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3.8.3. Management
Class 1

1.

Tricuspid valve repair is beneficial for severe TR in
patients with MV disease requiring MV surgery. (Level
of Evidence: B)

Class Ila

1.

Tricuspid valve replacement or annuloplasty is reason-
able for severe primary TR when symptomatic. (Level
of Evidence: C)

Tricuspid valve replacement is reasonable for severe
TR secondary to diseased/abnormal tricuspid valve
leaflets not amenable to annuloplasty or repair. (Level
of Evidence: C)

Class IIb

1.

Tricuspid annuloplasty may be considered for less than
severe TR in patients undergoing MV surgery when
there is pulmonary hypertension or tricuspid annular
dilatation. (Level of Evidence: C)

Class 111

1.

Tricuspid valve replacement or annuloplasty is not indi-
cated in asymptomatic patients with TR whose pulmo-
nary artery systolic pressure is less than 60 mm Hg in the
presence of a normal MV. (Level of Evidence: C)
Tricuspid valve replacement or annuloplasty is not
indicated in patients with mild primary TR. (Level of
Evidence: C)
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/ Guidelines

Tricuspid Regurgitation
Class Ila
Progressive functional TR Asymptomatic severe TR Symptomatic severe TR
(stage B) (stage C) (stage D)
Mild Moderate Funfional PrilIary Reoperation Fun\[tional Primary
At ti":" of left-sided Attime of left-sided Progressive RV Prefscl;nr:t?ifv Attime of lefi-
valve surgery : :
valve surgery dysfunction PHTN not severe sided valve surgery
TA dilation* PHTN without
TA dilation
TV Repai TV Repair or
(I1a)
(Ila)
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/ What is the burden of

tricuspid regurgitation? /
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Prevalence and Clinical Determinants of
Mitral, Tricuspid, and Aortic
Regurgitation (The Framingham
Heart Study)

Jagmeet P. Singh, mp, pphil, Jane C. Evans, mpH, Daniel Levy, mp,
Martin G. Larson, scD, Lisa A. Freed, mp, Deborah L. Fuller, rocs,
Birgitta Lehman, rocs, and Emelia J. Benjamin, MD, scM

TABLE lla Prevalence of Valvular Regurgitation Stratified by Age and Severity in e of Valvular Regurgitation Stratified by Age and Severity in
Men

Age (yr) Age (yr
26-39  40-49  50-59  60-69  70-83 26-39  40-49 50-59 60-69  70-83

MEN WOMEN

=84 (h=371) (=414 [n=300 (=71

Tricuspid requraitation  (n=77) [n=289) ([n=320) (=260 (=66

—J

14.3 17.8 19.0 18.3 16.7 20.5 16.0 14.5 10.4 141
Trace (%) 72.7 72.5 71.5 59.8 47.0 65.1 70.0 70.7 62.2 56.4
Mild (%) 13.0 9.4 9.2 21.9 25.8 13.2 13.5 141 257 23.9
=Moderate (%] 0.0 0.3 0.3 0.0 1.5 1.2 0.5 0.7 1.7 5.6
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JACC: CARDIOVASCULAR IMAGING voL. W, NO. W, 2018

@ 2018 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

PUBLISHED BY ELSEVIER

Burden of Tricuspid Regurgitation in Patients Diagnosed
In the Community Setting

Yan Topilsky, MD,? Simon Maltais, MD,” Jose Medina Inojosa, MD," Didem Oguz, MD," Hector Michelena, MD,"
Joseph Maalouf, MD,* Douglas W. Mahoney, MSc,” Maurice Enriquez-Sarano, MD°
Prevalence of Valve Diseases Olmsted County

16 =
_ 14 4
Age Adjusted .
Sex US. Burden

Female  0.59(0.52-0.67)
Male 0.47(0.39-0.55)

Overall  0.55(050-0.60) ). /
0

Prevalence (256)
(0n]
[}

18-44 45-54 55-64 65-74 275
Age
-8- Combined Prevalence of AS, MS, AR and MR
MAYO
C%C - Prevalence of All Cause TR2 Moderate ( C
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Tricuspid regurgitation

What is the National Burden of
moderate/severe TR ¢

1.6 Million US citizens

3 Million EU citizens
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Tricuspid regurgitation

What is the incidence of
moderate/severe TR ¢

2 160,000 new cases/year

Yearly mortality 210%
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Tricuspid regurgitation
is frequent but rarely treated

USA: 1.6M

Moderate kl) severe TR Burden of Tricuspid Regurgitation
prevaience in Patients Diagnosed in the
Community Setting

Patients ever freated by
Tricuspid Valve Surgery 2.4%

<8,000

e .

@ Surgical
procedures

annually
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Tricuspid Regurgitation
Uncertain management

Reason #1

Heterogeneity
A buffet of sfrange etiologies
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Tricuspid Regurgitation

Rheumatic Valve Disease

METRIC]1 |, 2| 3|
UL L []]

| | l
||| | | |

iAo Surgical Specimen
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Tricuspid Regurgitation

Carcinoid Heart Disease

o Autopsy Specimen (from RV Apex)
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Tricuspid Regurgitation

Pulmonary Hypertension

o Autopsy Specimen
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Tricuspid Regurgitation

Dilated annulus

o Autopsy Specimen
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FIGURE 3 Diglps ity
JACC: CARDIOVASCULAR IMAGING
© 2018 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER
in Ba* oV®
\ o |
\ \s #0 With
LV Systolic Associated With Isolated
42)  Dysfunction (n =141)  PHTN (n = 252) (n=89)
Age 79 +£119 76 + 129 75 £ 129 75 £ 159
Fema 52 63§/ 40* 741§ 72§
BMI, kd 6+6 241 +6 256+ 15 262 +6 288 +6 247 +6
AF 39*t§ 589 659 639 689 689
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Why is TR management
so vague and poorly defined ?

