0.096, Gray’s test).

Changes in NYHA functional class between base-
line and 1 month post-TTVR are illustrated in
Figure 3. Although all patients undergoing TTVR
experienced significant improvements in NYHA
functional class (P < 0.0001 for all), less clinical
improvement was observed in those with moderate
or greater PVL. At 1 month post-TTVR, almost one-
half of patients with moderate or greater PVL (53%)
were in NYHA functional class III or IV. Conversely,

only a minority of patients were in NYHA functional
class III or IV in the mild (17%) and no or trace (14%)
PVL groups.

PREDICTORS OF MODERATE OR GREATER PVL
POST-TTVR. The association between baseline vari-
ables and moderate or greater PVL post-TTVR is
presented in Supplemental Table 4. Variables asso-
ciated with the outcome of interest and deemed to be
clinically relevant were included in the multivariable
analysis. The multivariable Firth bias-reduced logis-
tic regression model revealed an independent asso-
ciation of baseline RA volume (adjusted OR: 1.47 per
50-mL increase; 95% CI: 1.09-1.99; P = 0.017), device
malposition (adjusted OR: 17.67; 95% CI: 4.41-70.77;
P = 0.0002), and type IV TV morphology (adjusted
OR: 6.86; 95% CI: 1.81-25.95; P = 0.012) with moder-
ate or greater PVL post-TTVR (Table 3,
Supplemental Figure 5).

DISCUSSION

TRIPLACE, the largest TTVR cohort to date, offers
critical insights into real-world outcomes associated
with orthotopic TTVR. The present TRIPLACE anal-
ysis focused on the incidence, outcomes, and pre-
dictors of moderate or greater PVL post-TTVR. Key
findings include the following: 1) moderate or severe
PVL occurred in 6.1% of patients post-TTVR; 2)
moderate or greater PVL was associated with
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FIGURE 3 Evolution of NYHA Functional Class After Transcatheter Tricuspid Valve Replacement

Evolution of NYHA after TTVR
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vs NYHA functional class | or Il. Abbreviations as in Figures 1 and 2.

Paired changes in NYHA functional class between post-TTVR and 1-month assessments stratified by PVL severity (patients with paired NYHA
data: n = 243 with no or trace PVL, n = 77 with mild PVL, n = 19 with moderate or severe PVL). *P values for NYHA functional class IIl or IV

increased 1-year mortality (39.7%) and worse func-
tional status (53% in NYHA functional class III or IV);
and 3) a larger RA volume, device malposition, and
type IV TV morphology conferred a higher risk for
developing moderate or greater PVL post-TTVR.
Moderate or severe PVL was observed in 6.1% of
patients post-TTVR; an additional 22.3% had mild
PVL, and 71.6% had no or trace PVL. This incidence is
comparable with rates reported for PVL after trans-
catheter mitral valve replacement, for which mod-
erate or greater PVL occurs in about 5% of cases and
is associated with adverse clinical outcomes.”” The
tricuspid annulus, being large, elliptical, saddle sha-
ped, and dynamic, might lead to incomplete apposi-
tion between the prosthesis and the native anatomy.
However, grading PVL in the tricuspid position re-
mains particularly challenging. PVL following TTVR
is frequently characterized by low-pressure, eccen-
tric jets that can be difficult to visualize or quantify
with standard transthoracic or transesophageal
echocardiography. Reverberation artifacts from the
valve frame, limited acoustic windows, and the
inherently low-pressure nature of right-sided flow
further complicate assessment. As a result, current
classification schemes, largely adapted from aortic
and mitral contexts, may underestimate the preva-
lence or significance of PVL in the tricuspid space.

The clinical consequences of moderate or greater
PVL in patients in the present analysis were pro-
found. Patients with moderate or greater PVL
exhibited a 1-year all-cause mortality rate of 39.7%,
markedly higher than those with mild (12.6%) and no
or trace (10.5%) PVL. Significant differences in base-
line characteristics, including higher TRI-SCOREs,
lower estimated glomerular filtration rates, and a
greater prevalence of atrial fibrillation, might have
contributed to the poor outcomes associated with
moderate or greater PVL. However, despite multi-
variable adjustment including those variables, mod-
erate or greater PVL was still independently
associated with a 2.6-fold higher risk for mortality at

TABLE 3 Predictors of Moderate or Severe Paravalvular Leak After
Orthotopic Transcatheter Tricuspid Valve Replacement

Adjusted
OR (95% CI) P Value
RV basal diameter, per 5-mm increase 1.12 (0.87-1.43) 0.393
RA volume, per 50-mL increase 1.47 (1.09-1.99) 0.017
TV morphology (type 1V) 6.86 (1.81-25.95) 0.012
Device malposition 17.67 (4.41-70.77) 0.0002

Abbreviations as in Tables 1 and 2.

