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Sex« o U.S. Burden

E@rnale 0.59 (052-0.67)
Male 0.47 (0.39-0.55)
Overall  0.55(0.50-0.60) 24
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Burden of Tricuspid Rggurgltatlon In Patients Diagnosed

Yan Topilsky, MD,? Simon Maltais, MD,” {gslé Medina Inojosa, MD," Didem Oguz, MD,” Hector Michelena, MD,*
Joseph Maalouf, MD," Douglas W. Mggﬁ’ney, MSc,® Maurice Enriquez-Sarano, MD°

Prevalence of Valve Diseases Olmsted County

1.6 Million US citizens
% 3 Million EU citizens
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,]9‘1'\ Age
=8- Combined Prevalence of AS, MS, AR and MR

- Prevalence of All Cause TR Moderate (C
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FIGURE 3 Distribution Patterns of TR in the Community
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TABLE 2 Clinical and Echo Characteristics of the Different TR Subcategories &
1, Qé
Associated With ~ Associgtéd With
Congenital Organic Left Valvular \O?]rstnllt Associated With Isolated
(n=18) (n =53) Disease (n = 542) %ﬁnﬁmn (n=141)  PHTN (n=252) (n = 89)
Age, yrs 61 + 22*13§| 77 £ 131 719 +117 OQSJ\ 76 + 121 75+129 75 £15
Female 58 52 635 11 40%| 7445 7248
BMI, kg/m’ 25616 241 +6 256 39/?5 26216 288+6 247+6
MAYO AF 39145 581 651 639 681 68f
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Recommendaﬁons for Noninvasive Evaluation of @Cm
@ﬁlve Valvular Regurgitation

A Reporlz«from the American Society of Echocard |ography\©\ ’
Developg‘ﬁ In Collaboration with the Society for Cardlovasgtjlar
& Magnetic Resonance o

<& &
N\ Q
@oQ’O William A. Zoghbi, MD, FASE (Chair), David Adams, RCS, RDCS, FASE, Robert O. fhnow, MD,
@ Maurice Enriquez-Sarano, MD, Elyse Foster, MD, FASE, Paul A. Grayburn, 1}\@@ FASE,
V" Rebecca T. Hahn, MD, FASE, Yuchi Han, MD, MMSc¢,* Judy Hung, MD, FASE, RL}I'}L@}M Lang, MD, FASE,
Stephen H. Little, MD, FASE, Dipan ]J. Shah, MD, MMSc,* Stanton Hthnan MD, FASE,
Paaladinesh lhaandlranathan MD, MSc, FASE,* James D. lhuma@«“%ﬂ} FASE, and
Neil J. Weissman, MD, FASE, Houston mm’ Dallas, Texas; Durﬁwm Novth C Q‘!?Hiﬂ-] Chicago, anwti Rochester,
Minnesota; San Francisco, C mftﬁﬁmm New York, New York; Pk:!ﬂdffphm, &mmfmnm Boston, Massachusetts;

Toronto, Ontario, Canada; and Wa ﬂ:rmga@u DC
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Chronic Tricuspid R{@rgitﬂﬂnn by Doppler Echocardiography
6\.‘\
@0
"\
{b&e b 4
Y=a, milld A\@Q Does TR meet most specific criteria | g, SEVErE
3 for mild or severe TR? ]
&
S"O No k
Specific Criteria for Mild TR © — — Z Specific Criteria for Severe TR
- Thin, smal central color jet Q@Q Minarity of criteria or Intermediate Values: - Dilsted annulus with no valve coaptation or
= WG wadth <0.3 emi fiail leafiet N
-Pmﬂm{ﬂdmmrﬁ&lﬂmm TR Probably Moderate - Large central jat = 50% of RA ,@,@\
= Incomplete or famt CW et T width = 0.7 cm ,Q\Q
- Systolic dominant | 5 vein flow = PISA radius = 0.0 em at Nyguist
-Tﬁuﬁpiﬂh&ﬁdﬁmnﬂnﬂmr » Diense, trangular CW jet or si &a\lepiltem
= Womal BV A‘\\ = Systolic reversal of Hepatic flow
) Dilated RV with mservet{&lu:hm
<9 r g
o O
Q& X3
O O
© S
N &
‘19(1/ ; «Q)
WG wadih < 0.3 cm WC width 0.3-0.68 cm VC width > nm
* EROA < 02 om? *EROAD2-04 cm? ’EHDAPE
* RVol < 30 mL ®* RV'ol = 30 - 44 mL ‘H"-"t;\lﬁ'-ﬂﬁrrl_
&
6\\?}
y W & W
- &
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Isolated TR Outcome
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TR Effect of respiration
Pathup@ﬁu]ng}r of Tricuspid Regurgitation