Reason #2

Grading Uncertainty

Assessment of TR severity is difficult

MAYO
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ASE GUIDELINES AND STANDARDS

Recommendations for Noninvasive Evaluation of @c
Native Valvular Regurgitation

A Report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovascular
Magnetic Resonance

William A. Zoghbi, MD, FASE (Chair), David Adams, RCS, RDCS, FASE, Robert O. Bonow, MD,
Maurice Enriquez-Sarano, MD, Elyse Foster, MD, FASE, Paul A. Grayburn, MD, FASE,

Rebecca T. Hahny MD, FASE, Yuchi Han, MD, MMSc¢,* Judy Hung, MD, FASE, Roberto M. Lang, MD, FASE,
Stephen H. Little, MD, FASE, Dipan J. Shah; MD, MMSc,* Stanton Shernan, MD, FASE,
Paaladinesh Thavendiranathan, MD, MSc, FASE,* James D. Thomas, MD, FASE, and
Neil J. Weissman, MD, FASE, Houston and Dallas, Texas; Durbam, North Carolina; Chicago, Illinois; Rochester,
Minnesota; San Francisco, California; New York, New York; Philadelphia, Pennsylvania; Boston, Massachusetts;
Toronto, Ontario, Canada; and Washington, DC
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Chronic Tricuspid Regurgitation by Doppler Echocardiography \

l

/ #2 Grading

Yes, miid Does TR meet most specific criteria Yas, severs
for mild or severe TR?
No W
Specific Criteria for Mild TR — — . - Specific Criteria for Severe TR
- Thin, smal central color jet Minority of criteria or Intermediate Values: - Dilated annulus with no valve coaptation or
= VC width <0.3 cm fiail leafiet
- PISA Radius <0.4 cm at Nyquist 3040 cmis TR Probably Moderate « Large central jet > 50% of RA
* Incomplete or faint CW jet «VC wicth > 0.7 cm
Syswicdamnaftl-lepacvenﬂm = PISA radius > 0.9 cm at Nyquist 3040cm/s
» Tricuspid A-wave dominant nflow Perform VC measurement, and May perform - Dense. triangular CW jet or sine wave pattem.
+ Normal RVIRA quantitative PISA method, whenever possible* = Systolic reversal of Hepatic vein flow
= Dilated RV with preserved function
VC width <0.3cm VC width 0.2-0.60 cm VC width > 0.7 cm
*EROA<02 om? *EROCA02-04 cm? *EROA>04 cm?
*RVol <30mL *RVol=30-44mL *RVol 245 mL
> MildTR Moderate TR Severe TR [«——

HOPITAL DE CANNES
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Peak velocity = 400 cm/sec
™ '

Flow = 141 ml/sec
ERO = 141/400 = 0.35 cm?
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Comparison MR-TR

A MR
@ TR

Regurgitant volume (mL)

\AYO Effective regurgitant orifice (mm?2)
& (C
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Quantification of Regurgitations
Criteria for Severe
Regurgitation

AR MR TR
ERO(mm2) 30 40 40
Rvol (mL) 60 60 45
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TR Severity Assessment

@ E S C European Heart Journal - Cardiovascular Imaging (2017) 18, 1342-1343 EDITORIAL
European Society doi:10.1093/ehjcifjex139
of Cardiology

The need for a new tricuspid regurgitation
grading scheme

Rebecca T. Hahn' and Jose L. Zamorano?**

Table | Proposed expansion of the ‘Severe’ grade

Variable Mild Moderate Severe Massive Torrential
VC (biplane) <3 mm 3-6.9mm 7-13mm 14-20mm >21mm
EROA (PISA) <0mm’ 20-39mm’ 40-59 mm’ 60-79 mm’ >80 mm’
3D VCA or quantitative EROA® 75-94 mm’ 95-114 mm’ >115mm’

MAYO
CLINIC ( ‘
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TR Quantification

Freq.: 1.6 iMHz/3.2 iviHz
FPS: 49.2/49.2

|\ —
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Pathophysiology of Tricuspid Regurgitation
Quantitative Doppler Echocardiographic Assessment of
Respiratory Dependence

Yan Topilsky, MD; Christophe Tribouilloy, MD: Hector 1. Michelena, MD; Sorin Pislaru, MD;
Douglas W. Mahoney, MS: Maurice Enriquez-Sarano, MD

Background—Respiratory dependence of tricuspid regurgitation (TR), a long-held concept suggested by murmur variation,

remains unproven and of unclear mechanisms.

Methods and Results—In 41 patients with mild or greater TR (median age, 67 years), we performed triple Doppler

echocardiographic quantification (TR severity, right ventricular, and right atrial guantification) with simultaneous
respirometer recording of respiratory phases. Expiration to inspiration changes (median) affected TR peak velocity (—40
cm/s; 25th to 75th percentile, —60 to —30 cm/s), duration (—12 milliseconds; 25th to 75th percentile, —45 to 2
milliseconds), and time-velocity integral (— 17 cm; 25th to 75th percentile, —23.4 to — 10 cm: all P<0.001), consistent
with decreased TR driving force. Nevertheless, inspiratory TR augmentation was demonstrated by increased effective
regurgitant orifice (0.21 cm®; 25th to 75th percentile, 0.09 to 0.34 cm?) and volume (18 mL per beat; 25th to 75th
percentile, 10 to 25 mL per beat; all P<<0.001) infrequently detected clinically (2 of 41, 5%). As a result of reduced TR
driving force, regurgitant volume increased less than effective regurgitant orifice (120% [25th to 75th percentile, 78.6%
to 169%] versus 169% [ 25th to 75th percentile, 12.9% to 226.1%]; P<0.001). During inspiration, right ventricular area
increased (diastolic, 27.8 [25th to 75th percentile, 22.6 to 36.3] versus 26.5 [21.1 to 31.9]; P<0.0001) with widening
of right ventricular shape (length-to-width ratio, 1.6 [ 25th to 75th percentile, 1.37 to 1.95] versus 1.7 [1.46 to 2.1];
P<=0.0001), increased systolic annular diameter (P=0.003), valve tenting height (P<0.0001) and area (P<0.0001), and
reduced valvular-to-annular ratio (P=0.006). Effective regurgitant orifice during inspiration was independently
determined by inspiratory valvular-to-annular ratio (P=0.026) and inspiratory change in right ventricular length-to-
width ratio (P=0.008) and valve tenting area (P=0.015).

