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Risk of All-cause Mortality
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Aims To undertake a systematic review and meta-analysis to determine the influence of tricuspid regurgitation (TR) se- RR 195’ 95% ClI
verity on mortality. (1 752 17)

Methods We performed a systematic search for studies reporting clinical outcomes of patients with TR. The primary end-

and results point was all-cause mortality and secondary endpoints were cardiac mortality and hospitalization for heart failure

severity of TR by meta-analysing the effect estimates of eligible studies. Seventy studies totalling 32 601 patients
were included in the analysis, with a mean (£SD) follow-up of 3.2 £ 2.1 years. Moderate/severe TR was associated
with a two-fold increased mortality risk compared to no/mild TR (RR 1.95, 95% Cl 1.75-2.17). Moderate/severe
TR remained associated with higher all-cause mortality among 13 studies which adjusted for systolic pulmonary ar-

(HF). Overall risk ratios (RR) and 95% confidence intervals (Cls) were derived for each endpoint according to the 8 StU d Ies ‘ 7 1 1 StU d 1es

terial pressures (RR 1.85, 95% Cl 1.44-2.39), and 15 studies, which adjusted for right ventricular (RV) dysfunction Adjusted for
(RR 1.78, 95% Cl 1.49-2.13). Moderate/severe TR was also associated with increased cardiac mortality (RR 2.56, LVEF

95% Cl 1.84-3.55) and HF hospitalization (RR 1.73, 95% Cl 1.14-2.62). Compared to patients with no TR, patients

with mild, moderate, and severe TR had a progressively increased risk of all-cause mortality (RR 1.25, 1.61, and RR 154, 95% ClI

3.44, respectively; P<0.001 for trend). ( A8277=1 87)

Moderate/severe TR is associated with an increased mortality risk, which appears to be independent of pulmonary

Tricuspid Regurgitation is not an “Innocent Bystander”...
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Conclusions

Wang N et al. European Heart Journal (2019) 40, 476484 m



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

1.0
* TR severity was analyzed in 439,558 adults (mean age, %
62.1+17.8 years; 51.5% men) from 2000 to 2019, by 25 E 0.80—
centers contributing to the National 3
Echocardiography Database of Australia. $ 0.60
* Long-term, all-cause mortality, according to TR severity and [T
adjusted for age and sex. «'3 0.40—
e Adjusted HR per grade increase in TR severity above f AGE (R YEAR)  HR 1.06 (95% C1 1,06~ 1.06) P01
None/Trace goa T o
*  Mild: 1.29 (95% Cl, 1.27-1.31; P < .001) a4 |p==, Dommwmadew
* Moderate: 1.99 (95% Cl, 1.95-2.03; P < .001) 00— , ,
* Severe: 3.23 (95% Cl, 3.14-3.32; P< -001) 439?558 282?472 140(,5550 ss,iss 2415294 5,1826 91581
Years of follow-up / Number at risk

Offen S et al. ) Am Soc Echocardiogr. 2022 Apr 12:50894-7317(22)00177-8.



Assessment of TR
Severity




Chronic Tricuspid Regurgitation by Echocardiography

Yes, mild

VC width <0.3 cm
*EROA <0.2 cm?
*RVol <30 mL

Y

Mild TR

Does TR meet specific criteria for

mild or severe TR?

No

Minority of criteria or
intermediate values:
TR probably moderate

Perform VC measurments
and may perform
quantitative PISA method

whenever possible*

VC width 0.3-0.69 cm
*EROA 0.2-04 cm?
*RVol 30 -4 mL

\

Moderate TR

* Clinical experience in quantitation of TR is sparce

* VC width =0.7 cm
saSAtaritsso.oanatNyqnstm-
Dense,mmgalarm;etorsnewave

Yes, severe

VC width =0.7 cm
'EROA>0.4om‘

Severe TR

Zoghbi WA et al. ] Am Soc Echocardiogr 2017; 30:

303-37.

Tricuspid

Regurgitation

Probably Mild TR Probably Severe TR

Probably Moderate TR

o
W jet with sarly peaking

ot Nyguint 28 cmfs

QUANTITATIVE EVALUATION
Whenever possible

* EROA: 20 -39 mm? * EROA 240 mm?

* EROA <20 mm®

* RVol<30mL * RVol: 30-44 mL * RVol>45mL
* RF: 16-49% * RF250%

Unsatisfactory/Inconclusive TTE, Discrepancy between
TR severity and clinical findings/RV assessment*

Quantifying Severity of Tricuspid Regurgitation

Severe TR

Figure 54 Algorithm for the assessment of TR severity. IVC, inferior vena cava.

Lancellotti P, et al. Eur Heart J Cardiovasc Imaging. 2022

Apr 18;23(5):e171-e232




Quantitation by PISA

Proximal Measurements

Isovelocity Surface Required
Area

Calculation

Proximal Isovelocity  Aliasing velocity (V)

Surface Area (PISA) Color Doppler with
baseline shift in the
direction of regurgitant jet

Radius of PISA (r)

TR peak velocity (Vg)
CW of the TR jet

TR velocity time integral

PISA Advantages: E;T/Vg'z the TR jet

1. Easy to measure
2. Outcomes data

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

PISA EROA:

EROA = 21tr3(V,...) + Vg

TR Regurgitation Volume =
EROA X TRy,

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

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

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



Limitations of PISA Assumptions

77—

. Al

The PISA method may underestimate the severity of TR by &
30%-40% and is less accurate with jets that are: non-  FYSSNFITYN
circular, temporally variable, eccentric or with tethered [TrNPYYPRNIR PN
leaflets, multiple jets nvergence

| < | = | ST
Q’ -t S Sy X Flat Surface
" =3 | e

: X No temporal variability

51 bpm




PISA EROA and Outcomes

o . Circulation
. Survival rates (+ SE) at 5 and 10 years. e . .
(¢ SE) X Quantitative measurements of TR
wo ORIGINAL RESEARCH ARTICLE . . . f
AL RESeARCH B Excess Mortality Associated With severity are predlctwe of outcomes
g“ - Functional Tricuspid Regurgitation A Mo Rt ventroutar Drafonct c oru Y
“ _— i i i i o Right Ventricular Dysfunction o Pulmonary Hypertension
Clinical Outcome of ® i Ej:r:t?tll;a;::?tigﬁan Failure With Reduced - .
Isolated Tricuspid Regurgitation S B S S T o - ™ oo
‘Yan Topilsky, MD,* Vuyisile T. Nkomo, MD,| Ori Vatury, MD,; Hector 1. Michelena, MDD, Thierry Letourmneau, MD, Z‘E‘.;"u_:f; - “‘; ‘: : % o ‘7:35 4627% g o ATe2%
Rakesh M, Si L, Sorin Pislaru, MD,| Soon Park, MD,| Douglas W. Mahoney, MSc,; Simon Biner, MD," ERown o 2 a a. MD ,3 40% Trivial FTR 3542% ,3 40% Trivial FTR ;;:i::
Maurice Enriquez-Sarano, MD G 548 e - M:.: nquez Sarara, 2% Mild FTR 22e3% 2% Mild FTR -
T T ey ey 1 —— Moderate FTR Tsss% Moderate FTR
Severe FTR Severe FTR
U Severe isolated TR independently predicted higher « The addition of grading by ® ? Veurs ator diognosis © veaseorcimgnoss”
morta Ilty ;" quantitative improved the model B‘m Right Ventricular Dysfunction D‘m Pulmonary Hypertension
. . . i prediction (p < 0.001 for survival and - P<0000t P<0000t
— 0 i, .
U Adjusted HR = 1.78 [95% confidence interval . b . 0.02 for cardiac events). - .

(CI):1.10 to 2.82], p = 0.02 for qu

definition Key POintS:

JAdjusted HR = 2.67 [95% Cl: 1.6

an ero 2a0mm?, p<0.0001). | 1, Quantify all patients by PISA
2. When PISA EROA 30-35 mm? (uncorrected),

refer to a Level 1 Valvular Heart Center for k PISA EROA >0.3 cm?