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on April 14,
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.

689



690

Scotti et al

Paravalvular Leak After TTVR

1 year post-TTVR. This striking mortality difference
underscores the prognostic influence of PVL post-
TTVR. The observed higher incidence of 1-year car-
diac mortality suggests that significant PVL might be
a major driver, rather than a confounding factor, of
adverse outcomes after TTVR. Interestingly, higher 1-
year mortality in patients moderate or greater PVL
was still observed after excluding those cases in
which PVL might have been the consequence of a
failed TTVR procedure (mortality within 30 days,
device malposition, and reintervention because of
valve dysfunction or other valve-related complica-
tion). Although residual PVL in left-sided valve pro-
cedures is well recognized as a predictor of adverse
events, its impact in the tricuspid position is poorly
understood.”?? Although the right-sided chambers of
the heart have lower pressures than the left-sided
circulation, the clinical impact of significant PVL
might be explained by persistent systemic conges-
tion, hepatic and renal dysfunction, and progressive
right HF.

Beyond mortality, improvement was
significantly compromised in patients with moderate
or greater PVL. Although the overall TRIPLACE
cohort experienced substantial gains in symptom
relief with better functional class, those with mod-
erate or greater PVL were more likely to remain in
NYHA functional class III or IV at short-term follow-
up. This suggests that residual PVL may limit the
hemodynamic improvements typically observed af-
ter TTVR, perpetuating RA volume overload and
venous congestion. In contrast, residual TR following
tricuspid transcatheter edge-to-edge repair is not
uncommon, yet the clinical benefits of even a modest
1- or 2-grade TR reduction appear significant.”>*> A

clinical

plausible mechanism for these separate observations
could be related to the annular sparing effects of
tricuspid transcatheter edge-to-edge repair, whereas
many orthotopic TTVR devices harbor some degree of
tricuspid annular interaction, compromising annular
function. The annular modifying properties of
various orthotopic TTVR devices may ultimately
prove pertinent, given that tricuspid annular func-
tion contributes up to 80% of right ventricular stroke
volume.?® Therefore, our findings reinforce the
concept that near complete elimination of regurgi-
tation, rather than partial improvement, should
remain the goal of TTVR.

The present analysis identified a larger RA volume,
device malposition, and a type IV TV morphology as
independent predictors of moderate or greater PVL
post-TTVR. Greater RA volume likely reflects chronic
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volume overload and annular remodeling, which
could be associated with suboptimal prosthesis-
annulus apposition. The chronicity of underlying
atrial fibrillation may also be a driving factor for this.
RA enlargement may serve as an integrative marker
of atrial secondary TR and atrial fibrillation, both
more common in patients with moderate or greater
PVL compared with no or trace PVL. RA remodeling is
also independently associated with adverse out-
comes in medically treated patients with severe,
symptomatic TR.?°”*' Tomaselli et al’° found that
reduced RA strain (<13%) and increased RA volume
index (>48 mL/m?) were associated with lower sur-
vival rates. In fact, excess mortality rose exponen-
tially with RA volume index >51.3 mL/m? RA
remodeling thus deserves closer attention not only
for risk stratification but for possible device choice.
The presence of RA enlargement may reflect a degree
of device-anatomy mismatch, particularly with TTVR
systems that rely on atrial flanges or skirts to achieve
sealing at the atrial side of the annulus. In patients
with markedly enlarged RAs, atrial walls are often
dilated, compliant, and displaced, which can reduce
mechanical apposition between the atrial valve
flanges and surrounding tissue. This loss of contact
may allow paravalvular jets to persist, especially near
commissural or noncircular regions of the annulus
and may limit the device’s ability to fully eliminate
regurgitant flow. As a result, devices that depend
primarily on atrial anchoring or sealing may be less
effective at PVL mitigation in anatomies with exces-
sive atrial dilation, and future device designs may
need to incorporate additional ventricular anchoring
mechanisms or circumferential sealing features to
overcome this limitation.

