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Résumé

Titre: Evaluation et prise en charge de Uinsuffisance tricuspide

L’insuffisance tricuspide (IT) est actuellement considérée comme un probléme de santé
publique. Malgré la prévalence de I'IT et sa gravité, la grande majorité des patients est traitée
uniquement médicalement par diurétiques et un traitement curatif chirurgical n’est que rarement
proposé, y compris chez des patients hospitalisés pour insuffisance cardiaque avec IT significative,
car la chirurgie isolée de la valve tricuspide (VT) est associée a une mortalité post-opératoire
élevée. Nous avons montré que le devenir post-opératoire du patient était prédit par sa présentation
pré-opeératoire et développé, a partir d’un registre multicentrique Francais, le TRI-SCORE, premier
score de risque spécifique pour prédire a 1’échelon individuel le risque de mortalité post-opératoire
apres chirurgie isolée de la VT, que ce soit sur VT native ou pour chirurgie redux, indépendamment
du mécanisme de I’IT. Nos résultats suggerent d'intervenir plus précocement dans I'évolution de la
maladie chez les patients atteints d’IT séveére isolée, avant l'apparition de conséquences
avancées/irréversibles de I’'IT qui grévent le pronostic. Moins invasif que le traitement chirurgical,
le traitement percutané de I’IT, qui peut étre une réparation ou un remplacement valvulaire, est
actuellement en plein développement, avec des premiers résultats encourageants, et pourrait
permettre d’augmenter le nombre de patients traités. De nombreuses études, dont certaines
randomisées, sont actuellement en cours pour évaluer le bénéfice des traitements percutanés de I’IT
en comparaison au traitement médical et permettront d’aider a mieux définir le meilleur moment

et le type de procédure le plus adapté a chaque patient.

Mots-clés : insuffisance tricuspide, chirurgie, pronostic, TRI-SCORE




Abstract in English

Title: Assessment and management of tricuspid regurgitation

Tricuspid regurgitation (TR) should be considered as a public health problem. Despite the
high TR prevalence and its adverse consequences on outcomes, the vast majority of patients remain
under conservative management (diuretics) and a curative intervention is rarely performed,
including in patients admitted for heart failure presenting with significant TR, because isolated
tricuspid valve (TV) surgery is associated with high in-hospital mortality. We have shown that this
high morbidity and mortality is hiding important disparities and that postoperative outcome is
predicted by the clinical presentation. We have developed, from a French multicenter cohort, the
TRI-SCORE, the first specific risk score to predict in-hospital mortality risk after isolated TV
surgery at the individual level, both for native TV or for redo surgery, regardless of TR mechanism.
Our results suggest intervening earlier in the course of the disease in patients with severe isolated
TR, before the onset of advanced/irreversible consequences of TR that markedly negatively impact
the prognosis. Transcatheter interventions, a less invasive alternative to surgery, are showing
promising preliminary results and could increase the number of patients curatively treated. Ongoing
observational and randomized controlled studies are currently evaluating the benefit of
transcatheter therapies compared to conservative / medical management and will help to better

define the candidates, timing and the most appropriate type of intervention.

Keywords: tricuspid regurgitation, surgery, prognosis, TRI-SCORE
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Introduction sur Pinsuffisance tricuspide

La valve tricuspide (VT) a été négligée pendant des décennies et considérée comme « la
valve oubliée ». Actuellement, I’insuffisance tricuspide (IT) fait I’objet d’un regain d’intérét du
fait de sa prévalence, de sa gravité et du développement de traitements curatifs, notamment
percutanés?.

Anatomie de la valve tricuspide

La VT est située entre 1’oreillette droite (OD) et le ventricule droit (VD) et est la plus large
et la plus apicale des 4 valves cardiaques avec un orifice normal entre 7 et 9 cm2. 1l s’agit d’une
structure complexe composée de I’anneau, des feuillets, des cordages et des muscles papillaires®
(Figure 1).

A. Valve pulmonaire Valve aortique g X
. Valve tricuspide

Feuillet septal

Artere
circonflexe

Feuillet
antérieur

MR Valve mitrale
. Feuilletantérieur
Feuillet postérieur

Sinus coronaire =

Feuillet postérieur
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Valve tricuspide

Cordages
tendineux

Muscle
papillaire

Figure 1. Anatomie de la valve tricuspide
A. lllustration extraite et adaptée de « www.mitralvalverepair.org/....anatomy.jpg »

B. lllustration extraite et adaptée de « The Netter collection »

Comme son nom I’indique, la VT est le plus souvent composée de 3 feuillets valvulaires de
taille inégale (antérieur, postérieur et septal). Le feuillet antérieur est le plus grand, a la partie
supérieure et externe de la VT, a proximité de la valve aortique. Le feuillet septal est le plus médial,
localisé au niveau du septum inter-atrial, a la partie médiale de la VT, en regard de la valve mitrale.
Le feuillet postérieur est situé au niveau inférieur de la VT, a proximité du foie. La commissure
entre les feuillets antérieur et septal est proche du nceud auriculo-ventriculaire et du faisceau de
His. La commissure entre les feuillets septal et postérieur est proche de 1’entrée du sinus coronaire
dans I’OD. Il existe de trés nombreuses variations anatomiques pour les feuillets de la VT (Figure
2), en général avec des festons surnumeéraires.
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Figure 2. Exemples de variantes anatomiques du nombre de feuillets de la valve tricuspide

visualisées en échocardiographie trans-oesophagienne dans [’'incidence transgastrique vers 40°

A. 2 feuillets
B. 3feuillets (forme anatomique la plus fréquente)
C. 4feuillets

Ainsi, une forme anatomique avec 3 feuillets n’est présente que chez un peu plus de la
moitié des individus alors qu’environ un tiers des individus ont 2 festons au niveau du feuillet
postérieur. Une nomenclature des feuillets de la VT a été récemment proposee a partir d’analyses

en échocardiographie trans-oesophagienne (ETO)* (Figure 3).

Incidence of Tricuspid
Morphologies

A A= Anterior

A P = Posterior
S = Septal W Typel | Type ll H Type llIA
P\ o = Anterior Papillary Muscle Il Type llIB Type IIIC Type IV
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Figure 3. Proposition de nomenclature des feuillets de la valve tricuspide, d aprés Hahn et al*

A : feuillet antérieur, P : feuillet postérieur, S : feuillet septal

Les incidences échocardiographiques pour 1’analyse de la VT, notamment des feuillets
valvulaires, sont présentées en Annexe (Figure S1).

Chez le sujet sain, I’anneau tricuspide (AT) est une structure tri-dimensionnelle complexe,
ovalaire, non plane, en « selle de cheval ». Il présente 2 sommets, antéro-septal et postéro-latéral,
et 1 nadir, postéro-septal (Figure 4A). 1l se contacte normalement de 25% en systole. Quand I’AT
se dilate, il a tendance a s’aplanir et a se circulariser®® (Figure 4B). La dilatation de I’AT se produit
au niveau de sa paroi libre, ¢’est-dire au niveau des feuillets antérieur et postérieur, le feuillet septal

étant contraint par le septum inter-atrial et la valve mitrale’ (Figure 4C).

Right atrium

Iii)
zm

&q-t-.?ﬂf""
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Low

RV Apex

Figure 4. Morphologie de I’anneau tricuspide

A. Aspect normal en selle de cheval, d’aprés Fukuda et al5
A : antérieur, L : latéral, P : postérieur, S : septal

B. Tendance a s’ aplanir et a se circulariser lorsqu’il se dilate, d’aprés Ton-Nu TT et al6
RA : oreillette droite, RV : ventricule droit

C. Dilatation au niveau de sa paroi libre, c est-a-dire au niveau des feuillets antérieur et
postérieur, d’apres Dreyfus GD et al7

Ant : feuillet anterieur, Post : feuillet postérieur, Sept : feuillet septal
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Le nombre de muscles papillaires est variable (2 ou 3 le plus souvent, antérieur, postérieur
et souvent septal). Le plus souvent, le muscle papillaire antérieur donne des cordages aux feuillets
valvulaires antérieur et postérieur, le muscle papillaire postérieur aux feuillets valvulaires
postérieur et septal, et le muscle papillaire septal aux feuillets valvulaires septal et antérieur, mais

il existe d’importantes variations inter-individuelles.

Le bon fonctionnement de la VT dépend de I’intégrité et de la coordination de 1’ensemble
de ces composants®, permettant une bonne coaptation des feuillets valvulaires, et donc I’absence

de fuite tricuspide®.

Prévalence de I’insuffisance tricuspide

L’IT significative (moyenne/sévére) est fréquente puisqu’elle affecte 0,55% de la
population générale (soit plus de 1,6 million de personnes aux USA), avec une prévalence qui
augmente avec 1’age (jusqu’a 4% apres 75 ans). Sa prévalence, similaire a celle de la sténose
aortique ou de la régurgitation mitrale, est plus élevée chez les femmes que chez les hommes quel

que soit I’age!? et va continuer & augmenter avec le vieillissement de la population (Figure 5).

A. Estimated structural heart disease opportunity:
United States

Patient population

Mitral regurgitation

Moderate to severe 2,300,000

Severe 220,000%3
Aortic stenosis

All grades 749,000%*

Severe 125,0001%4°
Tricuspid regurgitation
Moderate to severe 1,600,00012
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B. The Prevalence of All-Cause TR in the Community by Age and Sex and Adjusted for the Age and Sex Distribution of the U.S. White Population

All-Cause TR Greater or Equal to Moderate

Age G 3
bk A A Linear Trend Age Adjusted

Number of Cases 18-44 (n =51) 45-54 (n = 36) 55-64 (n = 58) 65-74 (n = 128) 75+ (n = 408) p Value U.S. Burden
Female 426 0.04 (0.02-0.07)  0.06 (0.02-0.13)  0.36 (0.24-0.53) 1.23 (0.94-158)  4.40 (3.89-4.96) 0.0001 0.59 (0.52-0.67)
Male 255 0.05 (0.03-0.08) _ 0.16 (0.10-0.26) _0.30 (0.19-0.47) __0.93 (0.67-1.27) 3.16 (2.58-3.84) 0.0001 0.47 (0.39-0.55)
Overall 681 I 0.05 (0.03-0.07) 0.11(0.07-0.16)  0.33 (0.24-0.44)  1.09 (0.89-1.33)  3.96 (3.56-4.39) I 0.0001 0.50-0.60)

C. Prevalence of TR and Combined Prevalence of All Left Valvular Heart by Age
16 - Prevalence of Valve Diseases Olmsted County
14
12

10 4

Prevalence (%)
[04]

6
4
2 4
0 _
18-44 45-54 55-64 65-74 =75
Age

—e— Combined Prevalence of AS, MS, AR and MR
—m— Prevalence of All Cause TRz Moderate

Figure 5. Prévalence de l'insuffisance tricuspide significative (moyenne/sévere)

A. Estimation de la prévalence aux Etats-Unis d’Amérique, comparativement a l’estimation
de la prévalence de la sténose aortique et de I'insuffisance mitrale, d’aprés Stuge et al'°

B. Prévalence en fonction de I'age, globale et selon le sexe, dans le comté d’Olmsted,
d’apres Topilsky et al'*

C. Prévalence en fonction de [’dge dans le comté d’Olmsted, comparativement a la

prévalence de |'ensemble des valvulopathies du coeur gauche, d’aprés Topilsky et al**

Mecanismes et étiologies de I’insuffisance tricuspide
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L’IT peut étre « primaire » / « organique » ou « secondaire » / « fonctionnelle »*? (Figures
6et7).

Congenital

. 1.7%
Organic -
48%

Isolated
8.1%

LV dysfunction Left valvular
1y2.9% 49.5%
PHTN
23.0%

Figure 6. Prévalence de [’insuffisance tricuspide en fonction de [’étiologie, d’apreés Topilsky et

a|ll
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Figure 7. lllustration des différentes €tiologies d’insuffisance tricuspide en échocardiographie

trans-thoracique, d aprés Prihadi et al*?

IT fonctionnelles ou secondaires par dilatation ventriculaire (A) et/ou atriale (B) favorisées
par une valvulopathie mitrale (C, D), une dysfonction ventriculaire gauche (E), une
dysfonction ventriculaire droite (F), une hypertension artérielle pulmonaire (G), ou une

fibrillation atriale (H)

IT organiques ou primaires liées a une atteinte intrinseque de la valve (I), en rapport avec
une maladie d’Ebstein (J), ou des anomalies acquises de la valve, telles qu’une atteinte
rhumatismale (K), dystrophique (L), une endocardite infectieuse (M), une atteinte
médicamenteuse ou carcinoide (N), la géne induite par une sonde de pacemaker ou de

défibrillateur (O) ou une fibrose endomyocardique (P)

Plus de 90% des IT significatives sont « secondaires » ou « fonctionnelles », c¢’est-a-dire
sans atteinte intrinséque de la valve, en rapport avec une dilatation de I’AT et/ou un tenting des
feuillets suite au remodelage de I’OD et/ou du VD, lui-méme induit par une surcharge en pression
et/ou en volume favorisée par une pathologie du coeur gauche (valvulopathie aortique ou mitrale,
et/ou dysfonction ventriculaire gauche), une hypertension artérielle pulmonaire (HTAP), une

dysfonction VD ou une fibrillation atriale (FA):!31* (Figure 8 et Annexe — Revue 1).
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A. B.

RHD |++ | Ischemic [++ DCM |

I v
[t Left atrial size ]-— 1 Left atrial pressure]

J
[Atrial fibrillation ] [ Pulmonary hypertension]

! chronique
Tricuspid RV dilation
annulus dilation & dysfunction
Organic TV disease I\\ //

Tncuspld regurgitation

Displacement of the
papillary muscles

« Fonctionnelle+++ »

Figure 8. Mécanismes physiopathologiques de [ insuffisance tricuspide fonctionnelle

A. Remodelage du ventricule droit avec dilatation et déplacement des piliers responsables
d’un tenting des feuillets de la valve tricuspide induisant une insuffisance tricuspide
fonctionnelle, d aprés Mascherbauer et al*

B. Cascade physiopathologique de ['insuffisance tricuspide fonctionnelle, d’aprés Shiran et
a|13

DCM: cardiomyopathie dilatée, MR: insuffisance mitrale, MS: stenose mitrale, RHD:

atteinte valvulaire rhumatismale, TV : valve tricuspide, VD : ventricule droit

L’atteinte valvulaire du coeur gauche (aortique ou mitrale) est la cause la plus fréquente de
I’IT puisqu’elle représente environ 50% des cas*'. La FA permanente, responsable d’une dilatation
de I’OD et de I’AT, est également une cause fréquente d’IT secondaire. Une classification récente
propose de diviser les IT « secondaires » en « atriales » ou « ventriculaires » selon le mécanisme
principal responsable de la fuite, I’IT « atriale » étant surtout induite par la dilatation de I’AT et
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I’IT « ventriculaire » par le remodelage VD avec dilatation VD et déplacement des piliers

responsables d’un tenting des feuillets valvulaires®® (Figure 9).

FUNCTIONAL/SECONDARY CIED-RELATED ORGANIC/PRINVIARY

( [T )

Parameter Ventricular FTR | CIED-Related Primary TR

| | Prolapse (1) RHD (111A)
Leaflet Tethering - +++ e - -
Leaflet Restriction - Systole Systole/Diastole - Diastole
RA/TA Dilatation Gt R +/- - ++
RV Dilatation +/- e+ +/- +/- +/-
RV Dysfunction +/- i+ +/- +/- +/-

Figure 9. Classification des mécanismes d’insuffisance tricuspide, d’aprés Praz et al*®

CIED : pacemaker ou défibrillateur implantable, FTR: insuffisance tricuspide
fonctionnelle, RA : oreillette droite, RV : ventricule droit, TA : anneau tricuspide, TR :

insuffisance tricuspide

A T’inverse, les IT « primaires » ou « organiques » sont assez rares, conséquences d’une
I¢ésion initiale de la VT qui affecte les feuillets et/ou I’appareil sous-valvulaire, dont les causes sont
tres variables, comme les atteintes congeénitales, telles que la maladie d’Ebstein, ou les anomalies
acquises de la VT, telles que I’atteinte myxomateuse, 1’endocardite infectieuse (notamment chez

les toxicomanes), le syndrome carcinoide, I’atteinte rhumatismale, la radiothérapie, le traumatisme

30



thoracique, la fibrose endomyocardique ou les causes iatrogenes (médicamenteuse, radiothérapie,

sonde de pacemaker ou défibrillateur...).

Une classification récente propose de considérer les IT chez les patients ayant des sondes
de pacemaker ou défibrillateur comme une entité & part'®, sachant qu’il est parfois difficile de dire
si I’IT est induite par la sonde (« organique ») ou si elle est simplement associée (« fonctionnelle »),
et qu’il s’agit d’une situation de plus en plus fréquente avec un nombre croissant d’implantation de

sondes de pacemaker ou défibrillateur'®!’” (Annexe — Editorial 1).

Diagnostic, grade de sévérité et retentissement

Le diagnostic est souvent évoqué tardivement devant un tableau d’insuffisance cardiaque
droite, le tableau clinique étant jusque-la pauvre, le patient étant soit asymptomatique, soit avec des

symptdomes peu spécifiques comme de I’asthénie.

L’échocardiographie transthoracique (ETT) est I’examen de premiére intention et I’examen
clé pour caractériser une IT. Elle permet de préciser le mécanisme et d’évaluer la sévérité de I’'IT
et son retentissement sur le VD (Figures 10). L’analyse ETT du degré de sévérité de I’IT, qui est

complexe, doit étre multiparamétrique :

- Paramétres qualitatifs : morphologie de la VT, jet couleur du flux d’IT, signal du jet
d’IT en Doppler continu

- Parameétres semi-quantitatifs : rayon de Proximal Isovelocity Surface Area (PISA),
largeur de la vena contracta (biplan), flux antérograde tricuspide, reflux dans les veines
sus-hépatiques

- Paramétres quantitatifs : surface de I’orifice régurgitant (SOR), volume régurgitant,
fraction de régurgitation

- Retentissement : dimension de la veine cave inférieure, taille et fonction de 1’0OD et du
VD

- D’autres parametres tels que la surface de [Dorifice régurgitant 3D sont

conceptuellement intéressants mais non encore disponibles en routine
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La classification des grades de sévérité de I’IT est débattue. Les recommandations suggerent
d’utiliser 3 grades de séveérité (minime, modérée a moyenne, severe) et d’ajouter 2 grades (massif
et torrentiel) lorsqu’un traitement percutané est envisagé'®®. De facon schématique, les critéres
suivants plaident pour une IT sévére : volumineux défaut de coaptation, flux laminaire (aspect
triangulaire, pic <2m/s), largeur de la vena contracta >7mm, rayon de PISA >9mm, surface de
I’orifice régurgitant >40mm2, volume de I’orifice régurgitant >45ml, onde E antérograde >1cm/s,
reflux dans les veines sus-hépatique, dilatation de la veine cave inférieure. A noter que le degré de

sévérité de I’IT varie de fagon significative avec la volémie.

A.
Grade de sévérité de I’IT Minime Modérée 2 moyenne Sévére Massive Torrentielle
Paramétres qualitatifs
- Morphologie de la valve tricuspide Normale Anomalie modérée des Lésions valvulaires séveres/flail/large défaut de coaptation/tenting majeur
feuillets
- Jet d’IT en Doppler couleur® Petit, étroit, central Modéré central Central large
- Flux a travers la zone de convergence Non visible, transitoire ou Modéré en taille et en durée Large pendant toute la systole
petit
- Flux d’IT en Doppler continu Léger, parabolique Dense, parabolique Dense, triangulaire avec pic précoce (pic <2m/s)
Paramétres semi-quantitatifs
- Rayon de PISA (mm)® <5 6-9 >9
- Largeur de la vena contracta (mm)** <3 3-6 7-13 14-20 >21
- Flux tricuspide antérograde Onde A dominante Variable Onde E dominante (>1m/s)
- Flux veineux sus-hépatique® Dominance systolique Diminution du flux Inversion du flux systolique
systolique
Paramétres quantitatifs
- Surface de I’orifice régurgitant (mm?) <20 20-39 40-59 60-79 >80
- Volume régurgitant (ml) <30 30-44 45-59 60-74 >75
- Fraction de régurgitation (%) <15 15-49 >50
Retentissement®
- Veine cave inférieure, Normaux Normaux ou peu dilatés Dilatés
- Oreillette droite,
- Ventricule droit

“Limite de Nyquist vers 50-60cm/s ; *Limite de Nyquist vers 30cm/s ; °Si vena contracta biplan, IT considérée sévére quand >9mm ; %en I’absence d’autre raison (fibrillation atriale, élévation
des pressions dans 1’oreillette droite) ; ‘en 1’absence d’autre raison.
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Figure 10. Grades de sévérité de ['insuffisance tricuspide en échocardiographie transthoracique

A. Classification des différents grades et paramétres & analyser, d’aprés Lancellotti et al*®

B.