Quanﬁ(@a‘ﬁve Doppler Echocardiographic Assessment of
¢

RS Respiratory Dependence

W
Yan Tﬂpils@? MD; Christophe Tribouilloy, MD; Hector I. Michelena, MD; Sorin Pislaru, MD;
QQ*O Douglas W. Mahoney, MS; Maurice Enriquez-Sarano, MD
<

ngwﬁ—ﬂﬁpirmm dependence of tricuspid regurgitation (TR), a long-held concept suggested by murmur variation, &6\
refgains unproven and of unclear mechanisms. (‘\@
Mé@&d& amd Results—In 41 patients with mild or greater TR (median age, 67 years), we performed triple Doppler
{Q%echocarcﬁngraphic quantification (TR severity, right ventricular, and right atrial quantificalion) with simultaneous NS
@ respirometer recording of respiratory phases. Expiration to inspiration changes (median) affected TR peak velocity ( —4&(‘\\?’
& cm/fs; 25th to 75th percentile, —60 to —30 cm/s), duration {(—12 milliseconds; 25th to 75th percentile, —45 tgQ
N4 milliseconds), and time-velocity integral {(— 17 cm; 25th to T5th percentile, —23.4 to — 10 cm; all P<20.001), mns'b&ﬂl
with decreased TR driving force. Nevertheless, inspiratory TR augmentation was demonstrated by increased tive
OQ- regurgitant orifice (0.21 cm®; 25th to 75th percentile, 0.09 to 0.34 cm®) and volume (18 mL per beat; 26 to 75th
© percentile, 10 to 25 mL per beat; all P-<00L001) infrequently detected clinically (2 of 41, 5%). As a result uced TR
q:\ driving force, regurgitant volume increasad less than effective regurgitant orifice (1205 [25th to 75th ﬁ{‘mme_ T8.6%
‘19 to 169% ] versus 169% [ 25th to 75th percentile, 12.9% to 226.1%]; P=<0.001). During inspiration, @ht ventricular area
increased (diastolic, 27.8 [25th to T5th percentile, 22.6 to 36.3] versus 26.5 [21.1 o 31.9]; Pﬁ@)ﬂl] with widening
of right ventricular shape (length-to-width ratio, 1.6 [ 25th to 75th percentile, 1.37 to l.ﬂjel;oﬁersus 1.7 [1.46 to 2.1];
P=0.0001), increased systolic annular diameter {P=0.003), valve tenting height {P{D.IIIJ%H and area {P=-0.0001), and
reduced valvular-to-annolar ratio (P=0.006). Effective repurgitant orifice during @i&pirﬂllm was independently
determined by inspirstory valvular-io-annular ratio (P=0.026) and inspiratory chas@e in right ventricular length-to-
width ratio (P=0.008) and valve tenting area (P=0.015). &o
Conclusions—TR iz dynamic with almost universal respiratory changes of large nitude and complex pathophysiology.
Dwring inspiration, a larpe increase in effective repurgitant orifice canses <Jespite a decling in regurpitant gradient, a
notable increase in repurgitant volume. Effective regurpitant orifice c 5 are independently linked to inspiratory
annular enlarecement (decreased valvular coverage) and to inspiratory@ight ventricular shape widening with increased
valvular tenting. /These "novél physiological insights inlg TR irmtory dependence onderscore right-side heart
plasticity and are important for clinical TR-sevesity exaluation. vCircwiafion. 20010;122:1505-1513.)
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Tricuspid Regurgitation

Physiologically

Annular Plasticity &

~  Valve Tenting \\
< cause TR variability &

Pathologically .~
do these mechanisms play
a role in functiorial TR ?
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Clinical Context and Mechanism of Functional Tricuspid
Regurgitation in, Fatients With and Without
Pulmﬁnarv Hypertension