In addition to RA remodeling, device malposition
emerged as the strongest predictor associated with
PVL. Malposition can impair circumferential sealing,
create asymmetrical anchoring, or leave portions of
the annulus uncovered, thereby facilitating PVL. This
finding underscores the critical importance of
meticulous preprocedural imaging, device sizing,
learning curve, and deployment techniques to ensure
optimal alignment and annular coverage. Finally,
type IV TV morphology, characterized by the pres-
ence of multiple smaller leaflets, was also indepen-
dently associated with PVL. In this anatomical
setting, prosthesis anchoring and sealing are more
challenging: leaflet-based devices may fail to achieve
uniform grasping across all leaflets, while valves
relying on radial force may struggle to ensure com-
plete circumferential sealing. Both mechanisms
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increase the likelihood of paravalvular jets in pa-
tients with complex leaflet anatomy. Together, these
findings highlight the interplay among atrial remod-
eling, device positioning, and native valve
morphology in determining the risk for PVL after
TTVR.

The present observations support the need for
refinements in patient selection, implantation tech-
niques, including intraprocedural imaging guidance,
and device design to mitigate PVL risk at both the
index procedure as well as during the device’s and
patient’s lifetimes. Future orthotopic TTVR systems
may benefit from enhanced conformability and
sealing strategies tailored to patients with marked
RA dilation or complex TV anatomy. Additionally,
standardized imaging protocols incorporating RA
volume and TV morphology in the preprocedural
work-up could improve procedural planning and
help anticipate challenging cases. As transcatheter
TR therapies continue to evolve, the present anal-
ysis highlights for the first time that diagnosing and
addressing residual PVL following orthotopic TTVR
appears critical in optimizing clinical outcomes.
Future research should focus on elucidating the
mechanisms driving the increased mortality in pa-
tients with significant PVL post-TTVR. Furthermore,
evaluating the impact of PVL closure on mortality
and functional recovery is crucial to determine if
targeted interventions could substantially improve
patient outcomes.

STUDY LIMITATIONS. TRIPLACE is susceptible to
selection bias from 21 high-volume orthotopic TTVR
centers, which limits the generalizability of these
results to centers with less experience in orthotopic
TTVR or from different healthcare systems. Unmea-
sured confounding factors (ie, operator experience or
device availability) may have affected procedural
results and patient selection. There was limited 1-
year echocardiographic follow-up, primarily reflect-
ing the real-world nature of the registry, in which
follow-up imaging is influenced by site practices,
patient preferences, and logistical factors such as
treatment at high-volume structural heart centers
located far from patients’ primary residences. There
was no independent core laboratory analysis of pro-
cedural results and echocardiographic data or inde-
pendent adjudication of clinical events. Grading PVL
severity in orthotopic TTVR prostheses is challenging
because of the anatomical variability of the tricuspid
annulus (eg, noncircular TV, large and compliant RA
and right ventricle), the presence of multiple or
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eccentric jets with low velocity, imaging limitations
inherent to right-sided structures (eg, shadowing
from the prosthesis frame), and the lack of validated
grading criteria specific to tricuspid prostheses.
Whether the use of multimodality imaging might
improve the accuracy and reproducibility of PVL
grading remains to be investigated. The relatively
low incidence of clinical events within the study
curtails the statistical power of the analyses. None-
theless, given the current nascent stage of orthotopic
TTVR, the present findings are crucial, as they
represent the most extensive cohort evaluated to
date, providing novel insights into the procedural
outcomes and clinical implications.

CONCLUSIONS

In TRIPLACE, 6.1% of patients developed moderate
or greater PVL following orthotopic TTVR. The pres-
ence of moderate or greater PVL was associated with
increased 1-year mortality (39.7%) and worse func-
tional status (53% in NYHA functional class III or IV).
A larger RA volume, device malposition, and type IV
valve morphology conferred a high risk for devel-
oping moderate or greater PVL post-TTVR. Ongoing
innovations in orthotopic TTVR device design, pa-
tient selection, and procedural optimization will be
essential to reduce the risk for postprocedural PVL to
optimize clinical outcomes.
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PERSPECTIVES

WHAT IS KNOWN? Limited data are available
regarding the incidence, outcomes, and predictors of
PVL following orthotopic TTVR.

WHAT IS NEW? In TRIPLACE, 6.1% of patients
developed moderate or greater PVL after TTVR. The
presence of moderate or greater PVL was associated
with increased 1-year mortality (39.7%) and worse
functional status (53% in NYHA functional class Il or
V). A larger RA volume, device malposition, and type
IV valve morphology conferred a high risk for devel-
oping moderate or greater PVL post-TTVR.

WHAT IS NEXT? Ongoing innovations in TTVR de-

vice design will be essential to reduce the risk of PVL
and optimize clinical outcomes following orthotopic

TTVR.
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