EROA

2 4 6 8
nosis Years after diagnosis

lote: Corrected PISA

Quantitative assessment of effective

regurgitant orifice: impact on risk stratifi fu rt h er eva I u at i on

and cut-off for severe and torrential tricul

. e e ———————————————————————— el . i
regurgitation grade i !
Yogev Peri', Ben Sadeh', Chen Sherez', Aviram Hochstadt', Simon Biner', i
Galit Aviram?, Meirav Ingbir', Ido Nachmany?, Guy Topaz*, Nir Flint', P01 o
Gad Keren', and Yan Topilsky'* P T S SO
RegVol RegFr
oo T T T T T T T ER? leul g | TSl
e o MR B AR 9% 4 O 8 PISA to calculate EROA and regurgitant volume
. i = Z 2949%
USI ng PISA E ROA ?n HR Mufivariate All 3D RV Volumes to calculate regurgitant fraction 1 1 —
. . i Ly §
* The optimal cut-off value to separation O e e Vokes W s i !
2571 tative parameters used to grade tricuspid regurgitation -
1 severity by Dopplerechocardiography.
survival between severe vs. lesser degree ..
2 Low risk Intermediate risk High risk —a .
Of TR was 0-35 cm [P < 0.000 1, H R =2.0 e VC,py (mmm) <3 36 56 Low risk Intermediate risk High risk
EROA (cm?) <015 0.15-0.30 >0.30 Figure 5. Cox-modeis derived survival curves for the composite endpoint of death and hospitalization for congestive heart faikure. The relative
( 1 5_2 7)] 10 RegVol(ml) <15 15-30 530 hazard has been stratified by mild, moderate, and severe tricuspi (TR), using the derived cut-offs for vena contracta width (VCavg), ef-
2 ' S Reghr (%) Zi Sy i fective regurgitant orifice area (EROA), regurgitant volume (RegVol), and regurgitant fraction (RegFr), as quantitative parameters used to assess TR
EROA, effe fi ; RegFr, it fraction; RegVol,
Note: Uncorrected PISA (? gt e Vg vrn o, Note: Uncorrected PISA
T

Peri Y et al. Eur Heart J Cardiovasc Imaging. 2020 Jul 1;21(7):768-776. Muraru, D et al. Eur Heart J Cardiovasc Imaging. 2021 Jan 22;22(2):155-165




3D Vena Contracta Area

3D Vena Contracta 3D Color Doppler ... 3DMPRTTE * EROA = VCA
Area (VCA) planimetry of the e - 3 TR Regurgitation
VCA 201 cm? Volume =
VCA X TRy,
TR velocity time
Advantages: Example:

1. Direct measurement of the vena contracta
area with no geometric assumptions
2. Can be used following device placement!

3D VCA = 2.01cm?
Reg Vol = 2.01cm? X
50.2cm = 100.9ml

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

-300
© ' qobmas | 7o

2. Non-planar orifice Caveat: Integrated PISA and 3D VCA
3. Time varying jets (planimetry should be should typically be performed

performed on each [mid] systolic frame) m




Validations of PISA EROA and 3D VCA

T T e e e T - PISA-EROA and PISA-RegVol were Discordant TR Severity Grading between
A ¢ significantly lower than quantitative 2D PISA-EROA and 3D-VCA
22 - . Doppler and 3D methods. ~ )
E ' \;; 204 e s . . Primary TR group (n=45) Functional TR group (n=71)
EI( s §0] i * Using Youden'’s index, the best 100%- T Using 3D echocardiography—derived
W AR 1 B SRRy cutoff value for severe TR et RVol (>45 mL) as a reference
il ’ * 1 ) + PISA-EROA was 20.34 cm2 - [ Moderate standard:
P e T e (sensitivity: 89%; specificity: 50%) E 0 severe + Underestimation of 2D PISA-EROA
c D * 3D-VCA, this cutoff was 20.60 cm2 & o
" . ) ) (sensitivity: 92%; specificity: 75%) * by a mean of .40A . .
K - ] - Doppler-EROA cutoff was & 0.65 * 3D VCA has high diagnostic value
5“. ., . . e % 60l : . cm?2 (sensitivity: 82%; Specificity Moderate Severe Moderate Severe fOl‘ Sepal’atlng mOderate from
Foa] LB il 942 TR grading by 2D PISA-EROA severe TR (cutoff >0.61 cm?)
2 S b= 0001 20 D VCA has independent and
o o Key POI nts cremental value to grade TR
30VCA (e everity
The L3 [ [ [ ] [ [ ]
: 1. Evidence for clinical utility of 3D VCA is growing.

2. Guidelines advocate use of the method when

In more elliptical orific feasible.
there was greater Imaging modallties
underestimation of 3D VCA or  : #0patients singlessite

* MSCT and 3D-TEE showed a strong correlation
for determination of TV annulus area (r = 0.94,

volumetric EROA by PISA 95% Cl: 0.57-0.98, P = .002; ICC = 0.95, P = .4),

perimeter (r = 09 95% Cl: 0.6- 0.98, P'= .002;
ICC=0.97, P=.3) and diameters
EROA (AP-Diameter: r = 0.73, 95% Cl: 0.06-0.94, P =
.03;ICC=0.83,P= 09 SL-Diameter: r = 086
95% Cl: 047097 P=.02;1CC=0.95,P=.1).

* Significant differences between the
2D-TEE-based calculated EROAs according to
method:

* Semi-quantitative PISA-method (0.49 £ 0.4 cm?)
* 3D color vena contracta area

TV area and perimeter AP diometer

(0.67 £0.17 cm?, P = .05; r = 0.93, 95% Cl:
0.5-0.99,P= 006)

Oztiirk C, et al. Health Sci Rep. 2020 Apr 23;3(2):e159.



Prognosis based on MRI quantification

RVEDV 331 mL
foge ge's
G‘ '(.\‘ ii? ’D .

RV ESV 161 mL
‘ : ﬁ (.

-

109 mL

-

Low, Intermediate, and High Risk

PA Flow = 109 mL

TRVol <30mL
TRF <30%

Low Risk

CENTRAL ILLUSTRATION 3 Risk Categories for Functional Tricuspid Regurgitation Can Be Defined:

Zhan, Y. et al. J Am Coll Cardiol. 2020;76(11):1291-301.

TRVol 30-44 mL (aHR 1.46) TRVol 245 mL (aHR 2.26)
TRF 30-49% (aHR 1.21) TRF 250% (aHR 2.60)
Intermediate Risk High Risk

A tricuspid regurgitant volume (TRVol) of <30 ml or a tricuspid regurgitant fraction (TRF) of <30% is ass
risk is classified as a TRVol of 30 to 44 ml or a TRF of 30% to 49% (middle panel; yellow). The highest-risk group consists of patients with a TRVol of =45 mlor a TRF
of =50% (right panel; red). HR = hazard ratio.

ociated with the lowest risk (left panel; green). Intermediate

100 A 100 A
~ 90 - ~ 90 1
i i
w 80 - = 80 -
= 2
2 2
5 70 1 5 70
a i}
g 60 1 5 60 -
o w
& 50 4 2 50 4
0 : L] L] T T T T 0 L L]
0 1 2 3 4 5 0
Follow-Up Time (Years)
TRV (ml) TRF (%)
c--= <30 384 350 257 108 60 45 -- <30 325
30-44 88 74 54 35 21 14 30-49 166
—— 245 75 54 38 25 20 15 — 250 56

1 2 3 4 5
Follow-Up Time (Years)

