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Who to Treat:  What 
the Guidelines Tell Us

3

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 
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Graded relationship between TR severity 
and impact on mortality

ØCompared to patients with no 
or trivial TR, there was increased 
mortality associated with every 
grade of TR:
qMild, (RR 1.25, 95% CI 1.05–1.48)
qModerate (RR 1.61, 95% CI 1.14–

2.26)
qSevere TR (RR 3.44, 95% CI 2.18–

5.41).

Wang N et al. European Heart Journal (2019) 40, 476–484
5
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Tricuspid regurgitation – patient segmentation

PRIMARY AND SECONDARY TR

Primary TR
20%

Secondary TR
80%

TR with LV Dysfunction 
or Left Valvular Disease 

(Post-operative)

TR with PHTN

TR with AF
(Idiopathic)

RV Dysfunction

Secondary TR

Pacemaker
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Hahn RT et al. JAMA Cardiol. doi:10.1001/jamacardio.2019.0535  Published online April 17, 2019

Early
Initial Right Ventricular (RV) dilatation

results in Tricuspid Annulus (TA) dilatation

Progressive
Progressive RV and TA dilatation 

results in lack of leaflets coaptation

Late
Progressive RV distortion (±PHTN)

results in further tethering of the leaflets
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Tricuspid Regurgitation Pathophysiology
Left-sided 
Valve Dis

Pulmonary 
HTN

Idiopathic

Dahou A et al. J Am Coll Cardiol Img 2019;12:458–68

Causes of Secondary TR:
1. Underlying Disease
2. Morphology

Aortic Stenosis
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TR Mortality 

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

Prihadi EA et al. Eur Heart J. 2018 Oct 14;39(39):3574-3581.

Fastest development of significant TR (≤1.2 years) were 
older, more frequently female and showed more RV 
dilation and dysfunction as compared to patients with 
slowest development of TR (≥9.0 years). 
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Guidelines Regarding Tricuspid Regurgitation

Vahanian, A et al. European Heart Journal 
(2012) 33, 2451–2496

Nishimura, RA et al JAmCollCardiol
2014 Jun 10;63(22):2438-88

NOTE:  The guidelines are based on small retrospective studies as well as on expert consensus, and 
prospective randomized trials on the benefit of tricuspid valve surgery on outcome are lacking.
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8.2.2. Medical Therapy
CLASS IIa

1. Diuretics can be useful for patients with severe TR and signs
of right-sided HF (stage D). (Level of Evidence: C)
CLASS IIb
1. Medical therapies to reduce elevated pulmonary artery pressures
and/or pulmonary vascular resistance might be
considered in patients with severe functional TR (stages C
and D). (Level of Evidence: C)

Nishimura, RA et al JAmCollCardiol
2014 Jun 10;63(22):2438-88
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Guidelines for Tricuspid Regurgitation ESC/
EACTS

AHA/
ACC

Primary TR
Symptomatic isolated severe TR without severe RV dysfunction I IIa
Severe TR undergoing left-side surgery I I
Moderate TR undergoing left-side surgery IIa NM
Asymptomatic isolated mild or moderate TR and progressive RV dilatation or 
RV function deterioration

IIa IIb (only for 
severe TR)

Secondary TR
Severe TR undergoing left-side surgery I I
Mild or moderate TR at the time of left-side surgery with either dilated 
annulus (≥40 mm or >21 mm/m2) or prior evidence of right heart failure

IIa/IIba IIa

Moderate TR and PH undergoing left-side surgery NM IIb
After left-side surgery, severe TR with symptoms OR progressive RV 
dilatation/dysfunction but without severe RV or LV dysfunction, left-sided 
valve dysfunction and severe PH

IIa IIbb

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; EACTS, European Association for Cardio-Thoracic Surgery; 
ESC, European Society of Cardiology; NM, not mentioned; PH, pulmonary hypertension; RV, right ventricle; TR, tricuspid regurgitation.
a IIa indication with dilated annulus, IIb indication for prior right heart failure 
b IIb indication only for persistent symptoms (no mention of progressive RV dilatation or dysfunction)

12
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Nishimura, RA et al JAmCollCardiol 2014 Jun 10;63(22):2438-88
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Who to Treat:  Where 
the Guidelines Fail
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Stages of TR 

1. Valve Anatomy
2. Severity of Disease
3. Hemodynamic consequences
4. Symptoms

15

Limitations of Guidelines:  Tricuspid Annulus Parameters

Ø Cardiac cycle timing is an important determinant of TA size and function
Ø Sex is an important determinant of TA size and function. 