Illustration des parametres a analyser en échocardiographie transthoracique : analyse
morphologique et taille du défaut de coaptation en 3D (A, B) ou en 2D (C), jet d’IT en
Doppler couleur (D), flux d’IT en Doppler continu normal (E) ou laminaire (F), rayon de
PISA en Doppler continu apres réglage de la limite de Nyquist vers 30cm/s (G), largeur de
la vena contacta dans 1 plan (H) ou dans 2 plans orthogonaux (1), flux antérograde
tricuspide en Doppler continu (J), flux veineux sus-hépatique en Doppler pulsé normal (K)
ou avec reflux systolique (L), surface de [’orifice régurgitant, volume régurgitant et fraction
de régurgitation a partir du Doppler continu du flux d’IT (M), dimensions de la veine cave
inférieure en 2D et en TM normale (N) et dilatée (O), dimensions de [’anneau tricuspide
(P), de ['oreillette droite (Q) et du ventricule droit (R)

IT : insuffisance tricuspide

L’IRM cardiaque peut étre intéressante pour 1’analyse de la sévérité de I’IT en cas de doute

en échocardiographie (calcul du volume regurgitant en faisant la difféerence entre le volume

d’¢jection systolique du VD obtenu par la planimétrie du VD en diastole et en systole dans une pile
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de coupes dynamiques petit-axe et le volume antérograde a travers la valve pulmonaire obtenu avec

les vitesses en contraste de phase), et surtout pour 1’analyse de la taille et de la fonction des cavités

droites, notamment du VD (Figure 11).
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Figure 11. Apport de I'IRM cardiaque en présence d 'une insuffisance tricuspide

A. Pile de coupes dynamiques petit-axe permettant le calcul des volumes et de la fonction du
ventricule droit, ainsi que du volume d’éjection systolique
B. Analyse des vitesses en contraste de phase dans le tronc de I’artere pulmonaire permettant

le quantifier le flux antérograde a travers la valve pulmonaire (le volume régurgitant
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tricuspide correspond a la différence entre le volume d’éjection systolique du ventricule

droit et le volume antérograde a travers la valve pulmonaire)

Histoire naturelle

Quel que soit son mécanisme, I’IT va aggraver le remodelage du VD et de 1’0OD, qui va
accentuer la dilatation de I’ AT et le tenting des feuillets, ce qui va encore aggraver I’IT, engendrant
un cercle vicieux. Plusieurs classifications de 1’histoire naturelle de I’IT en différentes étapes ont
été proposées, basées sur le degré de sévérité de la fuite, les symptdmes, le traitement, la taille de
I’AT, le degré de tenting des feuillets, le défaut de coaptation valvulaire, le remodelage et la

fonction systolique VD?*? (Figure 12 et Annexe — Article 10).
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|
|
|
|
|
|
|
Progressie ANNULAR |
DILATATION with ADAPTIVE :
RVREMODELING to |
accommodatevolumeload |
|

|

|

|

|

|

|

I

]

|

|

|

|

|

Mildly abnormal
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SRR Absent or mld andJor emodeling
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Figure 12. Histoire naturelle de I'insuffisance tricuspide, d’aprés Taramasso et al?°
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RHF : insuffisance cardiaque droite, RV : ventricule droit

Valeur pronostique

L’IT a longtemps été considérée bénigne. Il est désormais clairement établi que I'IT est
associee a un mauvais pronostic, avec une morbi-mortalité qui augmente avec le degré de séverité
de la fuite?®?” (Figure 13A), quel que soit le mécanisme ou 1’étiologie de I’IT*"? (Annexe — Article
11).

L’IT est associée a une augmentation des symptomes (asthénie, anorexie, Signes
d’insuffisance cardiaque (IC) droite avec ascite, foie cardiaque, cedéme des membres inférieurs par
augmentation des pressions dans 1’0OD), et a une baisse des capacités fonctionnelles a I’effort par
diminution du débit cardiaque®.

L’IT est un facteur pronostic indépendant de mortalité et de morbidité, comme montré dans
une série de patients avec IT organique isolée sévére par flail (capotage avec rupture de cordage)
d’étiologie en majorité traumatique. Longtemps asymptomatique, I’lIT est associée a une

augmentation tardive mais significative de la morbi-mortalité°.

Une méta-analyse sur plus de 32 000 patients retrouve un risque de mortalité 2 fois plus
¢levé chez les patients ayant une IT moyenne/sévére que chez les patients ayant une IT absente ou
minime, quelles que soient les pressions artérielles pulmonaires et les fonctions systoliques des

ventricules gauche et droit®!.

La corrélation entre le degré de sévérité de I’IT et I’altération du pronostic est également
vraie chez les patients ayant une IT « plus sévére que sévére » (massive ou torrentielle)*?2® (Figure
13B).

Toutes les études retrouvent cette corrélation, que ce soit en population générale ou dans
des sous-groupes spécifiques comme les patients ayant une insuffisance cardiaque (IC) a fonction
systolique ventriculaire gauche altérée® (Figure 13C), une insuffisance mitrale (IM) dégénérative
quel que soit le traitement médical, chirurgical® ou percutané®, ou aprés remplacement valvulaire

aortique chirurgical®’ ou percutané®.
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Patients at risk Years after diagnosis
Trivial FTR 4329 3218 3069 2384 1640 762
Mild FTR 4178 2789 2119 1384 809 359
Moderate FTR 2255 1336 935 555 307 119
Severe FTR 745 352 230 135 65 23

Figure 13. Courbes de survie en fonction du degreé de sévérité de /’insuffisance tricuspide
A. En population générale, en 4 grades, d’aprés Nath et al?®

B. En ajoutant le grade « very severe », qui regroupe les IT massives et torrentielles, d’apres
Peugnet et al®

C. Dans la sous-population de patients ayant une insuffisance cardiaque a fonction systolique

ventriculaire gauche altérée, d’apreés Benfari et al®*

FTR : insuffisance tricuspide fonctionnelle, TR : insuffisance tricuspide

Prise en charge

La trés grande majorité des patients est actuellement traitée uniquement de fagon médicale
par diurétiques. Cela permet de réduire la volémie et ainsi le degré de sévérité de la fuite. Pour
autant, il s’agit d’un traitement uniquement symptomatique qui ne permet pas de corriger le

meécanisme de la fuite.

Le seul traitement curatif de I’IT est un traitement interventionnel, qui consiste soit a réparer

soit a remplacer la VT, que ce soit de fagon chirurgicale ou percutanée.
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Les recommandations Européennes et Américaines pour la prise en charge de I'IT et les

indications de traitement interventionnel sont présentées dans les Figures 14 et 153940,

A. Traitement chirurgical

A.L. Indications chirurgicales

Il est important de distinguer 2 situations cliniques. Dans la premiére situation, le patient
est adressé pour la prise en charge chirurgicale d’une valvulopathie séveére du cceur gauche et se
pose la question d’un geste concomitant sur la VT. Dans la deuxiéme situation, le patient présente

une IT sévere isolée, ¢’est-a-dire sans valvulopathie significative du ceeur gauche.

A.1.1. Chirurgie de la valve tricuspide au moment d’une chirurgie valvulaire du cceur

gauche

Dans cette situation, le patient est adressé au chirurgien pour une chirurgie valvulaire du

cceur gauche, aortique ou mitrale.

Un geste sur la valve tricuspide sera proposé¢ dans le méme temps opératoire en cas d’IT
sévere quel qu’en soit le mécanisme (classe 1), ou en cas d’IT organique moyenne (classe ITaC), ou
lorsque I’AT est dilaté (>40mm ou 21mm/m2 en ETT bidimensionnelle) quel que soit le degré d’IT
(classe 11aB) pour les Européens® et les Américains®®. Les Américains ajoutent 1’antécédent d’IC

droite méme en I’absence d’IT significative (classe ITaB)*.

Les principaux facteurs prédictifs d’apparition d’une IT sévére a distance d’une chirurgie
valvulaire du cceur gauche sont 1’age, le sexe féminin, la FA, ’HTAP, I’¢tiologie rhumatismale de
Iatteinte valvulaire mitrale et la dilatation des cavités droites**3, La présence d’une dilatation de
I’ AT est un marqueur plus précoce d’atteinte de la VT que I’'IT significative et traduit déja un stade

avancé dans la cascade physiopathologique complexe qui aboutit a I’IT fonctionnelle” 134445,

La réalisation d’une annuloplastie tricuspide (geste le plus souvent réalisé¢) au moment

d’une chirurgie valvulaire du coeur gauche est un geste simple et rapide qui n’est pas associé a une
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augmentation de la mortalité ou de la morbidité en dehors d’un surrisque de pacemaker (risque
multiplié par 2 ou 3)*4®. La réalisation d’un geste sur la VT au moment d’une chirurgie valvulaire
du cceur gauche permet de prévenir 1’aggravation de I'IT dans les années qui suivent

’intervention’*8-°C,

A.1.2. Chirurgie de la valve tricuspide pour insuffisance tricuspide isolée

Dans la deuxiéme situation, le patient présente une IT isolée. Une chirurgie isolée de la VT
est indiquée chez les patients ayant une IT sévére isolée primaire sans dysfonction VD sévére
(classe | pour les Européens® et classe lla pour les Américains®®) et peut étre envisagée chez les
patients ayant une IT primaire sévere asymptomatique ou peu symptomatique avec dilatation
progressive du VD ou dégradation de la fonction systolique du VD (classe Ila pour les Européens®
et classe 11b pour les Américains®®). Une chirurgie isolée de la VT peut également étre proposée
aux patients ayant une IT sévere isolée secondaire en rapport avec une dilatation de I’AT qui sont
symptomatiques malgré le traitement médical optimal (classe lla pour les Européens® et les
Américains*®) ou qui sont asymptomaticques mais avec dilatation du VD sans HTAP ni dysfonction

ventriculaire gauche (VG) ou VD séveére (classe Ila pour les Européens®).
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A.

Recommendations on primary tricuspi tdregu;‘rgleaﬁj

Surgery is recommended in patients with severe
primary tricuspid regurgitation undergoing left-
sided valve surgery.

Surgery is recommended in symptomatic
patients with isolated severe primary tricuspid
regurgitation without severe RV dysfunction.
Surgery should be considered in patients with
moderate primary tricuspid regurgitation under-
going left-sided valve surgery.

Surgery should be considered in asymptomatic
or mildly symptomatic patients with isolated
severe primary tricuspid regurgitation and RV
dilatation who are appropriate for surgery.
Recommendations on dary tricuspid

Surgery is recommended in patients with severe
secondary tricuspid regurgitation undergoing
left-sided valve surgery. 23427

Surgery should be considered in patients with
mild or moderate secondary tricuspid regurgita-
tion with a dilated annulus (=40 mm or >21
mm/m? by 2D echocardiography) undergoing
left-sided valve surgery.*?3425—427

Surgery should be considered in patients with
severe secondary tricuspid regurgitation (with or
without previous left-sided surgery) who are
symptomatic or have RV dilatation, in the
absence of severe RV or LV dysfunction and
severe pulmonary vascular disease/hyperten-
sion 418433 ¢
Transcatheter treatment of symptomatic secon-
dary severe tricuspid regurgitation may be con-
sidered in inoperable patients at a Heart Valve
Centre with expertise in the treatment of tricus-
pid valve disease.’

. In patients with severe TR (Stages C and D)

undergoing left-sided valve surgery, tricuspid
valve surgery is recommended.'®

. In patients with progressive TR (Stage B)

undergoing left-sided valve surgery, tricuspid
valve surgery can be beneficial in the context
of either 1) tricuspid annular dilation (tricuspid
annulus end diastolic diameter >4.0 cm) or 2)
prior signs and symptoms of right-sided HF.3-"°

. In patients with signs and symptoms of

right-sided HF and severe primary TR (Stage
D), isolated tricuspid valve surgery can be
beneficial to reduce symptoms and recurrent
hospitalizations. "'

. In patients with signs and symptoms of right-

sided HF and severe isolated secondary TR
attributable to annular dilation (in the absence
of pulmonary hypertension or left-sided
disease) who are poorly responsive to medical
therapy (Stage D), isolated tricuspid valve
surgery can be beneficial to reduce symptoms
and recurrent hospitalizations. 121519

. In asymptomatic patients with severe primary

TR (Stage C) and progressive RV dilation or
systolic dysfunction, isolated tricuspid valve
surgery may be considered.'22

. In patients with signs and symptoms of right-

sided HF and severe TR (Stage D) who have
undergone previous left-sided valve surgery,
reoperation with isolated tricuspid valve
surgery may be considered in the absence of
severe pulmonary hypertension or severe RV
systolic dysfunction.''"®

Figure 14. Indications de traitement curatif en cas d’insuffisance tricuspide

A. Selon les recommandations de la Société Européenne de Cardiologie et la Société

Européenne de Chirurgie Cardio-Thoracique, d’aprés Vahanian et al®

B. Selon les recommandations Américaines, d’apreés Otto et al*?

COR: classe de recommendation, LOE : niveau d’évidence, LV : ventricule gauche, RV :

ventricule droit, TR : insuffisance tricuspide
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Tricuspid Regurgitation
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Figure 15. Prise en charge de 'insuffisance tricuspide
A. Selon les recommandations de la Société Européenne de Cardiologie et la Société

Européenne de Chirurgie Cardio-Thoracique, d’aprés Vahanian et al®

B. Selon les recommandations Américaines, d’aprés Otto et al*®

LV : ventricule gauche, RV : ventricule droit, TR : insuffisance tricuspide, TV : valve

tricuspide
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A.2. Type de geste chirurgical

Le geste chirurgical peut étre une réparation ou un remplacement valvulaire.

Les recommandations indiquent que, si possible, un geste conservateur par réparation
valvulaire doit toujours étre privilégié, en préférant I’implantation d’un anneau prothétique (par
opposition aux autres techniques type De Vega ou bicuspidisation, qui sont associées a de moins
bons résultats)®>°!, 11 s’agit le plus souvent d’une annuloplastie tricuspide avec mise en place d’un
anneau prothétique rigide tridimensionnel ouvert qui tente de reproduire et de maintenir la
morphologie normale de I’AT avec pour objectif de corriger/limiter la dilatation de I’AT. L’anneau
chirurgical est ouvert a proximité de la commissure antéro-septale, zone ou passe le tissu de
conduction, afin de diminuer le risque de trouble de conduction induit par ce geste chirurgical
(Figure 16).

Figure 16. Annuloplastie tricuspide chirurgicale avec anneau ouvert MC3 (Carpentier-

Edwards)

A. Valve tricuspide en position ouverte

B. Valve tricuspide en position fermée

Une chirurgie conservatrice par annuloplastie est le plus souvent réalisée en cas d’IT

fonctionnelle et peut également étre proposée pour certaines formes d’IT organiques lorsqu’elles
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sont d’origine dystrophique, traumatique ou post-endocarditique, avec utilisation de néocordages.
La présence d’un tenting important (hauteur de coaptation >8-10mm, surface de tenting >16mm2
et volume de tenting >2.3ml en ETT dans I’incidence apicale 4 cavités)®? (Figure 17) est associée
a un risque important d’IT résiduelle significative apres annuloplastie tricuspide chirurgicale et doit

orienter vers la réalisation d’un remplacement valvulaire tricuspide (RVT).

A

Déplacementdes

:::'I‘:::es % \\?g \
B A%

Figure 17. Insuffisance tricuspide avec tenting des feuillets de la valve tricuspide

A. Schéma montrant le remodelage du ventricule droit avec déplacement des muscles
papillaires responsable d’un tenting des feuillets de la valve tricuspide induisant la fuite
tricuspide fonctionnelle, d’aprés Mascherbauer et alt

B. Tenting important visualisé en échocardiographie transthoracique dans [ 'incidence apicale
4 cavités

C. Mesure du tenting (hauteur en pointillés jaunes et surface entre les traits jaunes) apres

zoom (cadre rouge) de l’incidence apicale 4 cavités

Lorsqu’une chirurgie conservatrice n’est pas réalisable, soit sur valve native (tenting
important des feuillets valvulaires, délabrement valvulaire non réparable), soit sur dysfonction de
plastie ou de prothése valvulaire, un RVT est effectué, le plus souvent par bioprothese et plus

rarement par prothése mécanique (Figure 18 et Annexe — Revue 2).
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Figure 18. Différents types de protheses valvulaire tricuspides chirurgicales, biologiques et

mécaniques, d’aprés Dreyfus et al®

(Abbott (Regent, Epic), Edwards-Lifesciences (Carpentier-Edwards Perimount), Medtronic
(Hancock)

A noter que I’'implantation d’un RVT est associée a un risque élevé de nécessité d’un
pacemaker dans les suites (environ 30%, risque 2 a 3 fois plus élevé qu’aprés une annuloplastie

tricuspide)®.

B. Traitement percutané

Le traitement percutané de I’'IT est actuellement en plein essor, avec la perspective d’offrir
une stratégie de correction efficace de I’'IT au prix d’une intervention moins invasive que le
traitement chirurgical. De nombreux dispositifs de réparation ou de remplacement valvulaire

tricuspide percutané sont actuellement approuvés ou en cours d’évaluation clinique (Figure 19).
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Figure 19. Systemes de réparation ou de remplacement valvulaire tricuspide percutané

approuvés ou en cours d’évaluation clinique, d’aprés Praz et al*®

Le traitement par réparation percutanée bord-a-bord des feuillets de la VT (TriClip® ou
PASCAL®) basée sur le concept d’Alfieri et par analogie au MitraClip® est la technique

actuellement la plus utilisée a travers le monde (Figure 20).
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Figure 20. Exemples de réparation percutanée bord-a-bord des feuillets de la valve tricuspide

par la technique de TriClip®
Stratégies a 2 clips :

A. 2 clips implantés entre les feuillets antérieur et septal

B. 1 clip implanté entre le feuillet antérieur et le feuillet septal, et 1 deuxieme clip implanté
entre le feuillet postérieur et le feuillet septal
Al. et B1. sont des schémas anatomiques illustrant la stratégie thérapeutique
A2. et B2. montrent le résultat final en échocardiographie trans-oesophagienne tri-
dimensionnelle
A3. et B3. montrent le résultat final en fluoroscopie
A : feuillet antérieur de la valve tricuspide, Ao : valve aortique, Mi : valve mitrale, P :

feuillet postérieur de la valve tricuspide, S : feuillet septal de la valve tricuspide
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Pour les patients qui ne sont pas éligibles a une réparation valvulaire percutanée, un
remplacement valvulaire tricuspide percutané peut étre envisagé, avec des systémes en cours
d’évaluation dans des études cliniques. Les résultats des premieres etudes publiées semblent
prometteurs>>® et le traitement percutané est proposé dans les derniéres recommandations
Européennes comme une alternative possible a la chirurgie chez les patients ayant une IT
fonctionnelle sévére symptomatique jugés inopérables dans un centre expert pour le traitement
percutané de I’IT (classe 1Tb)%.

La faisabilité de ces interventions dépend de considérations anatomiques et de la qualité de
I’imagerie. L’ETO est ’examen clé dans la sélection des patients en vue d’une réparation ou d’une
remplacement valvulaire tricuspide percutané, ainsi que pour le guidage péri-procédural, avec les
incidences oesophagiennes et transgastriques. En cas d’échogénicité insuffisante en ETO,

I’échocardiographie intra-cardiaque peut étre utile pour guider les procédures interventionnelles

(Annexe - Figure S2).
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Obijectifs du travail

1. Comment mesurer ’anneau tricuspide

Article 1. Comparaison entre les mesures de 1’anneau tricuspide en échocardiographie

bidimensionnelle et tri-dimensionnelle et en chirurgie — implications cliniques

Evaluer la faisabilité et la reproductibilitt des différentes incidences en
échocardiographie transthoracique bidimensionnelle

Comparer les mesures de I’AT obtenues en échocardiographie transthoracique
bidimensionnelle, en échocardiographie trans-oesophagienne tri-dimensionnelle et
en chirurgie

Définir des seuils pathologiques qui pourraient étre utilisés en routine pour guider
les indications de geste concomitant sur la VT au moment d’une chirurgie valvulaire

du cceur gauche

2. Histoire naturelle de I’insuffisance tricuspide fonctionnelle

Article 2. Remodelage cardiaque dans I’insuffisance tricuspide secondaire : devrait-on

regarder au-dela de I’anneau tricuspide ?

