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• N=350, 65 centers
• Severe, Symptomatic (NYHA II-IV) 

Isolated TR
• Intermediate/High Surgical risk

• Main Exclusion Criteria:
• SPAP> 70mmHG or Precapillary 

PHTN by RHC
• LVEF <20%

N=350 N=100

TRILUMINATE Pivotal

Surajja P et al. ; NEJM May 2023 & TVT 2023

• Anatomical Exclusion:
• Calcification at grasping area
• Coaptation defect >2cm
• Pacemaker lead that would 

prevent clipping 



TRILUMINATE

Eligible patients:
Severe symptomatic TR
SPAP<70mmHg
GDMT for 30 days 

Informed Consent
N=1573



TRILUMINATE

Eligible patients:
Severe symptomatic TR
SPAP<70mmHg
GDMT for 30 days 

Informed Consent
N=1573

Randomized
N=350

Screen failure
(or single arm)

N= 911

Predicted to achieve TR of 

moderate or less?

Echo Core Lab and 
Eligibility Committee: 

Randomized 1:1

TriClip
(N=175)

Medical Therapy 
(N=175) 



TRILUMINATE Pivotal



9.4% TEER
10.6% Control

0.21 TEER
0.17 Control

49.7% TEER
26.4% Control

Surajja P et al. ; NEJM May 2023 & TVT 2023

TRILUMINATE Pivotal
PRIMARY ENDPOINT



Triluminate Vs. Real World

PASTE (PASCAL)
N=603

bRIGHT (TriClip) 
N=511

TRILUMINATE
N=350

56%88%71%Massive/Torrential TR

--40%25%Prior HF Hosp. 1y pre procedure

89%80%55%NYHA III/IV

28%23%15%Prior PM/ICD/CRT

--4455KCCQ Score



TRILUMINATE

• First RCT
• 87% Procedural success
• Met the primary outcome
• Overall safe procedure
• 5-year follow-up

• Open-label trial, no sham
• QoL benefit only
• No change in 6mW (-8m)
• Highly selective population
• 50% with moderate or more 

residual TR
• 5% major bleeding, 7% SLDA 

@ 30-day



To TEER or Not to TEER?



TRI-SCORE 

Dreyfus et al, EHJ 2022;43

TRI-SCORE



TRI-SCORE:  Predicts Mortality post T-TEER 

Dreyfus J et al. EHJ 2024 Feb 21;45(8)

Isolated TR International Registry (N=2413)
• Conservative (n=1217)
• Transcatheter (n=551)
• Surgery (n=645)

Adjusted for age, sex, comorbidities (P=0.23)



Dreyfus J et al. EHJ, August 2023

TRI-SCORE:  Predicts Mortality post T-TEER 

Successful TEER

Unsuccessful TEER

Successful TEER

Unsuccessful TEER

Isolated TR International Registry (N=2413)
• Conservative (n=1217)
• Transcatheter (n=551)
• Surgery (n=645)

Successful TEER

Unsuccessful TEER



T-TEER Procedural Success

Besler C., JACC CV Interventions 2018;11(12)

Mortality HF 
Hospitalization



T-TEER Procedural Success

Successful TEER

Unsuccessful TEER



T-TEER Procedural Success

Successful TEER

Unsuccessful TEER

1-year mortality

Procedural Success

Sannino A., Front.  Cardiovasc Med.  2022;11



Predictors of T-TEER Procedural Success



Predictors of Procedural Success

Besler C., JACC CV Interventions 2018;11(12)



How and where to measure coaptation gap: 

Measuring TV Coaptation Gap

Donal E. et al. JASE 2023

Complete scan of the TV from the anterior to posterior aspect Ensure measurements are taken at the tips of each 
leaflet and in a plane parallel to the annulus to ensure 

all leaflet tips are included

RV inflow/outflow Transgastric SAX
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Predictors of Procedural Success

Lurz P, JACC 2023; 82(4)

bRIGHT – TriClip post-approval study (N= 511)



Predictors of Procedural Success

Lurz P, JACC 2023; 82(4)

Predictors of Achieving Moderate or Less TR at Discharge (Univariate)

bRIGHT – TriClip post-approval study (N= 511)



Predictors of Procedural Success

Consecutive T-TEER (n=140)
Procedural Success (TR≤2+):69%

Residual TR ≥3: independent predictor 

of mortality and HFH (HR=2.04, P=0.04)

Successful TEER

Unsuccessful TEER

Tanaka T., Eurointervention 2022, 3;18



Predictors of Procedural Success
Consecutive T-TEER (n=140)
Procedural Success (TR≤2+):69%

Residual TR ≥3: independent predictor 

of mortality and HFH (HR=2.04, P=0.04)

Successful TEER

Unsuccessful TEER

Lower Leaflet-to-annulus index was associated with 

residual TR ≥3+ after TEER (independent of the baseline 

TR grade and anatomical parameters)

Tanaka T., Eurointervention 2022, 3;18



Predictors of T-TEER Success

Suguira et al., JACC CV Interventions 2021;14(20)

4 Leaflet TV Configuration is associated 
with worse residual TR

39% with 4 leaflet configuration

Residual TR ≥3+

Residual TR ≥3+



Predictors of T-TEER Success

Suguira et al., JACC CV Interventions 2021;14(20)

4 Leaflet TV Configuration is associated 
with worse residual TR

Death and HF Hospitalization

Residual TR ≥3+

Residual TR ≥3+



Hungerford SL., JASE 2023;36

Predictors of T-TEER Success



Good Imaging is Imperative

TV shadowing from 
Mitral Prosthesis



TEER Outcome and Operator Experience

Chhatriwalla AK, JACC 2019

MR≤1

Time Complications

MR≤2



Is Moderate Residual TR a Procedural Success?