Ø After indexing to BSA, women were found to have larger TA perimeters and longer long-axis 
dimensions than men. 

Ø Fractional changes in area, perimeter, and long-axis dimensions were larger in women than in men

Karima Addetia et al. J Am Coll Cardiol Img 2019;12:401–12
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Stages of TR 

1. Valve Anatomy
2. Severity of Disease
3. Hemodynamic consequences
4. Symptoms

17

Current guidelines – Vena contracta width (and PISA)

VC Width – can be measured in multiple locations, and the regurgitant orifice is not generally 
symmetric

Septal-Lateral Direction

Anterior-Posterior Direction

18
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Current guidelines – Vena contracta width

Limitations:
1. FTR jets are most frequently elliptical or crescent-shaped

• Usually the “maximum dimension is an inflow view
• Usually the “minimum” dimension is a 4Ch view

2. Imaging of the Convergence Zone difficult
• High variability in patient anatomy – number and size 

of leaflets

Inflow View

4Ch

Inflow View 4Ch RV Focused View

We have been underestimating TR 
using vena contracta diameter!!!

19

Current guidelines – Color flow jet area

Limitations:
v Direction and shape of jet may overestimate 

(central) or underestimate (eccentric, wall-
impinging) jet area

v Jet flow (and thus color Doppler jet area) is 
governed mainly by conservation of 
momentum:

Flow (Q) = A x v
Momentum (M) =  Q x v 

=   A x v2

• “Severe, wide-open TR may have low velocity, without aliasing or turbulence, and thus may 
be difficult to see as a distinct jet by color Doppler” - Zoghbi 2017

v For the same effective regurgitant orifice area (A), a 2.5 
m/s jet (i.e. tricuspid regurgitant jet) will have 1/4x the 
color jet area as a 5.0 m/s jet (i.e. mitral regurgitant jet)

We have been underestimating TR 
using color Doppler jet area!!!

20
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Benfari G et al. Circulation. 2019;140:196–206.

• The addition of grading by 
quantitative improved the model 
prediction (p < 0.001 for survival and 
p . 0.02 for cardiac events). 

• The 10-year survival rate was lower 
with an ERO ≥40 mm2 versus <40 
mm2 (38±7% vs. 70±6%; p < 
0.0001).

Quantitative measurements should be 
performed!

21

TR Grading:  Work in Progress

Hahn RT. Circ Cardiovasc Imaging. 2016 Dec;9(12)

Quantifies EROA
Calculates Regurgitant Volume

Quantifies Regurgitant Volume
Calculates EROA

Quantifies EROA
Calculates Regurgitant Volume

22
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160 cases

The PISA method showed better correlation 
with the 3D-VCA method in less elliptical 
regurgitant orifices (VCmax/VCmin < 1.6) 

◦ PISA-EROA and 3D VCA (r = 0.87; p = 0.001 
◦ PISA-RegVol and 3D-RegVol (r = 0.75; p = 0.01)

PISA-EROA and PISA-RegVol were significantly 
lower than quantitative Doppler and 3D 
methods.

Using Youden’s index, the best cutoff value 
for severe TR

◦ PISA-EROA was ≥0.34 cm2 (sensitivity: 89%; 
specificity: 90%)

◦ 3D-VCA, this cutoff was ≥0.60 cm2 
(sensitivity: 92%; specificity: 75%)

◦ Doppler-EROA cutoff was ≥ 0.65 cm2
(sensitivity: 82%; specificity 94%), 

◦ VCavg cutoff was ≥9 mm (sensitivity: 85%; 
specificity: 97%).