Conclusions—TR is dynamic with almost universal respiratory changes of large magnitude and complex pathophysiology.

During inspiration, a large increase in effective regurgitant orifice causes, despite a decline in regurgitant gradient, a
notable increase in regurgitant volume. Effective regurpitant orifice changes are independently linked to inspiratory
annular enlargement (decreased valvular coverage) and to inspiratory right ventricular shape widening with increased
valvular tenting. These ‘novel physiological insights into TR respiratory dependence underscore right-side heart
plasticity and are important for clinical TR severity eyaluation. {(Girculation. 2010;122:1505-1513.)

/ #2 Grading

TR Effect of respiration
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Flow = 121 mi/sec
ERO = 0.42cm?

Tricuspid
Regurgitation 1 Insplratlon

| ‘ 1
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TR velocity = 289 cm/sec
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Flow = 58 ml/sec
ERO = 0.18 cm?2

Expiration |

s _MJ—J

O Ve
[, #
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... TR velocity = 331 cm/sec
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Tricuspid Regurgitation

Physiologically
Annular Plasticity &

Valve Tenting
cause TR variabllity

Pathologically
do these mechanisms play

a role in functional TR ?
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Clinical Context and Mechanism of Functional Tricuspid
Regurgitation in Patients With and Without
Pulmonary Hypertension

Yan Topilsky, MD: Amber Khanna; MD: Thierry Le Toumeau; MD; Soon Park: MD: Hector Michelena: MD;
Rakesh Sun: MD, DPhil; Douglas W. Mahoney: MS: Maurice Ennquez-Sarano, MD

Background—Functional tricuspid regurgitation (FTR) with structurally normal valve is of poorly defined mechanisms.
Prevalence and clinical context of idiopathic FTR (Id-FTR) (without overt TR cause) are unknown.

Methods and Results—To investigate prevalence. clinical context, and mechanisms specific to FTR types, Id-FTR versus
pulmonary hypertension-related (PHTN-FTR. systolic pulmonary pressure =50 mm Hg). we analyzed 1161 patients
with prospectively quantified TR. Id-FTR (prevalence 12%) was associated with aging and atrial fibrillation. For
mechanistic purposes, we measured valvular and right ventricular (RV) remodeling in 141 Id-FTR matched to 140
PHTN-FTR and to 99 controls with trivial TR for age. sex, atrial fibrillation, and ejection fraction. PHTN-FTR and
Id-FTR were also matched for TR effective-regurgitant-orifice (ERO). Id-FTR valvular alterations (versus controls)
were largest annular area (3.53+0.6 versus 2.74+0.4 cm’, P<<0.0001) and lowest valvular/annular coverage ratio
(1.06%0.1 versus 1.45%0.2, P<<0.0001) but normal valve tenting height. PHTN-FTR had mild annular enlargement but
excessive valve tenting height (0.8%=0.3 versus 0.35%0.1 cm, P<<0.0001). Valvular changes were linked to specific RV
changes, largest basal dilatation, and normal length (RV conical deformation) in Id-FTR versus longest RV with
elliptical/spherical deformation in PHTN-FTR. With increasing FTR severity (ERO =40 mm?), changes specific to each
FTR type were accentuated, and RV function (index of myocardial performance) was consistently reduced.

Conclusions—Id-FTR is frequent, linked to aging and atrial fibrillation, can be severe, and is of unique mechanism. In
Id-FTR. excess annular and RV-basal enlargement exhausts valvular/annular coverage reserve, and RV conical
deformation does not cause notable valvular tenting. Conversely, PHTN-FTR is determined by valvular tethering with
tenting linked to RV elongation and elliptical/spherical deformation. These specific FTR-mechanisms may be important
in considering surgical correction in FTR. (Circ Cardiovasc Imaging. 2012:5:314-323.)

\\\\\\\\\\\\\\
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Atrio-ventricular valves
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Cardiovascular Surgery

Tricuspid Valve Tethering Predicts Residual Tricuspid
Regurgitation After Tricuspid Annuloplasty

Shota Fukuda, MD: Jong-Min Song, MD: A. Marc Gillinov, MD; Patrick M. McCarthy, MD;
Masao Daimon, MD:; Vorachai Kongsaerepong, MD: James D. Thomas, MD: Takahiro Shiota, MD

Effect of Characteristic and Echocardiographic

AN TABLE 1.
N Findings on Residual TR After TV Annuloplasty
e r Univariate P Multivariate P
4 TN - ~ N\
2 , P NN\ Age 0.28 <0.001 <0.001
/4 ,‘ ';‘J \ 'x\\\\ LV ejection fraction 0.19 0.005 0.6
/ ,;;’," [ \\,\\.\ RV fractional area change  0.18 0.01 0.5
[ \
/i [ ] VAN RA area 0.02 08
R/ U (B \ RV systolic pressure 0.02 0.8
’ {f i) il .
i f ";l \ TV annulus diameter 0.07 0.3
' i N\
” |‘ ’ ] \ TV tethering distance 0.56 <0.001 <0.001
’ , N L \ TV tethering area 0.52 =0.001 0.4
’ T J) [,_-;—:7 ‘i\\\._,' | 7 Preoperative %TR 032  <0.001 <0.001
‘I 'l' -‘: I ’/'
~J RA ‘ LA ,","/, -~ patients and 4 techniques of annuloplasty, we used 1-way ANOV.,
S / A We used logistic regression to correlate variables of interest. Mul
R S variate stepwise regression analysis was performed to identi
factors of severity of residual TR (measured continuously as %TF

(C

©2020 MFMER | 3616154-34



[ #

MAYO
CCCCCC (
©2020 MFMER | 3616154-35



/ #3 Surgery

CCCCCC

Why is TR management
so vague and poorly defined ?

