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Topilsky Y et al. JACC CVI 2019 Stuge O et al. JTCVS 2006

Prevalence of Tricuspid Regurgitation (TR)



SURVIVAL

Nath J et al. JACC 2004

Wang N et al. EHJ 2018

Prognosis of TR

Ø  TR is an independent prognosis factor associated with significant mortality 
that increases with TR grade

Messika-Zeitoun D et al. EJHF 2020



Prognosis of TR

N=13 654

Messika-Zeitoun D et al. Can J Cardiol 2020



Management of patients with TR

Praz F et al. EHJ 2025



Praz F et al. EHJ 2025



Echocardiographic assessment of TR grade



Echocardiographic assessment of TR grade



Echocardiographic assessment of TR grade

Hahn R et al. JACC 2023



DIURETICS DIURETICS

Assessment of TR grade after diuretic treatment



Hahn R et al. Eur Heart J CVI 2022; Praz F et al. EHJ 2025

TR mechanisms



Atrial vs Ventricular TR

Hahn R et al. JACC 2023Florescu DR et al. EHJ CVI2023



TR and CIED

Andreas M et al. EHJ 2023

= Lead-induced TR



Deharo JC, Dreyfus J, Praz F et al et al. Europace et Eurointervention 2025



Praz F et al. EHJ 2025



TR = Many Phenotypes !

Adamo M et al. EJHF 2024



Dreyfus J, Messika-Zeitoun D, Cardiovascular Diagnosis and Therapy 2025



Heart Team Management at Heart Valve Center (HVC)

CT MRI RHC

TEETTE



Heart Team Management at HVC

Courtesy of F. Praz



Tricuspid valve (TV) surgery
at the time of left-sided valve surgery

(mitral valve +++)

COMBINED 
Tricuspid Valve Surgery

at the time of left-sided valve surgery

YES



N=6883

No/mild TR: N=5548

Moderate TR: N=911

Severe TR: N=424

Frequency and grade of TR among patients 
with severe left-sided valvular heart disease

Dreyfus J et al. EJHF 2024

Ø ESC/EORP Valvular Heart Survey II (222 centers - 28 countries)
AORTIC VALVE MITRAL VALVE



Recommendations for intervention at the time of left-sided VHD surgery

Praz F et al. EHJ 2025
Concomitant



Factors to be considered during Heart Team discussion regarding 
concomitant TV intervention at the time of left-sided VHD surgery

Praz F et al. EHJ 2025
Rheumatic valve



Ø Patients with severe left-sided valvular heart disease

      ESC/EORP Valvular Heart Survey II (222 centers - 28 countries) 

TR prognosis: Survival according to TR grade

Dreyfus J et al. EJHF 2024



Gammie JS et al. NEJM 2021

Concomitant TV surgery
at the time of mitral valve surgery

Ø Degenerative mitral regurgitation: 400 patients, TR <severe and TA >40mm, randomized
with or without TV annuloplasty



Gammie JS et al. NEJM 2021

Concomitant TV intervention
at the time of mitral valve surgery

• Degenerative mitral regurgitation: 400 patients, TR <severe and TA >40mm, randomized
with or without TV annuloplasty

Ø Higher rate of permanent pacemaker implantation

Badhwar V et al. Ann Thor Surg 2016

• 62,118 patients undergoing MVR, STS database, 2011-2014



Ø ESC/EORP Valvular Heart Survey II (222 centers - 28 countries)

Concordance between class I indications (severe TR) 
for concomitant TV intervention and therapeutic decision 

at the time of left-sided valvular heart surgery

Dreyfus J et al. EJHF 2024



Dreyfus J et al. EJHF 2024

Ø ESC/EORP Valvular Heart Survey II (222 centers - 28 countries)

Concordance between class IIa indications (moderate TR) 
for concomitant TV intervention and therapeutic decision 

at the time of left-sided valvular heart surgery



Dreyfus J et al. Circulation CVI 2015

-4mm

r=0.84, p<0.0001

Dreyfus J et al. Circulation CVI 2015

Comparison between A4C and 3D-TEE long axis



Tricuspid annulus dimensions



Dreyfus J et al. EHJ 2020

Trends of tricuspid valve surgery 
at the time of left-sided valve surgery



Recommendations for intervention when severe TR without left-sided VHD

SURGERY:

TRANSCATHETER:



Recommendations for intervention when severe TR without left-sided VHD

a www.tri-score.com

http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/


Recommendations for intervention when severe TR without left-sided VHD

SURGERY:



Dreyfus J et al. EHJ 2020

Isolated Tricuspid Valve Surgery (ITVS)