Dahou A. ….Hahn RT. Quantifying Tricuspid Regurgitation Severity. DOI: 10.1016/j.jcmg.2018.11.015

We have been underestimating TR 
using PISA!!!

23

Discordant TR Severity Grading between 
2D PISA-EROA and 3D-VCA

TR classification according to 3D VCA– and 2D PISA-EROA–based TR grading. Overall, 17 patients 
(14.7%) were misclassified when 2D PISA-EROA alone was used for TR grading.

The asterisks and daggers represent 
percentages of patients in whom TR 
severity was under- and overestimated 
by 2D PISA-EROA, respectively, 
compared with 3D VCA.

Utsunomiya, H. et al. J Am Soc Echocardiogr 2019;32:1526-37.

Using 3D echocardiography–derived RVol (>45 mL) 
as a reference standard:
3D VCA has high diagnostic value for separating 
moderate from severe TR (cutoff >0.61 mm2) in 
both TR subgroups

24

http://imaging.onlinejacc.org/content/jimg/early/2019/01/09/j.jcmg.2018.11.015.full.pdf%3Fdownload=true
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Hahn RT et al. J Am Coll Cardiol Img 
2019;12:469–90

Multi-modality 
Imaging may be 
helpful!

25

Hahn RT et al. J Am Coll Cardiol Img 2019;12:469–90

Multi-modality Imaging for TR Assessment
Computed Tomography Magnetic Resonance Imaging

26
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Stages of TR 

1. Valve Anatomy
2. Severity of Disease
3. Hemodynamic consequences
4. Symptoms

27

Problem with TR
Volume overload is well-tolerated for 
years
◦ No reduction in RV function
◦ Few symptoms of insidious onset

No prior interventional therapy 
available except surgical TVR/repair
◦ GDMT = diuretic (Class IIa)

Poor understanding about grading the 
severity of TR on Echo
◦ Patients present LATE!! EROA > 2 cm2

Regurgitant volumes >100 cc

28
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Extended Grading Scheme

RT Hahn and JL Zamorano.  European Heart Journal - Cardiovascular Imaging 
(2017) 00, 1–2. doi:10.1093/ehjci/jex139

MILD MODERATE SEVERE MASSIVE TORRENTIAL

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

29

Outcomes according to new 
grading scheme for TR severity 
assessment.

(A) Kaplan–Meier survival curves for cardiovascular
mortality (P< 0.007 for log-rank) 
(B) Kaplan–Meier survival curves for the combined 
endpoint for cardiovascular mortality and re-
hospitalization (P<0.012 for log rank)

Santoro C et al. European Heart Journal - Cardiovascular 
Imaging (2019) 0, 1–8
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• The optimal cut-off value to separation survival between 
severe vs. lesser degree of TR was 0.35 cm2 [P < 0.0001, 
HR =2.0 (1.5–2.7)]. 

• The optimal threshold to separation survival between 
severe vs. ‘torrential’ [massive in the Hahn/Zamorano 
grading scheme] TR was 0.7 cm2 [P = 0.005, HR =2.6 
(1.2–5.1)].

31

Stages of TR 

1. Valve Anatomy
2. Severity of Disease
3. Hemodynamic consequences
4. Symptoms

32
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Two leaflets (anterior and posterior) are 
dependent upon a large anterior 
papillary muscle attached to the antero-
lateral RV wall. 

Two TV leaflets (septal and anterior) 
are connected to the intraventricular 
septum (via chordal attachment to the 
septal papillary muscle or directly to 
the septum) 

Dahou A et al. J Am Coll Cardiol Img 2019;12:458–68
33

Tenting and Papillary Muscle Displacement

Spinner E et al. Circ Cardiovasc Imaging. 2012;5:43-50
◦ Patients with a dilated right ventricle had significant displacement of 

all papillary muscles away from the center of the right ventricle, as 
well as apically.

◦ Patients with a dilated left ventricle had significant displacement of 
the anterior papillary muscle toward the apex.

◦ Patients with both right ventricle and left ventricle dilatation had 
significant displacement of the anterior papillary muscle and 
posterior papillary muscle apically.

