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Tricuspid Regurgitation (TR) is highly prevalent

Topilsky et al., JACC Cardiovasc Imaging 2019;12:433

• TR is more common with age.

• TR is approximately one-fourth 
of all left-sided valve disease, 
similar to the prevalence of AS.

AS/AR/MS/MR

TR≥ Moderate



TR is associated with adverse outcomes

Topilsky et al., JACC Cardiovasc Imaging 2019;12:433
Benfari et al., Circulation 2019; 140:196

Associated with higher mortality Risk of mortality increases with severity

Isolated TR
(TR≥ Moderate)

TR trivial



Topilsky Y et al. J Am Coll Cardiol Img 2014;7:1185-94

Severe TR = worse survival, more cardiac events



2.4 M
≥3+ TR Prevalence

12,324
Surgical Procedures

Etiology: Secondary or Functional (>75%)

Only 0.4% of TR patients treated today

Enriquez-Sarano et al, Prog Cardiovasc Dis 2019;62:447
Rodes-Cabau et al, Lancet 2016;388:2431



Mortality for isolated TV surgery remains high

Zack et al., J Am Coll Cardiol 2017;70:2953

In-hospital mortality post 
isolated tricuspid surgery 
was 8.8% and unchanged 
despite increasing surgical 
volumes



Why don’t Surgeons like to Operate Isolated TR?

• Referred late => +++ comorbidities

• Bad RV: high risk of acute RV failure off CPB => ↑ mortality

• End-organ dysfunction: kidney, liver

• High risk of acute liver failure => ↑ mortality

• Significant % are reops: prior MV surgery
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Complex Tricuspid Valve Anatomy

Asmarats et al., J Am Coll Cardiol 2018;71:2935
Dahou et al., JACC Cardiovasc Imaging 2019;12:458

Atrioventricular node

Triangle of Koch

Direction of dilation of various structures 
in the setting of secondary TR



2020 ACC/AHA Valve Guidelines

Otto et al., J Am Coll Cardiol 2021;77:e25
Ming Wang et al., JACC Cardiovasc Imaging 2022;15:731

*Isolated TR is associated with AF 
and has LVEF >60%, pulmonary artery 
systolic pressure <50mmHg, and no 
left-sided valve disease, with normal-
appearing tricuspid valve leaflets.

95%



Limited Help from Guidelines

Otto et al., J Am Coll Cardiol 2021;77:e25

2020 ACC/AHA Guideline for Valvular Heart Disease



2020 ACC/AHA Guideline for the Management 
of Patients With Valvular Heart Disease

Otto et al., J Am Coll Cardiol 2021;77:e25
Vahanian et al., Eur Heart J 2022;43:561

2021 ESC/EACTS Guidelines for the 
management of Valvular heart disease



2025 ESC GUIDELINES 

Praz F, et al. 2025 ESC/EACTS Guidelines for the management of valvular heart disease: European Heart Journal, Aug 2025



Practical approach for assessing severe TR by TTE

Elif Sade et al., Eur Heart J Cardiovasc Imaging 2022;23:1273
Hahn et al., J Am Soc Echocardiogr 2022;35:1-76

TEE guideline for TV assessment for percutaneous 
procedures were published in 2022



New Stages of TR

Hahn et al. Eur Heart J Cardiovasc Imaging. 2017;18:1342

• To better characterize the severity of 
TR currently being treated, a new 
grading scale is proposed, increasing 
the grade to include very severe (or 
massive), as well as torrential.1  

• Traditional proximal isovelocity surface 
area (PISA) method underestimates 
the quantitative method for assessing 
effective regurgitant orifice area 
(EROA) and different cut offs should 
be considered.1

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5



It Takes a Village – MDHT!

Hahn, R, Adamo, M, Fam, N. J Am Coll Cardiol HF. 2025 Aug, 13 (8) .