Ø Medical treatment: diuretics

Management of TR



Isolated Tricuspid Valve Surgery (ITVS)

Ø In-hospital mortality

Dreyfus J et al. AJC 2018

France (PMSI), 2013-2014: 
 
 
 10%

Alqahtani F et al. JAHA 2017



TRI-SCORE: dedicated risk score model to predict in-hospital mortality after ITVS

Dreyfus J, Messika-Zeitoun D et al. EHJ 2021

Biological

Echocardiographic

Clinical

Low HighIntermediateRisk:



Dreyfus J, Messika-Zeitoun D et al. EHJ 2020; Dreyfus J, Messika-Zeitoun D et al. EHJ 2021 

Prediction of in-hospital mortality after ITVS



External validation of the TRI-SCORE to predict in-hospital mortality after ITVS

Anguita-Gamez M et al. Heart 2023; Sala A et al. Interdiscip Cardiovasc Thorac Surg 2023; Kim DY et al. JAHA 2024

Ø Spain Ø Italy Ø Asia



Free App

44

TRI-SCORE Calculator

Free online calculator:
www.tri-score.com

📲💻 +

http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/


2413 patients (33 centers – 10 countries) 

with severe isolated functional tricuspid regurgitation on native valve

and TRI-SCORE available 
 

1217 patients 
MEDICAL THERAPY

551 patients 
ISOLATED TRICUSPID VALVE 

SURGERY

645 patients 
TRANSCATHETER VALVE 

REPAIR

TRIGISTRY

Dreyfus J, Messika-Zeitoun D et al. EHJ 2023



TRIGISTRY: IMPACT OF TREATMENT MODALITY ON SURVIVAL

Ø Surgery vs medical therapy      

OVERALL

Dreyfus J, Messika-Zeitoun D et al. EHJ 2024



TRIGISTRY: IMPACT OF TREATMENT MODALITY 

Ø Surgery:

Low TRI-SCORE (≤3) Intermediate TRI-SCORE (4-5) High TRI-SCORE (≥6)

Dreyfus J, Messika-Zeitoun D et al. EHJ 2024

In-hospital mortality:
- Surgery=2.7%

In-hospital mortality:
- Surgery=16.9%

In-hospital mortality:
- Surgery=9.2%



Can we decrease in-hospital mortality after TV surgery ?



Ø Surgery vs medical therapy      

Propensity weighted hazard ratio

0.27 (95% CI, 0.20-0.37), P<0.0001 1.17 (95% CI, 0.98-1.40), P=0.09 1.06 (95% CI, 0.91-1.25), P=0.45

Low TRI-SCORE (≤3) Intermediate TRI-SCORE (4-5) High TRI-SCORE (≥6)

+28%

Dreyfus J, Messika-Zeitoun D et al. EHJ 2024

TRIGISTRY: IMPACT OF TREATMENT MODALITY ON SURVIVAL

In-hospital mortality:
- Surgery=2.7%

In-hospital mortality:
- Surgery=16.9%

In-hospital mortality:
- Surgery=9.2%



50

Ø Surgical repair vs surgical replacement vs medical therapy 

+17%
+40%

+22%

Dreyfus J, Messika-Zeitoun D et al. EHJ 2024

TRIGISTRY: IMPACT OF TREATMENT MODALITY ON SURVIVAL



PCRLondonValves.com

TRI-SCORE and redo ITVS

*Death, shock, tamponade, acute renal failure requiring dialysis or 
prolonged (>72 hours) mechanical ventilation

*

Dreyfus J, Messika-Zeitoun D et al. Heart 2023



PCRLondonValves.com

TRI-SCORE and redo ITVS

Dreyfus J, Messika-Zeitoun D et al. Heart 2023



Recommendations for intervention when severe TR without left-sided VHD

TRANSCATHETER:



Adapted from Dreyfus J et al. 
Prog CardioVasc Med. 2022

Adapted from Hell MM et al. EHJ CVI 2020

Repair Replacement

Transcatheter treatment for TR



Praz F et al. Eurointervention 2021

Patient selection for TV edge-to-edge repair



Hahn R, … Dreyfus J et al. JACC Imaging 2025

Patient selection for TV edge-to-edge repair

Predictors of ≤Moderate TR following T-TEER:

• Septo-lateral Coaptation Gap ≤7mm (avoid coaptation defect >10-15 mm)

• Leaflet Morphology (≤3) with oval/linear vena contracta

• Location of jet (central, anteroseptal, avoid large AP gap)

• TR severity (<torrential, avoid EROA of >1.5 cm2 or VCA >11 cm)

