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70 studies included in the overall analysis

Wang N et al. European Heart Journal (2019) 40, 476–484

13 studies 

15 studies

8 studies 

8 studies 11 studies 

Tricuspid Regurgitation is not an “Innocent Bystander”…



Long-term, all-cause mortality, according to TR severity 
(adjusted for age and sex)

• TR severity was analyzed in 439,558 adults (mean age, 
62.1 ± 17.8 years; 51.5% men) from 2000 to 2019, by 25 
centers contributing to the National 
Echocardiography Database of Australia.

• Long-term, all-cause mortality, according to TR severity and 
adjusted for age and sex. 
• Adjusted HR per grade increase in TR severity above 

None/Trace 
• Mild: 1.29 (95% CI, 1.27–1.31; P < .001)
• Moderate: 1.99 (95% CI, 1.95–2.03; P < .001)
• Severe: 3.23 (95% CI, 3.14–3.32; P < .001)

Offen S et al. J Am Soc Echocardiogr. 2022 Apr 12:S0894-7317(22)00177-8. 



Assessment of TR 
Severity



Zoghbi WA et al. J Am Soc Echocardiogr 2017; 30: 
303-37.

Lancellotti P, et al. Eur Heart J Cardiovasc Imaging. 2022 
Apr 18;23(5):e171-e232

Quantifying Severity of Tricuspid Regurgitation



Proximal 
Isovelocity Surface 

Area

Measurements 
Required

Example Calculation

Proximal Isovelocity
Surface Area (PISA)

Aliasing velocity (VAlias)
Color Doppler with 
baseline shift in the 
direction of regurgitant jet

Radius of PISA (r)

TR peak velocity (VTR)
CW of the TR jet

TR velocity time integral 
(TRVTI)
CW of the TR jet

PISA EROA:
EROA = 2πr2(VAlias) ÷ VTR

TR Regurgitation Volume =
EROA X TRVTI

EROA = (6.282 x 1.0 x 30.8 
cm/s) ÷ 240 cm/s

= 0.87 cm2

Reg Vol = 0.87 cm2 X 80cm = 
70 ml*

*Note:  Underestimates true 
EROA and Regurtiant volume 
given the elliptical orifice

Quantitation by PISA

Zoghbi WA et al. J Am Soc Echocardiogr 2017; 30: 303-371. 

R = 1.0 cm

Valias = 30.8cm/s

80 cm

VTR

240 cm/s

TRVTI

PISA Advantages:
1. Easy to measure
2. Outcomes data

Api4Ch



Limitations of PISA Assumptions
Transgastric SAX

Assumptions of PISA
1. Round Hole/Hemispheric 

Flow Convergence
2. Flat Surface
3. No temporal variability

Ventricular STR 
(tethering)

The PISA method may underestimate the severity of TR by 
30%-40% and is less accurate with jets that are: non-

circular, temporally variable, eccentric or with tethered 
leaflets, multiple jets 



PISA EROA and Outcomes

Key Points:
1. Quantify all patients by PISA 
2. When PISA EROA 30-35 mm2 (uncorrected), 

refer to a Level 1 Valvular Heart Center for 
further evaluation



3D Color Doppler Measurements 
Required

Example Calculation

3D Vena Contracta 
Area (VCA)

3D Color Doppler 
planimetry of the 
VCA

TR velocity time 
integral (TRVTI)

EROA  VCA
TR Regurgitation 
Volume = 
VCA X TRVTI

Example:
3D VCA = 2.01cm2

Reg Vol = 2.01cm2 X 
50.2cm = 100.9ml

3D Vena Contracta Area

3D MPR TTE

3D VCA 
2.01 cm2

TRVTI (CW)

50.2cm

Caveat: Integrated PISA and 3D VCA 
should typically be performed

Advantages:
1. Direct measurement of the vena contracta 

area with no geometric assumptions
2. Can be used following device placement!

Disadvantages:
1. Limitations of 3D color line density and frame 

rates
2. Non-planar orifice
3. Time varying jets (planimetry should be 

performed on each [mid] systolic frame)



Validations of PISA EROA and 3D VCA

In more elliptical orifices, 
there was greater 
underestimation of 3D VCA or 
volumetric EROA by PISA 
EROA

Key Points:
1. Evidence for clinical utility of 3D VCA is growing.
2. Guidelines advocate use of the method when 

feasible.