Julia Mascherbauer, Gerald Maurer. Eur Heart J. 
2010;31(23):2841-2843. 
• (A) Normal tricuspid valve. 
• (B) Functional tricuspid regurgitation: enlargement of the 

right ventricle results in displacement of the papillary 
muscles and tethering of the tricuspid leaflets. In addition 
there is dilatation of the tricuspid annulus.

34
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Predictors of TR Progression
Predictors of TR progression on serial echo studies 
include:

1. Tricuspid annular dilatation (4.0 ± 0.7 to 4.6 ± 0.7 cm, 
P < 0.0001), 

2. Increased TV tenting area (2.0 ± 0.7 to 2.5 ± 1.0 cm2, 
P = 0.0003). 

3. An increase in pulmonary artery systolic pressure 
(sPAP, 62 ± 22 to 92 ± 23 mmHg, P < 0.0001), 

4. RV enlargement, mainly at mid-ventricular level (RV 
mid diastolic, 2.0 ± 0.5 to 2.5 ± 0.5 cm2, P < 0.0001; 
RV mid systolic, 1.8±0.5 to 2.3±0.59 cm, P < 0.0001), 

5. Increased RV sphericity (6.1 ± 1.7 to 6.9 ± 1.8, P = 
0.004), 

Medvedofsky D, et al. European heart journal cardiovascular Imaging 2017;18:86-94.

LV

LV
LARA

RV
RV

A B
a

b
d

c

TA

C

End-Diastole End-Diastole

End-Systole

RA

RV

RV Eccentricity Index RV Sphericity Index 

TV 
Morphology 

TA
Echocardiographic 
measurements of RV 
and TV morphology

After Kim YJ, Kwon DA, 
Kim HK et al. Circulation 
2009;120:1672-8.
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For TA diameter, an increase 
of HR can be observed at 40 
mm after an initial plateau 

phase

For TAPSE, there is an inverted 
trend and after a slow rise 

increased HR can be observed 
at ≤17 mm 

Note: No independent association was observed between RV FAC and all-cause mortality.

Dietz MF et al. Circulation. 2019;140:836–845
36
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Outcomes Associated with RV Remodeling
ØKM Analysis:  lower survival rates in 
patients with more advanced patterns of 
RV remodeling (log-rank 
[chi]2 20.05; P<0.001).

ØPatterns 3 and 4 RV remodeling were 
associated with significantly lower 5-year 
survival rates than patterns 1 or 2 (p<0.01)

ØRV dysfunction (defined as 
TAPSE<17mm), had significantly worse 
survival than patients with normal RV 
function (log-rank [chi]2 17.95; P<0.001)

Dietz MF et al. Circulation. 2019;140:836–845
37

Right Ventricular Function: ASE Guidelines

Lang et al. J Am Soc Echocardiogr 2012;25:3-46

GLS
-14%

Free Wall Longitudinal Strain

Global Longitudinal Strain

38
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Courtesy of Gaston Voegel (CASS/Pie Medical)

CMR RV strain 4D Flow RV Fibrosis

Going Beyond RVEF...

39

Hahn RT et al  JACC Cardiovasc Imaging 2019 https://doi.org/10.1016/j.jcmg.2018.11.016

When to Intervene will depend on our ability to accurately measure:
1. TR severity and TV morphology
2. Right heart function and RV-PA coupling

When to Intervene will depend on our ability to accurately predict outcomes

40

https://doi.org/10.1016/j.jcmg.2018.11.016
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How to Treat:  What the 
Guidelines Tell Us

41

Tricuspid Valve Disease – The “Forgotten Valve”

Tricuspid Regurgitation

The “Forgotten Valve”

2,500,000

217,000

50,000

~10,000

• TR Cases

• Annual 
new TR

• Annual MR 
Surgeries 

• Annual TR 
Surgeries

Argarwal et al. Circ Cardiovasc Interv 2009;2:565-573
Stuge O, Liddicoat J. J Thorac Cardiovasc Surg. 2006 Dec;132(6):1258-61

Cardiac surgery for severe isolated TR was rarely performed 
(16±5%, 5 years after diagnosis).