Reason #3

Surgery uncertainty
TR surgery has a bad reputation
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TR Surgery: Bad reputation

Appraisal of Long-Term Outcomes of Tricuspid
Valve Replacement in the Current Perspective

Amedeo Anselmi, MD, PhD, Vito Giovanni Ruggieri, MD, PhD, Majid Harmouche, MD, PhD,
Erwan Flécher, MD, PhD, Hervé Corbineau, MD, Thierry Langanay, MD,
Bernard Lelong, MD, Jean-Philippe Verhoye, MD, PhD, and Alain Leguerrier, MD

171 Patients
188 TVRs 1971-2012

AN

[52 Patients (27.6%) [ 136 Pafienfs]

Operaﬁve mor‘foli'fy Alive after The 30th
postoperative day

) 124 Patients
12 Patients (6-4%) Complete follow-up: 91.2%
Lost at Follow-up 1,270.78 patient/years
52 Patients (48.9%) S8 i i (e
Deceased at Follow-up Sur'vivor;ss(;"’ ﬂ:.e e:;i e
patient/years

MAYO
CLINIC ( ‘
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TR Surgery: Bad reputation

Trends and Outcomes of Tricuspid Valve Surgery
in North America: An Analysis of More Than
50,000 Patients From The Society of Thoracic
Surgeons Database

Arman Kilic, MD, Paramita Saha-Chaudhuri, PhD, J. Scott Rankin, MD,
and John V. Conte, MD

Mostly Repairs Only 14% Isolated

80, REP-replacement g 60 M- mitral valve operation
ANN - annuloplasty 2 A - aortic valve operation
= 70 REC - reconstruction | — ANN Only* E 50 A/ M Only
R 60 = - — —
(g S 40
e 50 g
T 40 g 30
)
o Q
--.
8 20 - >~ CABGHM
é ﬂﬂ::—ﬂ—-—---Q---_---. REC w/ ANN g 10 .o fhseneng,, wastttee, pantttitmItinL,,, /f‘abrj:ly
10 ALY L LTI LTI REP* Q . - ‘-,
— REC w/o ANN g ! - . - -nﬁ-l&_Céggéé;\M
0 o
2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010 ( C
Year of Surgery p<0.05 Year of Surgery
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TR Surgery: Bad reputation

Tricuspid valve repair: Durability and risk factors for
failure

Patrick M. McCarthy, MD

Sunil K. Bhudia, MD
Jeevanantham Rajeswaran, MSc
Katherine J. Hoercher, BN
Bruce W. Lytle, MD

Delos M. Cosgrove, MD

Eugene H. Blackstone, MD

TR 3-4+

5 years post op

17-32%

Percent in TR Grade 3+ or 4+

MAYO
CLINIC (
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TR Surgery: Bad reputation

Trends and Outcomes of Tricuspid Valve Surgery
in North America: An Analysis of More Than
50,000 Patients From The Society of Thoracic

Surgeons Database

Arman Kilic, MD, Paramita Saha-Chaudhuri, PhD, J. Scott Rankin, MD,
and John V. Conte, MD

Post op mortality: declining but still high

16 _
g p<v.ud & 106 102 108 103 101 104 98
S 14 £ 10 % -
5 T 83 82

b
= 0
e 1.2 L l -
..9 ]
L1 [ T I . .g 5
% [ l | T * [
c g
©
O 06 0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

B Year of Surgery A Year of Surgery
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Ovutcome of TR surgery at Mayo
TR of Flail Leaflets

. 33 patients
55% 5 years after diagnosis
. Repair in 82%
. : 3% (1 patient)
. . 2/27 repairs
. . 88%

Pre-op AF: remained in AF
Pre-op SR: new AF in 32% 5-yrs post
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Ovutcome of TR surgery at Mayo

Years

MAYO
CLINIC

(75) Topilsky et al Circulation. 2011;123:1929-39.
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CLINICAL RESEARCH
Valvular heart disease

@ E S C European Heart Journal (2020) 00, 1-14

European Society oi:10.1093/eurheartj/ehaaé43
of Cardiology

Isolated tricuspid valve surgery: impact of
aetiology and clinical presentation on outcomes

MAYO
CLINIC

N4

. 1 . | Isolated Tricuspid Valve Surgery on Native Valve -
Julien Dreyfus © "*, Mi (N=a66) -
° ° - Functional tricuspid regurgitation (N=229)
Florence Viau ©® 5’ Elisz| - riorleftsided heart valve surgery (N=101) 80 1 —-.-'-‘ﬁ_._
- Isolated (N=128) &
D amien EYh arts @ 1 o’ 1 - Organic tricuspid regurgitation (N=237) | 70 9
- Infective endocarditis (N=142) 2
. 13,14 . _ . 2| 60 1
Fabien Doguet ™, Vir[__ "= 2
; s 10 S
Yoa'n LaVIe- Badle ?7 ’ Pre-operative presentation ‘E' 40
. @
lacques TomaS| @ ’ G Clinical (NYHA class I11/1V, right heart o [ p————
19 fail ) "
H ailure signs q All-cause mortality or readmission for cardiovascular reasons
RlCh ard RaﬁOUl ’ Berl Biological (lower prothrombin time, - w==  All-cause mortality or readmission for heart failure
Da.Vid MeSSika'zeitoun lower glomerular filtration rate) 10 1
Echocardiography (moderate/severe
RV dysfunction or dilatation) . 0 1 2 3 4 5

Outcome

In-hospital death: 10%

In-hospital major complications: 31%
Overall survival, survival free of
cardiovascular readmission and survival
free of heart failure readmission at 5
years were 75%, 44% and 62%.

Years

Isolated tricuspid valve surgery is associated with high
mortality and morbidity, both in-hospital and during
follow-up, predicted by the severity of the pre-operative
clinical, biological and echocardiographic presentation
but not by etiology or the mechanism tricuspid

regurgitation mechanism

(

C
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Secondary Tricuspid Regurgitation or Dilatation:
Which Should Be the Criteria for Surgical Repair?