Caractériser les déterminants échocardiographiques de la sévérité d’une IT

fonctionnelle isolée

3. Prise en charge medicale, chirurgicale et percutanée de I’insuffisance tricuspide

Article 3: Insuffisance tricuspide : fréquence, prise en charge et pronostic parmi les

patients ayant une valvulopathie sévére du cceur gauche en Europe

Evaluer la fréquence et le grade de sévérité de I'IT chez les patients ayant une
valvulopathie séveére du ceeur gauche, dans I’ensemble et en fonction de chaque
valvulopathie

Analyser la présentation des patients en fonction du grade d’IT

Analyser la survie globale et cardiovasculaire a 6 mois selon le grade d’IT chez les
patients ayant une valvulopathie sévere du cceur gauche, dans I’ensemble et en
fonction de chaque valvulopathie

Analyser les taux d'intervention sur la VT au moment d’une intervention valvulaire

du coeur gauche, dans I’ensemble et en fonction de chaque valvulopathie
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- Evaluer la concordance entre les recommandations et les pratiques pour la
réalisation d’un geste concomitant sur la VT au moment d’une chirurgie valvulaire

du coeur gauche pour les patients ayant une indication de classe | (IT sévére)

Article 4: Prise en charge et pronostic des patients hospitalisés pour insuffisance
tricuspide en France
- Evaluer la presentation, la prise en charge et le devenir des patients hospitalises

pour IT a 1’échelon national

Article 5 : Moment de la prise en charge chirurgicale des patients avec insuffisance
tricuspide sévere isolée a I’échelon national
- Evaluer le devenir immédiat des patients apres chirurgie isolée de la VT et les

déterminants des complications hospitalieres

Article 6 : Chirurgie valvulaire tricuspide isolée : impact de 1’étiologie et de la présentation
clinique sur le pronostic

- Evaluer les déterminants du pronostic intra-hospitalier et a moyen terme apres

chirurgie isolée de la valve tricuspide en fonction du mécanisme et de 1’étiologie

de I’insuffisance tricuspide, et plus spécifiquement I’impact de la présentation pré-

opératoire

Article 7 : TRI-SCORE : un nouveau score de risque pour prédire la mortalité hospitaliere
apres chirurgie valvulaire tricuspide isolée

- Développer un score de risque spécifiquement dédié a la prédiction a 1’échelon

individuel du risque de mortalité post-opératoire intra-hospitaliere apres chirurgie

isolée de la valve tricuspide

Article 8 : Fiabilite du TRI-SCORE pour prédire la mortalité hospitaliére apres chirurgie
redux isolée de la valve tricuspide
- Evaluer la fiabilité du TRI-SCORE pour prédire la mortalité hospitaliére aprés

chirurgie isolée redux de la VT
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- Comparer la valeur prédictive du TRI-SCORE aux autres scores de risque

chirurgicaux

Article 9: Premiere implantation chez I’homme d’un systéme de remplacement valvulaire
tricuspide percutané avec la prothese TOPAZ
- Réaliser les premieres implantations chez I’homme de la prothese Topaz, nouveau

systeme de remplacement valvulaire tricuspide percutané par voie transfémorale
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Comment mesurer I’anneau tricuspide

Article 1

Comparison of 2-Dimensional, 3-Dimensional, and
Surgical Measurements of the Tricuspid Annulus Size.

Clinical Implications

Dreyfus J, Durand-Viel G, Raffoul R, Alkhoder S, Hvass U,
Radu C, Al-Attar N, Ghodbhane W, Attias D, Nataf P, VVahanian
A, Messika-Zeitoun D

Circ Cardiovasc Imaging. 2015 Jul;8(7):e003241
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Article 1. Comparaison entre les mesures de 1’anneau tricuspide en
échocardiographie bidimensionnelle et tri-dimensionnelle et en chirurgie.

Implications cliniques

Depuis 2007, les recommandations Européennes suggerent de réaliser un geste chirurgical sur
la VT au moment d’une chirurgie valvulaire du coeur gauche (le plus souvent mitrale), soit en cas
d’IT sévere quel que soit le mécanisme de I’IT (classe 1), soit lorsque I’AT est dilaté quel que soit
le degré d’IT (classe 11a)*°%". Le seuil retenu dans les recommandations pour considérer I’AT
comme dilaté était un diamétre >40mm ou > 21mm/m2 en échocardiographie transthoracique mais
la fagon de mesurer I’AT n’était pas clairement définie et les seuils retenus étaient basés sur une

extrapolation de mesures chirurgicales’.

Les objectifs de cette étude étaient :

- Evaluer la faisabilit¢ et la reproductibilit¢ des différentes incidences en
échocardiographie transthoracique bidimensionnelle (ETT-2D)

- Comparer les mesures de I’AT obtenues en ETT-2D, en échocardiographie trans-
oesophagienne tri-dimensionnelle (ETO-3D) et en chirurgie

- Définir des seuils pathologiques qui pourraient étre utilisés en routine pour guider
les indications de geste concomitant sur la VT au moment d’une chirurgie valvulaire

du cceur gauche

Dans une premiére population prospective, la mesure de I’AT a été réalisée en ETT-2D chez
282 patients dans 4 incidences différentes (parasternale grand axe, parasternale petit axe, apicale 4
cavités (A4C) et sous-costale) parmi lesquels 183 patients ont également eu une mesure du grand
axe de I’AT en ETO-3D et 120 patients une mesure chirurgicale de I’AT (Figure 21).
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Figure 21. Mesure du diameétre de I’anneau tricuspide

A. En échocardiographie transthoracique bidimensionnelle, dans les incidences A.l.
parasternale grand axe, A.2. parasternale petit axe, A.3. apicale 4 cavités, A.4. sous-costale

B. En échocardiographie trans-oesophagienne tri-dimensionnelle B.1 et B.2. reconstructions
multiplanaires permettant d’obtenir B.3. la planimétrie de |’anneau tricuspide a partir de
B.4. un volume tri-dimensionnel de la valve tricuspide

C. Vue chirurgicale aprés atriotomie droite C.1. vue chirurgicale de la valve tricuspide, C.2.

mesure chirurgicale de [’anneau tricuspide a [’aide d’'une regle
Les fleches correspondent aux mesures des diamétres de |’anneau tricuspide

A : surface de I’anneau tricuspide, LA : grand axe de [’anneau tricuspide, SA : petit axe de

["anneau tricuspide

Bien que statistiquement significatives, les différences de mesures de I’AT entre les 4
incidences en ETT étaient faibles (respectivement 3.85+0.58, 3.87+0.61, 4.02+0.69 et 3.92+0.65
cm; P <0.0001) et I’incidence A4C était celle qui était la plus faisable (respectivement 76%, 65%,
92% et 73%, P <0.0001) et la plus reproductible.

Le diameétre de I’AT était plus petit dans ’incidence A4C en ETT-2D comparativement au
grand axe de I’AT en ETO-3D (3.90+0.63 versus 4.33+0.62 cm; P <0.0001) mais la corrélation
était excellente (r=0.84; P <0.0001) avec une sous-estimation systématique d’environ 4 mm (Figure
22).
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Figure 22. Comparaison entre les mesures du diamétre de [’anneau tricuspide dans [’incidence
apicale 4 cavités en échocardiographie transthoracique bi-dimensionnelle et du grand axe de

["anneau tricuspide en échocardiographie trans-oesophagienne tri-dimensionnelle

A. Corrélation entre les mesures

B. Concordance entre les deux méthodes selon [’analyse de Bland et Altman

La ligne du milieu représente la moyenne et les lignes du dessus et du dessous délimitent
intervalle de confiance a + ou — deux déviations-standard

LA : grand axe de [’anneau tricuspide en échocardiographie trans-oesophagienne tri-
dimensionnelle, TA : diamétre de I’anneau tricuspide, TEE : échocardiographie trans-

oesophagienne, TTE : échocardiographie transthoracique

Le diameétre de I’AT était plus petit dans I’incidence A4C en ETT-2D comparativement au
diamétre mesuré chirurgicalement avec une corrélation modeste (4.11+0.61 versus 4.37£0.75 cm;
P <0.0001; r=0.57; P <0.0001) sachant que les mesures chirurgicales étaient peu reproductibles.

L’analyse tri-dimensionnelle de I’AT en ETO a permis de comprendre sa morphologie et son
orientation. Ainsi, la morphologie de I’AT était le plus souvent ovalaire (indice d’excentricité
moyen a 1.35), mais extrémement variable d’un individu a I’autre, avec des formes allant de
circulaire (indice d’excentricité a 1) a trés allongées (indice d’excentricité >2). L’orientation de

I’AT était également trés variable d’un individu a I’autre, de 5° a 175° en considérant I’angle entre
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le grand axe de I’AT et un axe vertical passant par le septum-inter-atrial avec la valve aortique en
haut a 0°, avec une distribution bi-modale. Les 2 orientations les plus fréquemment retrouveées était
aux alentours de 40° et 140° (Figure 23).
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Figure 23. Morphologie et orientation de |’anneau tricuspide en échocardiographie trans-

oesophagienne tri-dimensionnelle

Distribution de l'indice d’excentricité de |’anneau tricuspide

Distribution de |’orientation de |’anneau tricuspide

Exemples de morphologie de I’anneau tricuspide, de circulaire a allongée, la forme la
plus fréquente étant dans |’encadré jaune

Exemples d’orientation de [’anneau tricuspide, les 2 orientations les plus fréquentes étant
dans les encadrés jaunes

o>

©

Dans une deuxiéme population prospective de 66 volontaires sains, la mesure du diamétre de

I’AT a été réalisée dans I’incidence A4C, permettant de définir une valeur normale de 3.24+0.46
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cm ou 1.85+0.23 cm/m2, et des seuils pathologiques (valeur normale + 2 déviations standard) de

4.2 cmou 2.3 cm/m2.

Cette étude a donc montré que la mesure du diamétre maximal de AT en ETT dans
I’incidence A4C était réalisable chez pres de 95% des patients et reproductible, et bien que
sous-estimant de facon systématique la mesure du grand axe de I’AT (d’environ 4 mm)
comparativement a ’ETO-3D, offrait un bon reflet du degré de dilatation de I’AT. Les seuils
obtenus a partir de sujets sains étaient relativement proches de ceux proposeés dans les

recommandations et actuellement utilisés en pratique3%4°.
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Original Article

Comparison of 2-Dimensional, 3-Dimensional, and Surgical
Measurements of the Tricuspid Annulus Size
Clinical Implications
Julien Dreyfus, MD; Guillaume Durand-Viel, MD; Richard Raffoul, MD; Soleman Alkader, MD;

Ulrik Hvass, MD; Costin Radu, MD; Nawwar Al-Attar, MD; Walid Ghodbhane, MD;
David Attias, MD; Patrick Nataf, MD; Alec Vahanian, MD; David Messika-Zeitoun, MD, PhD

Background—Associated tricuspid annuloplasty is recommended during left-heart valve surgery when the tricuspid annulus
(TA) is dilated but methodology for the measurement of TA size and thresholds for TA enlargement are not clearly defined.

Methods and Results—Measurement of the TA diameter (TAD) was prospectively performed using 2-dimensional transthoracic
echocardiography (2D-TTE) in 282 patients in 4 different views (parasternal long axis, parasternal short axis, apical
4-chamber [A4C], and subcostal). TAD was also measured using 3D-transesophageal echocardiography in 183 patients
(long axis), peroperatively in 120 patients who underwent a tricuspid valve surgery and using TTE (A4C) in 66 healthy
volunteers. TAD was significantly different between the 4 2D-TTE views (3.85+0.58, 3.87+0.61, 4.02+0.69, and 3.92+0.65
cm, respectively; P<0.0001) but differences were small and the A4C was the most feasible (76%, 65%, 92%, and 73%,
respectively; P<0.0001) and offered the highest reproducibility. TAD measured in A4C view was smaller than when measured
by 3D-transesophageal echocardiography (3.90+0.63 versus 4.33+0.62 cm; P<0.0001) but correlation was excellent (r=0.84;
P<0.0001) with a systematic 4-mm underestimation. In contrast, 2D-TTE measurements were significantly smaller and only
modestly correlated to surgical measurements (4.11+0.61 versus 4.37+0.75 cm; P<0.0001; r=0.57; P<0.0001) which were
poorly reproducible. In healthy volunteers, we suggested 42 mm or 23 mm/m? as pathological values for the TAD in A4C.

Conclusions—Measurements of the TAD using 2D-TTE in A4C were highly feasible and reproducible and despite being
systematically smaller than 3D measurements, accurately reflected the degree of TA enlargement as assessed using
3D transesophageal echocardiography. We proposed the thresholds that may be used in future prospective studies to
demonstrate whether a preventive strategy would improve the outcome. (Circ Cardiovasc Imaging. 2015;8:¢003241.

DOI: 10.1161/CIRCIMAGING.114.003241.)

Key Words: aortic valve m echocardiography, three-dimensional m general surgery m mitral valve m tricuspid valve

oderate or severe functional tricuspid regurgitation (TR)

is commonly observed in patients with mitral valve dis-
ease and warrants concomitant or combined, at the same time,
surgical correction.'? It is indeed well established that severe
TR portends an adverse prognosis with an increase in mortal-
ity and morbidity® and that TR only decreases temporarily and
often worsens after the successful correction of the left-sided
disease.! Furthermore, short series have shown a 10% to 15%
surgical mortality rate of isolated tricuspid valve surgery in
highly selected patients.”” In contrast, tricuspid surgery elimi-
nates TR and improves right ventricular function and this
effect is durable over time.*

Clinical Perspective on p XXX

However, moderate or severe late TR often develops
despite successful mitral valve correction and absence of TR

at the time of the index surgery.®'* It has been suggested that
tricuspid annulus (TA) enlargement may be a more sensi-
tive criteria that may lead to the consideration of combined
tricuspid surgery. Both the European Society of Cardiology
and the recently published American College of Cardiology/
American Heart Association guidelines recommend perform-
ing combined tricuspid surgery when the TA is enlarged
even in the absence of significant TR (class Ila recommenda-
tion with a level C of evidence for the European Society of
Cardiology and B for the American College of Cardiology/
American Heart Association guidelines).'?

However, several issues remain to date unsolved. First,
the incidence in which TA measurement should be performed
(two-dimensional [2D] transthoracic echocardiography (TTE)
in the apical 4-chamber [A4C] view in the European Society
of Cardiology guidelines) relies on limited evidence. Second,
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the 3D shape of the TA is complex and whether currently
performed 2D measurements accurately reflect the degree of
TA enlargement has not been demonstrated. The 3D echocar-
diography now offers an accurate and real-time assessment of
the size and shape of the TA'*'® to which both 2D and sur-
gical measurements can be compared but such comparisons
are seldom performed. Finally, recommended thresholds are
not firmly established although they were evaluated in a few
outcome studies.''™® Thresholds of 240 mm or 21 mm/m*
of body surface are proposed both in the European Society
of Cardiology and in the American College of Cardiology/
American Heart Association but it has also been suggested
using direct surgical measurement but with a completely dif-
ferent threshold (70 mm) and the limitation of an obviously
invasive method of measurement.’

Thus, the aims of the present study were (1) to evaluate
the feasibility and the reproducibility of the different 2D-TTE
views for TA measurements, (2) to compare TA measurements
performed using 2D echocardiography, real-time 3D echocar-
diography and surgery, and finally (3) to provide TA thresh-
olds that can be used in clinical practice to guide indications
for the performance of associated tricuspid valve surgery.

Methods

Population

Patients

In this first subset, we prospectively enrolled 282 patients referred
to our echocardiography laboratory between January 2010 and
November 2013 who underwent a transthoracic and a transesophageal
echocardiography (TEE) the same day performed by the last author.
When available, the 3D-TEE probe was used (n=194). TTE and TEE
were all clinically indicated. Patients with poor 2D-TTE image qual-
ity were excluded, whereas those in atrial fibrillation were not. In 120
patients who underwent combined tricuspid valve surgery within 15
days, TA size was measured peroperatively. Surgical decisions were
made by the physician in charge of the patients. All TTE and TEE
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were clinically indicated. The study was approved by our local ethical
committee and informed consent was obtained from the patients.

Healthy Volunteers

In this second subset, we prospectively measured the TA size using
2D-TTE in 66 healthy volunteers. Healthy volunteers were mainly
nurses, medical students, or physicians with no medical history, tak-
ing no medication and with no modifiable cardiovascular risk fac-
tors enrolled in an ongoing prospective study (GENERAC, clinical
trial gov number NCT00647088). None of them had any echocardio-
graphic abnormality including tricuspid valve or right-sided cham-
bers abnormalities and thus could be surely considered as having
normal tricuspid valve geometry.

Two-Dimensional Transthoracic Echocardiography
Two-dimensional-TTE was performed using a commercially avail-
able ultrasound system (S5-1 probe, IE33, Philips, Andover, MA or
M4S probe, Vivid 7, General Electric, Fairfield, CT). TA diameter
(TAD) was measured in 4 echocardiographic views: the parasternal
long axis (LA) view of the right ventricle inflow (PS, ), paraster-
nal short-axis view (PSg,) at the level of the aortic valve, A4C, and
the subcostal view (SC). Images were acquired in each view using
the zoom mode focused on the tricuspid valve. Measurements of the
TAD were performed offline by the first author at the time of the
maximum TV diastolic opening between the 2 hinge points at the
junction between the valvular leaflets and the TA (Figure 1). Three
to 5 cycles were analyzed in each view and averaged. TR degree
was semiquantitatively graded with color Doppler in 4 grades (ab-
sent, mild, moderate, and severe)."” Left ventricular systolic ejection
fraction and systolic pulmonary artery pressure were measured as
recommended.” Right ventricular dilatation was semiquantitatively
assessed visually and graded as none, moderate, or severe.

Real-Time 3D-TEE

Three-dimensional-TEE was performed after topicalization using
Xylocaine 2% and intravenous injection of midazolam using a com-
mercially available matrix array transducer (X7-2t, Philips). Volumes
were obtained using the zoom mode (1 beat) focused on the tricuspid
valve in real-time 3D-TEE and digitally stored. The view was opti-
mized for depth and gain setting before 3D acquisition and particular
attention was given to including the entire TA in the sector boundaries.

Figure 1. Measurements of the tricuspid annulus
diameter using 2-dimensional transthoracic echo-
cardiography. Measurements were performed in
4 views: (A) left parasternal long-axis view of the
right ventricular inflow, (B) left parasternal short-
axis view at the level of the aortic valve, (C) apical
4-chamber view, and (D) subcostal view.



Measurements of the TA were performed offline on a workstation
using QLab7 software (Philips) by the first author in a random or-
der and blinded to any clinical or echocardiographic information.
Measurements were performed at the time of maximum diastolic leaf-
let opening. The plane of the TA was obtained by cutting the TA at
its junction with the valvular leaflets in the different axes. From this
plane, we measured the LA as the largest TAD, the short axis (SA),
as the diameter perpendicular to the LA and the TA area (Figure 2).
Measurements were performed in 3 to 5 cycles and averaged. TA ec-
centricity index (EI) was calculated as the LA/SA ratio. TA orientation
(Figure 3) was evaluated by the angle between the LA and the vertical
axis at the level of the interatrial septum in the surgical view (aortic
valve on top, mitral valve on the left, and tricuspid valve on the right).

Surgical Measurements

TAD was measured in the operating room in unloaded conditions us-
ing a supple ruler as the maximal diameter from the interatrial septum
to the opposite side in a so-called neutral position. A second mea-
surement of the TA was also performed after slight traction was ap-
plied by the surgeon on the tricuspid valve (stretched measurement).
Peroperative measurements were performed blinded of echocardio-
graphic measurements.

Statistics

Quantitative variables were expressed as mean+SD. Comparison of the
feasibility of the different TTE views was performed using the Cochrane
Q test and the McNemar test for pairwise comparisons to determine
the most feasible view. A repeated measure ANOVA was performed
to compare TA measurements performed in each TTE view and paired
t tests and Pearson correlations for comparison between 2D-TTE,
3D-TEE, and surgery. Agreement between methods of TA measure-
ments was assessed as described by Bland-Altman.* Reproducibility of
TA measurements, calculated as the absolute difference+SD, was evalu-
ated for both 2D-TTE and 3D-TEE in 30 randomly selected patients
a few weeks after the initial measurement for intraobserver variability
(first author) and by a second observer (second author) for interobserver
variability. Comparison of the differences between measurements (intra-
and interobserver variability) was evaluated using a repeated measure

ANOVA and paired 7 test for pairwise comparisons. Intraclass corre-
lations within each of the 4 views were also calculated. Pathological
thresholds for TAD enlargement were defined as mean+2 SD of nor-
mal values obtained in the healthy volunteer subset. Time needed for
3D-TEE TA measurements was also evaluated in 30 patients. All tests
were 2-sided. Statistical significance was defined with P<0.05. Statistics
were performed using JMP software and MedCalc.