~Benfari G et al. Circulation 2019;140:196–206.
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Zack CJ et al. J Am Coll Cardiol 2017;70:2953–60

• TV replacement was performed in 59.2% of 
patients, whereas TV repair was performed in 
40.8%. 

• From 2004 to 2013, the proportion of TV 
replacements significantly decreased from 67.2% to 

57.1% (p = 0.003).

• In-hospital mortality = 8.8% and did 
not vary across the study period

43

449 consecutive patients (152 men, aged 
56.2±12. 3 years) who underwent TV surgery (397 
repairs and 52 replacements) due to severe TR 
between 1997 and 2010.

Cox-regression analysis revealed independent 
determinants of mortality: 
◦ Age (HR=1.03; 95% CI 1.01 to 1.05)
◦ Male gender (HR=1.96; 95% CI 1.29 to 2.99)
◦ NYHA functional class IV (HR=2.08; 95% CI 1.31 to 3.30)
◦ Liver cirrhosis (HR=2.51; 95% CI 1.11 to 5.68) 
◦ Preoperative levels of hemoglobin (HR=0.89; 95% CI 0.80 

to 0.99)
◦ Albumin (HR=0.52; 95% CI 0.33 to 0.81) 
◦ GFR (HR=0.86; 95% CI 0.78 to 0.95)

Kim JB, Jung S-H, Choo SJ, et al. Heart 2013;99:181–187.

Procedural type was not predictive 
of mortality (p=0.58) or causes of TR 
(p=0.97)

WE OPERATE TOO LATE!!

44
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How to Treat:  Novel 
Transcatheter Options

45

New tricuspid therapies
TRANSCATHETER TECHNOLOGIES 

Mechanism        New Technologies

Annuloplasty
(Direct and 
Indirect) Device

TriAlign Cardioband 4Tech      Millepede Pasta                  Cardiac Implants           MIA PolyCor Anchors

Leaflet Device

Forma                   MitraClip PASCAL                         Mistral

Heterotopic 
Valve (in 
IVC/SVC)

Trinity /Sapien TriCentro SAPIEN in IVC

Orthotopic Valve 
Replacement

Navigate                    Trisol LUX                   Tri-Cares Intrepid
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International TriValve Registry 
(312 patients, 18 centers)

Greater coaptation depth (odds ratio: 24.1; p = 0.002) an 
independent predictor of reduced procedural success: depth 
>1 cm best cutoff to predict failure. 30d mortality 3.6%, 
significantly lower with procedural success (1.9% vs. 6.9%; p = 
0.04);

Taramasso, M et al. J Am Coll Cardiol Intv 2019  https://doi.org/10.1016/j.jcin.2018.10.022
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P

Trialign™

Cardioband™

I

Intra-procedural Imaging for 
Tricuspid Valve Interventions

2D and 3D TEE Imaging

TV 3D en face view

Baseline Final

POST

4Tech TriCinch™ Coil System
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• Large proportion of patients treated with “torrential TR”
• Improvements resulted in most patients achieving lower severity or moderate TR at 30 

days.
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Edwards TRI-REPAIR Study 
50% reduction in PISA EROA, 31% reduction in vena contracta, 
and 7% improvement in stroke volume by core lab at 30 days

0.8±0.5

0.4±0.3

64.7±12.4

60±200.9±0.4

1.3±0.4
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Edwards TRI-REPAIR Study 
Functional improvement at 30 days

6MWT - 6 Min Walk Test, KCCQ - Kansas City Cardiomyopathy Questionnaire, NYHA Class - New York Heart Association (NYHA) Functional Classification
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• NYHA functional status and  KCCQ QoL scores are left-sided Heart failure clinical 
endpoints

• Further study needed to understand clinically important endpoints for patients with 
right-sided heart dysfunction
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Univariable Predictors of <1Grade Reduction 
(Severe TR at 1 month FU)