Gilles D. Dreyfus, MD, Pierre J. Corbi, MD, K. M. John Chan, AFRCS, and

Toufan Bahrami, MD

Department of Cardiothoracic Surgery, Royal Brompton and Harefield NHS Trust, Harefield Hospital, Harefield, Middlesex,
United Kingdom

L
MAYO
CLINIC
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. L4 . . . .
Secondary Tricuspid Regurgitation or Dilatation:

- - L . -
Which Should Be the Criteria for Surgical Repair?
Gilles D. Dreyfus, MD, Pierre J. Corbi, MD, K. M. John Chan, AFRCS, and
Toufan Bahrami, MD
Department of Cardiothoracic Surgery, Royal Brompton and Harefield NHS Trust, Harefield Hospital, Harefield, Middlesex,
United Kingdom

Before Surgery After Surgery

Group 1 Group 2 Group 1 Group 2

(MVR) (MVR + TVR) (MVR) (MVR + TVR)
Grade 0 54 38 8 102
Grade 1 102 92 33 1
Grade 2 7 16 67 4
Grade 3 0 2 40 1
Grade 4 0 0 15 0
Mean TR grade 0.7 + 0.5 0.9 > 0.6* 21+ 1.0° 0.4 + 0.6°
Table 5. Comparison of Late Follow-Up Data (Mean Follow-Up 4.8 = 2.9 Years)

Group 1 Group 2
(MVR) (MVR + TVR) Test p Value
n 160 147
NYHA class 159 = 0.84 1.11 = 031 MW <0.0001
MR grade 0.41 = 054 0.60 = 0.66 MW 0.015
LVESD (mm) 36.6 = 6.1 380 = 7.1 t 0.070
EF (%) 67.1 = 11.0 643 > 132 MW 0.083
PAP (mm Hg) 203 = 7.2 282 = 7.0 MW 033
PAP = 50 mm Hg 28.1% 27.7% X 0.91
Mean TR grade 2.07 = 0.97 036 = 0.61 MW 0.001
Change in TR grade +135 = 112 —0.52 = 0.89 MW ==0.001
MAYO Late reoperation 3 3
CLINIC

N4
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Guidelines on the management of valvular heart

disease (version 2012)

The Joint Task Force on the Management of Valvular Heart Disease
of the European Society of Cardiology (ESC) and the European

Association for Cardio-Thoracic Surgery (EACTYS)

Table 16 Indications for tricuspid valve surgery

Class?

Surgery is indicated in symptomatic patients
with severe TS.

Surgery is indicated in patients with severe TS
undergoing left-sided valve intervention.®

Surgery is indicated in patients with severe
primary or secondary TR undergoing
left-sided valve surgery.

Surgery is indicated in symptomatic patients
with severe isolated primary TR without
severe right ventricular dysfunction.

Surgery should be considered in patients
left-sided valve surgery.

Surgery should be considered in patients with
mild or moderate secondary TR with dilated
annulus (240 mm or >21 mm/m?) undergoing
left-sided valve surgery.

Level ®

AAAAAAAAAAAAAAA
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/ #4 Outcome

Why is TR management
so vague and poorly defined ?

Reason #4

Ovutcome and
management unceriainty

Do we know the outcome of TR ?
MRR (C




HOW TO TELL IF YOUR DOG IS
INVOLVED IN A SEX SCANDAL.

MAYO
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Why is TR management
so vague and poorly defined ?

Reason #4

Ovutcome and
management unceriainty

Do we know the outcome of TR ?
MRR (C
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3.8.3. Management
Class 1

1.

Tricuspid valve repair is beneficial for severe TR in
patients with MV disease requiring MV surgery. (Level
of Evidence: B)

Class Ila

1.

Tricuspid valve replacement or annuloplasty is reason-
able for severe primary TR when symptomatic. (Level
of Evidence: C)

Tricuspid valve replacement is reasonable for severe
TR secondary to diseased/abnormal tricuspid valve
leaflets not amenable to annuloplasty or repair. (Level
of Evidence: C)

Class IIb

1.

Tricuspid annuloplasty may be considered for less than
severe TR in patients undergoing MV surgery when
there is pulmonary hypertension or tricuspid annular
dilatation. (Level of Evidence: C)

Class 111

1.

Tricuspid valve replacement or annuloplasty is not indi-
cated in asymptomatic patients with TR whose pulmo-
nary artery systolic pressure is less than 60 mm Hg in the
presence of a normal MV. (Level of Evidence: C)
Tricuspid valve replacement or annuloplasty is not
indicated in patients with mild primary TR. (Level of
Evidence: C)

/ Guidelines

(C
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/ Guidelines

Tricuspid Regurgitation
Class Ila
Progressive functional TR Asymptomatic severe TR Symptomatic severe TR
(stage B) (stage C) (stage D)
Mild Moderate Funfional PrilIary Reoperation Fun\[tional Primary
At ti":" of left-sided Attime of left-sided Progressive RV Prefscl;nr:t?ifv Attime of lefi-
valve surgery : :
valve surgery dysfunction PHTN not severe sided valve surgery
TA dilation* PHTN without
TA dilation
TV Repai TV Repair or
(I1a)
(Ila)

(C

HOPITAL DE CANNES
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/ #4 Outcome

TR Outcome Uncertainty

Survival post-PBMV

A
At ANA

A
NAvAwAvAwAwA

Mild TR
-—m=-— Moderate TR
—a— Severe TR

Probability of survival (%)

A
‘A‘A’A\x--l--III--I-----II-
N

M ehAvAvAwAvAvAwAwAwAwd

Months after procedure

Sagie et al JACC 1994; 24:696
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[ 6 early deaths ] /\
(" )

Tricuspid valve
replacement for CHF
N=6

TR Outcome Uncertainty
Valvulectomie without replacement

Drug-addict patients with intractable right-sided endocarditis

/[ 55 Valvulectomy ]

MAYO
CLINIC

No further
tricuspid surgery
N=43

10 deaths: All except
4 deaths NYHA I-1I: 95% 1 related to recurrent

use of IV drugs

7Y  Arbulu et al J Thorac CV Surg 1991

C
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TR Outcome Uncertainty

The independent effect of
TR on outcome remains unclear

A serious problem
or

An imporiant color spot,
surrogate of the causal
condition ?