Results

Population

We prospectively enrolled 282 patients. Mean age was 60+16
years, 158 patients (56%) were women, 191 (68%) were
in New York Heart Association functional class 3 or 4, 127
(45%) were in atrial fibrillation, and 180 (64%) had a rheu-
matic valve disease. The main reason for echocardiography
was MV disease (90 mitral stenosis [32%] and 89 mitral insuf-
ficiency [32%]). Moderate or severe TR was present in 118
patients (42%) and mean systolic pulmonary artery pressure
was 49+15 mmHg. Left ventricular ejection fraction was
normal (260%) in 212 patients (75%). Right ventricular size
was normal in 91 patients (33%), moderately enlarged in 118
(42%), and severely enlarged in 73 patients (26%).

Two-Dimensional TTE Measurements

Feasibility of TAD measurements in the 4 2D-TTE views was
evaluated in the first 100 patients. Measurements were con-
sidered feasible in 1 view if image quality allowed clear mea-
surement of the TAD. Feasibility of TAD measurements was
significantly different between the 4 views (PS: 76%, PS,:
65%, A4C: 92%, and SC: 73%, respectively; P<0.0001) with
the A4C view being the most feasible (P versus the 3 other
views all <0.001).

Figure 2. Measurements of the tricuspid annulus
using 3-dimensional transesophageal echocardiog-
raphy. The 3-dimensional volume (D) was sliced
and oriented (A and B) to obtain a planimetry of the
tricuspid annulus (C) and to measure the long axis
(LA) diameter, the short-axis diameter (SA), and the
tricuspid annulus area (A). The tricuspid annulus
eccentricity index was defined as the ratio LA/SA.



Comparison of TAD measurement was performed in 138
patients in whom the 4 TTE views were all feasible. There
was a wide range of TAD from 2.5 to 5.9 cm. Correlations
between views were excellent (from 0.69 to 0.85). TAD
measurements were significantly different between views

even if differences were minimal (PS,: 3.85+0.58 cm,
PS,: 3.87£0.61 cm, A4C: 4.02£0.69 cm, and SC: 3.92+0.65
cm; P<0.0001).

Intraobserver variability of TAD measurements between
the 4 views was of borderline statistical significance (PSRVI:
-0.03x0.21 cm, PS,: —0.02+0.22 cm, A4C: —0.04+0.14 cm,
and SC: 0.06+0.25 cm; P=0.07), whereas interobserver vari-
ability was significantly different (PS: 0.07+0.25 cm, PS,:
0.11+0.28 cm, A4C: —0.05+£0.22 cm, and SC: 0.12+0.31 cm;
P=0.007) and A4C achicved the highest reproducibility (all
P<0.05). For intraobserver and for interobserver, intraclass
correlations (95% confidence interval [CI]) for each of the
4 views were PS_ : 0.94 (0.90-0.96) and 0.91 (0.85-0.95),
PS.,: 0.92 (0.86-0.95) and 0.86 (0.77-0.92), A4C: 0.98
(0.97-0.99) and 0.96 (0.92-0.98), and SC: 0.93 (0.88-0.96)

and 0.89 (0.80-0.94), respectively.
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Figure 3. Tricuspid annulus orientation (3-dimensional
transesophageal echocardiography). In the surgical
view (A), the tricuspid orientation was evaluated
by the angle between the long-axis (white line) and
the vertical axis at the level of the interatrial septum
(red line), with the aortic valve on the top (0°; B).

Thus, as the A4C offered the highest feasibility and repro-
ducibility, A4C measurements were compared with 3D-TEE
and surgical measurements.

Comparison With 3D-TEE Measurements

Evaluation of the TV using 3D-TEE was performed in 194
patients with feasible measurements of the TAD using TTE
in the A4C view. Eleven patients (6%) were excluded because
of poor image quality mostly related to an excess of gain
(9 patients) or a truncated annulus (2 patients) thus leaving
183 patients who had both measurements of TA size using
2D-TTE in the A4C view and 3D-TEE.

TAD measured in A4C view correlated well with LA mea-
sured using 3D-TEE (r=0.84; P<0.0001) but was significantly
smaller (3.90+0.63 and 4.33+0.62 cm; P<0.0001; Figure 4A
and 4B). Correlation with the TA area was also excellent
(r=0.84; P<0.0001). Thus, measurement of the TAD using
2D-TTE in the A4C view accurately reflected the degree of TA
enlargement even if it did not measure its maximal diameter.

Intra- and interobserver variability of 3D measurements
was good for diameters (0.02+0.15 and 0.09+0.19 cm for the
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Figure 4. Comparison between 2-dimensional transthoracic echocardiography (2D-TTE) and 3D-transesophageal echocardiography (TEE)
measurements of the tricuspid annulus (TA) diameter. A, Correlation between measurements of the TA diameter performed using 2D-TTE
(apical 4-chamber [4C] view) and using the 3D-TEE (long axis [LA] diameter). B, Quality control plots using Altman and Bland analysis for
the 2 methods. The middle line represents the mean and the upper and lower lines + or — SD.
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LA and 0.02+0.19 and 0.05+0.22 cm for the SA, respectively)
and area (0.09+0.40 and 0.19+0.52 cm? respectively). The
mean time required for 3D measurements of TA size was 31
minutes.

Impact of 3D Shape and Orientation of the TA on
TTE Measurement

Shape

TA shape was generally oval (mean EI=1.35+0.22) but
was markedly different among individuals from circular
(EI=1) to severely oval (EI=2.15; median=1.31; 95% CI
[1.07-2.04]; Figure 5A). TA dilatation seemed to occur
homogeneously in all directions of the right ventricle free
wall as suggested by the good correlation between TA area
and both the LA (r=0.89; P<0.0001) and the SA (r=0.88;
P<0.0001). Larger TA tended to be more circular with an
inverse although modest correlation between TA area and EI
(r=-0.21; P<0.0001). Accuracy of 2D-TTE measurements
when compared with that of 3D-TEE was not influenced by
the EI. When the population was dichotomized according to
the median EI value (EI <1.31 or EI 21.31), excellent cor-
relations between 2D-TTE and 3D-TEE measurements were
observed in both subsets (r=0.87; P<0.0001 and r=0.83;
P<0.0001, respectively) with a similar 4-mm systematic
underestimation as shown by the Bland and Altman plots
using 2D-TTE (Figure 6A-6D).
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Orientation

Mean angle between the LA and the vertical axis at the level
of the interatrial septum in the surgical view was 87°+57°
(median, 70; 95% CI [10-175]) but different orientations were
observed among individuals from 5° to 175° with a bimodal
distribution (Figure 5B). The 2 most frequent orientations
were around 40° and 140° (LA directed toward the anterior
and lateral side or toward the posterior and lateral side of
the TA). TA orientation also did not affect the accuracy of
TTE measurements as attested by the excellent correlations
between TAD measurements performed using 2D-TTE in the
A4C view and the LA measured using 3D-TEE in the subset
of patients above or below the median angle value (r=0.81;
P<0.0001 and r=0.87; P<0.0001, respectively) and a similar
4-mm systematic underestimation as shown by the Bland and
Altman plots (Figure 6E-6H).

Comparison With Surgical Measurements

Surgical measurements of the TA were performed in 120
patients in the neutral position. TAD measurements obtained
using 2D-TTE in the A4C view were significantly smaller
but were only moderately correlated to surgical measure-
ments (4.11+0.61 versus 4.37+0.75 c¢cm; P<0.0001; »=0.57;
P<0.0001). More importantly, a large SD of the difference
was observed, twice the SD of the difference between 2D-TTE
A4C and 3D-TEE LA measurements (0.64 versus 0.35 cm;
Figure 7). In the 39 patients in whom 2D-TTE, 3D-TEE, and
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Figure 5. Tricuspid annulus shape and orientation. Distribution (A) of the eccentricity index and (B) of the orientation of the tricuspid
annulus. C, Examples of shapes of the tricuspid annulus from circular to oval, with the most frequent morphology in the yellow box. D,
Examples of orientations of the tricuspid annulus, with the 2 most frequent orientations in the yellow boxes.
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Figure 6. Impact of shape and orientation. Correlation between measurements of the tricuspid annulus (TA) diameter performed using
2-dimensional transthoracic echocardiography (2D-TTE; apical 4-chamber [4C] view) and using the 3D-transesophageal echocardiogra-
phy (TEE; long axis [LA] diameter ) and quality control plots using Altman and Bland analysis for the 2 methods in the subsets of patients
with an eccentricity index (El) <1.31 (A and B), with an El 21.31 (C and D), with an angle between the long axis and the vertical axis in the
surgical view < 87° (E and F) and with an angle between the long axis and the vertical axis in the surgical view >87° (G and H). The middle
line represents the mean and the upper and lower lines + or — 2 SD.

surgical measurements of TAD were performed, 3D-TEE and
surgical measurements were not different (4.47+0.63 versus
4.42+0.79 cm; P=0.68) but correlation between methods was
moderate (r=0.50; P<0.0013) and again a large SD of the dif-
ference was observed (0.71 cm; Figure 7). Finally, a slight
traction applied on the TA orifice (stretched measurements
performed in 91 patients) resulted in a >1 cm increase in sur-
gical measurements of the TA (5.40+0.76 versus 4.25+0.76
cm, respectively; P<0.0001).
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Healthy Volunteers

TAD was measured in the A4C view using 2D-TTE in
66 healthy volunteers. Mean age was 34+12 years, 56%
were women, and mean body surface area 1.76+0.20 m2
Normal values were 3.24+0.46 cm (median, 3.2; 95% CI
[2.37-4.17]) and 1.85+0.23 cm/m? (median, 1.86; 95% CI
[1.36-2.42]) and thresholds for TA enlargement, defined
as mean normal value+2 SD, were 4.2 cm and 2.3 cm/m?,
respectively.
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Figure 7. Comparison between surgical and 2-dimensional transthoracic echocardiography (2D-TTE) measurements of the tricuspid
annulus (TA) diameter. A, Correlation between measurements of the TA diameter performed during surgery and using 2D-TTE (apical
4-chamber [4C] view). B, Quality control plots using Altman and Bland analysis for the 2 methods. The middle line represents the mean

and the upper and lower lines + or — 2 SD. LA indicates long axis.
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Discussion

The main results of the present study can be summarized as
follows: (1) 2D-TTE measurements of the TAD were statisti-
cally different but differences were small and the A4C offered
the highest feasibility and reproducibility; (2) 2D-TTE mea-
surements were systematically smaller than the LA diameter
of the TA measured using 3D-TEE but still reliably reflected
the degree of TA enlargement using this method; (3) shape
and orientation of the TA were highly variable among individ-
uals but did not affect the accuracy of 2D-TEE measurements;
(4) using current methodology surgical measurements were
poorly reproducible as a slight traction on the TA resulted in
marked changes in TA measurements; and (5) in healthy vol-
unteers, we defined normal (3.2 cm or 1.8 cm/m?) and patho-
logical values (4.2 cm or 2.3 cm/m?) of the TAD that could
be used in clinical practice to consider the performance of a
combined tricuspid annuloplasty.

TR has for a long time falsely been considered as a benign
condition that could be neglected. In the past 15 years, there
is a growing body of literature showing that not only is TR a
marker/prognostic factor of poor outcome? but also that TR
by itself directly affects the outcome.’ There is now a consen-
sus to correct moderate or severe TR at the same time as the
left side surgery. However, the absence of moderate/severe TR
is falsely reassuring and has a poor sensitivity and negative
predictive value for the occurrence of late significant TR. As
TA enlargement appears earlier in the course of the disease,”
current recommendations have incorporated, in addition to TR
degree, enlarged TAD as an indication for combined surgery
to avoid the occurrence of significant late TR and the need
for a risky redo operation. It is worth noting that this com-
bined surgery, mainly tricuspid annuloplasty, adds little time
to the mitral valve surgery and is associated with few compli-
cations.” Such a preventive strategy is supported by a few
nonrandomized studies'>!"!® showing that concomitant tricus-
pid annuloplasty prevents progression of TR and occurrence
of significant late TR and promotes right ventricular reverse
remodeling and thus improvement of right ventricular func-
tion. Nevertheless, neither the methodology of measurement
of the TAD nor thresholds have been firmly established.

The 2D-TTE is the most common echocardiographic
modality and the most common method used to assess TA
size. TAD can be measured in different views and compari-
sons between views as well as the reproducibility of TTE mea-
surements are rare. In the present study, we show that overall
the different views were statistically different but differences
were minimal and the A4C view, which is indeed the most
commonly used, provided the highest feasibility and repro-
ducibility. An important finding of the present study is to
show that TA measurements performed in the A4C using TTE
accurately reflected the degree of TA enlargement. Using 3D
echocardiography it is now possible to visualize, under physi-
ological conditions, the TA with high image resolution and no
need for complex and time-consuming reconstruction. With
technological improvements, an image of the entire TA can
be now be captured in 1 beat with no need for breath hold-
ing which is crucial as atrial fibrillation is common in patients
with mitral valve disease. In the present study, feasibility of
3D-TEE was high and of the few patients we had to exclude
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most were at the beginning of our experience. TAD measured
in the A4C was smaller than the TA LA diameter measured
using 3D TEE but correlations were excellent and the Bland
and Altman clearly show a systematic underestimation of TTE
measurements validating 2D TEE in the A4C as an accurate
method to assess TA size in a large series of patients with a
wide range of TA values. In addition, 3D-TEE provided an
assessment of TA morphology and orientation, both of which
were highly variable from 1 individual to the other but did not
affect the accuracy of TTE measurements.

Direct measurements by the surgeon are intuitively
regarded as more reliable and often considered as the gold
standard. The present study clearly shows the current limits
of surgical measurements. In contrast to 3D-TEE, surgical
measurements are performed under unloaded conditions and
measurements are highly dependent on the force applied to
the TA. Minimal changes in the traction applied to the TA
resulted in important changes in the TAD. In addition, there
is no commercial tool dedicated to the measurement of TA
size in contrast to the aortic annulus. Measurements were
performed with a simple rule which was not always easy to
precisely insert into the tricuspid valve. It is worth noting that
we never achieved TAD values of 70 mm either using 3D or
during surgery and most probably measurements obtained by
Dreyfus and al’ reflected the maximum elongation of the TA.
Overall our results are strong arguments to standardize surgi-
cal measurements using appropriate and dedicated tools for
the assessment of TA size.

The present study deserves several comments. First, we
used 3D-TEE as the reference method. In spite of the fact
that we could not validate this method against a gold stan-
dard, validity and accuracy of 3D measurements are now well
demonstrated.”**?¢ Second, no comparison with 3D-TTE was
performed. In our experience, image quality of 3D-TTE is
lower than that of 3D-TEE especially for posterior structures
such as the mitral or tricuspid valve. Third, TR degree and TA
size may vary according to loading conditions. In the pres-
ent study, all TTE and TEE measurements were performed
successively during the same examination and TEEs were
performed under local anesthesia and midazolam. Fourth,
for both TTE and TEE measurements, we assessed the intra-
and interobserver variability of TA measurements but not of
image acquisition. However, these acquisitions are standard-
ized and poorly operator dependent. Fifth, our study cannot
provide a definite answer on the anatomic correspondence
between the 2D-TTE (A4C) and 3D-TEE (LA) measure-
ments. Measurements in the A4C view are performed between
the septal and anterior leaflet. In regard to the excellent corre-
lation between both measurements, we may hypothesize that
TTE measurements are performed in a direction grossly paral-
lel to the LA. Further studies using ideally 3D-TTE may con-
firm or not this hypothesis. Sixth, not all examinations were
performed in all patients. Surgical measurements were of
course only performed in operated patients for whom the phy-
sician in charge asked for combined tricuspid surgery. Parts of
the TEE were performed using a probe with no 3D capabilities
because of logistic issues. Finally, as peroperative measure-
ments were only performed in patients referred for combined
tricuspid surgery, surgeons might have expected significant



TR or TA enlargement. Nevertheless, surgical measurements
were performed blinded of echocardiographic measurements.

Accurate echocardiographic measurement of the TA has
important clinical and surgical implications. Combined tri-
cuspid valve surgery remains underused representing 10% of
mitral valve operations and it is estimated that 75% of these
patients have TA changes associated with functional TR.% As
mentioned previously, we filled several gaps in knowledge
highlighted in the current guidelines. We validated a feasible
and reproducible methodology to assess the TA size and pro-
posed thresholds that could be used in clinical practice to rec-
ommend performing a combined tricuspid surgery. Using 3D
as a reference, we validated measurements performed using
TTE in the A4C view and defined thresholds of TA enlarge-
ment in a subset of healthy volunteers (>42 mm or >23 mm/m? of
body surface area). These thresholds were close but not iden-
tical to those suggested in the guidelines. Thus, the present
study offers the appropriate methodology and thresholds to
validate in future randomized prospective studies whether a
preventive strategy results in improvement of the outcome of
patients who undergo a mitral valve surgery.

Conclusions

In a large cohort of patients with a wide range of TA size, we
validated the measurements of the TAD using TTE and the
A4C view. Two-dimensional measurements in the A4C were
highly feasible and reproducible and despite being system-
atically smaller than 3D measurements, accurately reflect the
degree of TA enlargement as assessed using this method. The
accuracy of the A4C was not influenced by TA orientation
and shape which were highly variable among individuals.
In contrast, surgical measurements, performed in unloaded
conditions, were highly variable depending of the traction
strength applied to the tricuspid valve highlighting the need
to develop a standardized method using dedicated tools for
the assessment of TA size. We propose the thresholds of 42
mm or 23 mm/m? that may lead to consider tricuspid sur-
gery at the same time as left-sided surgery. Further prospec-
tive studies using this methodology and those thresholds are
now necessary to validate whether a preventive strategy can
improve outcome.
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CLINICAL PERSPECTIVE
Accurate echocardiographic measurement of the tricuspid annulus (TA) size has important clinical and surgical implications.
Associated tricuspid annuloplasty is recommended during left-heart valve surgery in cases of moderate to severe tricuspid
regurgitation or when the TA is dilated but combined tricuspid valve surgery remains underused and the methodology for
the measurement of TA size and thresholds for TA enlargement are not clearly defined. Using 3-dimensional as a reference,
we validated measurements performed using transthoracic echocardiography in the apical 4-chamber view and defined
thresholds of TA enlargement in a subset of healthy volunteers (>42 mm or >23 mm/m* of body surface area). The present
study thus may offer tools for future randomized prospective studies studying the impact of tricuspid annuloplasty in patients

undergoing mitral valve surgery.
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Article 2 : Remodelage cardiaque dans P’insuffisance tricuspide secondaire :

devrait-on regarder au-dela de I’anneau tricuspide ?

L’IT fonctionnelle est secondaire & une dilatation de I’ AT favorisée par a une dilatation de I’OD
et/ou un tenting des feuillets valvulaires induit par une dilatation du VD?.

L’¢évaluation fiable du degré de sévérité de I’IT et du remodelage des cavités droites est un défi
quotidien sachant qu’une nouvelle classification des grades de sévérité de I’IT a été proposée’® et
que I’apparition progressive d’une dilatation ou d’une dysfonction VD sont des paramétres
échocardiographiques proposés dans les recommandations pour réaliser un geste chirurgical en cas
d’IT sévére isolée asymptomatique, sans préciser de seuil®®,

L objectif principal de cette étude était de caractériser les déterminants échocardiographiques
de la sévérité d’une IT fonctionnelle isolée chez des patients stables avec fraction d’éjection

ventriculaire gauche (FEVG) préservée.

Dans un registre multicentrique (13 centres Francgais) « TRAP » de la Filiale d’Imagerie de la
Société Francaise de Cardiologie, 100 patients consécutifs avec IT fonctionnelle isolée initialement
sévere, pour lesquels le traitement médical a été optimisé et sans décompensation cardiaque depuis
au moins 1 mois, ont été prospectivement inclus pour une évaluation échocardiographique

systématisée. Toutes les mesures échocardiographiques ont été réalisées par un Core Lab.

L’évaluation du degré de sévérité de I’IT était basée sur la classification proposée par Hahn et
al.’% la SOR par la méthode PISA étant retenue comme le paramétre de référence pour définir la
sévérite de la fuite.

