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Figure S1 Meta-analysis flow-chart.

Table S1 Quality assessment of included observational studies using the Newcastle-Ottawa Scale

Selection Comparability Outcome
Author

Points (max 4) Risk of bias Points (max 2) Risk of bias Points (max 3) Risk of bias
Groger (9) 3% moderate 1% moderate 2% moderate
Hanses (10) 3% moderate 2% low 2% moderate
Echarte-Morales (14) 3% moderate 2% low 2% moderate
Lurz (11) 4% low 2% low 3% low
Stolz (16) 3% moderate 2% low 2% moderate
Stolz (13) 3% moderate 2% low 2% moderate
Vogelhuber (12) 3% moderate 2% low 2% moderate
Sugiura (15) 3% moderate moderate 2% low 2% moderate

Two independent reviewers undertook quality assessment and allocated stars/points for adherence to following criteria: () selection
(adequate selection and definition of groups); (Il) comparability (comparability of two groups for a selected variable and comparability
for other variables); (Ill) outcome (modality of assessment, enough length of follow-up and adequacy of follow-up). Studies with 4
stars for selection, 2 for comparability, and 3 for outcome were defined at low risk of bias. Studies with 2 or 3 stars for selection, 1 for
comparability, and 2 for outcome were defined at moderate risk. Any study with a score of 1 for selection or outcome ascertainment, or 0
for any of the three domains, was deemed at high risk of bias.
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A. 1-year All-cause Mortality

Funnel plot: 1-year All-cause Mortality

B. 1-year HF Hospitalization

Funnel plot: 1-year HF hospitalization
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Figure S2 Funnel plot for the assessment of publication bias.
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First author Year N Center/registry/trial Study design Early Residual TR =3+ (%) 1-year Mortality (%) 1-year HF Hospitalization (%) 1-year NYHA Class IlI-1V (%)

Hanses (10) 2023 102 University of Libeck Observational Prospective 27 25.0 13.0 43.0

Lurz (11) 2024 511 bRIGHT Study Observational Prospective 15 15.1 188 25.0

Stolz (13) 2024 962 Multicenter Registry Observational Retrospective 17 19.9 N/A 44.3

Donal (7) 2025 152 Tri.fr Trial Randomized Prospective 22 3.4 9.9 38.9

Tang (6) 2025 285 TRILUMINATE Pivotal Trial Randomized Prospective 11 8.6 35.3 14.5

Groger (9) 80+7 25.9+4.8 51 6.0+2.2 6.4+4.7 N/A N/A N/A N/A 88 11 6 24 79 &il.7 1.7 18.9

Echarte-Morales (14) 77+7 26.5+4.3 30 4.5+£2.0 3.8+£3.0 N/A 19 68 47 91 16 10 41 70 N/A N/A N/A

Stolz (16) 78+9 26.1+4.9 46 N/A 6.5+5.8 30 26 80 48 90 18 28 N/A 84 39.5 N/A N/A

Vogelhuber (12) 79+7 N/A 49 N/A 6.2+4.7 30 23 84 N/A 93 N/A 31 N/A 15 53.4 N/A N/A

Sugiura (15) 80+7 25.0+4.0 54 5.0+1.5 5.2+4.2 N/A 18 85 N/A 88 18 22 N/A 84 45 N/A N/A

First author LVEF (%) At least moderate MR (%) TR secondary aetiology (%) TA (mm) RV EDD basal (mm) RA area (cm?) RA volume (ml) PAPs (mmHg) TAPSE (mm) FAC (%) Vena contracta (mm) EROA (cm?) TR Reg Vol (ml)

Hanses (10) 51+9 36 N/A 47+6 49+8 37+8 N/A 48+14 20.0+3.7 N/A 10+3 0.8+0.4 75+27

Lurz (11) 56+10 N/A 90 44+8 46+9 N/A 152+70 40+12 17.0+4.0 N/A N/A N/A N/A

—_
—_
I+

S

Stolz (13) 53+12 37.1 84 46+13 49+9 N/A 163+86 44+15 17.0+4.7 39+11 0.7+0.6 50+30