Challenges with TR

 Limitations with Medical therapy 

 Complex anatomy and nomenclature

 Screening and intraprocedural Imaging 

 Lack of Guidelines

 Presence of CIED
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Evoque

TriClip

Transcatheter Tricuspid Landscape

Asmarats et al., J Am Coll Cardiol 2018;71:2935

T-TEER :Tricuspid Transcatheter Edge-to-Edge Repair

TTVR :Transcatheter Tricuspid Valve Replacement



FDA Approved
T-TEERTTVR

Feb 2024
Apr 2024



TRILUMINATE Pivotal trial

Sorajja et al., N Engl J Med 2023;388:1833



Enrollment and Treatment Pathway
Subject Selection

Symptomatic, severe TR and at intermediate
or greater risk for TV surgery

Subject meets inclusion/exclusion criteria?

Ability to reduce TR to Moderate or less?

Echo Core Lab
TR Severity Confirmed?

Eligibility Committees
Confirm optimized medical therapy 

and valve anatomy clippable

Ability to reduce TR by 1 grade? Single-Arm
TriClip Device 

(N=175)
Medical Therapy 

(N=175)

Randomize 
1:1

NO

YES
NO

YES

YES

YES

YES

NO

YES
NO

Completed 12 
Month F/U

Completed 12 
Month F/U

Screen Failure

350 patients

12 M follow up

Primary endpoint:
A composite of  mortality, TV surgery, 
HFH, and KCCQ improvement ≥15

Sorajja et al., N Engl J Med 2023;388:1833



Key Inclusion & Exclusion Criteria
Inclusion:
• Symptomatic severe TR on TTE
• On optimal GDMT and stable for at least 30 days (e.g. SBP <140)

– On GDMT for Afib, MR, CAD, HF if present
• Intermediate or greater surgical risk deemed by Heart Team
Exclusion:
• Systolic PAP >70 mmHg or fixed pulmonary Htn by RHC
• LVEF ≤ 20%
• Leaflet gap >1 cm
If MV intervention needed, need to wait at least 60 days after procedure
If cardiac procedure performed, need to wait at least 30 days





Reduction in TR Severity
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Sorajja et al., N Engl J Med 2023;388:1833
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Total Death or TV Surgery HF hospitalization KCCQ change ≥15 pts

Device Wins Control Wins

Win ratio, 1.48
(1.06, 2.13), p=0.02

11348

p<0.0001

p=0.41
2871

p=0.75

TriClip therapy demonstrated superiority to 
medical therapy driven by improvement in KCCQ

Primary Endpoint
Finkelstein-Schoenfeld Analysis

Sorajja et al., N Engl J Med 2023;388:1833



Tang et al., J Am Coll Cardiol. 2025;85:235-246

TRILUMINATE Pivotal (full randomized cohort)

• 572 patients with symptomatic, severe TR
• T-TEER vs medical therapy
• Primary endpoint met for T-TEER
• All-cause mortality, TV surgery, HFH →
• Less TR at 30 days
• Improvement on KCCQ change at 1 year,
     6-min walk distance change 
• Freedom from major adverse events was 

98.9% for T-TEER



TRILUMINATE 2 Year Outcomes



TRILUMINATE 2 Year Outcomes



Paired data shown. Patients with tricuspid valve surgery are excluded.









Prespecified Endpoint: Freedom from all cause 
mortality, TV surgery and TV intervention   



TRILUMINATE 2 Year Outcomes



TRILUMINATE 2 Year Outcomes



Crossover Analysis



Characteristics Prior to Crossover





KCCQ Score



TRILUMINATE 2 Year Outcomes
• At 2 years, treatment with the TriClip device reduced HFH compared with 

medical therapy (despite crossovers in the Control group). 

• Improvements in TR severity and quality of life were sustained in Device 
patients through 2 years. 

• TriClip therapy is safe through 2 years and upon crossover.

