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Rationale for “Clinical approach”

▪ Natural history of disease under conservative treatment

• Outcome with present invasive treatment (surgery)

• Therapeutic benefit

• Therapeutic risk





Nath J. et al JACC 2004 

N=5,223
One year mortality with severe TR was ≈35%



Criticism on Outcome of TR Nath Paper

• Etiologies of TR were not recorded

• Only hospitalized patients

• Systemic and cardiac co-morbidities were not documented

• TR was not quantified

• Outdated heart failure therapy

• Thus, TR may be just a surrogate of mortality 





TR and Left Heart Disease





Topilsky; JACC imaging, 2014 





Benfari; Circulation 2019 

N=11,507

HFrEF



Lack of Increased Cardiovascular Risk due to Functional Tricuspid Regurgitation in Patients with 
Left-Sided Heart Disease

Journal of the American Society of Echocardiography, 2019-12-01, Volume 32, Issue 12, Pages 1538-1546.
Mutlak, Khoury, Lessick, Kehat, Agmon, Aronson

Left heart disease components include reduced LVEF, LA enlargement ≥ moderate, aortic or mitral valve 

disease (regurgitation or stenosis ≥ moderate), and PASP ≥ 50 mm Hg



By multivariable analysis TR was related to outcome only in patients with 
mild/moderately impaired LV systolic function (EF≥35%), and/or mild elevation in NT-

BNP (≤2367pg/mL) but had no impact in patients with severely impaired LV function or 
severe elevation in NT-BNP.

Multivariable analysis:
TR significantly related to outcome with EF≥35% 
(HR: 1.36, P = 0.01)

But not in patients with EF<35% 
(HR: 0.876, P = 0.14)



Outcome of TR with contemporary heart 
failure therapy (Diuretics)



TR is extremely load dependent 



TR ≥ Moderate is associated with poor survival, regardless of age, echo parameters and comorbidities 

Chorin; EHJ CVI 2020

N=33,305



Outcome with contemporary conservative treatment

• Natural history of disease is very bad

• Contemporary conservative treatment is useless

• In isolated TR the adverse hemodynamic effect of TR dominates the clinical outcome

• Added adverse effect of TR in severe LV dysfunction is still controversial



Outcome with present invasive treatment 
(surgery)



Isolated Tricuspid Surgery

•Only ≈3000/year Isolated TV surgeries in 
the US

•≈ 5% of patients with severe TR undergo 
surgery 

In-hospital mortality for isolated TV surgery 
was 8.8% and did not change 

Zack; JACC 2017

The database represents ≈25% of hospital 
admissions in the USA (approximately 1000 

hospitals)



Axtell ; JACC, August 2019

Entire cohort Propensity-
matched 

• 3,276 patients with severe TR

• 171 (5%) had isolated TV surgery (84% repair) 

• No difference in long-term survival between surgery         
and medical therapy 

• No difference between TV repair and replacement

Surgical mortality was adversely affected by 
delaying operative intervention to when right 

ventricular failure or end-organ damage 
develop





Therapeutic benefit of new devices



Tricuspid edge-to-edge repair 

• Modified MitraClip dedicated for tricuspid repair. 
• Based on the 3rd generation MitraClip (NT/XT)
• CE Mark (2019)



TRILUMINATE Study – 1 year results

PCR on-line; June 2020



CLASP TR (PASCAL) Study



TRI-Band Study – 30 day results



Mixture of Devices in Tricuspid Valve

TriValve Registry 
• 21 Heart Centers in Europe and N. America
• Trans-catheter tricuspid valve repair with various techniques

Taramasso; JACC CV interventions, 2019 Mehr; JACC CV interventions, 2019



Mehr; JACC CV interv.  2019

TriValve Registry 

Mixture of Devices in Tricuspid Valve





Cohort- 472 patients from the tri-Valve registry

Controls- 1179 patients from severe TR registries of patients treated conservatively (Mayo, Leiden)

Propensity matching (1:1; distance ±0.2 SD) found 268 matched pairs (age, EuroSCORE II, SPAP)

Cox hazard adjustment for sex, NYHA, RV dysfunction, AF, MR, Pacemaker 

Taramasso; JACC, 2019





Therapeutic risk



TRILUMINATE Study – 1 year results

PCR on-line; June 2020



TRI-Band Study – 30 day results



Mixture of devices in the Tricuspid Position

Mehr; JACC interventions, 2019

TriValve Registry 



What is the right time for intervention

• The individual immediate risk

• The therapeutic benefit

• The risk of procedure



A validated score to predict one-year and long-term mortality in 
patients with significant tricuspid regurgitation