Donal (7) 57+10 N/A 98 N/A N/A N/A N/A 35+10 17.5+5.2 44+8 N/A 0.6+0.2 51+19

Tang (6) 59+9 N/A 96 43+8 N/A N/A 14181 39+9 17.0+4.0 37+6 12+4 0.6+0.2 N/A
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1-year All-cause Mortality

Study Events/N Rate [95% CI] Weight
Gréger (2023) 15/180 8.3% [4.3%, 12.3%] —.— 10.1%
Hanses (2023) 26/102  25.0% [16.6%, 33.4%] —B— 7.9%
Echarte-Morales (2024) 15/280 5.4% [2.8%, 8.0%] 10.6%
Lurz P (2024) 77/511  15.1% [12.0%, 18.2%] - 10.5%
Stolz (2024) 225/1286  17.5% [15.4%, 19.6%] E B 10.8%
Stolz (2024) 191/962  19.9% [17.4%, 22.4%) E = 10.7%
Vogelhuber (2024) 62/262  23.7% [18.6%, 28.8%] — 9.6%
Donal (2025) 5/152 34%05% 63% —J- 10.6%
Sugiura (2025) 20/114  17.3% [10.4%, 24.2%] —— 8.7%
Tang (2025) 25/285 8.6% [5.3%, 11.9%] - 10.4%
Random-effects model 14.0% [9.6%, 18.5%] ‘ 100.0%
Heterogeneity: 1 = 94.4%, T = 0.0047 i
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Event rate
1-year HF hospitalization
Study Events/N Rate [95% CI] i Weight
Hanses (2023) 13/102 13.0% [6.5%, 19.5%] —B— 19.1%
Lurz P (2024) 78/511  15.3% [12.2%, 18.4%] —.}— 21.1%
Donal (2025) 15152 9.9%[5.2%, 14.6%] —— 20.3%
Sugiura (2025) 13/114 11.1% [5.3%, 16.9%) —.— 19.7%
Tang (2025) 101/285  35.3% [29.8%, 40.8%] —B— 19.8%
Random-effects model 16.9% [8.7%, 25.1%] ’ 100.0%

Heterogeneity: I = 92.9%, T2 = 0.0081

0.0
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1-year NYHA llI-IV

Study Events/N Rate [95% CI] Weight
Hanses (2023) 44/102  43.0% [33.4%, 52.6%] —n— 10.3%
Echarte-Morales (2024) 59/280  21.0% [16.2%, 25.8%] —.— 11.3%
Lurz P (2024) 128/511  25.0% [21.2%, 28.8%] —— 11.4%
Stolz (2024) 547/1286  42.5% [39.8%, 45.2%] - 11.6%
Stolz (2024) 426/962  44.3% [41.2%, 47.4%] —.— 11.5%
Vogelhuber (2024) 39/262  15.0% [10.7%, 19.3%] —— 11.4%
Donal (2025) 59/152  38.9% [31.1%, 46.7%] —— 10.7%
Sugiura (2025) 40/114  35.5% [26.7%, 44.3%] —B— 10.5%
Tang (2025) 41/285  14.5% [10.4%, 18.6%] —— 11.4%

Random-effects model 30.9% [22.1%, 39.7%] ’ 100.0%

Heterogeneity: 1> = 97.2%, 12 = 0.0173

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Event rate

Post-procedural TR =3

Study Events/N Rate [95% CI] Weight
Groger (2023) 46/180  25.5% [19.1%, 31.9%] —— 8.3%
Hanses (2023) 28/102  27.0% [18.4%, 35.6%) —— 6.1%
Echarte-Morales (2024) 49/280  17.5% [13.0%, 22.0%] — 10.5%
Lurz P (2024) 77/511  15.0% [11.9%, 18.1%) —- 12.2%
Stolz (2024) 269/1286  20.9% [18.7%, 23.1%] 1 o 13.1%
Stolz (2024) 163/962  16.9% [14.5%, 19.3%] B F 13.0%
Vogelhuber (2024) 64/262  24.6% [19.4%, 29.8%] —— 9.6%
Donal (2025) 33/152  22.0% [15.4%, 28.6%] —m— 8.0%
Sugiura (2025) 19/114  17.0% [10.1%, 23.9%] — 7.7%
Tang (2025) 31/285  11.0% [7.4%, 14.6%] —— 11.5%
Random-effects model 19.1% [16.2%, 21.9%] ‘ 100.0%