De nombreuses différences de gradation du degré de sévérité de I'IT étaient retrouvées selon

que le paramétre utilisé était la SOR ou la vena contracta (Figure 24).
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Variable Moderate Severe Massive Torrential

VC (biplane) <3mm 3-6.9 mm 7-13mm 14-20mm >21mm
EROA (PISA) <20mm? 20-39 mm? 40-59 mm? 60-79 mm? >80 mm’
B.
TR severity according ta
X 2 = Mild Moderate Severe Massive Torrentiel
Mild 1 0 0 0 0
TR severity | Moderate 10 21 | 5 0 0
according to Severe 1 10 L_12 1 14 12
I VCW | Massive 0 0 1 L3 6
Torrentiel 0 0 | o0 | o0 4

Figure 24. Grades de séverité de l'insuffisance tricuspide en fonction de la surface de [’orifice

régurgitant et de la vena contracta

A. Classification en 5 grades avec seuils pour la surface de [’orifice régurgitant et la vena
contracta, d’aprés Hahn et al*®

B. Tableau de contingence de la distribution des patients de [’étude pour chacun des grades
de sévérité d’insuffisance tricuspide en fonction de la surface de [’orifice régurgitant ou de
la vena contracta
Les encadrés rouges correspondent aux patients qui étaient référencés dans le méme grade
de seévérité d’IT quel que soit le parameétre utilisé
Les encadrés jaunes correspondent aux patients qui étaient référencés dans des grades de

severite d’IT différents selon que le parametre utilisé soit la surface de [ orifice régurgitant

ou la vena contracta

EROA : surface de [’orifice régurgitant, TR : insuffisance tricuspide, VC biplane ou VCW:

vena contracta biplan
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Il existait une excellente corrélation entre le degré de sévérité de I’'IT et les parametres de
dilatation des cavités droites (P <0.001 pour tous les parametres en analyse univariée) (Figure 25),
notamment le volume de I’OD et la surface de tenting de la VT (P <0.001 et P =0.005
respectivement en analyse multivariée), en plus du diamétre de I’AT. Ainsi, si le diamétre de I’AT
était >50mm, la probabilité d’avoir une IT > sévére était >70 %, pour une augmentation de 10ml/m2
du volume de I’OD, la SOR augmentait de 4,2mm?2, et pour une augmentation de 0,1cm2 de 1’aire

sous la tente, la SOR augmentait de 2,35mmz2.
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Figure 25. Diagrammes de boites entre le degré de sévérité de ['insuffisance tricuspide et des

parameétres de remodelage de la valve tricuspide et des cavités droites

A. Volume de [’oreille droite
B. Diametre basal du ventricule droit

C. Diametre de ’anneau tricuspide

70



D. Surface de tenting valvulaire tricuspide

RA : oreillette droite, RV : ventricule droit, TA : anneau tricuspide, TR : insuffisance

tricuspide

A l’inverse, il n’y avait pas de corrélation entre le degré de sévérité de I'IT et les parametres de

fonction du VD (P >0.14 pour tous les paramétres) (Figure 26).
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Figure 26. Diagrammes de boites entre le degré de sévérité de ['insuffisance tricuspide et des

parametres de fonction du ventricule droit

Excursion systolique du plan de I’anneau
Accelération de la contraction isovolumique

Onde S’ a ’anneau tricuspide

oo ®»

Fraction de raccourcissement systolique du ventricule droit
FAC : Fraction de raccourcissement systolique du ventricule droit, IVA : accélération de
la contraction isovolumique, TAPSE : excursion systolique du plan de [’anneau, TR :

insuffisance tricuspide
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Cette étude a donc montreé que la dilatation et le remodelage des cavités droites sont bien
corrélés avec le degré de sévérité de I’I'T fonctionnelle, mais sans altération concomitante des
parameétres de fonction ventriculaire droite. Notamment, la dilatation de I’OD avec dilatation
de PAT et/ou la restriction des feuillets valvulaires semblent étre des parametres nécessaires

a I’aggravation d’une IT fonctionnelle.
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Tricuspid Background. — A better understanding of the mechanism of tricuspid regurgitation severity
regurgitation; would help to improve the management of this disease.

Right heart Aim. — We sought to characterize the determinants of isolated secondary tricuspid regurgitation
remodelling; severity in patients with preserved left ventricular ejection fraction.
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MOTS CLES
Insuffisance
tricuspide ;
Remodelage du
ventricule droit ;
Déterminant

Background

Methods. — This was a prospective observational multicentre study. Patients with severe tricus-
pid regurgitation were asked to participate in a registry that required a control echocardiogram
after optimization of medical treatment and a follow-up. Patients had to have at least mild
secondary tricuspid regurgitation when clinically stable, and were classified according to five
grades of tricuspid regurgitation severity, based on effective regurgitant orifice area.

Results. — One hundred patients with tricuspid regurgitation (12 mild, 31 moderate, 18 severe,
17 massive and 22 torrential) were enrolled. Right atrial indexed volume and tethering area
were statistically associated with the degree of tricuspid regurgitation (P<0.001 and P=0.005,
respectively). When the tricuspid annular diameter was>50mm, the probability of having
severe tricuspid regurgitation or a higher grade was > 70%. For an increase of 10 mL/m? in right
atrial volume, the effective regurgitant orifice area increased by 4.2 mm?, and for an increase
of 0.1cm? in the tethering area, the effective regurgitant orifice area increased by 2.35 mm?.
The degree of right ventricular dilation and changes in tricuspid morphology were significantly
related to tricuspid regurgitation severity class (P<0.001). No significant difference in right
ventricular function variables was observed between the tricuspid regurgitation classes.
Conclusions. — For tricuspid regurgitation to be severe or torrential, both right atrial dilatation
and leaflet tethering are needed. Interestingly, right cavities dilated progressively with tricuspid
regurgitation severity, without joint degradation of right ventricular systolic function variables.
© 2021 Elsevier Masson SAS. All rights reserved.

Résumé

Contexte. — Une meilleure compréhension du mécanisme de la sévérité de la régurgitation
tricuspide permettrait d’améliorer la prise en charge de cette pathologie.

Objectif. — Nous avons étudié les déterminants de la sévérité de insuffisance tricuspide sec-
ondaire chez des patients ayant une fonction ventriculaire gauche préservée.

Méthodes. — L’étude est prospective et multicentrique. Les patients ayant une insuffisance
tricuspide sévere ont été sollicités afin de participer a un registre justifiant une évaluation
échocardiographique systématisée de leur valvulopathie aprés optimisation de son traitement
médical. Les patients inclus devaient avoir au moins une insuffisance tricuspide modérée lors
de U’évaluation systématisée. La fuite était caractérisée en 5 grades sur la base de la surface
de Uorifice régurgitant.

Résultats. — Cent patients (12 modérée, 31 moyenne, 18 sévere, 17 massive et 22 torrentielle)
ont été inclus. Le volume indexé de Uoreillette droite et l'aire sous la tente étaient signi-
ficativement associés au degré de sévérité de Uinsuffisance tricuspide (p<0,001 et p=0,005,
respectivement). Si le diametre de 'anneau était >50mm, la probabilité d’avoir une insuff-
isance tricuspide > sévére était>70 %. Pour une augmentation de 10mL/m? du volume de
oreillette droite, la surface de Uorifice régurgitant augmentait de 4,2mm?, et pour une
augmentation de 0,1cm? de |’aire sous la tente, la surface de |’orifice régurgitant augmen-
tait de 2,35mm?. Il n’y avait pas de différence significative entre les paramétres de fonction
ventriculaire droite selon le degré de sévérité de U'insuffisance tricuspide.

Conclusions. — Pour étre sévére ou torrentielle, la dilatation atriale droite et la restriction du
jeu valvulaire sont nécessaires. De maniéere intéressante, la progressive dilatation des cavités
droites avec l’aggravation de Uinsuffisance tricuspide ne s’accompagne pas d’une altération
des parameétres d’évaluation de la fonction du ventricule droit.

© 2021 Elsevier Masson SAS. Tous droits réservés.

14.8% in men, and the prevalence increases with age
[1-3].

The tricuspid valve is a dynamic complex structure. Based For many years, cardiologists have relinquished the right
on data from the Framingham cohort, tricuspid regurgi-  heart, and have focused on TR only as a marker of poor
tation (TR) appears to be dominant in females in the prognosis in left heart diseases [4—6]. In cohorts, mortality
general population, with a prevalence of 18.4% versus increases according to TR severity, regardless of pulmonary
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artery pressure and left ventricular ejection fraction (LVEF)
[7-9].

Secondary TR is explained by either isolated annular
dilatation dependent on right atrial (RA) dilatation and/or
leaflet tethering that relies on right ventricular (RV) dilata-
tion [10]. Recently, Hahn and Zamorano proposed a new
classification system for TR severity [11]. However, reliable
assessment of TR severity continues to be a real challenge
[11,12].

Like secondary mitral regurgitation, which remains a
therapeutic challenge, treatment of secondary TR is unclear
[13]. Guidelines state that surgery is recommended for
patients with isolated severe TR with symptoms or pro-
gressive RV dilation/dysfunction, but the thresholds are
unclear. Only tricuspid annular (TA) dilatation >40mm is
considered in these guidelines at the time of left-sided
heart valve surgery, and the best indication and timing
for curative treatment of TR are still a matter of debate
[14—16].

Thus, much remains to be learned to optimize treat-
ment [17]. We sought to study how cardiac remodelling
is associated with isolated secondary TR and its severity.
Non-invasive evaluation with transthoracic two-dimensional
echocardiography is not perfectly standardized, but has
been used for a better understanding of TR [18]. The main
objective of our study was to characterize the determinants
of isolated TR severity in stable patients with preserved
LVEF.

Methods
Patient selection

We conducted a prospective observational study. Patients
were recruited between January 2017 and March 2019
from thirteen French hospital centres (listed in the
Appendix). The criteria for inclusion were age > 18years,
at least moderate secondary TR and euvolemic status.
We excluded patients with organic TR (diagnosed or sus-
pected), congenital cardiopathy, LVEF <40% (by Simpson’s
biplane method, to avoid too severe left ventricular [LV]
dysfunction that would directly impact on RV shape and
loading condition), significant left heart valvular disease
(aortic stenosis < 1.5 cm?, mitral/aortic insufficiency >2/4,
mitral stenosis <2cm?), primary pulmonary hypertension,
life expectancy < 1year, apart from valve disease, and poor
acoustic window.

Patients were assessed long after the initial diagno-
sis and under well-conducted medical treatment. It was
required to ensure that the patients were not decompen-
sated (clinically) in the 4weeks preceding the evaluation.
Thus, patients could have a severe TR when they signed
the consent, but a much weaker TR 4weeks later (load
dependency and ‘‘accordion’’ behaviour of the regurgita-
tion). Medical history and risk factors were collected from
medical files, from subject self-reporting and from physical
assessment immediately preceding the echocardiographic
examination. All data were reported in an online case report
form.

Echocardiographic examination

All patients underwent standard transthoracic echocardio-
graphy using a Vivid 7, Vivid E9 or E95 ultrasound system
(GE Healthcare, Horten, Norway) equipped with a 3S or an
M5S 3.5MHz transducer. Two-dimensional, colour-Doppler,
pulsed-wave and continuous-wave Doppler images were
obtained as a priority. Data were stored on a dedicated
workstation for off-line analysis (EchoPAC, version 112.99,
Research Release; GE Healthcare, Horten, Norway). Part
of the analysis was performed on Image Arena (TomTec
Imaging Systems GmbH, Unterschleissheim, Germany). The
analysis was done at Rennes CIC-IT accredited Core Lab
(ISO 9001) using double-checking of the main measure-
ments.

The volumes and function of the left atrium and left
ventricle (LV) were measured by the biplane method, as
recommended [19]. RA volume and RV areas and functions
were also assessed according to guidelines. Tissue Doppler
imaging was used to detect lateral and septal mitral annu-
lus velocities. The ratio of early transmitral flow velocity
to the tissue Doppler imaging annular velocity (E/e’) was
considered an index of mean LV filling pressure [20]. RV
function was estimated by six performance indices, mea-
sured according to Lang et al.: TA plane systolic excursion
(TAPSE); the maximal lateral TA velocity measured at tissue
Doppler imaging (S’ velocity); RV free wall speckle-tracking
strain; RV isovolumic acceleration; RV fraction area change;
and the Tei index [21]. Systolic pulmonary artery pressure
(PASP) was determined, when possible, from the TR jet
velocity, using the modified Bernoulli equation, and this
value was combined with an estimation of right atrial pres-
sure by means of the diameter and collapsibility of the
inferior vena cava. Tricuspid leaflet coaptation was evalu-
ated by the tethering distance (the distance between the
leaflet coaptation point and the annular plane), the tent-
ing area (the area between the closed leaflet and the
annular plane) and the coaptation defect (Fig. 1). The TR
severity assessment was defined according to the recom-
mendations [22], together with the new classification of
severe TR proposed by Hahn and Zamorano [11]. Severe TR
was defined as an effective regurgitant orifice area (EROA)
of 40—59 mm?, massive TR as an EROA of 60—79 mm? and
torrential TR as an EROA>80mm?2. The baseline Nyquist
limit shift was 28cm/s. All measurements were averaged
over three cardiac cycles in sinus rhythm, and over five
cycles in atrial fibrillation. The EROA was the determi-
nant tool for defining the severity of TR in our analysis.
RV contractile function and its coupling with the pulmonary
circulation has been demonstrated to be estimated by the
TAPSE/PASP ratio, which is also correlated with pulmonary
artery compliance [23]. This variable was assessed. The
impact of TR peak velocity with the cut-off of 2.8 m/s was
also tested.

Reproducibility of our measurement was required accord-
ing to the standard of the Core Lab, and this was tested on 10
randomized patients. The intraclass correlation coefficient
was 0.86 for the EROA, 0.93 for the TA diameter, 0.75 for
the tenting height, 0.94 for the RA volume and 0.98 for the
RV end-systolic area.
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Figure 1.
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Right atrial maximal volume
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systole (valve closed) & end-
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A. llustration of the coaptation defect measurement in the apical four-chamber (A4C) view in mid-systole. B. Illustration of

the tenting height and tenting area. C. Illustration of the measurement of right atrial volume and annulus diameter.

Statistical analysis

For descriptive analyses, categorical variables are presented
as numbers and percentages and continuous variables are
presented as means + standard deviations. A contingency
table was created to compare the classification of the TR
according to the vena contracta and the EROA. Compar-
isons between groups were made using variance analyses
for quantitative variables and the x? test for qualita-
tive variables (or Fisher’s test if validity conditions were
not met). The distribution of quantitative variables was
studied graphically. The association between the patients’
echocardiographic characteristics and EROA was studied
using univariate and multivariable linear regression models.
Variables with a P-value < 0.20 in the univariate models were
selected, and the correlation between these covariates was
studied to avoid multicollinearity. If two covariates were too
correlated, only one of them was included in the multivari-
able model, choosing the one with the most clinical interest.
The final model was obtained with a step-by-step selec-
tion of variables using the stepwise bootstrap technique.
The bootstrap method was used with 1000 samples created.
Variables selected in at least 60% of the bootstrap models
were kept in the final model. Collinearity in the final model
was checked using the variable inflation factor coefficient.
A P-value < 0.05 was considered statistically significant.

Finally, an ordinal logistic regression was performed by
considering the five EROA classes. Each variable was stud-
ied separately in the univariate models using a proportional
rating model. All analyses were performed using R Studio
Version 1.1.463 (language and environment for statistical
computing, R Core Team, R Foundation for Statistical Com-
puting, Vienna, Austria, 2018).

Ethics

Our study was conducted in accordance with the **Good Clin-
ical Practice’’ guidelines of the Declaration of Helsinki, and
was reviewed by an independent regional ethics committee
on 28 June 2016. All patients gave their written informed
consent for study participation. The National Commission
for Information Technology and Privacy (CNIL) approved the

data collection conducted by the TRAP investigators on 07
November 2016 (No. 20050960v0).

Results
Patient characteristics

A total of 100 patients were enrolled. The distribution of
the patients is displayed in Table 1. This contingency table
encouraged the use of the EROA. Among the 100 patients
assessed after optimization of pharmacological treatment,
12 had only mild TR (initially > severe when the informed
consent was signed), 31 had moderate TR, 18 still had severe
TR, 17 had massive TR and 22 had torrential TR, as defined
by the EROA. Sixty-two percent of the patients were female.
The demographic characteristics of the patients according
to TR severity grade are described in Table 2. The tricuspid
annulus was enlarged for all.

Pharmacological treatments according to TR severity
grade are described in Table 2. No significant difference in
treatment was observed between the different classes of
secondary TR.

Description of cardiac remodelling

In our cohort, LV function was preserved, with a mean LVEF of
62.2 + 8.4% and a global longitudinal strain of—17.3 & 3.2%.
The LV was generally of normal size and thickness: LV end-
diastolic volume 83.1+29.6mL; LV end-diastolic diameter
46.1 £+ 6.9 mm; and septal thickness 10.9 +2.5 mm. In accor-
dance with the enrolment criteria, no significant left heart
valve disease was diagnosed. Cardiac output was preserved,
with an average cardiac index of 2.6+0.7L/min/m?2.
Twenty-seven per cent of the patients had a discrete pericar-
dial effusion (none had any haemodynamic consequence).
The left atrium was enlarged (61.9 + 30.8 mL/m?). Echocar-
diographic characteristics according to TR severity grade are
described in Table 3. Right heart characteristics according
to TR severity grade are described in Table 4. No signifi-
cant difference in RV function variables was observed across
the classes of secondary TR. Box-plot representations of the
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Table 1 Contingency table® of patient distribution into the different severity classes of tricuspid regurgitation according
to effective regurgitant orifice area and vena contracta width.

TR severity according to EROA

Mild Moderate Severe Massive Torrential
TR severity according to VCW
Mild 1 0 0 0 0
Moderate 10 21 5 0 0
Severe 1 10 12 14 12
Massive 0 0 1 3 6
Torrential 0 0 0 0 4

EROA: effective regurgitant orifice area; TR: tricuspid regurgitation; VCW: vena contracta width.

@ This table led the analysis to focus on EROA.

main variables of cardiac morphology and RV function are
provided in Figs. A.1—A.4.

RV end-systolic area was correlated (R=0.8; P<0.001)
with the tenting area as well as the TR EROA.

Determinants of TR severity

Univariate (Table A.1) and multivariable analyses (Table 5;
Figs. A.5 and A.6 and Table A.2 for patients with
TR<2.8m/s) demonstrated that RA indexed volume and
tethering area (P<0.001 and P=0.005, respectively) were
independently and significantly associated with TR grade.
At a constant tethering area, for an increase of 10mL/m? in
RA volume, the EROA increased by 3.9 mm?. At a constant
RA indexed volume, for an increase of 0.25cm? in the teth-
ering area, the EROA increased by 2.35 mmZ. Moreover, for
an increase of 5mm in the inferior vena cava diameter, the
EROA increased by 4.2mm? (P=0.03), and for a decrease
of 1m/s in the TR velocity, the EROA increased by 25 mm?
(P<0.001).

The probability of belonging to a TR severity class accord-
ing to different RV variables was analysed with ordinal
logistic regression. In our cohort, when the TA diameter
was > 50 mm, the probability of having severe TR or a higher
grade was > 70% (Fig. 2A); when the tricuspid tethering area
was > 1.5 cm?, the probability of having severe TR or a higher
grade was>70% (Fig. 2B); when the RV end-diastolic area
was > 35 cm?, the probability of having moderate or mild TR
was < 25% (Fig. 2C); when the RA volume was > 100 mL/m?,
the probability of having moderate or mild TR was <25%
(Fig. 2D); and when the TAPSE/PASP was > 0.35 mm/mmHg,
the probability of having moderate or mild TR was <25%
(Fig. 2E).

Discussion
Main results

TR severity graded according to the EROA was influenced by
an increase in the RA indexed volume, with an increase of
3.9mm? in EROA for an increase of 10mL/m? in RA volume,
and by an increase in tethering area, with an increase of
2.35mm? for an increase of 0.25cm? in tethering area. TR

severity increased in parallel with RA and RV dilatation, and
with changes in the anatomy of the tricuspid valve (dilation
of TA, valvular tethering and appearance of a coaptation
defect). All patients had a dilated TA (>35mm). No sig-
nificant difference in RV function variables was highlighted
among the different classes of secondary TR.

TA dilatation across TR severity

Dreyfus et al. [24] advocated for the use of three variables
to analyse the severity of secondary TR: the severity of the
leak (EROA, vena contracta width); the size of the TA; and
the tethering area. We observed a systematic TA dilatation
(>35mm). The message is probably that TA enlargement
is a prerequisite for any development of significant sec-
ondary TR. Recently, Badano et al. argued in favour this
statement. For the same degree of dilation, different sever-
ity grades of secondary TR can occur [25]. But TA is not
a two-dimensional structure that can just be assessed by
the measurement of any annular diameter [26]. The oval
shape of the ring and the non-planar characteristics are
certainly variables that were not tested in our study, but
which will have to be treated specifically in further studies
dealing with systematic three-dimensional measurements
[27].