303 219 87 44 34

137 109 67 48 33

38 21 14 9 7

547 patients with functional TR

Consider CMR when
echocardiographic quantitation
is not possible

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



Table |5 Grading the severity of TR

TR Severity classes

Qualitative parameters
Tricuspid valve morphology

Colour flow TR jet®

Fow convergence Zone
CW signal of TR jet

Mild

Moderate

Mormal or mildly abnormal leaflets  Moderately abnormmal leaflets

Srmall, narrow, central

Mot visible, transient or small
Faint/partial/ parabolic

Moderate central

Intermediate in size and duration
Drenselparabolic, or tiangular

Severe

Severe valve lesions/flailflarge coap-
tation defect/lsevere tenting

Large central jet or eccentric wall
impinging jet of variable size

Large throughout systole

Denseloften triangular with early
peaking (peak <2m/sin massive TR)

Standard Clinical
Grading Sch

eme

Semi-quantitative parameters

Hepatic vein flow” Systolic dominance Systolic blunting

Tricuspid inflow A-wave dominant Variable
PISA radius (rmm)© <5 69
W width (mm)™° <3 369
30 VC area or quantitative
Doppler EROA (rm?)
Quantitative parameters
EROA (mm’) <20 20-39
R ol (mL) =30 30-44
RF (%) =15 1649
CMR parameters
RF (%) <15 1649
Structural parameters
RY, RA, IVC size® Usually normal Mormal of mild dilation

Systolic flow reversal

E wave dominant (=1 m/s)®

=9
=T
75-94

=40
=45
=50

=50

Usually dilated

“Quantify whenever
possible.....”

APICAL 4,CV

_,.'3D 2(0)3 (6

EROA 60 m1 I
R Vol 45 ml

o e P

PFV PBV TR Vol
188ml ~ 96ml ~ 16ml = 76ml

Figure 52 Quantitative assessment of TR severity using the PISA method (A-D) and the indirect CMR method (E and F). White arrow: extent of
the signal loss on cine CMR. (E) Assessment of LV volumes using cine images. () Phase-contrast velocity mapping at the aortic root level and flow-
time curves computing forward aortic flow.

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



NEW GRADING SCHEME

Table I Proposed expansion of the ‘Severe’ grade

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

VC, vena contracta; EROA, effective regurgitant orifice area; 3D VCA, three-dimensional vena contracta area.
*3D VCA and quantitative Doppler EROA cut-offs may be larger than PISA EROA.

m MODERATE m MASSIVE TORRENTIAL

RT Hahn and JL Zamorano. Eurol Range of TR Severity with signs and
(2017) 00, 1-2. doi:10.1093/ehjcilic  symptoms of “right heart failure”




O o T s Vena Contracta Average Diameter
Mid-term outcome of severe tricuspid Ve e CO nt o Cta Ave rage

regurgitation: are there any differences Dla meter
according to mechanism and severity?

Refining Severe Tricuspid Regurgitation ) check
Definition by Echocardiography with a New
Outcomes-Based “Massive” Grade

Kalie Y. Kebed, MD, Karima Addetia, MD, Michael Henry, MD, Megan Yamat, RDCS, Lynn Weinert, RDCS,

Log-rank s Stephanic A. Besser, MSAS, MSA, MACJC, Victor Mor-Avi, PhD, and Roberto M. Lang, MDD, Chicago, Hiinais
| p-043

Survival probability

Ciro Santoro”, Alvaro Marco del Castillo"z, Ariana Gonxélez-G()mez'J,
Juan Manuel Monteagudo?, Rocio Hinojar'?, Alvaro Lorente'?, Maria Abellas"?,

0 10 20 30 40 50 60 70 80

Jose Maria Vieitez:'l. Ana Garcia Malrtin"z. Eduardo Casas Rojo"’zl, Soledad Ruiz"z, Number at risk e et
Vivencio Barrios'?, Jose Luis Moya" , Jose Julio Jimenez-Nacher ", » Severe - O
Jose Luis Zamorano Gomez"?, and Covadonga Fernandez-Golfin"?* - - | e 0 10 20 %gm (::wm“)' 60 70 80 >In the StUdy COhort) VC > 0‘92 cm
5 | ™ (massive TR) was associated with TA
A ! / Massive TR : . . .
0] — - o Y N L B and RV size, and optimally associated
”“_"—“\—L\\—‘.— - = ® e \ ; i with worse survival.
_ x- Massive/Torrential TR é 2] Seveis TR f e\ ¢ . 3 050 Severs '
T " : Pe0007 5 = . N §os - Ve »In the independent validation cohort,
£ 5| Cardiovascular 5. T B N R VC > 0.92 also correlated with
g - mortality (P< 0.007) Combined sndbalnt deci Time months) A el )
a || o AR AR e increased mortality in the massive
" cardmva}cular T\Ofall.t!\and re- — S group (log-rank P <.05).

Key Points:
sl lEalE2 1. Evidence for Outcomes associated with R
FatientEt E5avine TIIER extended grading scheme...in native TR...

B) vs all-cause mortality

ise integration of VC width and

* ERO negatively impacted survival, even when 20 / EROA into the novel algorithm because the risk for all-cause martalitv:
including only the subgroup of patients with : ; !
severe TR [HR 1.5 (1.01-2.3); P=0.04]. . == I
* The risk of death increases even further when |
ERO >0.7 cm2. ST TT T T T
* The optimal threshold to separation survival S i s P ;,
between severe vs. ‘torrential’ TR was 2 "
0.7 cm? [P =0.005, HR =2.6 (1.2-5.1)]. |
NOTE: Hahn Scheme cutoffs: o 0 ) Ewwmm :
Massive = 0.6 cm? and Torrential = 0.8 cm? B I S S * Increased until it reached a peak, * Increased continuously without any
04 04505 055 0.6 065 0.7 0.75 08 085 followed by a plateau for VC width plateau phase for higher values of EROA.

Peri Y et al. Eur Heart J Cardiovasc Imaging. 2020 Jul 1;21(7):768-776. Fortuni F. et al. JAm Coll Cardiol Cardiovasc Imaging 2021




@™ M Transcatheter edge-to-edge repair for reduction of tricuspid

CrossMark

regurgitation: 6-month outcomes of the TRILUMINATE
single-arm study

. Georg Nickenig*, Marcel Weber*, Philipp Lurz, Ralph Stephan von Bardeleben, Marta Sitges, Paul Sorajja, J6rg Hausleiter, Paolo Denti,
Ty (13- T™M \T'T
IriClip™ NT Jean-Noél Trochu, Michael Nabauer, Abdellaziz Dahou, Rebecca T Hahn

CONYHAT CINYHAI CONYHA NI E3NYHA IV

i ccnc o O The TriClip system appears to p<0.0001 (paired, n-72)
p<0-0001 (paired, n=83) . ;'><o.ooo1 (paired, n=82) '
1 o be safe ano! effec.:tlve at o N
P . o _ 1 SA reducing tricuspid 5 B 20% =
-g 0 - % 5 2 . . § -
5 404 Lol [249 P2 | § 2 regurgitation by at leastone = ] | -
SZ i 58 . ) g 57%
s 607 . £% grade. This reduction could 7 3]
=R %i 29% :"3} . . e « . 2 .
25 40- 25% 29% 5% translate to significant clinical £ %] |- -
jg_&, - 2 . 10 % 23%
s " g o improvement at 6 months o+—L , :
= =] 9% 28% 27% E = 2 t d Baseline (n=83) 30da;s(n=84) 6mon;l;s(n=73)
[ : 1 ost procedure. NHALL 22t ) -
6% -/4/0 /1/0 p
d Baselife 30 days ¥ binorithe Segere | Masive | Torential OAgggf(SP 2(11'5)_ - A(:)(s)g-G (SD 1:11.4—)62
(n=84) (n=83) (n=70) Baseline tricuspid regurgitation severity , S R : ',w,)
I Torrential [ Massive [ Severe [ Severe or greater 20 A=14-2 (SD 16-7) o
[ Moderate 1 Mild Il None [ Moderate or less 100 p,—|<0'0001 Ll E 400 {
(A) Severity of tricuspid (B) Proportion of patients g B ] ] £ 300- ] l
. . . . . N 2 60+ =3
regurgitation at baseline, | with reduced tricuspid g o) I 1 S 20- R
30 days and 6 months regurgitation severity by i .
. . 522 67-2 72:9 a 2776 3395
baseline severity status. 0 0