Variable Beta 
coefficient

Standard 
error 

P-value Best
Cutoff

Ss Sp AUC

PISA-EROA 1.74 0.97 0.05 0.77 78 80 0.78
TR VC Min 6.86 3.25 0.0008 1.0 70 93 0.84
TR VC Max 4.15 1.71 0.0005 1.6 82 87 0.87
RV End-diast Diameter (Base) 1.43 0.74 0.03 5.2 83 56 0.72
RV End-diast Diameter (Mid) 2.06 0.94 0.008 3.9 83 75 0.76
RV End-diastolic Area, cm2 0.23 0.09 0.005 28 67 81 0.78
RV End-systolic Area, cm2 0.25 0.13 0.038 18 67 75 0.72
TA diameter (End-diast), cm 0.09
Tethering Volume 0.48 0.26 0.045 2.30 82 73 0.72
RA Volume 0.02 0.01 0.016 102 100 50 0.73

51

S

A
P

Intra-procedural Imaging for 
Tricuspid Valve Interventions

2D and 3D TEE Imaging

TV 3D en face view

Edge-to-edge Repair

Spacer

FORMA System
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Number of clips 2 ± 1
(range: 0 -

5) 
Clip location, n (%)

Antero-septal
Antero-septal + postero-septal
Other

162 (65.1%)
52 (20.9%)
35 (14.0%)

Duration of TR procedure, min 136 ±62

Reduction of ≥1 TR grade, n (%) 222 (89.2%)

Concomitant MR treatment, n
(%)

129 (51.8%)

Procedural Results Tricuspid Edge-to-Edge Repair
(249 patients)

1+ 1+

2+
2+

3+

3+ 3+

4+

4+ 4+

0

20

40

60

80

100

Baseline Discharge last FU

(%)

TR Grade

77%
procedural

success
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Clinical Improvement

TR Grade

I

II
III

IIIIV

0

20

40

60

80

100

Baseline FU

(%)

NYHA class

69%
NYHA
I or II

Peripheral edema

baseline FU

84%

26%

with peripheral edema

without peripheral edema

p < 0.001

p < 0.001
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S

A
P

GATE™ TTVR

Intra-procedural Imaging for 
Tricuspid Valve Interventions

2D and 3D TEE Imaging

TV 3D en face view

GATE™ TTVR

CAVI

SAPIEN 3 in IVC
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Hahn RT et al. JAm Coll Cardiol Img 2019;12:416–29

Navigate

56
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ØTriValve (Transcatheter Tricuspid Valve Therapies) registry collected 472 patients from 22 
European and North American centers, who underwent TTVI from 2016 to 2018.

Ø A control cohort formed by two large retrospective registries enrolling medically managed 
patients with ≥moderate TR in Europe and North America (1179 pts) were propensity score 1:1 
matched (distance ± 0.2 SD) using age, Euroscore II, and systolic pulmonary artery pressure.

https://doi.org/10.1016/j.jacc.2019.09.028

57

Results: Primary and secondary endpoint

68±4%

51±3%

77±3%

64±3%

58

https://doi.org/10.1016/j.jacc.2019.09.028
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Results: subgroup analysis

59

A. Latib, F. Grigioni, RT Hahn. EuroIntervention 2018;14:AB101-AB111

Recent studies suggest that in the presence or absence of PH, tricuspid annular dilation and right/left atrial enlargement 
are early events associated with mild functional TR and that RV dilation occurs late and is associated with severe TR. 
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Early
Initial Right Ventricular (RV) dilatation

results in Tricuspid Annulus (TA) dilatation

Progressive
Progressive RV and TA dilatation 

results in lack of leaflets coaptation

Late
Progressive RV distortion (±PHTN)

results in further tethering of the leaflets

± Annular Device
Leaflet Device
Replacement Device

Annular Device
Leaflet Device
Replacement Device

± Leaflet Device
Palliative Caval/FORMA Device
Replacement Device (?RV Fx)
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Heart Team Discussion on 
Who and How to Treat
When to intervene and when not to intervene in 
tricuspid regurgitation is a “work in progress”

1. Earlier in the disease process
2. Patient-specific anatomy

Which Device:
1. High Safety profile
2. High Efficacy
3. Improved outcomes

@hahn_rt
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