Yan Topilsky, MD; Amber K}mu@&MD Thiermry Le Toumeau; MD; Soon Park; MD; Hector Michelena; MD:;
Rakesh Sun; MD, OE'P?’IUI Douglas W. Mahoney; MS; Maunce Ennquez-Sarano, MD

C)
b\)
Background—Functional I.rjg]%pld regurgitation (FTR) with structurally normal valve is of poorly defined mechanisms.
Prevalence and n::hmn::a.l\#t:mn:xl of idiopathic FTR (Id-FTR) (without overt TR cause) are unknown. \0

Methods and Rtrsulfs—'f’l:u investigate prevalence, clinical context, and mechanisms specific to FTR types, Id-FTR ve
pulmonary h\fpf:l},c‘nsmn-rc]atcd {(PHTN-FTR, systolic pulmonary pressure =50 mm Hg)., we analyzed 1161 a.ﬁn:ms
with pmspcclgﬂﬁ'?} guantified TR. Id-FTR (prevalence 12%) was associated with aging and atrial ﬁhnl]%'a}:m For
mc'chamsmb‘ﬁnurp-nscs we measured valvular and right ventricular (RV) remodeling in 141 1d-FTR mahsﬁ’-:x:l to 140
PHﬂ"-—E&ﬁ and to 99 controls with trivial TR for age, sex, atrial fibnillation, and ejection fraction. P! ]'*- FTR and
Id—FE_(H‘ were also matched for TR effective- rf_gurgjta.nt—unﬁcc (ERO). Id-FTR valvular altn:rallc:ns\o?\-n:rsus controls)
wgp@ largest annular area (3.53=0.6 versus 2.74*0.4 cm®, P<0. 0001) and lowest valvular/ Iar coverage ratio
Q(lfl‘ 06x0.1 versus 1.45=0.2, P<20.0001) but normal valve tenting height. PHTN-FTR had mild @Qnula.r enlargement but
f.tr:cssn{' valve tenting height (0.820.3 versus 0.35=0.1 cm, P<0.0001). Valvular changes 4 #%re linked to specific RV
changes, largest basal dilatation, and normal length (RV conical deformation) in Id- ET versus longest RV with
elliptical/spherical deformation in PHTN-FTR. With increasing FTR severity (ERO “—"é@‘\mm'l changes specific to each
FTR type were accentvated, and RV function (index of myocardial performance)g aas consistently reduced.

Conclusions—Id-FTR is frequent, linked to aging and atrial fibrillation, can be sc&%rﬂ and 15 of unigue mechanism. In
Id-FTR, excess annular and RV-basal enlargement exhausts vahular."a.nxsii’ar coverage reserve, and RV conical
deformation does not cause notable valvular tenting. Conversely, P‘HTH—E@R 15 determined by valvular tethering with
tenting linked to RV elongation and elliptical/spherical deformation. Th@scgz specific FTR-mechanisms may be important
in considering surgical commection in FTR. (Circ Cardiovasc fmagtﬁg 2012:5:314-323.)
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Atrio-ventricular valves
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Cardiovascular Surgery
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Tricuspid Valve \\Tﬁ%\thering Predicts Residual Tricuspid
Regurgitgﬁon After Tricuspid Annuloplasty
o

Shota Fukuda, MD@Qﬁ:\:ng-Min Song, MD; A. Marc Gillinov, MD: Patrick M. McCarthy, MD;
Masao Daimon, I"»“Ic])gh"\\('omchai Kongsaerepong, MD; James D. Thomas, MD; Takahiro Shiota, MD
N

Q
K@
@ :
«o\\’} '\ TABLE 1. Effect of Characteristic and Echocardiographic ,\S\\Q’
AN Findings on Residual TR Afier TV Annuloplasty \‘\{é”
-, -
& N r Univariate P Multivas@ie P
& S T -
S/ 77 N Age 028 <0001 0@‘&1}4&1
> ,J;:f" A AN LV ejection fraction 0.19 0005 & 06
;.-' g f \ X "
Q_C)\‘ Vi | J,' ”n,:"\ k“‘-\‘ AV fractional area change 0.18 0.1 ‘.\\00 0.5
LA | I - O
& S i Lk e RA area 02 08’
& S mv / |'I ‘i l"-, '-iI N RV systolic pressure 0.02 \Q)@ﬁ.ﬂ
||'|'II ( | '-:l N, TV annulus diameter 0.07 <> 0.3
Fp Y A v =
” | =% TV tethering distance 08 <0001 <0.001
i T | : N TV tethering area Zh52 <0001 0.4
’ T b o | f,x" Preoperative %TR A@"@ 032 <0001 <0.001
| 3 g
e ill II I |III .--""! &006
o BA J LA o~ patients and 4 technigues of annuloplasty. we used 1-way ANOV,
e s f__;-l""! We used I:ugis@"rcgmsﬁion to correlate variables of interest. Mul
i f e variate step@ise regression analysis was performed to ident