Baseline (n=85) : 30 days (n=83) l6months(n=72)I Baseline (n=76) : 6 months (n=73)

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




TriValve Investigators: Impact of Massive or Torrential Tricuspid

R rgitation in Patients Und ing 1 ter TV Interventi
A —~ 100 |
8
Death or HFH HFH v .
S £ 100 5§ M ;
£ ] 23 604
T2 £ 804 £s
& T 80 o EE 4
£ E & £.2 ]
g5 £2 60 $5
82 60- 'E T g= 2 | Adi-HR (95% CD, 0.44 (0.22-0.87); P=0.048
Es & “F
s © 5 40 - 2
€ £ 40 - o3 E o
g = “E djusted hazard rati _
SR : _ = 20 4 Adjusted hazard ratio Months after the pl‘ocedull‘e ]
2= 20+ AdJLo'StEd hazard ratio .'*53_ (95% confidence interval): oatisk i 5 " g a @
E E (956 confidence mterval): 3 0 2.49 (1'22-5'08): P 0.004 Procedural success 119 80 67 43 41 E
g o 1.91 (1.10-3.34); p = 0.018 £ ) s ' 2 80 4
E] - &" Y Y Y 5 L Procedural failure 35 19 17 12 12 |&
[T} T T T T T 0 3 6 9 12 & =
[-4 0 3 6 9 12 . Kaplan—-Meier rate g 60
ot R i B i P Time After the Procedure (Months) Procedural success 0.0%  74%  182%  284%  301%[%
. ime After the Procedure (Months) No. at risk: Procedural failure 00%  297%  371%  458%  458%|= 49 |
No. at risk: — Severe Tricuspid 179 109 94 69 1 3 §
— Severe Tricuspid 179 107 85 62 4 Regurgitation é}g 55 | AUEER(O524 G022 0,83 BE0013
Regurgitation — Massive/Torrential 154 95 80 52 50 g
— Massive/Torrential 154 96 81 53 51 Tricuspid Regurgitation 0 |
Tricuspid Regurgitation Kaplan-Meier Rate ' b ;
. ) ) Months after the procedure
Kaplan-Meier Rate - Severe Tricuspid 0 41% 70% 83% 12.2% TO rre nti a I No at risk 0 3 6 9 12
— Severe Tricuspid 0 7.2% 13.8% 16.4% 21.6% Regurgitation Piioediiral Sicoess 149 03 75 57 38
Regurgitation — Massive/Torrential 0 8.9% 17.0% 26.9% 28.3% Procedural failure 30 14 10 7 7
— Massive/Torrential 0 13.0% 233% 335% 347% Tricuspid Regurgitation Kaplan—Meier rate
Tricuspid Reauraitation Procedural success 0.0% 5.7% 112%  127%  185%
Procedural failure 0.0% 16.3% 30.3% 39.0% 39.0%

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

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

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




Trialign Tricuspid Annular Repair Cardioband Tricuspid Annuloplasty Device

Significant reduction in TR severity at 30 days TRI-REPAIR Stud
TRI-REPAIR Study Y

4 and sustained at 6 months Sustained functional improvement at 6 months
SCOUT I & II POOIed COhort I ntermed Iate FOI IOW"U p 100'56ter.hnicalsuc:elssatendofprocedure e e . . _“m (paired analvsis]
Safety and Technical Success il e vl m m mm
Adjudicated 30 Day E %) N TR
30-Day Outcome (n/N) % Paired Subjects at 12M Follow-up g clcated 30 Day Events iy )
Freedom from mortality within 30-days 51/51 (100%) s TR Gl 6 MWT (m) ::""‘ 1‘;-”
Procedural Success 50/51 (98.0%) Blseding complications 41133 i"..'_‘:_ PR
(Successful access, delivery & retrieval of the system) - o -
No unplanned or emergency surgery or 300 Extensive 2(67) 5 Reduction 7% Reduction Sk improvement
re-intervention related to the device or access procedure within 30 50/51 (98.0%) # e e e - T L
days 250 Renal failure 133) n | B I
6 P8 Conduction System Disturbance 1(33) “ i -

- 0 = 5 Ventricular Arrhythmia 2(8.7) ) . N
—mm !'l e el - I
TV annular diameter (cm) 4.0+0.6 (41) 3.8+0.6 (42) 0.005 356 g : o e
TV area (2D) (cm2) 12.66 + 2.67 (43) 11.25+ 2.3 (42) <0.001 P i DS i it AT -6 Mt Walk Test, KCCQ - [y —

PISA EROA (cm2) 0.5+0.18 (42) 0.4+0.21(38) 0035 P ) & F April 30, 2018—Edwards Lifesciences announced that it has received

TV area-derived diameter ~ 3.99 + 0.42 (43) 3.77 + 0.38 (42) a a A N ’

(cm) =0 T — European CE Mark approval for its Cardioband tricuspid valve reconstruction
Safe and “Effective” Improved Function and QoL system for the treatment of tricuspid regurgitation.

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.

Compassionate Use and CLASP TR Early Feasibility

TRILUMINATE Early Feasibility Trial

- - CENTRAL ILLUSTRATION: The PASCAL Transcatheter Valve Repair System
[rial for PASCAL TEER Device
ranscatheter Edge-to-Edge Repair (TEER) with =
= 1 . Reduction in TR Functional Improvement s
rl C Ip eVI Ce CENTRAL ILLUSTRATION: PASCAL Transcatheter Tricwsid Ropar for 5a- | A NYHA B SMWT
B o o vere Tricuspid Regurgitation
& e L o ] l‘ - p0.001  [rmam: - pe0.001 —I— - R
" a -
Reduction in TR Right Heart Remodeling Functlonal and Quality of Life Improvement ° . “m,lmm.._ ’
—— = . : - o |mplant catheter
. el Ly . N
. | t I = . e mueany |
1 HE i i” i n - “ oo
i 10 ) I
il. I ] : - . -
2 B - " Ry Pescenl = - &0
H ] . L P 2 .11 0 o —
i k. e Ul e T o " 2 2w ol
. i . z 2
i 1 - S —— - The presence of a TR grade 23+ was reduced from »88% of patients were in New York Heart Association functional class £ g o e
. - t . N NYHA class shawed sigrificant improvement, with the Ervestiomncine (XCOU) shomeed o e Knemoretmant It s 100% (28 of 28 patients) before the procedure to I or Il, with TR grades2+ in 85%. -
=TT rarremre e T f patients categorised as class Hl increasing assessed heart fallure symptoms of 142 points {SD 16-7) from 15% (4 of 26 patients) at 30-day follow-up #Six-min walk distance improved from 240 m(interquartile range: 172 o el
(A) Severity of tricuspid (B) Proportion of patients Significantly decreased right atrial and ventm:uiar fram 25% (21 of 83 patients) at baseline to 80% (67 of 84) baseline to 30 days (p<0-0001) and of 18-4 paints (215) from (p < 0.001) to 337 m) to 335 m (interquartile range: 251 to 385 m) (p<0.001) i
regurgitation at baseline, 30 with reduced tricuspid dimensions, indicating positive remodeling, with after 30 days (p<0-0001) and 86% (63 of 73) after & baseline to 6 manths (p<0-0001) . e o o
days and 6 months regurgitation severity by significant improvement in right ventricular function manths (p<0-0001) CompaSSIonate Use e .
baseline severity status. measured by fractional area change and tricuspid  Torentl mSevere b CLASP TR Trial
annular plane systolic excursion Masive m Moderae m None/Trace
Kodali, . et al. J Am Coll Cardiol. 2021.77(4):345-56.