• Chordal density modest

• No CIED-induced TR

• Tenting area ≤1.9 cm2

• Low RA Volume



Patient selection for TV edge-to-edge repair: GLIDE score

Gerçek M et al. JACC Imaging 2024



* *

* ** *

70-90° 160°

A

B C

B

TEE: mid/distal oesophageal views, X-plane and 3D

Dahou A et al. JACC Imaging 2019

*
P A



* *

* ** *

70-90° 160°
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B C
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TEE: mid/distal oesophageal views, X-plane and 3D

Dahou A et al. JACC Imaging 2019

*
P A



B

C

A

S
P

Ao

LV

TEE: transgastric view



TEE: 3D
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TEE views



Intra-Cardiac Echocardiography (ICE)



Intra-Cardiac Echocardiography (4D-ICE)

Courtesy Philips



Nomenclature of TV leaflets

Hahn R et al. JACC Intv 2021

A
S

P

Ao

VG

A

S P



TV leaflets analysis
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TV leaflets analysis



97% 44% 95% 94%

De Gaspari M et al. Submitted
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Transcatheter edge-to-edge TV Repair

Courtesy from ABBOTT
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Transcatheter edge-to-edge TV Repair



A

S P

A

S P

A

S
P

A

S
P

Transcatheter edge-to-edge TV Repair



Transcatheter TV Replacement ?
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Transcatheter TV Replacement ?



Transcatheter tricuspid valve replacement: TOPAZ

Teiger E, Dreyfus J et al. Eurointervention 2022
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Transcatheter tricuspid valve replacement



Transcatheter tricuspid valve replacement
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Transcatheter tricuspid valve replacement: TOPAZ



TRANSCATHETER TRICUSPID VALVE REPLACEMENT (TTVR) ?Transcatheter tricuspid valve replacement: LUX-valve



Fusion imaging
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TTVR WITH LUX-VALVE

AAP

A

P

TTVR WITH LUX-VALVE



TTVR WITH LUX-VALVE

Mi

Ao

TTVR WITH LUX-VALVE



8
3

Transcatheter tricuspid valve replacement: LUX-valve



Transcatheter tricuspid valve replacement and pacemaker: LUX-valve

Before

After



Transcatheter tricuspid valve replacement and pacemaker: LUX-valve



Transcatheter tricuspid valve replacement: LUX-valve



BASELINE CHARACTERISTICS IN REGISTRIES AND RCT
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COMPOSITE ENDPOINTS AT 1 YEAR IN RCT

TRILUMINATE TRIAL TRI-FR TRIAL

Sorajja P et al. NEJM 2023 Hahn R et al. NEJM 2024

Triclip Triclip Evoque

TRISCEND 2

Donal E et al. JAMA 2024



HEART FAILURE HOSPITALIZATION AT 1 YEAR IN RCT

TRILUMINATE TRIAL TRI-FR TRIAL

Sorajja P et al. NEJM 2023 Hahn R et al. NEJM 2024

Triclip Triclip Evoque

No difference

Control
N=148

TrClip 
device
N=152

HF 
hospitalization

20 
(13.5%)

15 
(9.9%)

TRISCEND 2

Donal E et al. JAMA 2024



HEART FAILURE HOSPITALIZATION AT 2 YEARS IN RCT

TRILUMINATE TRIAL TRI-FR TRIAL

Kar S et al. Circulation 2025

Triclip Triclip Evoque

TRISCEND 2



HEART FAILURE HOSPITALIZATION AT 2 YEARS IN RCT

TRILUMINATE TRIAL TRI-FR TRIAL

Kar S et al. Circulation 2025

Triclip Triclip Evoque

TRISCEND 2

? ?

Donal et al... 



SURVIVAL AT 1 YEAR IN RCT

TRILUMINATE TRIAL

Control
N=148

TrClip 
device
N=152

Death 8 (5.4%) 5 (3.3%)

TRI-FR TRIAL

Sorajja P et al. NEJM 2023 Hahn R et al. NEJM 2024

Triclip Triclip Evoque

No difference

TRISCEND 2

Donal E et al. JAMA 2024



SURVIVAL AT 1 YEAR IN RCT

TRILUMINATE TRIAL

Control
N=148

TrClip 
device
N=152

Death 8 (5.4%) 5 (3.3%)

TRI-FR TRIAL

Sorajja P et al. NEJM 2023 Hahn R et al. NEJM 2024

Triclip Triclip Evoque

No difference

TRISCEND 2

Donal E et al. JAMA 2024



Conservative management
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≤ 3
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TRIGISTRY: IMPACT OF TRI-SCORE ON SURVIVAL