CCCCCC
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TR Ovuicome

Journal of the American College of Cardinlogy

© 2004 by the American College of Cardiology Foundation

Published by Elsevier Inc.

Vol. 43, No. 3, 2004
ISSN 0735-1097/04/$30.00
doi:l0.10163’].jacc.2003_09_036

Impact of Tricuspid

Regurgitation on Long-Term Survival

Jayant Nath, MD,*
Palo Alto and San [

Surviving

1.0
0.9
0.8
.7
0.6
0.5
0.4
0.3
.2

v . T
™ T
— [
-"'l— -
.
“-"I..
iy
P o= .00

I

"

—_ Moderate TR -

T

RBevere TR

Table 1. Clinical and Echocardiographic Features of Patients With Tricuspid Regurgitation

No TR Mild TR Moderate TR Severe TR
(n = 600) (n = 3,5804) (n = 620) (n = 199) p Value
Age (yrs) 62.2 * 12.8 66.0 = 12.6 71.9 = 11.7 719 =124 < 0.0001
LVEF (%) 57.3 £ 9.1 554 *11.6 47.1 = 15.6 40.4 = 17.2 < 0.0001
RV dilation 8% 11% 35% 66% < 0.0001
RV dysfunction 3% 8% 30% 61% < 0.0001
Dilated IVC 6% 11% 44% 76% < 0.0001

(C
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TR of Flail Leaflet Outcome

Medical and surgical outcome of tricuspid regurgitation
caused by flail leaflets

David Messika-Zeitoun, MD?
Helen Thomson, MD?

Michael Bellamy, MD?
Christopher Scott, MS®
Christophe Tribouilloy, MD?
Joseph Dearani, MD°®

A. Jamil Tajik, MD?

Hartzell Schaff, MD®

Maurice Enriquez-Sarano, MD?®
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TR of Flail Leaflet Ouicome
Expected
61+10%

NS Observed

E

E P=0.001

-

(70

MAYO Years after diagnosis

CCCCCC
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TR of Flail Leaflet Outcome

Sx or CHF, AF, surgery or death
75£13%

Event, %

Years after diagnosis

CCCCCC
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Isolated TR Ouicome

ORIGINAL RESEARCH

Clinical Outcome of ®
Isolated Tricuspid Regurgitation

Yan Topilsky, MD,* Vuyisile T. Nkomo, MD,t Ori Vatury, MD,{ Hector I. Michelena, MD, Thierry Letourneau, MD,
Rakesh M. Suri, MD, DPuiL,! Sorin Pislaru, MD,i Soon Park, MD,! Douglas W. Mahoney, MS,§ Simon Biner, MD,*
Maurice Enriquez-Sarano, MD1

3D 32% TV FROM RA
3D 50dB

MAYO
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Survival, %

/ #4 Outcome

Isolated TR Ouicome

ERO <0.40 cm?

ERO 20.40 cm?
38+7%

P<0.001

Years after diagnosis

R | 3616154-61
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Isolated TR C
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“Without data
you re just
another person

with an opinion.”

W. Edwards Deming,
Data Scientist

MAYO
CLINIC
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@ ESC e teart journat 2020)0,1-13 CLINICAL RESEARCH
European Society doi:10.1093/eurheartj/ehaa192
of Cardiology

Functional tricuspid regurgitation of
degenerative mitral valve disease: a crucial
determinant of survival

Benjamin Essayagh', Clémence Antoine ® !, Giovanni Benfari ® ',
Joseph Maalouf ® 1, Hector |. Michelena ® 1, Juan A. Crestanello',
Prabin Thapa ® !, Jean-Francois Avierinos?, and Maurice Enriquez-Sarano ® '*

1Department of Cardiovascular Medicine, Mayo Clinic, 200 First St SW, Rochester, MN 55905, USA; and 2Department of Cardiology, APHM, La Timone Hospital, Bd Jean
Moulin, 13005 Marseille, France

Received 30 July 2019; revised 24 September 2019; editorial decision 4 March 2020; accepted 4 March 2020

MAYO

CLINIC (
©2020 MFMER | 3616154-64




| N

"

f32s ‘ M
i ‘ Degenerative - o
o e prore
e
. 5. ik S
. b Pur= 0B MIz13
- B % : - SBB SI/ O/O/6
t r 4 - Gan= 38 acl
l ' ' L7 - % =3518
’ : . , HR= 76bpm
- t > : - £
A o 26 Jan 07
I MAYO CLINIC 3DB MI:1.5 2
10:32:06 am 5% L.Z/2.8 4"
4Vic-§ 34Hz Z9 oCT @1 -

180mm .
MMC ADULT .
NTHI General

- - 4 . Pwr=0dB  MI=19 y 3
. X : . L -
4, h . 65dB S§1/ 0/0/6 - g -

Gain= -2dB  a=1 "J p——

. 2 - |
- HR= 89bpm 2 % "
.,:— g ¢ o - '_

7 : =




/ #4 Outcome

Isolated Degenerative Mitral Valve Disease

N=6068
Pacing wire across .
: : Focused examinations
tricuspid valve <€ : :
with no evaluation of FTR
N=251 )
> severity
N=241
Organic TR p
N=143

v

DMR patients with FTR assesment

(7 no FTR, 317 trivial-

21 mild-2 moderate-3
severe FTR)
N=350 <
v
DMR patients with FTR and sPAP
N=5083

Trivial FTR Mild FTR Moderate FTR
N=2301 N=1858 N=767

MAYO
CLINIC ( ‘

@ B. Essayagh et al.
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FTRIS ASTRONG DETERMINENT OF SURVIVAL

N
&)

m Trivial FTR

m Mild FTR

m Moderate FTR
m Severe FTR

N
o
1

1-year absolute mortality (%)