Prognosis based on MRI quantification

547 patients with functional TR

Zhan Y et al. J Am Coll Cardiol. 2020 Sep 15;76(11):1291-1301

Consider CMR when 
echocardiographic quantitation 
is not possible



Standard Clinical 
Grading Scheme

Lancellotti P, et al. Eur J Echocardiogr. 2010 May;11(4):307-321 

“Quantify whenever 
possible…..”



NEW GRADING SCHEME

Range of TR Severity with signs and 
symptoms of “right heart failure”



Key Points:
1. Evidence for Outcomes associated with 

extended grading scheme…in native TR…



(A) Severity of tricuspid 
regurgitation at baseline, 
30 days and 6 months

(B) Proportion of patients 
with reduced tricuspid 
regurgitation severity by 
baseline severity status.

Nickenig G et al. Lancet 2019; 394: 2002–11

The TriClip system appears to 
be safe and effective at 
reducing tricuspid 
regurgitation by at least one 
grade. This reduction could 
translate to significant clinical 
improvement at 6 months 
post procedure.



TriValve Investigators: Impact of Massive or Torrential Tricuspid 
Regurgitation in Patients Undergoing Transcatheter TV Intervention

• Baseline massive or torrential TR is 
associated with an increased risk for all-
cause mortality and rehospitalization for 
heart failure 1 year after TTVI. 

Procedural success (TR ≤2+) is associated with 
improved outcomes, even in with baseline 
massive or torrential TR.

Miura M et al. JACC Cardiovasc Interv. 2020 Sep 14;13(17):1999-2009.

Death or HFH HFH

Torrential

Massive



Hahn RT et al. J Am Coll Cardiol. 2017 Apr 11;69(14):1795-1806 Nickenig G et al. . J Am Coll Cardiol. 2019 Apr 23;73(15):1905-1915. 

Nickenig G et al. Lancet. 2019 Nov 30;394(10213):2002-2011 Kodali S et al. J Am Coll Cardiol. 2021 Feb 2;77(4):345-356.



Sorajja P,  et al. N Engl J Med. 2023 Mar 4.



Lancellotti P et al. Eur Heart J Cardiovasc Imaging. 2022 Mar 16

Vahanian A, et al. Eur Heart J. 2022 Feb 12;43(7):561-632



Assessment of TR 
Etiology



Vieitez JM et al. Eur Heart J Cardiovasc Imaging. 2021 Jan 22;22(2):196-202

• Primary TR was present only in 7.4% (n = 157)
• In the group of primary TR, the most frequent etiology 

was Cardiac Implantable Devices (66.5%),
representing 5% of all TR.

• Ten Spanish centres participated in this study. 
• Significant TR was present in 2121 of the 35 088 (6.0%) consecutive echocardiographic studies 

performed.

• Secondary TR was present in 92.6% (n= 1964)
• Most common etiology was  mitral or aortic valvulopathy

(59.1%) with MR representing >50% of associated VHD 
• Isolated TR was the second most common etiology (17.4%)

Etiology of the Tricuspid Valve

Overly simplistic 





Not the same as incidental TR with a pacemaker!

Primary or Secondary Disease?



Muraru D et al. Eur Heart J Cardiovasc Imaging. 2021 May 10;22(6):660-669. 

• RAVmax (AUC = 0.81) and 
TAA (AUC = 0.78) had a 
greater ability than RVEDV 
(AUC = 0.72) to predict 
severe FTR (P < 0.05). 

Three-dimensional 
echocardiographic study of 
Functional TR

Ventricular STR Atrial STR





Novel Classification of TR by Valve/Right Heart Morphology

Hahn RT et al. Eur Heart J Cardiovasc Imaging. 2022 Feb 14:jeac009

https://bit.ly
/Update_TR

Adopted by the 2022 
ESC/EACTS VHD 
Guidelines and the 
2022 EACVI/ESC 
Multimodality Imaging 
Guidelines

https://bit.ly/Update_TR
https://bit.ly/Update_TR


Outcomes by Etiology in Secondary TR

Topilsky Y et al. J Am Coll Cardiol Img 2019;12:433–42

Relative Prevalence

Atrial 

Secondary TR

If outcomes are different for each etiology, 
how do we address risk associated with TR?