Results remained unchanged after adjustment for age, sex, atrial fibrillation and comorbidities* (all P<0.001)

79%
71%

61%

93%

80%

58%

87%

56%

71%

*diabetes, chronic lung disease, coronary artery disease, and prior left heart valve intervention

Dreyfus J, Messika-Zeitoun D et al. EHJ 2023



TRIGISTRY: IMPACT OF TREATMENT MODALITY ON SURVIVAL

Result remained unchanged after adjustment for age, sex, atrial fibrillation and comorbidities (P=0.23)

77%
71%
69%

In-hospital mortality:
- Surgery=9.6%
- Transcatheter valve repair=2.5%

*diabetes, chronic lung disease, coronary artery disease, and prior left heart valve intervention

Dreyfus J, Messika-Zeitoun D et al. EHJ 2023



TRIGISTRY: IMPACT OF TREATMENT MODALITY ON SURVIVAL 

87%
79%

71%
61%In-hospital mortality:

- Transcatheter valve repair=0.7%
In-hospital mortality:
- Transcatheter valve repair=4.3%

In-hospital mortality:
- Transcatheter valve repair=2%

56%

Ø Transcatheter valve repair vs medical therapy

Dreyfus J, Messika-Zeitoun D et al. EHJ 2023



Procedural success : 

= TR ≤ mild-to-moderate (2+) at discharge

- 97% of patients after surgery

- 65% after transcatheter repair

Dreyfus J et al. EHJ 2023

Ø Transcatheter valve repair with SUCCESSFUL procedure vs medical therapy

Ø Transcatheter valve repair with UNSUCCESSFUL procedure vs medical therapy

TRIGISTRY: IMPACT OF RESIDUAL TR ON SURVIVAL

Dreyfus J, Messika-Zeitoun D et al. EHJ 2023



Ø 3-grade scheme

*Adjusted (Restricted Mean Survival Time method) for age (as a continuous variable), sex, atrial 
fibrillation, diabetes, chronic lung disease, coronary artery disease, prior left-sided heart valve 
intervention and for the TRI-SCORE 

*

85%

70%

44%
P=0.04

P=0.25*

*

TRIGISTRY: IMPACT OF RESIDUAL TR AFTER TRANSCATHETER TV REPAIR

N=203

N=91

N=319
Dreyfus J, Messika-Zeitoun D et al. JACC Intv 2024



Lancellotti P et al. EHJCVI 2022

3-grade scheme for TR 4-grade scheme for MRVS

Mitral and Tricuspid regurgitation grading



Ø 4-grade scheme

*

85%
80%

44% P=0.96

P=0.67

55%
P=0.006

*

*

*

*Adjusted (Restricted Mean Survival Time method) for age (as a continuous variable), sex, atrial 
fibrillation, diabetes, chronic lung disease, coronary artery disease, prior left-sided heart valve 
intervention and for the TRI-SCORE 

N=203N=91

N=201

N=118

TRIGISTRY: IMPACT OF RESIDUAL TR AFTER TRANSCATHETER TV REPAIR

Dreyfus J, Messika-Zeitoun D et al. JACC Intv 2024



TRIGISTRY: IMPACT OF RESIDUAL TR AFTER TRANSCATHETER TV REPAIR

Dreyfus J, Messika-Zeitoun D et al. JACC Intv 2024



Moderate

Mild-to-moderate Moderate-to-severe

EROA (PISA) <20mm² 20-29mm² 30-39mm² 40-59mm² 60-79mm² ≥80mm²

ASE =  American Society of Echocardiography; EACVI = European Association of CardioVascular Imaging; EROA = Effective Regurgitant Orifice Area

Proposal for a Refined Tricuspid Regurgitation Grading

Mild Severe Massive Torrential

Mild Severe Massive TorrentialEACVI

ASE ModerateMild Severe

Refined grading

1 2 3 4 5 6
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Transcatheter edge-to-edge TV Repair

Dreyfus J et al. EHJ Case Report. 2023



Dreyfus J et al. EHJ 2024

Sorajja P et al. NEJM 2023

Ø bRIGHT: ≥moderate residual TR = 43%
       à 25-30% ≥ moderate to severe ?

Ø TRILUMINATE: ≥moderate residual TR = 50%
       à 25-30% ≥ moderate to severe ?

Residual TR after transcatheter edge-to-edge TV repair

Ø EuroTR: ≥moderate residual TR = 58%
       à 30% ≥ moderate to severe ?

Stolz L et al. EJHF 2024

Ø TRIGISTRY: ≥moderate residual TR = 52%
       à 35% ≥ moderate to severe ?