April 9, 2020 -- Abbot announced that its TriClip™ Transcatheter Tricuspid

) . May 18, 2020 — Edwards Lifesciences announced that it received CE Mark approval for
Valve Repair System has received CE Mark

its Pascal transcatheter valve repair system for treating tricuspid valve regurgitation

Nickenig G et al. Lancet. 2019 Nov 30;394(10213):2002-2011 Kodali S et al. ] Am Coll Cardiol. 2021 Feb 2;77(4):345-356.
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Transcatheter Repair for Patients
with Tricuspid Regurgitation

Paul Sorajja, M.D., Brian Whisenant, M.D., Nadira Hamid, M.I

Hursh Naik, M.D., Raj Makkar, M.D., Peter Tadros, M.D., Matthew J. P
Gagan Singh, M.D., Neil Fam, M.D., Saibal Kar, M.D.,

Jonathan G. Schwartz, M.D., Shamir Mehta, M.D., Richard Bae, }

Nishant Sekaran, M.D., Travis Warner, M.D., Moody Makar, M.

George Zorn, M.D., Erin M. Spinner, Ph.D., Phillip M. Trusty, Pt

Raymond Benza, M.D., Ulrich Jorde, M.D., Patrick McCarthy, M

Vinod Thourani, M.D., Gilbert H.L. Tang, M.D., Rebecca T. Hahn,

and David H. Adams, M.D., for the TRILUMINATE Pivotal Investig

Table 2. Primary and Secondary End Points.*

TEER Group Control Group
End Point (N=175) (N=175) Difference (95% CI
Primary
Hierarchical composite of death from any cause or tricuspid-valve 11,348 7643 1.48 (1.06 to 2.13)
surgery; hospitalization for heart failure; and improvement of
=15 points in KCCQ score at 1 yr — no. of wins{
Secondary, listed in hierarchical order
Kaplan—Meier estimate of percentage of patients with freedom 98.3 (96.3) — —
from major adverse events through 30 days after the procedure
(lower 95% confidence limit) 3
Change in KCCQ score from baseline to 1 yr — pointsf 12.3:1.8 0.6+1.8 11.7 (6.8 to 16.6)
Tricuspid regurgitation of no greater than moderate severity 140/161 (87.0) 7/146 (4.8) —
at 30-day follow-up — no. of patients/total no. (%) 4
Change in 6-min walk distance from baseline to 1 yr — m| -8.1+10.5 -25.2+10.3 17.1 (-12.0to 46.1)

A Change in Quality of Life According to Severity
of Residual Tricuspid Regurgitation

20+
o
o
It
o 154
o
)
-
o .g 104
o
3]
£
c 5
[+
]
2
Moderate Severe, massive,
or less or torrential
(N=133) (N=149)
Severity of Tricuspid

Regurgitation at 1 Yr

B Change in Quality of Life According to Magnitude of Reduction in
Tricuspid Regurgitation

Mean Increase in KCCQ Score

(points)

20+

154

10+

18
54
6
0 2

Worsened No change 1 Grade =2 Grade
(N=46) (N=67) (N=35) (N=125)

Reduction in Tricuspid Regurgitation
from Baseline to 1 Yr

Figure 2. Changes in Quality of Life from Baseline to 1 Year, Stratified According to the Severity of Residual Tricuspid
Regurgitation and the Magnitude of the Reduction in Tricuspid Regurgitation.

<U.uulL

<0.001
<0.001

0.25

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




ESC/EACTS GUIDELINES
@ E S C European Heart Journal (2021) 00, 1-72

European Sociely doi:10.1093/eurheartj/ehab395
of Cardiology

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

Developed by the Task Force for the management of valvular heart
disease of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS)

Echocardiographic evaluation of tricuspid regurgitation severity is
based on an integrative approach considering multiple qualitative and
quantitative parameters (Table 9). Due to the non-circular and non-
planar shape of the regurgitant orifice, biplane vena contracta width
should be considered in addition to the conventional 2D measure-
ment.*%? Similarly, underestimation of tricuspid regurgitation severity
by the PISA method may occur.*® In case of inconsistent findings, the
3D vena contracta area may be evaluated, although diverging cut-offs
have been reported.*®***~4% Recently, a new grading scheme
including two additional grades (‘massive’ and ‘torrential’) has been
proposed407 and used in clinical studies on transcatheter interven-
tions."*®*%” Studies showed an incremental prognostic value of the
two additional grades (massive and torrential) in terms of mortality

and rehospitalization for heart failure in patients with advanced
diseas

e h10—412

@ E S C European Heart Journal - Cardiovascular Imaging (2022) 00, 1-62 EACVI DOCUMENT
European Society https:/doi.org/10.1093/ehjcifjeab253
of Cardiology

Multi-modality imaging assessment of native
valvular regurgitation: an EACVI and ESC
council of valvular heart disease position paper

Key point: When feasible, the PISA method is the best
to quantify the TR severity. A TR PISA radius >9 mm at
a Nyquist limit of 28 cm/s indicates severe TR. An
EROA >40 mm? and/or a R Vol >45 mL indicates severe
TR. When severe, TR can be subcategorized into se-
vere, massive and torrential, which is of clinical interest
in patients referred for transcatheter intervention.

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

Table 16 Grading the severity of TR in the context of transcatheter TV repair/replacement

Severe Massive Torrential
Semi-quantitative parameters
VC width (mm)* 7-13 14-20 >21
3D VC area or quantitative Doppler EROA (mm?) 75-94 95-114 >115
Quantitative parameters
EROA by PISA (mm™)® 40-59 60-79 >80
R Vol (mL) 40-59 6074 >75

EROA, effective regurgitant orifice area; RF, regurgitant fraction; R Vol, regurgitant volume.
*At a Nyquist limit of 50-60 cmi's.
®Baseline Nyquist limit shift of 28cm/s.




Assessment of TR
Etiology




Etiology of the Tricuspid Valve

* Ten Spanish centres participated in this study.

* Significant TR was present in 2121 of the 35 088 (6.0%) consecutive echocardiographic studies
performed.

5.2%

9.0%

2.6%

5.2%

_ Left systolic dysfunction _ Left diastolic dysfunction
B cordiac implantable device I icuspid theumatic disease _ Mitral or aortic valvulopathy _ Primary pulmonary hypertension
_ Endocarditis _ Myxomatous degeneration _ PH due pulmonary disease - Left to right shunt
_ Congenital _ Other _ Idiopathic Other
* Primary TR was present only in 7.4% (n = 157) * Secondary TR was present in 92.6% (n= 1964)
* Inthe group of primary TR, the most frequent etiology * Most common etiology was mitral or aortic valvulopathy
was Cardiac Implantable Devices (66.5%), (59.1%) with MR representing >50% of associated VHD
representing 5% of all TR. * Isolated TR was the second most common etiology (17.4%)

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



Primary Prolapse Flail Septal Leaflet

Angurysmal tissue of the ventricula
membranous septum -




Primary or Secondary Disease?

Transthoracic Echo

Anterior
leaflet
iImpingement

SUPINE

Posterior
leaflet
impingement

————" PG

sssss

Not the same as incidental TR with a pacemaker!




' NORMAL |

4%
volume

Tenting
volume

Annulus | |
area

RA
volume

Muraru D et al

Ventricular STR

Atrial STR

Three-dimensional
echocardiographic study of
Functional TR

« 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).

Ess , @hahn_rt



Atrial Secondary TR I

Atrial fibrillation

Left ventricular ejection fraction >
60%,

Pulmonary artery systolic pressure
(PASP) <50 mmHg,

No left-sided valve disease,

Normal appearing tricuspid valve
leaflets.