Heterogeneity: 1> = 78.8%, 12 = 0.0014

0.0 0.1 02 03 04 05 0.6

Event rate
Figure S3 Forest plots of clinical outcomes following T-TEER. Forest plots showing pooled estimates for (A) 1-year all-cause mortality, (B)
1-year HF hospitalization, (C) 1-year NYHA class III-IV, and (D) early residual TR >3+. Squares represent study-specific effect estimates
and horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates. HE, heart failure; NYHA, New York Heart

Association; TR, tricuspid regurgitation.
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Scenario Outcome N studies Total N Events Pooled rate (95% CI) 17 P heterogeneity

EuroTR included, 1-year all-cause mortality 9 3,172 469 13.3% (8.7% to 18.0%) 93.7% <0.001
tolz TRILUMINATE
Stolz TRILU 1-year HF hospitalization 5 1164 220 16.9% (8.7% 10 25.1%)  92.9%  <0.001
eligibility excluded
1-year NYHA class Ill/IV. 8 2,992 957 29.1% (19.9% to 38.4%) 96.8% <0.001
Early Residual TR >3+ 9 3,172 616 19.5% (16.1% t0 22.9%) 80.4% <0.001

HF, heart failure; N, number; NYHA, New York Heart Association; TR, tricuspid regurgitation.

Post-procedural TR >=3 by Single-center vs multicenter
B=7.488, p=0.036
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Figure S4 Early residual TR by center design.
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1-year all-cause mortality: subgroup analy:

by RCT vs observational registries

Study or Subgroup Events Total Rate [95% CI] Rate, IV, random, 95% CI Weight Rate [95% ClI]

Observational registry
Groger (2023) 15 180 8.3% [4.3%, 12.3%] _._ 10.1% 8.3% [4.3%, 12.3%]
Hanses (2023) 26 102 25.0% [16.6%, 33.4%] — 7.9% 25.0% [16.6%, 33.4%]
Echarte-Morales (2024) 15 280 5.4% [2.8%, 8.0%] - 10.6% 5.4% [2.8%, 8.0%]
Lurz P (2024) 77 511 15.1% [12.0%, 18.2%] —l 10.5% 15.1% [12.0%, 18.2%]
Stolz (2024) 225 1286 17.5% [15.4%, 19.6%] - 10.8% 17.5% [15.4%, 19.6%]
Stolz (2024) 191 962 19.9% [17.4%, 22.4%) - 10.7% 19.9% [17.4%, 22.4%)
Vogelhuber (2024) 62 262 23.7% [18.6%, 28.8%] —— 9.6% 23.7% [18.6%, 28.8%]
Sugiura (2025) 20 114 17.3% [10.4%, 24.2%) —— 8.7% 17.3% [10.4%, 24.2%)
Subtotal (95% CI) 631 3697 16.1% [11.5%, 20.7%] - 79.0% 16.1% [11.5%, 20.7%]
Heterogeneity: Chi? = 97.98, df = 7 (P = <0.001); I> = 92.9%

RCT
Donal (2025) 5 152 34%05%,63% —J— 10.6% 3.4% [0.5%, 6.3%)
Tang (2025) 25 285 8.6% [5.3%, 11.9%) . 10.4% 8.6% [5.3%, 11.9%]
Subtotal (95% CI) 30 437 5.9% [0.8%, 11.0%] i 21.0% 5.9% [0.8%, 11.0%]
Heterogeneity: Chiz = 5.50, df = 1 (P = 0.019); I2 = 81.8%

Total (95% CI) 661 4134 14.0% [9.6%, 18.5%] - 100.0% 14.0% [9.6%, 18.5%]

Overall heterogeneity: Chi? = 160.96, df = 9 (P = <0.001); I* = 94.4%

Test for subaroup differences: Chi? = 57.49, df = 1 (P = <0.001)