In our study, severity of TR appeared to be mainly caused
by a malfunction of the leaflets, either by tethering or by
a coaptation defect. Fukuda et al. showed that the persis-
tence of a tenting height > 8 mm or a tethering area > 1.6 cm?
predicted the recurrence of secondary TR after tricuspid
annuloplasty, unlike the preoperative TV annular dimensions
[28].

Severe or higher grade TR: a single mechanism

A study focusing on pathogenic structural heart changes
in the early stages of TR reported that RA enlargement
associated with dilatation of the TA occurs early, and results
in TR becoming severe via RV dilatation and papillary muscle
displacement [29]. These observations, as well as ours, are
questioning the hypothesis of mechanism(s) contributing to
severe secondary TR. There are cases of secondary TR that
are secondary to pulmonary arterial hypertension and with
significant tethering and RV enlargement, but the most
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Table 2 Patient demographic characteristics.

Mild TR Moderate TR Severe TR Massive TR Torrential TR P
(n=12) (n=31) (n=18) (n=17) (n=22)
Female sex 9 (75.0) 20 (64.5) 12 (66.7) 12 (70.6) 9 (40.9) 0.22
Age (years) 81.7+9.8 72.5+13.7 65.84+15.7 76.7+9.1 76.2+6.6 0.005
Atrial fibrillation 10 (83.4) 24 (77.5) 11 (61.1) 14 (82.4) 20 (90.9) 0.14
Paroxysmal 2 (16.7) 7 (22.6) 2 (11.1) 2 (11.8) 0 (0)
Persistent 0(0) 3(9.7) 1(5.6) 0 (0) 1(4.5)
Permanent 8 (66.7) 14 (45.2) 8 (44.4) 12 (70.6) 19 (86.4)
High blood pressure; NA 9 (75.0) 22 (71.0) 10 (55.6) 10 (58.8); 1 15 (68.2) 0.57
(5.9)
Diabetes; NA 4 (33.3) 5 (16.1) 5 (27.8) 1(5.9); 1 3 (13.6) 0.32
(5.9)
Dyslipidaemia; NA 5 (41.7) 16 (51.6) 10 (55.6) 5 (29.4); 1 4 (18.2) 0.10
(5.9)
Coronary artery disease; NA 5 (41.7) 9 (29.1) 2 (11.2) 1(5.9); 1 2(9.1) 0.31
(5.9)
CABG 1(8.3) 2 (6.5) 1 (5.6) 1(5.9) 0 (0) 0.81
Aortic valve replacement 1(8.3) 3(9.7) 1(5.6) 3 (17.6) 0 (0) 0.36
Mitral surgery 0(0) 2 (6.5) 0 (0) 2 (11.8) 2 (9.1) 0.39
Pacemaker 1(8.3) 2 (6.5) 2 (11.1) 4 (23.5) 1 (4.5) 0.32
Chronic respiratory disease 0 (0) 2 (6.5) 2 (11.1) 3(17.6) 4 (18.2) 0.40
Past history of cancer 3(25) 5(16.1) 1(5.6) 7 (41.2) 5(22.7) 0.12
Stroke 1(8.3) 4(12.9) 1 (5.6) 2 (11.8) 2 (9.1) 0.938
Cirrhosis 0 (0) 13.2) 2 (11.1) 0 (0) 2 (9.1) 0.47
SBP (mmHg) 129.8+22.0 127.8+20.1 127.6 £18.0 131.9+22.2 129.5+18.6 0.96
DBP (mmHg) 76.5+17.7 72.6+9.4 76.9+12.8 75.6+14.7 75.04+12.6 0.79
NYHA functional class 0.35
| 2 (16.7) 5 (16.1) 1 (5.6) 1(5.9) 0 (0)
Il 5 (41.7) 15 (48.4) 10 (55.6) 10 (58.8) 12 (54.5)
I 4 (33.3) 11 (35.5) 7 (38.9) 6 (35.3) 10 (45.5)
v 1(8.3) 0 (0) 0 (0) 0 (0) 0 (0)
Right CHF 6 (50) 8 (25.8) 5 (27.8) 10 (58.8) 19 (86.4) <0.001
Hospitalization for HF; NA 4 (33.3) 15 (48.4) 8 (44.4); 1 8 (47.1) 16 (72.7) 0.48
(5.6)
Anticoagulation 10 (83.3) 21 (67.8) 10 (55.6) 15 (88.2) 19 (86.3) 0.15
VKAs 7 (58.3) 10 (32.3) 5 (27.8) 10 (58.8) 12 (54.5)
NOACs; NA 3 (25.0) 11 (35.5) 5 (27.8) 5 (29.4); 1 7 (31.8)
(5.9)
Beta-blockers; NA 9 (75.0) 21 (67.7) 9 (50.0); 1 9 (52.9); 1 15 (68.2) 0.64
(5.6) (5.9)
RAAS inhibitors 8 (66.7) 10 (32.3) 4(22.2) 8 (47.1) 7 (31.8) 0.11
Antialdosterone; NA 1(8.3) 9 (29.0) 4(22.2); 1 4 (23.5); 1 8 (36.4) 0.52
(5.6) (5.9)
Sacubitril/valsartan; NA 0 (0) 0 (0) 0 (0) 0 (0); 1 0 (0) 1
(5.9)
Furosemide; NA 7 (58.3) 23 (74.2) 15 (83.3) 13 (76.5); 1 20 (90.9) 0.23
(5.9)
Daily dosage of furosemide (mg) 159.3+194.0 81.5+53.1 223.6+310.4 128.8+128.4 171.7+231.8 0.28
Amiodarone; NA 3 (25.0); 1 4(12.9) 1(5.6); 1 3(17.6); 1 2 (9.1) 0.54
(8.3) (5.6) (5.9)

Data are expressed as mean + standard deviation or number (%). CABG: coronary artery bypass grafting; CHF: congestive heart failure;
DBP: diastolic blood pressure; HF: heart failure; NA: not available; NOAC: non-vitamin K antagonist oral anticoagulant; NYHA: New York
Heart Association; RAAS: renin-angiotensin-aldosterone system; SBP: systolic blood pressure; TR: tricuspid regurgitation; VKA: vitamin
K antagonist.
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Table 3 Characteristics of the left cavities and diastolic function.

Mild TR Moderate TR Severe TR Massive TR Torrential TR P

(n=12) (n=31) (n=18) (n=17) (n=22)
LVEF (%) 60.2+5.4 63.1+7.0 62.4+10.4 64.9+6.5 60.0+10.5 0.37
GLS (—%) 16.5+3.9 17.0+£3.2 17.4+2.9 18.7+2.2 17.1+£3.8 0.48
LVEDV (mL) 79.2+18.6 82.0+28.7 85.8+32.6 73.3+25.8 92.14+35.3 0.37
LVEDD (mm) 45.4+5.6 45.448.5 45.8+5.8 45.6+6.0 48.1+6.3 0.65
Septal thickness (mm) 12.0+2.5 10.9+2.3 10.1+£2.3 11.3+2.0 10.6 +3.1 0.28
Cardiac index (L/m?) 2.7+0.7 2.9+0.9 2.4+0.6 2.7+0.7 2.5+0.7 0.17
Aortic valve area (cm?) 2.4+0.7 2.44+0.9 2.34+0.5 2.3+0.9 2.3+0.7 0.97
Pericardial effusion 3 (25.0) 6 (19.4) 4(22.2) 4 (23.5) 10 (45.5) 0.28
LA volume (mL/m?) 56.2+19.3 66.8+41.4 53.1+18.8 55.6+19.3 69.24+32.0 0.37
Mitral E velocity DT (ms) 170.6 +42.4 178.0+£52.6 205.1+62.8 190.0+76.9 177.1+£42.0 0.41
E/e 16.7+5.1 10.6 £3.9 10.4+5.2 11.4+3.8 9.3+2.9 <0.001

Data are expressed as mean =+ standard deviation or number (%). DT: deceleration time; GLS: global longitudinal strain; LA: left atrial;
LVEDD: left ventricular end-diastolic diameter; LVEDV; left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction;
TR: tricuspid regurgitation.

Table 4 Characteristics of right cavity dimensions, pressure and right ventricular function.

Mild TR Moderate TR Severe TR Massive TR Torrential TR P
(n=12) (n=31) (n=18) (n=17) (n=22)
RVOT PLAX (mm) 35.5+4.4 36.9+7.0 43.0+6.4 40.3+6.6 47.4+8.6 <0.001
RVOT PSAX (mm) 32.6+4.0 35.2+6.4 41.0+5.8 38.3+7.6 43.4+8.2 <0.001
RV basal diameter (mm) 44.416.8 49.3+7.9 52.1+6.8 55.0+7.7 59.9+8.2 <0.001

RV mid-cavity diameter (mm)  36.1+6.0 39.1+6.4 43.1+7.9 44.3+7.6 50.4+7.0 <0.001
RV longitudinal diameter (mm) 67.7+6.0 69.7+9.7 74.9+7.8 73.2+10.3 79.5+11.2 0.002

RVEDA (cm?) 21.3+4.6 24.9+6.6 29.8+7.0 31.4+9.4 37.1+8.7 <0.001
Eccentricity index 0.98+0.09 1.02+0.18 1.05+0.15 1.12+0.34 1.11+£0.24 0.30
RA area (cm?) 23.7+6.7 30.3+9.0 31.3+8.0 35.5+8.6 45.7+13.9 <0.001
RA volume (mL/m?) 46.9 +18.4 65.7+28.2 66.5+31.3 85.9+32.8 121.7+£50.8  <0.001
TA diastolic diameter (mm) 40.5+4.2 43.7+4.8 46.3+5.3 48.0+7.3 52.5+6.8 <0.001
TA systolic diameter (mm) 33.8+5.2 36.1+4.7 39.5+4.9 41.8+6.5 46.1+6.1 <0.001
Tethering height (mm) 4+2.6 5.4+2.9 8.8+3.6 7.2+3.5 10.1+2.6 <0.001
Tethering area (cm?) 0.46+0.3 0.74+0.5 1.4+0.8 1.3+0.9 2.2+1.0 <0.001
Coaptation defect (mm) 0.2+0.9 1.0+1.6 2.7+3.1 4.3+4.2 9.1+5.8 <0.001
IVC diameter (mm) 21.5+5.6 21.7+5.1 25.4+7.1 26.3+5.1 33.6+9.1 <0.001
TR velocity (m/s) 3.3+0.8 2.9+0.5 2.7+0.5 2.5+0.4 2.3+0.4 <0.001
PASP + RAP (mmHg) 54.44+23.7 44.3+15.6 42.7+15.3 39.5+10.1 35.5+7.3 0.011
FAC (%) 38.8+8.5 43.0+8.6 41.2+11.2 46.9+7.8 43.3+7.1 0.14
RV strain (—%) 21.9+3.7 24.2+6.4 23.3+6.2 22.0+5.5 21.9+5.4 0.56
S’ velocity (cm/s) 11.0£3.3 10.8+2.5 12.1+£3.6 11.2+3.1 11.2£3.1 0.75
TAPSE (mm) 18.5+5.2 19.9+4.7 20.0+6.0 18.7+4.4 18.1£5.2 0.66
IVA (m/s?) 2.7+1.2 29+1.3 2.8+1.2 2.3+1.0 2.4+1.1 0.30
Tei index 0.32+0.09 0.32+0.17 0.33+£0.15 0.29+0.16 0.27+0.18 0.75
TAPSE/PASP (mm/mmHg) 0.39+0.17 0.50+0.23 0.52+0.23 0.49+0.14 0.53+0.19 0.45

Data are expressed as mean =+ standard deviation. FAC: fraction area change; IVA: isovolumic acceleration; IVC: inferior vena cava;
PASP: pulmonary artery systolic pressure; PLAX: parasternal long axis; PSAX: parasternal short axis; RA: right atrial; RAP: right atrial
pressure; RV: right ventricular; RVEDA: right ventricular end-diastolic area; RVOT: right ventricular outflow tract; TA: tricuspid annular;
TAPSE: tricuspid annular plane systolic excursion; TR: tricuspid regurgitation.

frequent situation is a combination of several factors [10]. from the Carpentier classification are actually required to
Most of the time, we could consider the Carpentier classifi- generate the most severe TR [17]. Fukuda et al. highlighted
cation that is conventionally used as being inappropriate for that TA dilatation was correlated with both RA dilation
secondary TR. We observed that for a large majority of cases and RV enlargement and change in geometry [28,30]. The
of severe TR, characteristics of both type | and type Illb interdependence of these mechanisms could explain why
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Table 5 Multivariable linear regression model explaining the factors determining the increase in effective regurgitant

orifice area.

Coefficient Standard deviation P
RA volume (mL/m?2) 0.39 0.07 <0.001
Tethering area (cm?) 9.4 3.3 0.005
TR velocity (m/s) -25.6 4.3 <0.001
IVC diameter (mm) 0.84 0.4 0.03
IVC: inferior vena cava; RA: right atrial; TR: tricuspid regurgitation.
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Figure 2.

A. Ordinal logistic regression representing the probability of tricuspid regurgitation (TR) class severity according to different

variables. A. Tricuspid annular (TA) diameter. B. Tethering area. C. Right ventricular end-diastolic area (RVEDA). D. Right atrial (RA) indexed
volume. E. Tricuspid annular plane systolic excursion/pulmonary artery systolic pressure (TAPSE/PASP).

dilation of the RV predominates at the basal level and in
width at the medial level (RV conical deformation) [31].
The remodelling of the right heart cavities causes volume
overload, which itself is responsible for the amplification
of remodelling by dilation of the right cavities. Finally,
secondary TR begets secondary TR in a vicious circle.

RV functional changes across TR severity

It is interesting to note that, contrary to our expectations,
the severity of TR was not associated with objectified RV
systolic dysfunction as assessed by conventional variables

(TAPSE, §', etc.). TR is a self-worsening disease, as RV vol-
ume overload caused by regurgitation worsens TR. Also,
secondary TR is a marker of right heart dilatation — either
the right atrium and/or the right ventricle. Just as it has
been used for mitral or aortic regurgitations to define an
indication for surgery, independent of any quantification of
RV systolic function, the degree of RV end-systolic dilatation
could be considered as a marker of RV intrinsic dysfunction
that needs an action. Studies are needed to examine the
impact of this RV remodelling on ventricular cavity interde-
pendence. Of note, we found that the greater the TR, the
lower the left heart E/e’ [32].
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It is worth recalling that Topilsky et al. [30] highlighted
a link between the severity of TR and mortality, regardless
of the function and volume of the RV. Our study showed
a significant increase in right congestive heart failure with
the increase in the severity of TR, but without significant
difference in RV systolic function variables [31]. Further
analyses in a larger group of patients with secondary TR
and longer follow-up should focus on the influence of RV
function and remodelling on cardiovascular morbidity and
mortality. The precise understanding of right heart adapta-
tion in this setting is desirable, and might have an impact
on the development of emerging therapeutic innovations.

Study limitations

The choice of EROA to assess TR severity can be ques-
tioned because of the dynamic regurgitant orifice with a
complex geometric configuration, but the EROA remains one
of the most reproducible and easy-to-perform quantitative
variables in clinical practice. The vena contracta width was
not retained because of its uneven distribution among the
different classes of TR severity. Three-dimensional echocar-
diography (vena contracta width area, regurgitant jet area)
looks promising, but is also challenging [33]; thus, in this
multicentre study, we were unable to use this tool in
every single patient. Three-dimensional echocardiography
seems important for our understanding of the TR via the
precise characterization of annular 3D deformation, with
accurate measurement of right heart cavities and their
functions. The bootstrap technique and ordinal regression
were preferred to classical multivariable linear regression.
It provides graphical simulations, which are based on the
measurements made, and provides meaningful graphs that
could have been easy to display with numbers.

Conclusions

A constant TA enlargement was demonstrated in secondary
isolated TR. Furthermore, increases in tethering area and
RA indexed volume were associated with aggravation of TR
severity. This right heart dilatation progressively worsens
the TR (vicious circle), but without joint degradation of the
conventional variables of RV systolic function.
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Article 3 : Insuffisance tricuspide : fréquence, prise en charge et pronostic

parmi les patients ayant une valvulopathie sévére du cceur gauche en Europe

L’IT est secondaire a une valvulopathie du cceur gauche chez environ 50% des patients ayant
une IT significative (moyenne/sévére)'* mais la prévalence et le grade d’IT en fonction de chaque
valvulopathie du coeur gauche n'ont pas été bien décrits.

Les recommandations Américaines et Européennes pour réaliser un geste concomitant sur la
VT au moment d’une chirurgie valvulaire du coeur gauche sont actuellement bien codifiées avec
une indication de classe | pour les patients ayant une IT sévéere en pré-opératoire et une indication
de classe Ila pour les patients ayant une dilatation de I’AT quel que soit le degré de sévérité de
laIT39,4O_

Les objectifs de cette étude étaient :

- Evaluer la fréquence et le grade de sévérité de I’IT chez les patients ayant une
valvulopathie sévére du ceeur gauche, dans I’ensemble et en fonction de chaque
valvulopathie

- Analyser la présentation des patients en fonction du grade d’IT

- Analyser la survie globale et cardiovasculaire a 6 mois selon le grade d’IT chez les
patients ayant une valvulopathie sévere du cceur gauche, dans ’ensemble et en
fonction de chaque valvulopathie

- Analyser les taux d'intervention sur la VT au moment d’une intervention valvulaire
du coeur gauche, dans 1’ensemble et en fonction de chaque valvulopathie

- Evaluer la concordance entre les recommandations et les pratiques pour la
réalisation d’un geste concomitant sur la VT au moment d’une chirurgie valvulaire

du coeur gauche pour les patients ayant une indication de classe I (IT sévere)

Parmi 6883 patients ayant une valvulopathie sévére du cceur gauche ou un antécédent
d'intervention valvulaire du ceeur gauche inclus dans le registre prospectif « EURObservational
Research Programme » de la Société Européenne de Cardiologie mené dans 222 centres a travers

28 pays, une IT significative (moyenne/sévere) était rare chez les patients ayant une valvulopathie
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aortique sévere (<5 %) mais fréquente chez les patients ayant une valvulopathie mitrale sévere,
retrouvée chez 30 % des patients ayant une sténose mitrale serrée, 30 % des patients ayant une IM

organique et 46 % des patients ayant une IM fonctionnelle (Figure 27).
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Figure 27. Fréquence et grade de sévérité de I’insuffisance tricuspide chez les patients ayant une
valvulopathie sévere du ceeur gauche (native ou antécédent d'intervention valvulaire du cceur

gauche), dans [’ensemble et en fonction de chaque valvulopathie

Un grade d’IT plus sévére était associé a une présentation cardiaque et non cardiaque plus
grave, avec plus d’hospitalisations pour insuffisance cardiaque au cours de I’année précédente, plus
de diurétiques, plus souvent en classe fonctionnelle New York Heart Association (NYHA) I11/1V,
plus de signes d'insuffisance cardiaque congestive au moment de I'examen, une mobilité plus
réduite, plus de FA, plus d’atteintes hépatiques, des pressions artérielles pulmonaires systoliques
(PAPS) plus élevées, un indice de Charlson et un EuroSCORE Il plus élevés, ainsi qu'une clairance

de la créatinine et une FEVG plus basses (P <0.001 pour tous).
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Plus I'IT était sévere, plus la mortalité globale a 6 mois augmentait (respectivement 5%
pour les patients avec une IT minime a modérée, 8% pour une IT modérée a moyenne et 11% pour
une IT sévere, P <0.001), y compris apres ajustement sur I'EuroSCORE Il ou l'indice de
comorbidité de Charlson. Il en était de méme pour la mortalité cardio-vasculaire a 6 mois
(respectivement 2% pour les patients avec une IT minime a modérée, 3% pour une IT modeérée a
moyenne et 5% pour une IT sévere, P <0.001) (Figure 28). Ces résultats étaient retrouves quelle

que soit la valvulopathie.