V-STR possible Criteria:

* Left ventricular ejection
fraction treduced (<50%)
Tricuspid valve tenting height
>10 mm
Midventricular right
ventricular diameter >38 mm




Novel Classification of TR by Valve/Right Heart Morphology

g oo I

Adopted by the 2022
ESC/EACTS VHD

Guidelines and the
2022 EACVI/ESC

Multimodality Imaging
Guidelines

Parameter Ventricular i CIED Type A Primary TR

Carpentier Class s I, lNIA, I1IB il o’;;p = R/ Z’ :

TV Tethering +HH+ . Fe + = https://bit.ly
Leaflet Restriction Systole - Systole/Diastole = Diastole /Update TR
RA/TA Dilatation +++ b +/- ++ Ty

RV Dilatation +++ +/- +/- +/- +/-

RV Dysfunction A +/- +/- +/- +/-

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


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

Outcomes by Etiology in Secondary TR

FIGURE 4 Linearized Yearly Mortality by TR Clinical Context

Congenital

_ 1.7%
Organic
48%

Yearly Mortality, AF, and HF Hospitalization by TR Context

Isolated
8.1%

—
Ul

(% per Year)

'early Mortality, AF, and HF Hospitalization

LV PHTN Atrial

Secondary TR

Congenital Organic  Valvular

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

Topilsky Y et al. ] Am Coll Cardiol Img 2019;12:433-42



Assessing Risk
Associated with TR




The atrial secondary tricuspid
regurgitation is associated to
more favorable outcome than
the ventricular phenotype

Mara Gavazzonit?, Francesca Heilbron?, Luigi P. Badano'?*,
Noela Radu?3, Andrea Cascella?, Michele Tomaselli'?,
Francesco Perelli?, Sergio Caravital4, Claudia Baratto?!?,
Gianfranco Parati' and Denisa Muraru??

‘Department of Cardiology, Istituto Auxologico Italiano, IRCCS, Milan, Italy, ?Department of
Medicine and Surgery, University of Milano-Bicocca, Milan, Italy, *Emergency University Hospital
Bucharest, University of Medicine and Pharmacy Carol Davila Bucharest, Bucharest, Romania,
‘Department of Management, Information, and Production Engineering, University of Bergamo,
Dalmine, ltaly

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

* Definition of Isolated or atrial FTR according to recent guidelines (11).

250 patients referred for echocardiography in two Italian echo-labs with diagnosis of
moderate or severe secondary tricuspid regurgitation

Poor image quality (n: 10)

Excluded Pacemaker or implantable cardioverter-

(N=39) defibrillator (n: 18)

——5  Primary tricuspid regurgitation (n: 2)
Highly irregular cardiac rhythm (precluding the
acquisition of multi-beat 3DE datasets with no
stitching artefacts) (n: 10)
Patients already candidate to tricuspid valve
treatment (either surgery or transcatheter) (n: 4)

N

211 patients

|

Criteria for isolated-atrial STR*:
- Left ventricular ejection fraction >60%,
- Pulmonary artery systolic pressure <50 mm Hg
- No left-sided valve disease
- Normal-appearing tricuspid valve leaflets

/ S

All these present At least one absent

Atrial -STR Ventricular —-STR
(N=56) (N=155)

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.

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




— Multivariable Predictors of
—\—‘—I A-STR .
T Outcomes (Medically
Managed)
* A-STR
i HR 2.15(Cl 95%; 1.01-4.54) for 1-year combined end pointin V- * TR Severlty (HR 58’ CI 95% 14_25’ P =
- leRvsA»STR.PvaIuebyLog-Ralnktest: 0.03 | 0019)
e . . * V-STR
oMo s oLy cemtrd it o cous et rd et o e ST s s s * TR severity (HR 2.9, CI 95% 1.4-6.3, P =
0.005 for TR severe),
* There was a 2.15-fold significantly e RVEF (HR: 0.97, Cl 95%: 0.94—0.99, P =
higher risk of 1-year combined 0.044),
endpoint (death and hospitalization

:  RVFWLS (HR: 0.93, Cl 95%: 0.85—0.98, P =
for HF) for V-STR patients than A-STR 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
dysfugctlon was defined as TAPSE <17 mm
on echo

* Patients were stratified into 3 types of RV
contraction:
* Type |, TAPSE >17 and RVEF >45%;
* Type Il, TAPSE <17 and RVEF >45%; and

* Type lll, 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.

CENTRAL ILLUSTRATION: Features and Prognostic Implications of RV
Contraction Patterns in Patients Undergoing Transcatheter Tricuspid
Valve Repair

Type | RV-Contraction Type Il RV- Contractlon Type lll RV-Contraction

]

PA pressure A PA pressure PA pressure ilih
RV-Ejection fraction — RV-Ejection fraction RV-Ejection fraction {

RV-End-diastolic volume s RV-End-diastolic volume e RV-End-diastolic volume ihill
RV-Longitudinal function © RV-Longitudinal function RV-Longitudinal function !
RV-Circumferential function < RV-Circumferential function T RV-Circumferential function .

I |
'

100 1

not predictive

First HF Hospitalization
or Death (%)
(%,
=)

p-log rank < 0.001
0

0 90 180 270 360

Time Since Procedure (Days)
— Type|l — Typell — Typelil

Kresoja, K.-P. et al. J Am Coll Cardiol Intv. 2021;14(14):1551-61.




All-cause Mortality

-
o
(=]

RVEF=30% *

204 ) “~ 30%<RVEF=40%
Log Rank: Chi-square 32,93 i 40%<RVEF<45%

109 P<0.001 ~i RVEF>45%

Probability of Survival (%)

0 ] ] 1 1 L] 1
0 1 2 3 4 5 6
Number at risk Follow-up (years)
25 21 16 12 11 9 3
57 49 38 32 26 23 13
— 45 43 39 36 30 26 18
— 318 290 247 220 172 123 71
B 100+
1
£ 7 | ! RVEF >45%
g g =i
= p=002 .
E | (N
E 30 + RVEF 44-37%
S RVEF <37%
=T} e
= 25

Percent survival

100

50+

RVEF by 3D Echocardiography
in Unselected and TTVR Patients

A ALL-CAUSE MORTALITY

100~

50+
== LVEF=50%, RVEF=45

== LVEF<50%, RVEF=4£
== LVEF=50%, RVEF<4£
== LVEF<50%, RVEF<4£&

- RVEF: AUC 0.8507; P<.0001
—— TAPSE: AUC 0.7640; P<.0001
—— FAC: AUC 0.7142; P<.0001

Sensitivity%

Overc

* 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

. . . . 0 50 100
1 2 3 4 100% - Specificity%
Years elapsed

* 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

Based on a clustering approach,

atrial TR was defined as:

* Tricuspid valve tenting height
<10 mm,

* Midventricular right
ventricular diameter <38 mm,

e Left ventricular ejection
fraction 250%.