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

Event rate

1-year HF hospitalization: subgroup analysis by RCT vs observational registries

Study or Subgroup Events Total Rate [95% CI] Rate, IV, random, 95% CI Weight Rate [95% CI]

Observational registry
Hanses (2023) 13 102 13.0% [6.5%, 19.5%] —.—— 19.1% 13.0% [6.5%, 19.5%]
Lurz P (2024) 78 511 15.3% [12.2%, 18.4%] -l 21.1% 15.3% [12.2%, 18.4%]
Sugiura (2025) 13 14 11.1% [5.3%, 16.9%] —— 19.7% 11.1% [5.3%, 16.9%]
Subtotal (95% CI) 104 727 14.1% [11.6%, 16.7%] ‘ 59.9% 14.1% [11.6%, 16.7%]
Heterogeneity: Chi? = 1.72, df = 2 (P = 0.424); I? = 0.0%

RCT
Donal (2025) 15 152 9.9% [5.2%, 14.6%] + 20.3% 9.9% [5.2%, 14.6%)]
Tang (2025) 101 285 35.3% [29.8%, 40.8%] —.— 19.8% 35.3% [29.8%, 40.8%]
Subtotal (95% CI) 116 437 22.6% [0.0%, 47.4%]  ——e E— 40.1% 22.6% [0.0%, 47.4%]
Heterogeneity: Chi? = 46.47, df = 1 (P = <0.001); I? = 97.8%

Total (95% CI) 220 1164 16.9% [8.7%, 25.1%] ‘ 100.0% 16.9% [8.7%, 25.1%]

Overall heterogeneity: Chi? = 56.53, df = 4 (P = <0.001); I = 92.9%

Test for subgroup differences: Chiz = 8.34, df = 1 (P = 0.004)
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C 1-year NYHA class I1I/IV: subgroup analysis by RCT vs observational registries

Study or Subgroup Events Total Rate [95% ClI] Rate, IV, random, 95% Cl Weight Rate [95% CI]

Observational registry

Hanses (2023) 44 102 43.0% [33.4%, 52.6%] —m— 10.3% 43.0% [33.4%, 52.6%]
Echarte-Morales (2024) 59 280 21.0% [16.2%, 25.8%)] —.— 11.3% 21.0% [16.2%, 25.8%]
Lurz P (2024) 128 511 25.0% [21.2%, 28.8%] —- 11.4% 25.0% [21.2%, 28.8%]
Stolz (2024) 547 1286 42.5% [39.8%, 45.2%] -.— 11.6% 42.5% [39.8%, 45.2%]
Stolz (2024) 426 962 44.3% [41.2%, 47.4%) —.— 11.5% 44.3% [41.2%, 47.4%]
Vogelhuber (2024) 39 262 15.0% [10.7%, 19.3%] - 114% 15.0% [10.7%, 19.3%]
Sugiura (2025) 40 114 35.5% [26.7%, 44.3%] —'—.— 10.5% 35.5% [26.7%, 44.3%]
Subtotal (95% CI) 1283 3517 32.2% [22.7%, 41.6%] i 77.9% 32.2% [22.7%, 41.6%]

Heterogeneity: ChiZ = 207.55, df = 6 (P = <0.001); I = 97.1%

RCT
Donal (2025) 59 152 38.9% [31.1%, 46.7%] —— 107% 38.9% [31.1%, 46.7%]
Tang (2025) 41 285 14.5% [10.4%, 18.6%] —-— 11.4% 14.5% [10.4%, 18.6%]

Subtotal (95% Cl) 100 437 26.5% [2.6%, 50.4%] e R— 22.1% 26.5% [2.6%, 50.4%]

Heterogeneity: Chi? = 29.79, df = 1 (P = <0.001); I = 96.6%

Total (95% CI) 1383 3954 30.9% [22.1%, 39.7%] gl 100.0% 30.9% [22.1%, 39.7%]
Overall heterogeneity: Chi? = 289.25, df = 8 (P = <0.001); I* = 97.2%