• Control patients, whose symptoms and health status had worsened prior to 
crossover, benefited from TriClip device with improvements in TR severity 
and quality of life. 
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Praz F, et al. 2025 ESC/EACTS Guidelines for the management of valvular heart disease: European Heart Journal, Aug 2025



Hahn RT et al. JACC Cardiovasc Img 2021;14:1299-1305



Hahn RT et al. JACC Cardiovasc Img 2021;14:1299-1305
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A BTransgastric 
Short-axis View

Mid Esophageal 
3D en face View

Example from 
Leipsic:  Type IIIB

Hahn RT et al. JACC Cardiovasc Img 2021;14:1299-1305









TEER Screening
• Which leaflets are involved? How many leaflets?

• Is the leaflet length adequate for grasping?

• Are the leaflets severely thickened? Severely tethered?

• Is the TR lead-induced?

• Location of the TR jet, eccentric and/or antero-posterior gaps

• RV orientation: horizontal?

• Acoustic shadowing from other structures: AV, MV, RV lead

• Eustachian valve

Modified from: A. Sannino



X-Plane

140-180º

PCR Tricuspid Working Group, 2021



Pre-procedural TEE Screening Checklist



TEER Intra-op KEY VIEWS

1. ME RV Inflow- Biplane



TEER Intra-op KEY VIEWS
2.  TG Short-axis 



Assessing TEER Difficulty: Leaflet Coaptation Reserve

Symmetric “V”
Good Reserve

Smaller gap: Easier
Larger gap: Harder

Asymmetric “V”
Fair Reserve

Smaller gap: Easier
Larger gap: Harder

Septal leaflet tethered: Harder

Flattened V
Poor Reserve

Smaller gap: Hard
Larger gap: Harder



Assessing TEER Difficulty: RV Orientation

More Vertical: Easier More Horizontal: Harder



Watch for the AP Canyon

P
S

A



Clip Selection Criteria

XTW XT NTW NT

Septal Leaflet ≥9 mm + +

Septal Leaflet <9 mm + +

First Clip + +

Narrow Grasping Zone + +

Broad Jet + +

Near Commissure + +

Dense Chordae at Grasping Site +

Modified from: Abbott



Key Maneuvers

Ant/Post

Sept/Lat

Ant

Post

Lat Sept

Modified from: P. Sorajja

Septal
Lateral

Flex
Extend

(+)
(-)

Aortic
Post



Device 
Maneuver

Movement Leaflet Target Height Effect

Advance 
Stabilizer

Aortic Aortic direction May gain height

Retract Stabilizer Posterior Posterior 
direction

May lose height

SGC in “S” or CW Septal Septal leaflet May gain height
SGC in “L” or 
CCW

Lateral Lateral direction May lose height

SGC (+) Posterior/Septal Posterior/Septal Lose height
SGC (-) Anterior/Septal Anterior/Septal Gain height
CDS (F) Posterior/Septal Posterior/Septal Lose height
CDS (E) Aortic/Septal Anterior/Septal Gain height

TriClip System Steering and Positioning

Modified from: Abbott
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Case #1
 87 year-old female; severe TR, LVEF 65%, NYHA-III

 Afib s/p multiple ablations, skin cancer, DM2, endometrial 
cancer, frail

 Deemed high risk for tricuspid surgery

 Symptomatic despite maximally optimal GDMT

 TEE: Severe TR due to anterior leaflet prolapse, annular 
dilatation



TEE: 4 Chamber



RV Inflow-Xplane to Grasping View – Anterior-Septal

A

S

P
A



RV Inflow-Xplane to Grasping View – Anterior-Septal



RV Inflow-Xplane to Grasping View – Posterior-Septal

P

S
P

A



Transgastric View

A

SP



3D MPR View



First Clip – XT at A-S



Closing Clip and TR Assessment



TR Assessment After Deployment



Maintaining TriClip Trajectory on Fluoro

RAO RAO



RA RV

RAO 24, CRA 7 RAO 24, CRA 7

Septal Dive.