Product-Limit Survival Estimates Product-Limit Survival Estimates
With Number of Subjects at Risk With Number of Subjects at Risk

T e —

Survival Probability
Survival Probability

Logrank p <.0001 Logrank p <.0001
T 2 T

T T T T T T T
o 50 100 150 180 0 50 100 150 180

Time to death at 6 months (days) /Censored at 180 days Time to Cardiac death or last contact (days) /Censored at 180 days

Nomild TR, — — — - Moderate TR — - — Severe TR

No/mild TR _— — — - Moderate TR _— - — Severe TR.‘

Nomild TR 5548 702 = 5161
Moderate TR 7 m ‘
Severe TR 424

Figure 28. Impact du grade de sévérité de l'insuffisance tricuspide sur la survie

Courbes de Kaplan-Meier de survie a 6 mois chez les patients ayant une valvulopathie
sévere du ceeur gauche (native ou antécédent d'intervention valvulaire du coeur gauche)

en fonction du grade de sévérité de ['insuffisance tricuspide
A. Survie globale

B. Survie cardiovasculaire

Parmi 2081 patients ayant eu une intervention pour valvulopathie sévére du cceur gauche,
les taux d'intervention sur la VT au moment d’une intervention valvulaire du coeur gauche étaient

élevés au moment d’une chirurgie valvulaire mitrale (plus de 40%) mais trés faibles au moment
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d’une chirurgie valvulaire aortique (1 & 2%) (Figure 29). A noter qu’un tiers des patients traités

pour une valvulopathie du cceur gauche ont eu un geste percutané et qu’aucun patient n’a eu de

geste percutané sur la VT dans ce registre qui a été réalisé en 2017.

40%

Patients (%)
s
2

S b 31%
28%
16%
13% 12% =
1% 1% 2. 2.
— |

Total native left- Total native left- Aortic stenosis Aortic Mitral stenosis Mitral Primary mitral Secondary mitral Multiple left- Previous left-
sided valve + sided valve (N=863) regurgitation (N=109) regurgitation  regurgitation  regurgitation sided (N=464) sided valve
previous left- (N=1887) (N=93) (N=358) (N=271) (N=87) intervention

sided valve (N=194)
intervention
(N=2081)

Concomitant TV intervention at the time of all (surgical or transcatheter) left-sided heart valve intervention

H Concomitant TV intervention at the time of surgical left-sided heart valve intervention

Figure 29. Taux d'interventions concomitantes sur la valve tricuspide au moment d’une

intervention valvulaire du coeur gauche, dans [’ensemble et en fonction de chaque valvulopathie

TV : valve tricuspide

La concordance entre les indications de classe | pour la réalisation d’un geste concomitant

sur la VT au moment d’une chirurgie valvulaire du coeur gauche selon les recommandations

Européennes et Américaines®>*° et la décision thérapeutique en pratique réelle était trés bonne

(88 % dans I'ensemble), en particulier pour les patients opérés pour une IM (95 %) (Figure 30).
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Figure 30. Taux d'interventions concomitantes sur la valve tricuspide au moment d’une chirurgie
valvulaire du coeur gauche chez les patients ayant une insuffisance tricuspide sévere, dans
[’ensemble et en fonction de chaque valvulopathie : concordance entre les indications de classe |
pour une intervention valvulaire tricuspide concomitante (recommandations Européennes et

Américaines®®4) et la décision thérapeutique

Cette étude a donc montré que I’IT est fréquente chez les patients ayant une
valvulopathie mitrale sévere, qu’un grade d’IT plus sévére est associé a une presentation
cardiagque et non cardiaque plus grave et que I’'IT est associée a un pronostic d’autant plus

sombre qu’elle est sévere, méme apres ajustement.

Sur le plan thérapeutique, un geste concomitant sur la VT au moment d’une
intervention valvulaire du coeur gauche est fréquent au moment d’une chirurgie valvulaire
mitrale et les recommandations pour la pratique d’un geste concomitant sur la VT au
moment d’une chirurgie valvulaire du coeur gauche semblent bien respectées en pratique

pour les patients ayant une indication de classe I.
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ABSTRACT

Background. Tricuspid regurgitation (TR) is frequent among patients with severe left-sided valvular heart
disease (LS-VHD).

Objectives. We sought to assess TR frequency, management and outcome in this population.

Methods. Among 6883 patients with severe LS-VHD or previous valvular intervention in the
EURObservational Research Programme prospective VHD Il survey (28 countries, 222 centers), we
analyzed frequency and grade of TR according to LS-VHD, and 6-month overall and cardiovascular survival
according to TR grade. Among 2081 patients who underwent an intervention for severe LS-VHD, we
analyzed frequency and outcome of concomitant tricuspid valve (TV) intervention, and concordance
between Class | indications for concomitant TV surgery (patients with severe TR) and real-practice
decision-making.

Results. Moderate to severe TR was frequent among patients with severe mitral VHD (>30%), especially
with secondary mitral regurgitation (46%), and rare among patients with aortic VHD (<5%). Higher TR grade
was associated with a poorer 6-month overall and cardiovascular survival (P<0.001). Rates of concomitant
TV intervention at the time of left-sided heart valve surgery (LS-HVS) were high at the time of mitral valve
surgery (more than 40%) but very low at the time of aortic valve surgery (1 to 2%). Concomitant TV
intervention at the time of LS-HVS was performed in patients with a better general status but a more
severe cardiac than patients without concomitant TV intervention, with no difference between the 2
groups in in-hospital and 6-month mortality (P=0.93 and P=0.60 respectively). Concordance between Class
| indications for concomitant TV surgery at the time of LS-HVS according to guidelines and real-practice
decision-making was very good (88% overall).

Conclusion. TR was frequent in patients with mitral VHD and was associated with a poorer outcome as TR
grade increased. Adherence to guidelines for Class | indications for concomitant TV surgery at the time of

LS-HVS was very good.
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CONDENSED ABSTRACT

In this large international prospective EURObservational Research Programme Valvular Heart Disease
(VHD) Il survey, among 6883 patients with severe left-sided VHD or previous valvular intervention,
tricuspid regurgitation (TR) was frequent in patients with mitral VHD and was associated with a poorer
outcome as TR grade increased. Compliance to guidelines for Class | indications (patients with severe TR)
for concomitant TV surgery at the time of left-sided heart valve surgery was very good. With the trend
toward more transcatheter treatment for left-sided VHD, there is a critical need for safe and efficient TV

transcatheter treatment for patients with concomitant TR.

ABBREVIATIONS LIST:

ACC: American College of Cardiology

AHA: American Heart Association

EACTS: European Association for Cardiothoracic Surgery
ESC: European Society of Cardiology

LS-HVS: Left-Sided Heart Valve Surgery

LS-VHD: Left-Sided Valvular Heart Disease

NYHA: New York Heart Association

TR: Tricuspid Regurgitation

TV: Tricuspid Valve

VHD: Valvular Heart Disease
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INTRODUCTION

Moderate or severe tricuspid regurgitation (TR) is a frequent condition, affecting over 1.6 million
individuals in the US.X° In approximately half of those patients, TR is secondary to left-sided valvular heart
disease (LS-VHD)! but prevalence and grade of TR according to each LS-VHD have not been well described.

TR is an independent prognosis factor associated with significant morbidity and mortality, that

263031355960 TR often persists or even

increases with TR grade, whatever its mechanism or etiology.
progresses after successful correction of mitral or aortic valve disease, including surgical or transcatheter
interventions, when the tricuspid valve (TV) is left untreated at the time of left-sided valvular intervention,
with an adverse prognosis for those patients.3®®! Hence, both European Society of Cardiology (ESC) /
European Association for Cardiothoracic Surgery (EACTS) and American College of Cardiology (ACC) /
American Heart Association (AHA) have provided well-codified recommendations for concomitant TV
intervention at the time of left-sided heart valve surgery with a Class | indication for patients with severe
TR and a Class lla indication for patients with less than severe TR with specific stipulations.394

This study aimed to use data from the international VHD Il survey, designed by the ESC

EURObservational Research Programme (EORP)® to assess TR frequency, management and outcome

among patients with severe left-sided VHD in a large recent multicentric cohort in Europe.

METHODS
Study population

The VHD Il Survey was prospectively designed to assess adherence to guidelines and was conducted
between January and August 2017 in 222 centers across 28 countries; 7247 patients were recruited over
a 3-month period in each center if they had at least one severe native LS-VHD or if they had previously

undergone a valvular intervention. Details concerning inclusion criteria and data collection have been
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previously described.®? Severe aortic or mitral VHD and grades of TR, divided into no/mild, moderate and

severe, were defined by echocardiography using an integrative approach.

The VHD Il Survey was approved for the ESC by the Comité Consultatif sur le Traitement de
I'Information en matiére de Recherche dans le domaine de la Santé (CCTRS) (5 October 2016) and the
Commission Nationale Informatique et Liberté (CNIL) (14 April 2017). National coordinators, in conjunction
with local centres, [or] participating centers [depending on whether they are country/centre based]
managed the approvals of national or regional ethics committees or Institutional Review Boards (IRBs),

according to local regulations.

TR and severe LS-VHD

In a total of 6883 patients with severe LS-VHD or previous left-sided valvular intervention (patients
with isolated right-sided VHD or previous right-sided valvular intervention were excluded from the overall
population), we specifically studied frequency and grade of TR according to left-sided VHD as well as

characteristics and 6-month overall and cardiovascular survival of patients according to TR grade.

Concomitant TV intervention at the time of left-sided heart valve intervention

In a total of 2081 patients who underwent an intervention for severe LS-VHD during the study period,
we analyzed the rates of surgical and transcatheter intervention on left heart valve disease and the
frequency of concomitant TV intervention. More specifically, we studied the concordance between Class |
indications for concomitant TV intervention from the 2012 ESC/EACTS and 2014 ACC/AHA guidelines which
were applicable at the time of the survey®*®* and therapeutic decision-making. Characteristics of patients
and 6-month overall and cardiovascular survival according to concomitant TV intervention were also

reported.

Statistical analysis
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Variables were expressed as median [interquartile range] for continuous variables and number of
patients (percentage) for categorical variables. Comparisons between groups of patients with severe left-
sided VHD according to TR grade and between patients undergoing an intervention for severe left-sided
VHD according to concomitant TV intervention were performed with a x2 or Fischer-exact test for

categorical variables and a Kruskal-Wallis test for continuous variables.

Concordance with Class | recommendations for concomitant TV intervention according to 2012
ESC/EACTS and 2014 ACC/AHA guidelines®®® and therapeutic decision-making was assessed by the
frequency of concomitant TV interventions which were performed in patients who underwent

interventions for severe LS-VHD and had severe TR.

Six-month overall and cardiovascular (heart failure, infective endocarditis, re-intervention, stroke)
survival rates, according to TR grade among patients with severe LS-VHD and according to concomitant TV
intervention among patients who underwent an intervention for severe LS-VHD, were assessed using the
Kaplan-Meier method and compared with a log-rank test. Follow-up at six months was 85% completed for
both. The relationships between overall 6-month survival and TR grade, and between overall 6-month
survival and concomitant TV intervention were analyzed using an unadjusted Cox proportional hazard

model and two different Cox models, adjusted according to EuroSCORE Il or Charlson Comorbidity Index.

Analyses were performed at the two-tailed P<0.05 level, using SAS statistical software version 9.4

(SAS Institute Inc, Cary, NC).

RESULTS
Frequency and grade of TR in patients with severe left-sided VHD
Among 6883 patients with severe LS-VHD, 5548 (81%) had no or mild TR, 911 (13%) had moderate

TR and 424 (6%) had severe TR, with no difference between patients with native LS-VHD or previous left-
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sided valvular intervention (P=0.47). Moderate to severe TR was rare in patients with severe aortic valve
disease (4% for aortic stenosis and 3% for aortic regurgitation) but frequent in patients with severe mitral
valve disease (30% for mitral stenosis, 31% for primary mitral regurgitation and 46% for secondary mitral
regurgitation). Similarly, moderate to severe TR was frequent in patients with severe multiple LS-VHD
(32%) (Figure 1 and Table S1).

Characteristics and outcome of patients with severe LS-VHD according to TR grade

Overall, there was a parallelism between the severity of the TR grade and the severity of the
clinical, biological and echocardiographic presentation as described in Table 1. Thus, higher TR grade was
associated with a more severe cardiac and non-cardiac presentation, as patients had more permanent
pacemakers, previous hospitalization for heart failure during the last year, diuretics, NYHA functional Class
I1I/1V, congestive heart failure signs at the time of examination, limited mobility, atrial fibrillation, liver
dysfunction, higher systolic pulmonary artery pressure, Charlson index and EuroSCORE IlI, as well as
reduced creatinine clearance and left-ventricular ejection fraction (P<0.001 for all).

Moreover, overall, TR grade was associated with 6-month overall mortality that significantly
increased with TR severity (respectively 5% for patients with no or mild TR, 8% for moderate TR and 11%
for severe TR, P<0.001) (Figure 2A), even after adjustment for EuroSCORE Il or Charlson Comorbidity Index
(Table 2). It was the same for 6-month cardiovascular mortality (respectively 2% for patients with no or
mild TR, 3% for moderate TR and 5% for severe TR, P<0.001) (Figure 2B).

Concomitant TV intervention at the time of left-sided heart valve intervention

Overall, aconcomitant TV intervention was performed in 13% of the 2081 patients who underwent

(surgical or transcatheter) left-sided valvular heart interventions during the survey period, accounting for

19% of all left-sided heart valve surgical interventions (Figure 3A).
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Most of concomitant TV surgeries at the time of left-sided heart valve surgery were performed for
patients with less than severe TR, as patients with Class | recommendation represented only 27% of all
patients who underwent a concomitant tricuspid valve and left-sided heart valve surgery (LS-HVS).

TV surgery was mostly a repair (96% of all the TV procedures) while biological and mechanical
prostheses were rarely implanted in the tricuspid position (3% and 1% respectively). Rates of concomitant
TV intervention at the time of left-sided heart valve surgery were very low for aortic valve surgery (1% for
aortic stenosis and 2% for aortic regurgitation) but high for mitral valve surgery, as it was performed in
more than 40% in case of surgery for mitral regurgitation and up to 50% for mitral stenosis (Figure 3A).

Transcatheter interventions represented overall one third of all left-sided heart valve
interventions. No patient who underwent a transcatheter intervention at the left-sided heart valve level

had a concomitant transcatheter TV intervention (Figures 3B, 4A and 4B).

Concordance between Class | indications for concomitant TV intervention and therapeutic decision
Overall, a concomitant TV intervention was performed at the time of LS-HVS in 88% of patients
with a Class | indication for severe TR, according to ESC/EACTS and ACC/AHA guidelines.®*% This rate rose

to 95% at the time of mitral valve surgery for mitral regurgitation (Figure 3B).

Characteristics and outcome of patients undergoing an intervention for severe LS-VHD according to
concomitant TV intervention

Overall, among patients who underwent left-sided heart valve intervention, those who had a
concomitant TV intervention had a better general status than those without concomitant TV intervention,
as they were younger, with less frequent hypertension, previous coronary intervention, lower limb
atherosclerosis and lower Charlson score than patients who underwent an isolated left-sided heart valve

intervention. However, they had a more serious cardiac condition, with more frequent hospitalizations for
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heart failure during the previous year, more frequent use of diuretics, more NYHA functional Class IlI/IV,
congestive heart failure at the time of examination, atrial fibrillation, higher systolic pulmonary artery
pressure, more severe TR and reduced LV ejection fraction (all P<0.05) (Table 3).

Overall, there was no difference between patients who underwent left-sided heart valve
intervention according to concomitant TV intervention for in-hospital mortality (2% in both groups, P=0.93)
and no significant difference for post-operative permanent pacemaker (6% in the group without
concomitant TV intervention and 8% in the group with concomitant TV intervention, P=0.40).

Concomitant TV intervention was not associated with 6-month overall mortality (5% in the group
without concomitant TV intervention and 4% in the group with concomitant TV intervention, P=0.61) and
cardiovascular mortality (3% in the group without concomitant TV intervention and 2% in the group with
concomitant TV intervention, P=0.56) (Figure 5A and 5B), even after adjustment for EuroSCORE Il or

Charlson Comorbidity Index (Table S2).

DISCUSSION

In this large recent international prospective survey of patients with severe LS-VHD during a three-
month period in 2017 in Europe, the main results can be summarized as follows (Graphical Abstract): 1)
moderate to severe TR was frequent among patients with severe mitral valve disease (>30%), especially
those with secondary mitral regurgitation (46%), and rare among patients with aortic valve disease (<5%);
2) an increase in TR grade was associated with a more severe clinical presentation and a poorer overall
and cardiovascular survival at six months; 3) rates of concomitant TV intervention at the time of left-sided
heart valve surgery were high at the time of mitral valve surgery (more than 40% in case of surgery for
mitral regurgitation and 50% for mitral stenosis) but very low at the time of aortic valve surgery (1 to 2%);
4) concordance between Class | indications (patients with severe TR) for concomitant TV surgery at the

time of left-sided valvular heart surgery according to ESC/EACTS guidelines and real-practice decision-

101



making was very good (88% overall), especially for patients undergoing surgery for mitral regurgitation
(95%); 5) patients who underwent a concomitant TV intervention at the time of left-sided heart valve
intervention had a better general status but a more severe cardiac condition than patients who underwent
a left-sided heart valve intervention without concomitant TV intervention, with no difference between the
2 groups in in-hospital mortality and overall and cardiovascular mortality at six months.

This study is the first to depict frequency and grade of TR associated with severe LS-VHD, not only
overall, but also according to specific settings such as previous valvular intervention, multiple left-sided
VHD or primary/secondary mitral regurgitation. In a recent study, Chancellor et al.®® have shown that
among 17,483 patients undergoing aortic valve replacement, 6% had moderate and 1% had severe TR,
which is concordant with our results showing that severe TR is rare among patients with severe aortic
stenosis (3% had moderate and 1% had severe TR in our study). Conversely, rates of moderate to severe
TR were particularly high in patients with severe mitral VHD, especially secondary mitral regurgitation,
probably stressed by both older age and atrial fibrillation, which is consistent with a recent series of 606
patients treated with transcatheter repair for mitral regurgitation in whom 57% had moderate to severe
TR at baseline.®

TR is a serious condition and an independent predictive factor of outcome with a poorer outcome
related to its grade.?®3%3! Previous studies had shown that presence of severe TR before treatment of LS-
VHD was a predictor of poor outcome for both patients with aortic stenosis®*® and mitral
regurgitation,3%55%7 regardless of the treatment strategy (surgery or transcatheter) for left-sided VHD.
This study is the first to show a parallel between the severity of the TR grade and overall and cardiovascular
mortality in the setting of all severe left-sided VHD, which is a very common situation, as it represents
approximately half of patients with TR.2! In our population, it was also striking to see that severity of the
TR grade was associated with a poorer clinical, biological and echocardiographic presentation, with notably

more congestive heart failure, atrial fibrillation, renal and liver failure.
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The vast majority of TV surgery is performed at the time of LS-HVS (86% of overall TV surgery in
the Society of Thoracic Surgeons database in the USA®® and 92% in France), especially at the time of mitral

valve surgery,*70

as mitral VHD is frequently associated with TV disease. Thus, in our study, a concomitant
surgical treatment of TR was frequently performed at the time of mitral valve surgical interventions (50%
for patients with mitral stenosis, 39% for primary MR and 49% for secondary MR) but only in 1% of surgical
interventions for aortic stenosis. Our results are fairly consistent with the literature. Indeed, among 17,483
patients who underwent surgical aortic valve replacement in a regional Society of Thoracic Surgeons
database between 2001 and 2017, only 0.6% underwent a concomitant TV intervention.®® On the contrary,
among all mitral valve surgeries performed for MR in France between 2014 and 2016, a concomitant TV
intervention was performed in 20% of the 7,593 patients with primary MR and 27% of the 2,935 patients
with secondary MR.”