Test for subgroup differences: Chi? = 51.91, df = 1 (P = <0.001)
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Event rate
D Post-procedural TR >=3: subgroup analysis by RCT vs observational registries

Study or Subgroup Events Total Rate [95% CI] Rate, IV, random, 95% CI Weight Rate [95% CI]

Observational registry
Gréger (2023) 46 180 25.5% [19.1%, 31.9%] — 83% 25.5% [19.1%, 31.9%]
Hanses (2023) 28 102 27.0% [18.4%, 35.6%] —— 6.1% 27.0% [18.4%, 35.6%]
Echarte-Morales (2024) 49 280 17.5% [13.0%, 22.0%] — 10.5% 17.5% [13.0%, 22.0%]
Lurz P (2024) 77 511 15.0% [11.9%, 18.1%] —— 122% 15.0% [11.9%, 18.1%]
Stolz (2024) 269 1286 20.9% [18.7%, 23.1%] = = 131% 20.9% [18.7%, 23.1%]
Stolz (2024) 163 962 16.9% [14.5%, 19.3%] - 13.0% 16.9% [14.5%, 19.3%]
Vogelhuber (2024) 64 262 24.6% [19.4%, 29.8%) —— 9.6% 24.6% [19.4%, 29.8%]
Sugiura (2025) 19 114 17.0% [10.1%, 23.9%] —— 7.7% 17.0% [10.1%, 23.9%]
Subtotal (95% CI) 715 3697 19.7% [17.1%, 22.4%] <P 80.4% 19.7% [17.1%, 22.4%]
Heterogeneity: Chi? = 24.73, df = 7 (P = <0.001); I’ = 71.7%

RCT
Donal (2025) 33 152 22.0% [15.4%, 28.6%] —— 8.0% 22.0% [15.4%, 28.6%]
Tang (2025) 31 285 11.0% [7.4%, 14.6%) —— 11.5% 11.0% [7.4%, 14.6%)
Subtotal (95% CI) 64 437 16.1% [5.4%, 26.9%] — 19.6% 16.1% [5.4%, 26.9%]
Heterogeneity: Chi? = 8.22, df = 1 (P = 0.004); I = 87.8%

Total (95% Cl) 779 4134 19.1% [16.2%, 21.9%] < 100.0% 19.1% [16.2%, 21.9%]

Overall heterogeneity: Chi? = 42.36, df = 9 (P = <0.001); I’ = 78.8%

Test for subgroup differences: Chi? = 9.41, df = 1 (P = 0.002)

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Event rate

Figure S5 Subgroup forest plots for study design. (A) 1-year all-cause mortality. (B) 1-year HF Hospitalization. (C) 1-year NYHA class ITI-
IV. (D) Early residual TR >3+.
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Early Residual TR =3+

Covariate
B 95% ClI P value

Aggregate-level

Age (years) 1.5 -2.3t05.3 0.40
Sex (male, %) 0.2 -0.4t0 0.7 0.53
BMI (kg/m?) 4.3 -13.3t0 4.7 0.28
DM (%) 0.3 -0.6t0 1.2 0.49
Hypertension (%) -0.2 -0.8t0 0.5 0.60
AF (%) 0.7 -0.3t0 1.8 0.14
COPD (%) -0.3 -1.3t00.8 0.56
PM/ICD (%) -0.1 -0.4t0 0.4 0.96
CKD (%) -0.1 0210 0.2 0.74
NYHA -1V (%) -0.1 -0.2 to 0.1 0.62
LVEF (%) -1.0 -2.0t0 0.1 0.06
At least moderate MR (%) -0.3 -2.0to 1.5 0.54
RV EDD basal (mm) 0.4 -1.6t02.3 0.58
TA (mm) 0.6 -1.3t02.5 0.49
TAPSE (mm) 3.4 -1.4t08.3 0.14
FAC (%) 1.2 -05t02.8 0.14
PAPs (mmHg) 0.7 -0.1t0 1.5 0.06
Vena contracta (mm) 3.4 -5.0t0 11.8 0.33
EROA (cm?) -21.6 -96.5 t0 53.3 0.49
TR Reg Vol (ml) 0.3 -0.5t0 1.0 0.31
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