Atrial TR: tenting height £10 mm and <38 mm and LV-EF 250%
Non-atrial TR: all others with reported tenting height and RV midventricular diameter and LV-EF

More females LV-EF4

o LVEDD
2 b A LVEDDY
.9 ® &
£
>y
RV-FAC#4
. N 4
Atrial TR
VS. = TV tenting height/area¥
non-atrial TR TV EROA¥
4
-
8 TA/RV diameter ratio 4
g E Midventricular RV diameter¥
S RA area ¢ Tricuspid annular diameter §
TTVR cohort
c =
g0 2V
g 08 \ g 0.8 \\\\-\
= U w ——
p 06 ™ & o6 i
[ A = A
] N~ 2
S 04 e T 04
| @ Atrial TR + @ Atrial TR
Tg 02 @ Non-atrial TR 2 02 @ Non-atrial TR
b= =0. g -
s, P=0.005 § o P=0.007
0 1000 2000 3000 0 100 200 300
days ) days
No. at risk No. at risk
Non-atrial TR~ 393 262 153 83 Non-atrial TR 172 123 94 78
Atrial TR 45 35 23 15 Atrial TR 41 34 28 27

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




CENTRAL ILLUSTRATION: Classification of Isolated Tricuspid Regurgitation :
Etiologies and Novel Risk Score for 1-Year Mortality Risk Model for 1-Year All-Cause Mortality in Isolated Secondary TR
Etiological Classification for Isolated Severe TR Parameter Score
12-16
Age
65-74 years 1 11 4
Secondary TR Primary TR 75+ years 2 10 _
8,575 (94.8%) < 470 (52%) Myocardial infarction 1 9 4
Peripheral vascular disease 1 s
Chronic luna disease 1 L
Right heart disease Chronic kidney disease (creatinine >1.4 mg/dL) 1 g 73
e Loop diuretic use 1 § 6
Pulmonary disease ——
; Anemia (hemoglobin <10 g/dL) 1 2 5
e . Thrombocytopenia (platelet <15 k/uL) 1 4
v7a€;v(e1 éaél;r;r 222 (47.2%) International normalized ratio >1.5 1
Atrial functional Albumin <3.0 /dL 2 3
2,086 24.3%) Left heart disease = = ¥ =
4664 G449 Dogenerativelprolansy Right ventricle systolic function 2
86 (18.3%) Mildly impaired 1 1
Risk Model for 1-Year All-Cause Mortality in Isolated Secondary TR Moderately impaired 2 0
L Seore Sl Severely impaired 3 e |
mss_,4m,s - 14 Right ventricular systolic pressure >50 mm Hg 1 O 10 20 30 40 50 60 70 8
75+ years 2 10 ~Total score 16 One-Year All-Cause Death (%)
Myocardial infarction 1 o)
Periphera disease |
vt e : o ——— Wang TKM, et al. J Am Coll Cardiol Img. 2022;15(5):731-744
Chronic kidney disease (creatinine >1.4 mg/dL) 1 g 7 " - 3 ¥ - -
Loop diuretic use 1 i 6
Anemia (hemoglobin <10 g/dL) 1 g s
Thrombocytopenia (platelet <15 k/uL) 1 4
International normalized ratio >1.5 1
Albumin <3.0 g/dL 3 3 . .
e SRS : * Secondary TR constituted conferred worse survival than
Mildly impaired 1 1
Moderately impaired 2 H H 1 1
S s 3 o primary TR in unadjusted but not adjusted analyses.
Right ventricular systolic pressure >50 mm Hg 1 0 10 20 30 40 50 60 70 80 . . o o
Toal s . Onm et £ * A novel risk score stratifies the risk for 1-year death
Wang TKM, et al. J Am Coll Cardiol Img. 2022;15(5):731-744.

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




The 5 Phenotypes Of CENTRAL ILLUSTRATION Tricuspid Regurgitation Phenotypes and Survival
Tricuspid Regurgitation e

A TR Phenotypes
= = = = Low=risk  High=risk Lung Coronary Artery Renal
Insight From Cluster Analysis of Clinical and TR IR Disae . Disease . Disoase
. . . Coronary a[t:;rg::::s ] | | I
Echocardiographic Variables Creatinine 2 mojdt 4 — —
Congestive heart failure - EE RE— [ |
Abnormal right ventricular size/function = R
Abnormal left ventricular size/function - | ]
Vidhu Anand, I\A:BBS,El Christopher G. Scott, MS,b Meredith C. HYLII'I.,b KYIE Lal'a'BIEitiﬂger, IV[D,EL High ratio of early diastolic mitral inflow to early diastulist:rlkw?:?alta:ir:nﬁg:?:l?g;;:
L. .. . HTN, diabetes mellitus, CKD ]
Vuyisile T. Nkomo, MD, MPH,* Garvan C. Kane, MD, PuD,” Cristina Pislaru, MD,* Kathleen F. Kopeck Any AS -
Abnormal HR, stroke volume index =
Phillip J. Schulte, PuD," Sorin V. Pislaru, MD, PuD" Moderat e ] R —

Low blood pressure
High aspartate transaminase =

Progressively worse prognosis: peripherslvascuar ooy

Atrial fibrillation o

Prior cardiac surgery =

1. Low-risk TR cluster (few comorbidities and lesser Okcarsge |

Low sodium =
Caucasian I

T T T T T

1 2 3 4 5

severity of TR) had the lowest mortality sroe iy

2. High-risk TR cluster (more severe TR, more .
comorbidities, larger RV size, and more congestive B C
heart failure), 4258 82 wo-

3. TR associated with ischemic cardiomyopathy (a high \ |
prevalence of coronary artery disease and LV
dysfunction), B Lo Dsese B Coromn ey O

4. TR associated with lung disease (a higher proportion R " 2 4 s 8w
of pulmonary hypertension), Anand V, e . § Am Coll Cariol Wt 2023,16(2)156-165.

5 o TR a SSOCiatEd Wit h c h ro n ic kid n ey d isea Se o (A) Heat map results of the cluster analysis showing the relative prevalence of the different variables in each cluster, The color bar indicates the range of relative

prevalence. (B) A pie chart showing different clusters and number of patients in each cluster, (€) Kaplan-Meier survival curves for all-cause mortality by clusters.
Cluster 1 had the lowest mertality (but higher than the expected survival for the age- and sex-matched general population) followed by clusters 2 (HR: 2.22 [95% Cl:

60

40

Patients Surviving (%)

20

2,1-2.35]; P = 0.0001); 4 (HR: 2,19 [95% Cl: 2,04-2.35]; P < 0.0001); 3 (HR: 2.45 [95% Cl: 2.27-2,65]; P < 0.00071); and, lastly, cluster 5, which had the highest
mortality (HR: 3,48 [95% Cl: 3,07-3,95]; P < 0.0001), AS = aortic stenosis; CKD = chronic kidney disease; DM = diabetes mellitus; HR = heart rate;
HTN = hypertension; LV = left ventricular; MR = mitral regurgitation; TR = tricuspid regurgitation,

JACC Cardiovasc Interv. 2023 Jan 23;16(2):156-165
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Long-term outcomes of phenoclusters
in severe tricuspid regurgitation

Vishal N. Rao @ "2, Anna Giczewskaz, Karen Chiswellz, G. Michael Felker ® ',
Andrew Wang @ ', Donald D. Glower?, Jeffrey G. Gaca?, Kishan S. Parikh'?,
and Sreekanth Vemulapalli ® '*

'Division of Cardiology, Duke University Medical Center, 2301 Erwin Road, Durham, NC 27710, USA; *Duke Clinical Research Institute, Duke University School of Medicine, 300 W Morgan
Street, Durham, NC 27701, USA: and *Division of Cardiovascular and Thoracic Surgery, Department of Surgery, Duke University Medical Center, 2301 Erwin Road, Durham, NC 27710, USA

e 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.

Rao VN, et al. Eur Heart J. 2023 Mar 16

Key Question
How do cardiovascular outcomes differ across a population with newly diagnosed severe tricuspid valve regurgitation (TR) when
grouped by etiology or by clinical risk profiles identified by machine learning?

Key Finding

Severe TR categorized by etiology was associated with indistinguishably high 5-year risk of death and composite death or heart failure
hospitalization. Outcome-driven recursive partitioning (survival tree models) yielded phenoclusters with distinct clinical risk profiles for
both outcomes.

Take Home Message

Classifying severe TR by etiology alone is insufficient in discriminating clinical risk. The identified subgroups exhibiting differential
characteristics and outcomes may aid in clinical risk / benefit analysis for TR interventions and inform selection and enrichment for future
clinical research in TR.