factors D(b‘ﬂn'-:rit}' of residual TR {measured continuously as %TF
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CLINICAL RESEARCH

@ E S C European Heart Journal (2020) 0, 1-13

European Society doi:10.1093/eurheartj/ehaa192
of Cardiology 6{@
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Functional trlcugfnd regurgitation of
degeneratlve mltral valve disease: a crucial

determmam of survival

® O
Benjamin Essayhgh Clémence Antoine @ Giovanni Benfari ® ', ‘6@«6{@
Joseph Maalzpeijf @ Hector l. Michelena @ , Juan A. Crestanello’, Q,%‘\
Prabin Thﬁpa ©® ', Jean-Francois Avierinos?, and Maurice Enrlquez Saran% ) S
< OVERALL UNDER MED MANAGMENT ~ POST OPEI%@‘ﬁVE,

97+19\
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—— Trivial FTR Trivial FTR
—— Mild FTR Mild FTR
—— Moderate FTR Moderate FTR

—— Severe FTR Severe FTR

P<=0.0001 <0.0001

=
(o] T T T T T T T T T 1 o T T T T T T T QnV| T 1 o T T T T T T T T T |
(o] 2 4 [S3 8 10 (o] 2 4 6 r]/ 8 10 (o] 2 4 S 8 10
Follow-up (years) Follow-up (years) Follow-up (years)

HR severe vs trivial 2.2

B. Essayagh et al.
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FUNCTIONAL TRICUSPID REGURGITAT! g

MORE SEVERE HEART
FAILURE

N

With DMS?%urgery

6%1;r%oderate FTR
2%% severe FTR
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Circulation
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Excess Mortah’ey Associated With
Functional Tﬁcuspld Regurgitation
Compllcatmg Heart Failure With Reduced
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Trlcuspld Regurgitation

1- TRis underda*ected & underireated
unmet need £6r treatment requires improved
|mqg|ng

2- TR context & quantification is the key
qughhflcahon weakly validated but strgﬁgly
predictive of outcome

@
&0&

3- Severe TR is a target for freatm'gnf &
Moderate TR may warrant tpeafment?
both adversely affects cllnyfal outcome in

wo All clinical contexts
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Tricuspid Regurgitation
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ORIGINAL RESEARCH ARTICLE
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Transcatheter Trega“térb}lent of Severe Tricuspid
Regurgitation QWﬁh the Edge-to-Edge MitraClip
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ORIGINAL RESEARCHARTICLE
Transcatheter Tr%ﬁ%ent of Severe Tricuspid
Regurgitation QWfth the Edge-to-Edge MitraClip

Technique &
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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. * Stafistical

outlier. - p—
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Feasibility Study of the Transcatheter )

&\

Valve Repair Sy&tem for Severe Tricuspid

Regurg |tat|orw

o
Susheel Kodali, MD," Rebeg&hT Hahn, M hast

D. Scott Lim, MD,’ Wllhgﬁm Gray, MD,”
Paul Grayburn, MD, @5]9 Fowler, MD," K
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Tricuspid Clip in 2021

1- IR severe or more
treating severe TR improves outcome
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Trlcuspld Clip in 2021

1- IR severe or more

treating sevgfé TR improves outcome

2- Funcj:ronal TR with small coaptation defeg#‘
(<4m;orf) and good leaflet mobility isa
regsonable target for percutaneous repéur
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3- No PHTN-no tenting and to some ‘extent
preserved RV function showed bésf outcome
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/ Conclusion

/ TI’ICUSpId .Regurgitation /

An |mper|ous need to
adﬁress undertreatment
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