Overall survival Survival under medical Postoperative survival
management

MAYO
CLINIC

@ B. Essayagh et al.
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SURVIVAL UNDER POSTOPERATIVE SURVIVAL
OVERALL SURVIVAL B C
MEDICAL MANAGMENT (ANY SURGERY)
100 100 — 97+1%
— 91£1% 89+2%
84+1% 0241% | s0115% 85+3% 82439
80 80
72+2% 69+1%
| 65+2% | 68%5%
0’\560— 512% 60— 60—
:._; Jesas 47+3% 50+11%
=2 . T
-
S
N 40 40 40
26+4%
i 19¢4% |
20— 20— 20
— Trivial FTR — Trivial FTR —— Trivial FTR
— Mild FTR — Mild FTR — Mild FTR
— Moderate FTR — Moderate FTR — Moderate FTR
— Severe FTR | — SevereFTR 1 — Severe FTR
P<0.0001 P<0.0001 P=0.0026
— 1 1T 17 T 17 1T 17 1T 10T 71 T 7 T 1 71 1] OT—T T 1T 71 T 717 T T T
2 4 6 8 10 O 2 4 6 8 10 O 2 4 6 8 10
Follow-up (years) Follow-up (years) Follow-up (years)

(C

©2020 MFMER | 3616154-68



/ #4 Outcome

NO PHTN

92+1%

87+1%

80+2%

6317%

34+8%

82+1%

71+1%

60+3%

A
100
80
=7
‘©
= -
c
>
w 40
20—
— Trivial FTR
— Mild FTR
_| — Moderate FTR
— Severe FTR
P<0.0001
0 T [
0 2
MAYO
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@ B. Essayagh et al.

I ' I '
4 6
Follow-up (years)

PHTN (sPAP=50mmHgQ)
573 patients

70+£7%

[)
61+4% 64+7%

60—
. 4415%
37+5%
40— 34+4%
22+5%
20 N
—— Trivial FTR
— Mild FTR
_| = Moderate FTR
—— Severe FTR
P<0.0001
0 | | | | | | [ [ | |
0 2 4 6 8 10

Follow-up (years)
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C NO RV DYSFUNCTION D RV DYSFUNCTION
430 patients
100 100
92+1%
i 8611% 82+1%
80 77+2% 80
70+1% 72+6%
_ 7 65+4% 66+7%
60+6%
5613%
> 60— 60— 48+6%
©
= - i
=
37+5%
(D 40— ] 0,
S816% 40 3545%
| _ 28+6%
20 20
—— Trivial FTR —— Trivial FTR
- Mild FTR - Mild FTR
| — Moderate FTR J = Moderate FTR
— Severe FTR —— Severe FTR
P<0.0001 P<0.0001
0 — T 1 | | 1 1 0 — T 1 | I | I |
0 2 4 6 8 10 0 2 4 6 8 10
Follow-up (years) Follow-up (years)

MAYO ( C
CLINIC
@ B. Essayagh et al.
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FUNCTIONAL TRICUSPID REGURGITAT! g

With DMR surgery .. S ,_
6% moderate FTR N\ (o /-
21% severe FTR ——

o © MAYO CLINIC
B. Essayagh et al. ( C
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Circulation

ORIGINAL RESEARCH ARTICLE

Excess Mortality Associated With
Functional Tricuspid Regurgitation
Complicating Heart Failure With Reduced
Ejection Fraction

BACKGROUND: Functional tricuspid regurgitation (FTR) is common in heart Giovanni Benfari, MD

failure with reduced ejection fraction and mostly consequent to pulmonary Clemence Antoine, MD
hypertension. However, the intrinsic clinical implications of FTR are not fully Wayne L. Miller, MD, PhD
understood. Prabin Thapa, BS

" : Yan Topilsky, MD
METHODS: The cohort of all Mayo Clinic patients from 2003 to 2011 Andrea Rossi. MD
diagnosed with heart failure stage B-C and ejection fraction<50%, with Hector |. Midlmelena, MD
FTR grading and systolic pulmonary artery pressure estimation by Doppler Sorin Pislaru, MD
echocardiography was identified and outcomes were analyzed. Patients Maurice Enriquez-Sarano,
with pacemakers/defibrillators, organic valve disease, or previous valve MD
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Heart Failure with reduced Ejection Fraction (HFrEF)
HF stage B or C with EF<50%
N= 17146
Pacing wire across Focused examinations
tricuspid valve < with incomplete
N=2906 s{ evaluation of FTR, sPAP,
or right atrial pressure.
No ECG data . N=1102
N=112
v
HFrEF with FTR assesment

N= 13146
No FTR <
N=1519 ¢

HFrEF with FTR 2 trivial
N=11507
l
I 1
Trivial FTR Mild FTR Moderate FTR
N=4329 N=4178 N=2255

MAYO
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C‘@ Benfari et al
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100%

Survival under medical
management

0%
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@ Benfari et al

80% -

60% -

40% -

20% -

/ #4 Outcome

P Log Rank <0.0001
68+1%
58+2%
45+2% 46+2%
34+4% 33+2%
— Trivial FTR
—— Mild FTR 22:3%
- Moderate FTR
- Severe FTR 14+4%,
2 4 6 8 10

Years after diagnosis
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Tricuspid Regurgitation

A serious condition
in all clinical contexis

What about Tricuspid
Interventions ?