Assessing Risk 
Associated with TR



Gavazzoni M,  et al. Front Cardiovasc Med. 2022 Nov 29;9:1022755. 

• A-STR Criteria (ACC/AHA Guidelines):
• Atrial fibrillation
• Left ventricular ejection fraction > 60%, 
• Pulmonary artery systolic pressure (PASP) 

< 50 mmhg,
• No left-sided valve disease, 
• Normal appearing tricuspid valve leaflets.

The primary endpoint of the study was 
the occurrence of death for any cause 
and/or hospitalization for heart failure



• There was a 2.15-fold significantly 
higher risk of 1-year combined 
endpoint (death and hospitalization 
for HF) for V-STR patients than A-STR

Gavazzoni M,  et al. Front Cardiovasc Med. 2022 Nov 29;9:1022755. 

Multivariable Predictors of 
Outcomes (Medically 
Managed)

• A-STR
• TR severity (HR: 5.8, CI 95%: 1.4–25, P = 

0.019).

• V-STR
• TR severity (HR 2.9, CI 95% 1.4–6.3, P = 

0.005 for TR severe), 

• RVEF (HR: 0.97, CI 95%: 0.94–0.99, P = 
0.044), 

• RVFWLS (HR: 0.93, CI 95%: 0.85–0.98, P = 
0.009) 

While STR severity is the only parameter independently associated with 
prognosis in A-STR, RV function (in addition to STR severity) had prognostic 

relevance in V-STR.



RVEF (CMR) and TAPSE (TTE) in patients 
undergoing TTVR

• Global RV dysfunction was defined as CMR-
derived RVEF ≤45% and longitudinal RV 
dysfunction was defined as TAPSE <17 mm 
on echo.

• Patients were stratified into 3 types of RV 
contraction: 
• Type I, TAPSE ≥17 and RVEF >45%; 
• Type II, TAPSE <17 and RVEF >45%; and 
• Type III, TAPSE <17 and RVEF ≤45%.

Tricuspid regurgitation patients in which a loss of 
longitudinal function can be compensated by 
increasing circumferential function (preserving 
RVEF) had favorable outcomes.

TAPSE alone 
not predictive



RVEF by 3D Echocardiography 
in Unselected and TTVR Patients

• RVEF <45% by 3DE is a better outcome predictor
than TAPSE and FAC 
• Impairment of RVEF carried a significantly higher

risk of mortality independent of LVEF.
• Impaired preprocedural RVEF by 3DE was

associated with mortality after TTVR

RVEF <37%

RVEF 44-37%

RVEF ≥45%

• Orban M, …Hausleiter J. JACC Cardiovasc Imaging. 2021 doi: 
10.1016/j.jcmg.2021.06.026

• Muraru D, Badano L et al. Eur Heart J Cardiovasc Imaging. 2020 
doi: 10.1093/ehjci/jez233

• Surkova E, Muraru D, …Badano LP. J Am Soc Echocardiogr. 2019 
doi: 10.1016/j.echo.2019.06.009. 

Slide developed for PCR 
Tricuspid Focus Group



Atrial and Ventricular 
Secondary Tricuspid 

Regurgitation following TTVI

Schlotter F, et al. Circ Cardiovasc Interv. 2022 Sep;15(9):e011958

Based on a clustering approach, 
atrial TR was defined as:
• Tricuspid valve tenting height 

≤10 mm, 
• Midventricular right 

ventricular diameter ≤38 mm, 
• Left ventricular ejection 

fraction ≥50%.



Wang TKM et al. JACC Cardiovasc Imaging. 2022 May;15(5):731-744

• Secondary TR constituted conferred worse survival than 
primary TR in unadjusted but not adjusted analyses.