Lateral Dive

RA

Match Fluoro with TEE to Enter RV without Diving Septal/Lateral



RV

RAO 24, CRA 7

RA

RAO 24, CRA 7

RVRA

When Grasping, use Fluoro to ensure Clip did not spin



Second TriClip on Fluoro

RAO LAO



Second Clip - NT



Closing Clip and TR Assessment



Final Result



Final Result

RAO LAO



L Femoral Access to Improve Trajectory?

R Femoral: Closer to TV L Femoral: Away from TV, able to stand up the Clip more



Use of ICE

A

S

A

S P



Confirm TR Reduction on 4D ICE



Final Clip Position on 4D ICE



Final TR Assessment on 4D ICE
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EVOQUE: Tricuspid Valve 
Replacement System

Atraumatic anchors compatible with pre-existing leads and respect the native anatomy
Conforming frame designed to achieve optimal retention force 

Multiple sizes offer treatment for a broad range of tricuspid pathologies and anatomies (44, 48, 
52 mm)

28F transfemoral delivery system compatible with all valve sizes

Unique valve design engages leaflets, chords, 
and annulus to achieve secure placement

The main complications of EVOQUE

• Valve reintervention in 4%

• New conduction abnormalities requiring 
permanent PM implantation in 15%

• Major bleeding in 12%.

Fam et al., JACC Cardiovasc Interv 2021;14:501



TRISCEND Study: Survival, Freedom from HFH Admission 
and Improved Functional and QOL Outcomes

aWilcoxon signed-rank test; bPaired t-test. NYHA Class, New York Heart Association functional classification; 6MWD, 6-minute walk distance; 
KCCQ, Kansas City Cardiomyopathy Questionnaire

Kodali et al. JACC Cardiovasc Interv. 2022;15:471

At Risk 120 66

96±2%97±2%

At Risk 114 61

94±2%95±2%

Early results with the transfemoral EVOQUE system for 
significant TR showed high technical success, acceptable 
safety, TR reduction, and improved symptoms at 30 days.



Hahn et al. N Engl J Med. 2025;392:115-126

TRISCEND II Trial
Edwards EVOQUE Transcatheter Tricuspid Valve Replacement: Pivotal 
Clinical Investigation of Safety and Clinical Efficacy Using a Novel Device 

• 400 patients with symptomatic, severe TR
• TTVR + OMT vs OMT (2:1 ratio)
• The hierarchical composite primary outcome: all-cause death, 

implantation of a RV assist device or heart transplantation, 
postindex TV intervention, HFH, KCCQ.

N = 400



TRISCEND II Trial
• Total length of stay for the index 

hospitalization (IQR) from procedure 
date: 3.0 days (2.0, 6.0)

Baseline characteristics

NEW pacemaker implantation

Medications for full cohort

Hahn et al. N Engl J Med. 2025;392:115-126



TRISCEND II Trial
Win ratio = 2.02 (95% CI, 1.56-2.62)
Finkelstein-Schoenfeld: P<0.001

CEC-Adjudicated Clinical Event at 1 Year
CEC: clinical events committee

Hahn et al. N Engl J Med. 2025;392:115-126



TRISCEND II Trial

• For patients with severe TR, 
TTVR was superior to medical 
therapy alone for primary 
composite outcome, driven 
primarily by improvements in 
symptoms and quality of life.

Hahn et al. N Engl J Med. 2025;392:115-126



T-TEER vs. TTVR

T-TEER

TTVR

Maisano et al., Eur Heart J. 2024;45:876

CIED: cardiac implantable 
electronic device<6-8mm Leaflet mobility+

Minimal annular dilation Image quality+

Favorable IVC angleLarge annular dilation RV dilation
Tethering+
Leaflet restriction



Take Home Message
• TR worsens survival and quality of life, with limited surgical options

• Transcatheter therapies (T-TEER, TTVR) offer a less invasive, effective option 
for high-risk patients, improving symptoms and QOL.

• Smaller gap with better coaptation reserve more straightforward than larger gap 
/ poorer coaptation reserve

 Anterior-septal leaflets are the most common target

 4D ICE complementary to TEE in confirming leaflet insertion, especially in 
challenging imaging or anatomic situations
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