European Heart Journal Open, Volume 2, Issue 6, 
November 2022



Ichilov and Tel Ha-shomer



ParameterPoints

Age ≥ 65 and <80 years+1

Age ≥ 80 and <85 years+2

Age ≥ 85 years+3

BMI ≤ 25+1

Diagnosis of liver disease+2

Diagnosis of chronic lung disease+2

eGFR ≤ 50 and >30 mL/h/1.73m
2

+1

eGFR ≤ 30 and >20 mL/h/1.73m
2

+3

eGFR ≤ 20 mL/h/1.73m
2

+5

Minimal Hgb ≤ 12.5 g/dL+1

Minimal Hgb ≤ 8 g/dL+2

LVEF ≤ 30%+1

RAP >5 and ≤ 15 mmHg+1

RAP >15 mmHg+2

Left-ventricular SVI ≤ 30+1

LVEDD ≤ 45+1

Echocardiographic signs of RV dysfunction+1



A validated score to predict one-year and long-term mortality in 
patients with significant tricuspid regurgitation



TriValve Registry 

1-year mortality: 20.3%
Combined mortality or HF hospitalization: 35%

Predictors of Mortality:
• Procedural Failure- massive/torrential TR
• Absence of sinus rhythm
• Renal failure (GFR)

Mixture of Devices  in Tricuspid Valve

Mehr; JACC interventions, 2019



Mehr; JACC interventions, 2019

TriValve Registry 

Independent Predictors for Procedural Failure

Massive TR: EROA ≥ 0.6 cm2 
Torrential TR: EROA ≥ 0.8 cm2

MitraClip in Tricuspid Valve



Clinical characteristics, diagnosis, and risk stratification of pulmonary hypertension in 
severe tricuspid regurgitation and implications for trans-catheter tricuspid valve 

repair

Eur Heart J. 2020 Aug 1:41 (29): 2785-2795

Philipp Lurz, Mathias Orban, Christian Besler, Daniel Braun, Florian Schlotter, Thilo Noack, Steffen 
Desch, Nicole Karam, Karl-Patrik Kresoja, Christian Hagl, Michael Borger, Michael Nabauer, Steffen 

Massberg, Holger Thiele, Jörg Hausleiter, Karl-Philipp Rommel

2022



Moderate correlation between invasive and echo PAPs (r = 0.47). 

Sensitivity for echocardiography to detect iPHT+ (>50mmHg) only 55%

Poor correlation between invasive and echo RAPs (r = 0.28)

Invasive RAP showed higher absolute values compared with echo

Poor correlation for echo  and invasive PVR (r = 0.40)

2022



Patients with discrepant iPHT and ePHT had:
Highest iRAP (20±7)

Lower 6 minute walk distance (175±93 meters)
Largest ERO (0.60±0.2 cm2)



2022



• Prospective, randomized, multicenter 
• 700 subjects 
• 80 sites (US, Canada, Europe)
• Severe symptomatic TR, intermediate 

or greater surgical risk determined by 
the local heart team 



?האם צריך לחכות למחקר רנדומלי כפול סמיות

מאמר )1968קשה בטיפול שמרני בשנת אאורטליתהתיאור הראשון של תמותה מוגברת מהיצרות 
(בראונוולד

קשה בוצעו עוד לפני כןאאורטליתהניתוחים הראשונים להיצרות 

(מחקרי הפרטנר)2010ב" האאורטליתההצרותבעולם "המחקר הרנדומלי כפול הסמיות הראשון 

בשנה רק  אאורטליניתוחי החלפת מסתם 20000בין הניתוח הראשון ועד למחקר הפרטנר בוצעו כ 
בארצות הברית והצילו חיים של עשרות אלפי חולים 



TR adversely effects prognosis in

CONSERVATIVE

• Isolated TR adversely effects prognosis 

• Added adverse effect of TR in severe LVD is 

controversial

• Medical therapy is practically worthless

INVASIVE

• Isolated surgery mortality (≈10%)

• Surgical mortality ranges 1-65%

• Trans-catheter treatment is safe

• It improves symptoms

• Mortality post Trans-catheter 
treatment is increased:

Pre-capillary pulmonary hypertension

False negative echo PHT diagnosis

Torrential TR 

But not in post-capillary PH

In summary 
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