• A novel risk score stratifies the risk for 1-year death



Progressively worse prognosis:
1. Low-risk TR cluster (few comorbidities and lesser 

severity of TR) had the lowest mortality
2. High-risk TR cluster (more severe TR, more 

comorbidities, larger RV size, and more congestive 
heart failure), 

3. TR associated with ischemic cardiomyopathy (a high 
prevalence of coronary artery disease and LV 
dysfunction), 

4. TR associated with lung disease (a higher proportion 
of pulmonary hypertension), 

5. TR associated with chronic kidney disease. 

JACC Cardiovasc Interv. 2023 Jan 23;16(2):156-165



• Unfortunately, the present analysis 
was unsuccessful in identifying 
distinct phenoclusters despite 
application

• The lack of identifiable patterns 
among clinical characteristics at the 
time of severe TR diagnosis further 
underscores the continuum and 
diversity of co-morbidities found in 
this condition and may explain in part 
similar prognoses observed across TR 
etiology groups.

Eur Heart J, ehad133, https://doi.org/10.1093/eurheartj/ehad133

The content of this slide may be subject to copyright: please see the slide notes for details.Rao VN,  et al. Eur Heart J. 2023 Mar 16

https://doi.org/10.1093/eurheartj/ehad133


Dreyfus J et al. Eur Heart J. 2020 Dec 1;41(45):4304-4317. 

In multivariate analysis, 
independent determinants 
of in-hospital death were:
• NYHA Class III/IV [OR = 2.7 

(1.2–6.1), P = 0.01], 
• Moderate/severe RV 

dysfunction [OR = 2.6 (1.2–
5.8), P = 0.02], 

• Lower prothrombin time [OR 
= 0.98 (0.96–0.99), P= 
0.008], 

• Borderline statistical 
significance
• Presence of right CHF signs 

[OR = 2.4 (0.9– 6.5), P= 0.06] 
• Systolic pulmonary artery 

pressure >_50 mmHg [OR = 
2.5 (0.9–7.0), P = 0.08]

Outcomes of ITVS

WE INTERVENE TOO LATE!!



Hepatorenal Score

Wang TKM et al. J Card Surg. 2022 Jan;37(1):126-134.

• EuroSCORE II to perform bast in terms of  
predicting operative mortality, including both 
primary and secondary etiologies subgroups, 
and similar in terms of calibration to STS‐TVR 
score in isolated TVS.

• MELD score had intermediate performance.

• STS TVR score performed the worst 
(compared to EuroSCORE II and MELD scores) 
to predict other postoperative complications.

• All three scores were associated with 
mortality during follow‐up and discriminated 
most postoperative complications.

Comparison of Risk Scores for 
Isolated TVS



www.tri-score.com

• The final risk score (0 to 12) 
included eight parameters: 

1. Age >_70 years

2. NYHA Class III–IV

3. Right-sided heart failure signs

4. Daily dose of furosemide ≥125 mg 

5. eGFR<30 mL/min

6. Elevated total bilirubin

7. Left ventricular EF <60%

8. Moderate/severe RV dysfunction

Dreyfus J et al. Eur Heart J. 2021 Sep 29:ehab679. 

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


Outcomes of 
isolated tricuspid 
valve replacement

Scotti A et al. 
EuroIntervention. 2022 Nov 
18;18(10):840-851. 

Higher mortality for patients 
who were operated on before 
1995, who had prior cardiac 
surgeries, or who had liver 
disease (RV fx not collected). 



What the Surgeon Knows!!

Taramasso M et al. J Am Coll Cardiol Img 2019;12:605–21

Morphologic 
Predictors

…and  dilated RV, reduced RV Fx

Clinical 
Predictors

…and recurrent MR

Surgical 
Predictors

How to address TR and TR recurrence? 
Which procedure and for which anatomy ?



New Classification of TR

Hahn RT et al. Eur Ht J CVImg. 2022 Feb

New Ways of 
Assessing  Risk

Thank you!

Dreyfus J et al. Eur Heart J. 2021 
Sep 29:ehab679

Lancellotti P, et al. Eur Heart J Cardiovasc Imaging. 2022 
Apr 18;23(5):e171-e232

New Methods of Quantifying and Grading TR
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