Lurz P et al. JACC 2023



Residual TR after transcatheter TV replacement

Hahn R et al. NEJM 2024 Teiger E, Dreyfus J et al. Submitted



Cavalcante J et al. JACC 2025

Reverse remodeling after transcatheter tricuspid valve repair



Reverse remodeling after transcatheter tricuspid valve replacement

Courtsey TRICARES



RV size and function after transcatheter TV intervention

Stolz L et al. JACC Intv 2024



When to refer to a Heart Valve Center ? Timing is key

Maisano F et al. EHJ 2024 Dreyfus J, Messika-Zeitoun D et al. EHJ 2023

≤ 3
4-5
≥ 6

TRIGISTRY



When to refer to a Heart Valve Center ? Timing is key

Dreyfus J, Praz F et al.



Heart Team Management at Heart Valve Center

SURGERY

TRANSCATHETER

CONSERVATIVE 
MANAGEMENT 



Dreyfus J, Messika-Zeitoun D et al. JAMA 2025

www.tri-score.com

http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/


Recommendations Class Level
Careful evaluation of TR aetiology, stage of the disease (i.e. degree of TR severity, RV and LV dysfunction, 
and PH), patient operative risk, and likelihood of recovery by a multidisciplinary Heart Team is 
recommended in patients with severe TR prior to intervention.

I C

Dreyfus J, Messika-Zeitoun D et al. JAMA 2025

www.tri-score.com

Praz F et al. EHJ 2025

http://www.tri-score.com/
http://www.tri-score.com/
http://www.tri-score.com/


LVEF and benefit of TV interventions

Heitzinger G, Dreyfus J, Messika-Zeitoun D et al. EJHF 2025



Efficient correction of TR

ØBenefit of TR correction will depend on : 

1) Procedural success

CONCLUSION



ØBenefit of TR correction will depend on :

2) Stage of the disease as assessed by the TRI-SCORE (early stage+++)

CONCLUSION

Messika-Zeitoun D et al. JACC Intv 2022



8 TRI-SCORE parameters:
✅ ≥70 years     70% 
✅ NYHA III-IV    58%
✅ Right heart failure signs    58%
✅ Daily dose of loop diuretics ≥125mg   21%
✅ Glomerular filtration rate <30ml/min     3% 
✅ Elevated total bilirubin    19%
✅ Left ventricular ejection fraction <60%   42%
✅ Moderate/severe RV dysfunction   37% 

Additional parameters:
✅ Women     58%
✅ Prior left heart valve intervention   24%
✅ Permanent pacemaker / defibrillator   20%
✅ Atrial fibrillation / flutter    70% 
✅ TR mechanism:

- Functional        73%
- Primary             15%
- Mixed                12%

TRI-SCORE Categories

40

33

27
Intermediate (4-5)

Low (≤ 3)

High (≥6)

17% mobile apps 
(www.tri-score.com)

Global Adoption of the TRI-SCORE powered by Digital Tools

66% 21% 54% 25%

Academic
Hospital

Community
Hospital

Users117 Countries — All Continents36 001 Calculations in 1 year

Patient Profile

83% website

🔹 Accurate Prediction: The TRI-SCORE accurately predicts in-hospital mortality 
in patients undergoing isolated tricuspid valve surgery, as well as mid-term outcomes 
in those managed conservatively or with transcatheter interventions.

🔹 Guideline-Endorsed: The TRI-SCORE is now integrated into the decision-
making algorithm of the 2025 ESC/EACTS Guidelines for isolated severe tricuspid 
regurgitation.

🔹 Free and User-Friendly Digital Tools: The TRI-SCORE can be easily 
calculated using free, user-friendly digital tools (Web-based calculator and Mobile 
apps for iOS and Android).

🔹 Clinical Utility: These digital tools offer a unique opportunity to assess the 
real-life clinical presentation and risk profile of patients with tricuspid regurgitation, 
particularly when considering a tricuspid valve intervention.

Cardiac surgeonCardiologist

Graphical

Dreyfus J, Messika-Zeitoun D et al. Submitted



INTERMEDIATE TRI-SCORE (4-5)

LOW TRI-SCORE (≤ 3)

HIGH TRI-SCORE (≥ 6)

Digital platforms (N=26,123) TRIGISTRY (N=2,413)
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59 58
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ü Early referral = better survival

ü Multidisciplinary heart teams

ü Tailored strategy: surgery vs transcatheter

ü Optimize first intervention

ü Balance short- & long-term outcomes

ü Preserve surgical expertise

ü Improve patient care & system efficiency