Long-term outcomes and identification of phenoclusters in severe tricuspid regurgitation

Real-world population undergoing echocardiography between 2007 and 2018 (N=123,954)
24 Medical record K\ Clinical event Echocardiograph
Q edical records % inical events m; chocardiography

2.7% had new diagnosis of severe TR (N=3,395)

Grouped by severe TR etiology 4——] L—+ Clusters derived from supervised survival tree

TR with lead present Primary TR Secondary TR Clusters exhibited different five-year outcomes
Younger age
Heart failure
2 Mod RV failure Five-year composite death or HFH by cluster
Severe MR
Pulmonary HTN Cumulative incidence (95%Cl)
Worse Kidney fnction™ ;) | e Cluster 1 == Cluster 2 = Cluster3 = Cluster 4
Low blood pressure
High ROW 80
Higher LFTs
60
Similar five-year composite death or HFH by TR etiology Older age 40
Secondary TR
Cumulative incidence (95%Cl) Worse kidney function 20
100 | = TR with lead present 0
— Primary TR o 1 21 3 4 s
— Fe
80 Secondary TR = Her::eh"um Years following index echo
60 = oo GBS Cluster at risk
i o 73230 S ZE SO N33
40 Adjusted Hazard Ratio*: SERFEIR
‘ TR with lead:  1.17 (0.95-1.43) QUEETZITD 2895 410 270 173 116 82
Secondary TR: 1.07 (0.88-1.29) Old
= / p=017 — 3339 29 170 112 73 53
White
05 1 3 3 2 5 e . 4272 227 182 143 115 89
Years following index echo No heart fallure

Normal kidney function
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Outcomes of ITVS

Isolated Tricuspid Va(::lle::;')gery on Native Valve | 1%° @ ESC In multivariate ana'ysis’
= 90 - I .
- Functional tricuspid regurgitation (N=229) E?E‘;"rﬁ?ﬁfq",f'ewIndependent dete rmlnants
- Prior left-sided heart valve surgery (N=101) 80 - . .
- Isolated (N=128) e of in-hospital death were:
- Organic tricuspid regurgitation (N=237) = 70 7 _
- Infective endocarditis (N=142) -% ¢ NYHA Class I"/|V [OR = 2°7
= Bie{psos) s ] (1.2-6.1), P = 0.01],
w L
g « Moderate/severe RV
¥ . . o . .
Pre-operative presentation 3 40 dysfunctlon [OR =26 (12_
- Clinical (NYHA class Ill/1V, right heart Y == jhllcause morality 5.8), P =0.02],
failure signs) 20 All-cause mortality or readmission for cardiovascular reasons . .
- Biological (lower prothrombin time, === All-cause mortality or readmission for heart failure * Lower prOthrombln time [OR
lower glomerular filtration rate) 10 1 =0.98 (096—099), P=
- Echocardiography (moderate/severe
RV dysfunction or dilatation) . 0 1 2 3 ¥ 5 0008]' . o
Yo * Borderline statistical
significance
Isolated tricuspid valve surgery is associated with high * Presence of right CHF signs
Outcome mortality and morbidity, both in-hospital and during [OR =2.4 (0.9- 6.5), P= 0.06]

* Systolic pulmonary artery

pressure > 50 mmHg [OR =
clinical, biological and echocardiographic presentation 2.5 (0.9-7.0), P = 0.08]

In-hospital death: 10% follow-up, predicted by the severity of the pre-operative

In-hospital major complications: 31%
Overall survival, survival free of

cardiovascular readmissiorj at\d survival but not by etiology or the
e AT, regurgitation mechanism WE INTERVENE TOO LATE!!

Dreyfus J et al. Eur Heart J. 2020 Dec 1;41(45):4304-4317.
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o All three scores were associated with
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Wang TKM et al. J Card Surg. 2022 Jan;37(1):126-134.




at 12 French centers between 2007 and 2017

All consecutive adult patients who underwent an isolated tricuspid valve surgery for severe tricuspid regurgitation
(N=466)

WWW.tri-score.com T

Number of patients presenting with each score value and trends

for in-hospital mortality after isolated tricuspid valve surgery
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. NYHA Class -1V S A RS

* The final risk score (0 to 12) em—G—— Lo e o
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2 6 7 8

3. Right-sided heart failure signs _ L
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7
8

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

CENTRAL ILLUSTRATION Surgical outcomes of isolated tricuspid valve replacement.
Outcomes of
A meta-analysis of 35 studies (5,316 patients) o o o
isolated tricuspid
‘/“' | Bioprosthetic & mechanical p
valve replacement

Operative mortality 12% (9-15)
‘ Years 1995-2019: 11% (8-14)
Higher mortality for patients
Procedural complications Wh o were o pe rated on befo re

‘ B Pacemaker 10% (6-16) % Respiratory comp. 15% (12-20) 1995, who had prior cardiac
surgeries, or who had liver

Bleeding 12% (8-17) AKI 15% (9-24) .
Q 6 disease (RV fx not collected).

Late outcomes (bioprostheses)

ﬂ Late mortality* 6 (2-13) ‘ w> TR2Z+recurrence™ 8 (5-13)
‘ — [ Scotti A et al.

A et 109 A 30 Eurolntervention. 2022 Nov
L “per 100 persa-years 18;18(10):840-851.

The 35 included studies investigated isolated surgical tricuspid valve replacement. The pooled outcomes for 5,316 patients are reported as
proportions and incidence rates (late) with confidence intervals. AKI: acute kidney injury; SVD: structural valve deterioration;

TR: tricuspid regurgitation




What the Surgeon Knows!!

TABLE 5 Risk Factors Associated With Tricuspid Regurgitation Recurrence After Tricuspid Annuloplasty
Risk Factors for Recurrence of Significant TR After Repair Impact on Early TR Recurrence
Echocardiographic predictors
|V|0rph0|0gic Pre-operative TR severity +4
Larger annular diameter +
PrEd iCtO rs Advanced leaflet tethering 4+
Presence and persistence of severe pulmonary hypertension after TV repair
d d nction (<40Q° nd dilated R O () =Tol2
Clinical predictors
Female gender
Clinical Chronic atrial fibrillation
. Presence of ischemic coronary disease
Pred|Ct0rS Presence of intra-annular pacemaker leads -
Kidney dysfunction +
Concomitant chronic obstructive pulmonary disease ...and recurrent MR
Surgical/procedural predictors
Su rgical Repair technique (suture vs. ring annuloplasty, flexible vs. rigid or semirigid ring) +
Concomitant mitral valve replacement rather than repair

Predictors

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

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

Impact Late TR Recurrence

o




New Methods of Quantifying and Grading TR New Classification of TR

APICAL 4,CV

& ' x"i}- -

EROA 60 m1 .
R Vol 45 ml

2DTTE

3DTTE

Parameter Ventricular Atrial CIED Type A Primary TR
. Prolapse RHD
- —_ PEV TRV Carpentier Class B 1 I, llIA, 1lIB I A
188ml ~ 9%6ml ~ 16ml = 76ml
TV Tethering +H++ - ++ + -
Leaflet Restriction Systole - Systole/Diastole - Diastole
Figure 52 Quantitative assessment of TR severity using the PISA method (A-D) and the indirect CMR method (E and F). White arrow: extent of . .
the signal loss on cine CMR. (E) Assessment of LV volumes using cine images. (I) Phase-contrast velocity mapping at the aortic root level and flow- RA/TA Dilatation L A +/- i i
time curves computing forward aortic flow. RV Dilatation H+ +/- +/- +/- +/-
RV Dysfunction +++ +/- +/- +/- +/-

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

New Ways of
Assessing Risk

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

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

All consecutive adult patients who underwent an isolated tricuspid valve surgery for severe tricuspid regurgitation
at 12 French centers between 2007 and 2017
(N=466)
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Age 2 70 years

NYHA functional class llI-IV

Right-sided heart failure signs

Daily dose of furosemide = 125mg

26

Number of patients

Glomerular filtration rate < 30 mi/min

Elevated total bilirubin

Left ventricular ejection fraction < 60%

e NN NN e e

Moderate/severe right ventricular dysfunction
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