121,066 Transthoracic Echocardiograms 
(TTE) reviewed among 69,133 unique 

patients 

19,144 patients with serial 
TTEs included for analysis

1,020 Patients excluded due to 
underlying congenital heart disease

139 Patients excluded for pre-
existing tricuspid valve 

intervention/replacement

48,830 Patients excluded due to 
lack of serial TTE examination

Moderate TR is Progressive

Unpublished data (Courtesy of Ori Ben-Yehuda)

Moderate

Mild



Table 2 Multivariate Cox Regression of Risk Factors for Progression to Severe TR 

None/Trace Mild Moderate

Adjusted HR P-value Adjusted HR P-value Adjusted HR P-value

Male 0.72 (0.35-1.46) 0.356 0.63 (0.42-0.96) 0.03 0.86 (0.56-1.31) 0.478

Age 0.97 (0.94-0.99) 0.002 1.0 (0.98-1.01) 0.702 1.01 (0.1.0-1.02) 0.2

Body Mass Index 0.94 (0.90-0.99) 0.022 1.00 (0.98-1.03) 0.793 1.01 (0.99-1.03) 0.293

AF/AFL 8.53 (3.42-21.29) <.001 2.58 (1.56-4.24) <.001 1.06 (0.59-1.90) 0.852

LV Ejection Fraction <50% 1.38 (0.51-3.71) 0.527 2.40 (1.52-3.79) <.001 1.3 (0.83-2.05) 0.256

RV Systolic Pressure >40mmHg 3.44 (1.17-10.15) 0.025 3.09 (1.99-4.79) <.001 0.87 (0.53-1.43) 0.573

TAPSE <18mm 1.09 (0.49-2.44) 0.833 1.2 (0.75-1.92) 0.446 1.01 (0.62-1.62) 0.982

TAPSE/RVSP <0.31 1.46 (0.27-7.88) 0.663 0.81 (0.45-1.47) 0.487 1.29 (0.77-2.16) 0.328

Lateral E/e' >10 1.81 (0.85-3.83) 0.122 1.32 (0.87-1.99) 0.195 1.34 (0.88-2.03) 0.178

Severe Aortic Stenosis 3.20 (0.43-24.02) 0.259 1.88 (0.59-6.044) 0.284 0.396 (0.05-2.88) 0.36

Severe Aortic Regurgitation N/A 0 (0-7.47) 0.972 N/A

Severe Mitral Stenosis N/A 0 (0-5.57) 0.968 0 (0-7.72) 0.963

Severe Mitral Regurgitation N/A 1.33 (0.473-3.751) 0.587 1.08 (0.46-2.53) 0.868

Moderate TR is Progressive

Moderate TR has a “life of its own”

Unpublished data (Courtesy of Ori Ben-Yehuda)



Moderate TR

Chorin E. EHJ CVI 2020

Severe TR
Moderate TR

Mild TR
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N=5,223

Nath J, JACC 2004

N=33,305

N=11,507

Severe TR
Moderate TR



Hahn R. et al. JACC, Oct 2023

Tricuspid VARC Definitions

Hahn R. et al. JACC, Oct 2023



What is Procedural Success in T-TEER?

89.5% Moderate 
or less TR 



What is Procedural Success in T-TEER?

49.3% Moderate 
or more TR 



81% TR 
Moderate 

or less

Reduction of TR at 1-year

Wild MG. et al. JACC CVI; 2022;15



60% 
Moderate 

or more TR

41% none to 1-
grade TR reduction

Reduction of TR at 1-year

Wild MG. et al. JACC CVI; 2022;15



T-TEER and Residual TR

Moderate or more residual TR 
at 1-year  

Study

49.3%TRILUMINATE Pivotal

49%*bRIGHT

60%PASTE

41%TRICLASP

2.4% (0.0% severe)TRISCEND Single arm

4.9%** TRISCEND II Pivotal

* 30-day F/U
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Moderate or more residual TR 
at 1-year  

Study

49.3%TRILUMINATE Pivotal

49%*bRIGHT

60%PASTE

41%TRICLASP

2.4% (0.0% severe)TRISCEND Single arm

4.9%** TRISCEND II Pivotal

** First 150 patients @ 6-month F/U

* 30-day F/U



Transcatheter Tricuspid Valve Technologies

Hahn R. et al. JACC, Oct 2023

Cardiovalve

Innovalve



Maisano F., European Heart Journal 2024;45



Maisano F., European Heart Journal 2024;45



Maisano F., European Heart Journal 2024;45



Summary
• Decision to proceed with T-TEER, wait for replacement technologies or continue with 

medical therapy is challenging.

• For most patients, T-TEER is  the first and last Tricuspid Intervention. 

• T-TEER should be pursued early in low and intermediate risk patients with high 
likelihood of procedural success – preferably mild or less TR, as moderate TR has 
prognostic implications. 

• Assessing feasibility for T-TEER is important:
• Good Imaging is imperative. 
• Anatomy: Coaptation gap, # of leaflets, leaflet tethering, TR severity, pacemaker.
• Experienced institutions, operators and imagers.

• We need more studies on patient & device selection, and effects of T-TEER on 
outcomes (awaiting CLASP-TR, TRI-FR,  TRISCEND II).



Thank You
nirf@tlvmc.gov.il