Transcatheter therapies



/ #4 Outcome

ORIGINAL RESEARCH ARTICLE

Transcatheter Treatment of Severe Tricuspid
Regurgitation With the Edge-to-Edge MitraClip
Technique

MAYO
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Transcatheter Treatment of Severe Tricuspid
Regurgitation With the Edge-to-Edge MitraClip

Technique

/ TR freatment

ORIGINAL RESEARCHARTICLE

A
o P=0,001
=]
7.0
o
104
s
oo
c VTR CLANRTD 4T Db o L sraca Belon RS
cm? p=0.001
oo
ora] .
a

ERCe a1 basebas T A——

ml/beat
ao-{

50

Elly

2o

men

L |

p<0,001

-

R £ant velarmet AL Basebret

FieguseLant volime befare dhchape

p=0.04

o

Sepiaiutenal damettr Detent O schingt

Figure 6. Boxplot diagrams of changes in tricuspid regurgitation defining echocardiographic parameters.
A, Vena contracta width at baseline and before discharge. B, Regurgitant volume at baseline and before discharge. C, Effective
regurgitant orifice area at baseline and before discharge. D, Septolateral diameter at baseline and before discharge. * Statistical

outlier.
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Outcomes After Current Transcatheter @
Tricuspid Valve Intervention

Mid-Term Results From the International TriValve Registry

Maurizio Taramagen MDD PuD 2 Hannee Aleceandrini MDD P Azaam Tatih MN © Macahiltn Acami MDD 4

Adrian Atti A

Paoclo Dent
Jorg Hausls
Felix Kreid
Michael M
Fabien Pra

OBJECT
transcath

BACKGH
therapeu

0 - PROCEDURAL SUCCESS
0.9 - o — -
. Tosemansnnening . 90.81+4% at 1 year
0'8 — 'nn|uuuuui"mllluuullll:HH“l_!Hl|L||||||1
0.7 1 ;
064 TR .
0.5 Vasmssarmensases .
p=0.0002 3 PROCEDURAL FAILURE
0.4 v 70,3+8% at 1 year
034 e
At risk

0.2+ 142 54 31 10
0 1 _ 52 27 12 s

' | ' | ' 1

0 6 12 18

Months after the procedure
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JACC: CARDIOVASCULAR INTERVENTIONS

© 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

PUBLISHED BY ELSEVIER

Early Multinational Experience of

Transcatheter Tricuspid Valve

Replacement for Treating Severe
Tricuspid Regurgitation

VOL. 13, NO. 21, 2020

&

Rebecca T. Hahn, MD,” Susheel Kodali, MD," Neil Fam, MD,"” Vinayak Bapat, MBBS, MS, MCh,"

Tricuspid Regurgitation

B p < 0.001
100% -

80% -

60% -

] 20
40% - - 74%

20% A

0% -

Baseline 30 Days

® None m Mild m Moderate
M Severe Massive m Torrential

C Tricuspid Regurgitation Reduction

2 Grade

4 Grade 20%
15%

3 Grade
30%
Baseline to 30 Days

® 1Grade ™2 Grade m 3 Grade
M 4 Grade ' 5 Grade

Hahn, R.T. et al. J Am Coll Cardiol Intv. 2020;13(21):2482-93.
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A Survival free from HF

100

o
(=]

I
=

—_— T TVI
— Controls

Log-rank 12.8 P=0.0003

Freedom from HF (%)
()]
=

M
o

0 T T T ]
0 3 6 9 12
Follow-up (months)
— 268 169 157 107 81
— 268 181 160 148 136

Taramasso M, Benfari G, van der Bijl P et al. Transcatheter versus medical
treatment of symptomatic severe tricuspid regurgitation. J Am Coll Cardiol 2019.

Survival (%)

— 268
— 268

100

oo
=

o]
=

I~
=

ra
o

Overall Survival

| — TTVI

—— Controls

| Log-rank 11.0  P=0.0009

0 3 6 9 12
Follow-up (months)
192 156 104 79
215 199 184 170

(C

©2020 MFMER | 3616154-82



/ Conclusion

TR: the forgotten valve ?

/ TRis poorly understood:
comprehensive mechanism and
quantification is key to management

/ Moderate and Severe TR adversely
affects clinical outcome in all clinical
contexis

/ We need to address TR severe
vunderireaiment

CCCCCC
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@ E SC ' European Heart Journal (2020) 41, 1930-1931 EDITORIAL
European Society doi:10.1093/eurheartj/ehaa255
of Cardiology

The tricuspid tragedy: from Cinderella to
celebrity

Georg Nickenig and Johanna Vogelhuber*

Heart Center Bonn, Bonn, Germany

Online publish-ahead-of-print 26 April 2020

This editorial refers to ‘Functional tricuspid regurgitation = inclusion of DMRand FTR of all grades, and the long follow-up period
of degenerative mitral valve disease: a crucial determinant - of 68+ 3.1 years.
of survival’ by B. Essayagh et al., on page 1918. Increasing FTR severity led to profound clinical consequences in

DMR patients and iated with old , femal ,

Mild tricuspid regurgitation (TR) can be found frequently in the gen- pafients and was z.assoua ) WIth oider age, Temale sex. more
o i ) o symptoms, more extensive medical therapy, and a worse renal func-

eral population; it is considered benign and mostly an incidental find-

MAYO
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TR represents a
public health crisis

Progress in Cardiovascular Diseases

Tricuspid regurgitation is a public health crisis’

Maurice Enriquez-Sarano *, David Messika-Zeitoun, Yan Topilsky, Christophe Tribouilloy,
Giovanni Benfari, Hector Michelena

Cardiovascular Department, University of Ottawa, Canada
Cardiovascular Department, University of Tel-Aviv, Israel
Cardiovascular Department, University of Amiens, France

ARTICLE INFO ABSTRACT

Article history: Tricuspid regurgitation (TR) has long been a forgotten valve disease of benign reputation. However, TR deserves
23 October 2019 higher attention and represents a growing public health crisis. Indeed, recent epidemiological data suggest that
23 October 2019 1.6 million US residents are affected by moderate or severe TR. Furthermore, large recent cohorts demonstrate

MAYO
CLINIC (
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What makes a

/ Conclusion

public health crisis ?

/ The condition has to be frequent

/ Associated with serious outcome

consequences

/ Treatment is either unknown or not

administrated
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What makes a
public health crisis ?

/ TR occurs with a high incidence

/ TR s link very with serious outcome
consequences

/ The current (surgical) TR ireatment is
high-risk and is severely underused

©2 MFMER | 3616154-87



/ Conclusion

/ Tricuspid Regurgitation /

An imperious need to
address undertreatment

/ Thank you /
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