This survey highlighted a very good adherence to ESC/EACTS and ACC/AHA guidelines, as a
concomitant TV intervention was performed at the time of LS-HVS in 88% of overall patients with a Class |
indication for severe TR according to 2012 ESC/EACTS and 2014 ACC/AHA guidelines,®*®* rate that raised
up to 95% at the time of mitral valve surgery for mitral regurgitation and 100% at the time of aortic valve
surgery for aortic stenosis. Those results were consistent with the steady increase over time in the number
of combined TV surgery at the time of left-sided heart valve surgery,®®’? a trend that should continue, as
those recommendations were maintained in the last American and European guidelines.%*%

In the VHD Il survey, like in other studies,* most of concomitant TV surgeries at the time of left-
sided heart valve surgery were performed for patients with less than severe TR, as patients with Class |
recommendation represented only 27% of all patients who underwent a concomitant tricuspid valve and

left-sided heart valve surgery, which can explain the very high rate of TV repair (96%) to treat tricuspid

annulus dilatation and prevent long-term significant TR.
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Moreover, our results reinforced among 2081 patients that concomitant TV surgery at the time of
left-sided heart valve surgery does not increase in-hospital mortality in comparison to isolated LS-

464749 rate of post-operative permanent pacemaker

HVS.46474973 |n this survey, like in most other studies,
in the group of patients with concomitant TV surgery was relatively low (8%) and not significantly different
than in the group of patients without concomitant TV surgery, on the contrary to a recent randomized trial
that has shown a higher rate of post-operative permanent pacemaker in the group of patients with
concomitant TV surgery (14%).73

When the survey was conducted, transcatheter treatment represented one third of all curative
interventions for severe LS-VHD, with a higher proportion for patients with aortic stenosis, mitral stenosis
or previous left-sided intervention. The number of transcatheter treatment for severe LS-VHD is currently
significantly growing with the advent of transcatheter aortic valve replacement for aortic stenosis and also
the development of transcatheter mitral valve repair or replacement, especially transcatheter edge-to-
edge repair. Population ageing, previous valve surgery (26% of our population), addition of indications for
transcatheter treatment of mitral regurgitation in selected patients and extension of indications for

transcatheter treatment of aortic stenosis toward low-risk patients in the last guidelines will intensify this

trend.3%40

Transcatheter treatment for TR, that can be a repair or a replacement for patients with high surgical
risk,” is currently under development and available only within the scope of trials in expert
centers.” Ongoing randomized controlled trials (TRILUMINATE Pivotal Trial, TRI-FR,’® CLASP
Il TR, TRISCEND II Pivotal trial) will try to demonstrate the safety and effectiveness of
transcatheter treatments in improving clinical outcomes in comparison to medical therapy. In a
recent study, Mehr et al.”” have shown that concurrent correction of mitral and tricuspid
regurgitation with transcatheter edge-to-edge valve repair was associated with a higher 1-year
survival rate compared with isolated transcatheter edge-to-edge mitral valve repair in patients with
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severe MR and severe TR. Further studies are mandatory to carefully evaluate the benefit of
combined mitral and tricuspid valve transcatheter interventions as well as the best strategy (1 or 2
procedures) if combined interventions appear to be useful. In our survey, no patient received a
transcatheter treatment for TR. While waiting for the use in routine practice of transcatheter
treatment for TR, the presence of severe TR associated with severe LS-VHD should be taken into
consideration, especially for mitral valve diseases, in the choice of the best therapeutic option
between concomitant mitral and tricuspid surgical correction versus isolated mitral transcatheter

intervention.

Study limitations

The present study deserves several comments. First, this voluntary survey was not population-
based and there may be legitimate concerns concerning its ability to represent wider practice due to
potential selection, referral and treatment bias. However, the design of the present survey allows for a
detailed analysis of the relationship between patient characteristics and therapeutic decision-making in
the light of ESC guidelines in a wide spectrum of healthcare structures and countries. Thus, we could not
affirm the exact prevalence and grade of TR in patients with severe LS-VHD but we can assume that the
frequency found in this registry should be close to its prevalence in the population, thanks to a very large
number of patients (6883) in many centers (222) across many countries (28). Moreover, we do not have
data on massive or torrential TR as those grades were suggested after the end of the survey. Second, we
were not able to assess adherence to Class lla recommendations for patients with less than severe TR but
dilated tricuspid annulus, as tricuspid annulus diameter in transthoracic echocardiography was not
collected in this registry. In the same way, we could not assess improvement of TR grade at six months
according to TV intervention, as this data was not collected. Third, follow-up was limited to six months in

the VHD Il protocol, a time span that is usually too short to demonstrate any benefit of concomitant TV
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intervention on overall mortality, especially as most patients who underwent surgery had less than severe
TR at baseline. Fourth, in-hospital mortality and overall and cardiovascular mortality at six months in
patients with left-sided heart valve intervention according to concomitant TV intervention should be
interpreted bearing in mind that groups were not randomized. Indeed, concomitant TV surgery at the time
of LS-HVS seemed to be performed in patients with a more advanced cardiac disease but a better general
condition, patients being younger and with a lower Charlson’s index. However, results were unchanged

after adjustment for EuroSCORE Il or Charlson Comorbidity Index and were consistent with the literature.*

CONCLUSION

In this large, international, prospective survey among patients with severe LS-VHD, we have shown
that TR was frequent in patients with mitral VHD and was associated with a poorer outcome as TR grade
increased. Concomitant TV intervention at the time of left-sided heart valve surgery was not associated
with an increased in-hospital mortality and there was a very good concordance between guidelines and
real-practice decision-making for Class | indications (patients with severe TR) for concomitant TV surgery
at the time of left-sided heart valve surgery. As more and more patients have a transcatheter rather than
a surgical treatment for aortic and mitral VHD, there is a critical need for safe and efficient transcatheter

TV treatment for patients with concomitant, significant TR.
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CLINICAL PERSPECTIVES

Competency in patient care and procedural skills:

Tricuspid regurgitation is frequent in patients with mitral valvular heart disease and is associated with a

poorer outcome as tricuspid regurgitation grade increases.

Adherence to guidelines for Class | indications for concomitant tricuspid valve surgery at the time of left-

sided heart valve surgery, assessed for the first time in this survey, is very good.

Translational outlook

With the trend toward more transcatheter treatment for left-sided valvular heart disease, there is a critical
need for safe and efficient tricuspid valve transcatheter treatment for patients with concomitant tricuspid

regurgitation.
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FIGURE LEGENDS

Central lllustration. Tricuspid regurgitation among patients with severe left-sided valvular heart disease.
Insights from the ESC-EORP Valvular Heart Disease Il survey among 6883 patients with severe left-sided
valvular heart disease across 28 countries during a 3-month period in 2017.

A. Frequency and grade of tricuspid regurgitation (TR) in patients with severe left-sided valvular heart

disease according to left-sided valve disease.

B. Survival in patients with severe left-sided valvular heart disease according to TR grade

C. Frequency of concomitant tricuspid valve intervention for patients with severe TR at the time of left-
sided heart valve surgery: concordance between class | indications for concomitant tricuspid valve

intervention (ESC and ACC/AHA guidelines) and therapeutic decision.

EORP: EURObservational Research Programme, ESC: European Society of Cardiology, TR: Tricuspid

Regurgitation.

Figure 1. Frequency and grade of tricuspid regurgitation.

Frequency and grade of tricuspid regurgitation in patients with severe left-sided valvular heart disease

(native or previous left-sided valvular intervention) according to left-sided valve disease.

Figure 2. Impact of tricuspid regurgitation grade on survival.

Kaplan Meier 6-month survival in patients with severe left-sided valvular heart disease (native or previous
left-sided valvular intervention) according to tricuspid regurgitation grade.

A. Overall survival.

B. Cardiovascular survival.
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Figure 3. Concomitant tricuspid and left-sided valve intervention.

Concomitant tricuspid valve (TV) intervention at the time of all (surgical or transcatheter) or only surgical
left-sided heart valve intervention according to left-sided heart valve disease (native or previous left-sided
valvular intervention).

A. Overall frequency of concomitant TV intervention.

B. Frequency of concomitant TV intervention for patients with severe tricuspid regurgitation: concordance
between Class | indications for concomitant TV intervention (ESC and ACC/AHA guidelines) and therapeutic
decision.

TV: Tricuspid Valve.

Figure 4. Rates of surgical versus transcatheter left-sided heart valve intervention.

Rates of surgical versus transcatheter intervention among patients who underwent a left-sided heart valve
intervention according to left-sided heart valve disease (native or previous left-sided valvular
intervention).

A. Overall.

B. Among patients with severe tricuspid regurgitation.

Figure 5. Impact of concomitant tricuspid valve intervention on survival.

Kaplan Meier 6-month survival in patients who underwent an intervention for severe left-sided valvular
heart disease (native or previous left-sided valvular intervention) according to concomitant tricuspid valve
(TV) intervention.

A. Overall survival.

B. Cardiovascular survival.
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Table 1: Characteristics of patients with severe left-sided valvular heart disease according to tricuspid

regurgitation grade.

No/mild TR Moderate TR Severe TR
P-Value
(N=5548) (N=911) (N=424)
Patient characteristics
Age, years 71.0 [61.0-80.0]  74.0[64.0-81.0]  71.0[61.0-79.0]  <0.001
Female sex 2441 (44) 499 (55) 248 (59) <0.001
Body mass index, kg/m? 27.0[24.1-30.3] 26.5[23.6-29.8] 26.0[23.4-29.7] <0.001
Previous coronary intervention 905/5526 (16) 182/904 (20) 62/419 (15) 0.011
Permanent pacemaker 285/5026 (6) 89/801 (11) 52/366 (14) <0.001
Hospitalization for heart failure
912/5547 (16) 261 (29) 159 (38) <0.001
during the last year
NYHA Class
I 1494 (27) 106 (12) 35 (8)
I 2200 (40) 319 (35) 125 (30) <0.001
I 1662 (30) 418 (46) 207 (49)
v 192 (4) 68 (8) 57 (13)
Congestive heart failure 941 (17) 341 (37) 205 (48) <0.001
Atrial fibrillation/flutter 1049/5531 (19) 440/910 (48) 242/422 (57) <0.001
Creatinine clearance, ml/min 69.9 [49.6-94.0] 59.5 [42.0-80.2] 57.2 [40.8-79.2] <0.001
Risk factors
Hypertension 3733 (67) 662 (73) 254 (60) <0.001
Diabetes 1201/5547 (22) 201 (22) 90 (21) 0.936
Comorbidities
Chronic dialysis 59 (1) 10 (1) 6 (1) 0.797
Chronic pulmonary disease 591/5511 (11) 125/900 (14) 56/421 (13) 0.009
Liver dysfunction 92/5459 (2) 30/876 (3) 36/418 (9) <0.001
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Previous myocardial infarction
Previous stroke/TIA
Lower limbs atherosclerosis
Limited mobility
Charlson comorbidity index
EuroSCORE Il
Left-sided valvular heart disease
aortic valve disease
mitral valve disease
multiple valve disease
previous intervention
Drug therapy at admission
Diuretics
Transthoracic echocardiography
LV ejection fraction <60%
Systolic pulmonary artery pressure

>55mmHg

514/5510 (9)
417 (8)
249/5103 (5)
325 (6)
3.0[2.0-5.0]

1.9 [1.0-3.7]

2335 (42)
879 (16)
885 (16)

1449 (26)

2808/4867 (58)

2825/5447 (52)

499/5041 (10)

120/895 (13)
69 (8)
46/797 (6)
87 (10)
4.0 [3.0-6.0]

3.0 [1.6-6.5]

77 (9)
293 (32)
305 (34)

236 (26)

662/842 (79)

579/894 (65)

289/880 (33)

45/417 (11)
42 (10)
17/376 (5)
53 (13)
4.0 [3.0-6.0]

3.8[2.0-7.3]

19 (5)
176 (42)
107 (25)

122 (29)

339/392 (87)

299/417 (72)

226/405 (56)

<0.001

0.203

0.514

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.472

<0.001

<0.001

<0.001

Values are number of patients (percentage) or median [interquartile range]; bolded results are statistically

significant at the p<0.05 level.

LV: Left Ventricle, NYHA: New York Heart Association, TR: Tricuspid Regurgitation.
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Table 2: Hazard ratios for 6-month overall death in patients with severe LS-VHD according to TR grade.

Hazard ratio 95% Confidence Interval o]
Unadjusted
Moderate/severe TR vs no/mild TR 2.08 1.67-2.58 <0.001
Adjusted on EuroSCORE Il
Moderate/severe TR vs no/mild TR 1.81 1.44-2.29 <0.001
EuroSCORE Il (per 1-% increase) 1.04 1.03-1.05 <0.001
Adjusted on Charlson Comorbidity Index
Moderate/severe TR vs no/mild TR
1.97 1.57-2.44 <0.001
Charlson Comorbidity Index (per 1-point
1.14 1.11-1.16 <0.001

increase)

LS-VHD: Left-Sided Valvular Heart Disease, TR: Tricuspid Regurgitation.

117



Table 3: Characteristics of patients undergoing an intervention for severe LS-VHD according to

concomitant TV intervention.

Concomitant TV intervention

No Yes
P-Value
(N=1819) (N=262)
Patient characteristics
Age, years 71.0[61.0-81.0] 64.0 [57.0-70.0] <0.001
Female sex 829 (46) 137 (52) 0.042
Body mass index, kg/m? 27.4 [24.2-30.8] 26.3[23.2-29.9] 0.011
Previous coronary intervention 302/1812 (17) 19 (7) <0.001
Permanent pacemaker 87/1576 (6) 9/212 (4) 0.439
Hospitalization for heart failure
374 (21) 84 (32) <0.001
during the last year
NYHA Class
| 217 (12) 27 (10)
I 708 (39) 78 (30) 0.012
I 819 (45) 145 (55)
v 75 (4) 12 (5)
Congestive heart failure 306 (17) 81 (31) <0.001
Atrial fibrillation 340 (19) 139 (53) <0.001
Creatinine clearance, ml/min 68.5 [49.6-92.8] 71.5 [54.7-93.2] 0.192
Risk factors
Hypertension 1280 (70) 152 (58) <0.001
Diabetes 399 (22) 37 (14) 0.004

Comorbidities
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Chronic dialysis
Chronic pulmonary disease
Liver dysfunction
Previous myocardial infarction
Previous stroke
Lower limbs atherosclerosis
Limited mobility
Charlson’s index
EuroSCORE I
Left-sided valvular heart disease
aortic valve disease
mitral valve disease
multiple valve disease
previous intervention
Drug therapy at admission
Diuretics
Transthoracic echocardiography
LV ejection fraction <60%
Systolic pulmonary artery pressure
255mmHg
Degree of tricuspid regurgitation
No/mild
Moderate

Severe

18 (1)
217/1805 (12)
28/1787 (2)
147/1807 (8)
142 (8)
83/1711 (5)
100 (6)
4.0 [2.0-5.0]

2.0[1.1-4.0]

949 (52)
317 (18)
388 (21)

165 (9)

946/1579 (60)

945/1785 (53)

226/1618 (14)

1640 (90)
142 (8)

37 (2)

2(1)
30/259 (12)
8/260 (3)
20/261 (8)
23(9)
2/255 (1)
8 (3)
3.0 [1.0-4.0]

2.1[1.3-3.7]

7(3)
150 (57)
76 (29)

29 (11)

161/223 (72)

157/260 (60)

84/251 (34)

73 (28)
119 (45)

70 (27)

>0.999

0.839

0.122

0.794

0.586

0.003

0.095

<0.001

0.335

<0.001

<0.001

0.005

0.298

<0.001

<0.001

<0.001

<0.001

Values are number of patients (percentage) or median [interquartile range]; bolded results are statistically significant

at the p<0.05 level.

LS-VHD: Left-Sided Valvular Heart Disease, LV: Left Ventricle, NYHA: New York Heart Association, TV: Tricuspid Valve.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Central lllustration.

6883 patients with severe left-sided valvular heart disease

28 countries
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SUPPLEMENTAL MATERIAL

Table S1: Frequency and grade of TR according to LS-VHD.

Degree of Total native

Aortic Aortic Mitral Mitral
tricuspid Overall left-sided

stenosis regurgitation Stenosis regurgitation
regurgitation valve

Primary

mitral

regurgitation regurgitation

Secondary

mitral

Previous

Multiple  left-sided

left-sided valve

intervention

(N=6883) (N=5076) (N=2152) (N=279)  (N=234) (N=1114)  (N=746) (N=368)  (N=1297) (N=1807)
5548

No/mild 4099 (81) 2064 (96) 271(97)  164(70) 715 (64) 517 (69) 198 (54) 885 (68) 1449 (80)
(81)

Moderate  911(13) 675(13)  72(3) 5(2) 49 (21) 244 (22) 151 (20) 93 (25) 305(24)  236(13)

Severe 424(6) 302 (6) 16 (1) 3(1) 21(9) 155 (14) 78 (11) 77 (21) 107 (8) 122 (7)

Values are number of patients (percentage).

LS-VHD: Left-Sided Valvular Heart Disease, TR: Tricuspid Regurgitation.
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Table S2: Hazard ratios for 6-month overall death following an intervention for severe LS-VHD according

to concomitant TV intervention.

Hazard ratio 95% Confidence Interval P

Unadjusted

Concomitant TV intervention 0.84 0.44-1.62 0.607
Adjusted on EuroSCORE II

Concomitant TV intervention 0.85 0.42-1.70 0.642

EuroSCORE Il (per 1-% increase) 1.06 1.04-1.07 <0.001
Adjusted on Charlson Comorbidity Index

Concomitant TV intervention 1.06 0.52-2.13 0.877

Charlson Comorbidity Index (per 1-point increase) 1.20 1.12-1.29 <0.001

LS-VHD: Left-Sided Valvular Heart Disease, TV: Tricuspid Valve.
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Article 4

Management and Outcome of Patients Admitted With

Tricuspid Regurgitation in France

Messika-Zeitoun D, Candolfi P, Dreyfus J, Burwash IG, lung B,
Philippon JF, Toussaint JM, Verta P, Feldman TE, Obadia JF,

Vahanian A, Mesana T, Enriquez-Sarano M

Can J Cardiol. 2021 Jul;37(7):1078-1085
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Article 4: Prise en charge et pronostic des patients hospitalisés pour

insuffisance tricuspide en France

De nombreuses études montrent que I’IT est associée a un excés de mortalité et d’événements
cardiovasculaires, quel que soit le contexte?”31, mais est sous-traitée. Toutefois, des données issues
de larges registres nationaux évaluant la prise en charge et le devenir des patients présentant une

IT sont rares.

Les objectifs de cette étude étaient d’évaluer la présentation, la prise en charge et le devenir des

patients hospitalisés pour IT a I’échelon national.

A partir des données nationales du Programme de Médicalisation des Systémes d’Information
(PMSI), tous les patients hospitalisés (hopitaux publics et privés) en France en 2014-2015 en raison
d’un diagnostic d’IT ont pu étre inclus et leurs données analysées.

Parmi 17 676 patients consécutifs hospitalisés pour IT fonctionnelle (les patients ayant une
atteinte congénitale, rhumatismale ou une endocardite infectieuse étant exclus), 1’dge moyen était
de 7514 ans (44% des patients avaient 80 ans ou plus), 51% étaient des femmes, 56% présentaient
un indice de Charlson >2 et 46% étaient en IC. L’IT était associée a un antéceédent de chirurgie
cardiaque, une cardiomyopathie dilatée ou ischémique ou a une IM dans 73% des cas.

Dans I’ensemble de la population, seuls 10 % des patients présentant une IT ont été opérés sur
la VT. Parmi les patients opérés sur la valve mitrale, 67% ont eu un geste concomitant sur la VT
(Figure 31).
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A Management of patients with tricuspid regurgitation B  Tricuspid intervention rates among patients referred
for mitral valve surgery

® Conservative
management
Combined TV surgery = MV surgery with no
TV surgery
W Isolated TV surgery MV combined with TV

surgery
M Non-tricuspid cardiac

intervention

Figure 31. Prise en charge des patients hospitalisés en France avec insuffisance tricuspide

A. Prise en charge des patients avec insuffisance tricuspide dans la population globale
B. Taux d'intervention concomitante sur la valve tricuspide au moment d’une chirurgie

valvulaire mitrale

MV: valve mitrale, TV: valve tricuspide

Parmi les 13 654 patients pris en charge médicalement, les taux de mortalité hospitaliere, de
mortalité a 1 an et de mortalité a 1 an ou réhospitalisation pour IC étaient respectivement de 5.1%,
17.8% et 41% dans I’ensemble de la population, et 5.3%, 17.2% et 37% chez ceux présentant une
IT en I’absence d’antécédent de chirurgie cardiaque ou de cardiopathie du coeur gauche, sans
différence statistiguement significative entre les différents sous-groupes (Figure 32). A noter que
ces taux étaient huit fois plus élevés que ceux attendus dans une population de méme age et de

méme sexe.
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Figure 32. Taux d'événements chez les patients présentant une insuffisance tricuspide traitée
médicalement, dans I'ensemble de la population, dans le sous-groupe de patients avec antécédent
de chirurgie cardiaque ou de cardiopathie du ceeur gauche, et dans le sous-groupe de patients
avec insuffisance tricuspide isolée

TR : insuffisance tricuspide

Cette étude a montré que la majorité des patients hospitalisés avec IT sont 4ges et avec
des comorbidités, et que seuls 10% d’entre eux bénéficient d’un traitement curatif
chirurgical sur la VT alors que la mortalité et la morbidité a court terme des patients pris en

charge médicalement est considérable.
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ABSTRACT

Background: Growing evidence shows a major outcome impact and
undertreatment of tricuspid regurgitation (TR), but large and compre-
hensive contemporary reports of management and outcome at the
nationwide level are lacking.

Methods: We gathered all consecutive patients admitted with a
diagnosis of likely functional TR in 2014-2015 in France from the
Programme de Médicalisation des Systémes d’'Information national
database and collected rate of surgery, in-hospital mortality, 1-year
mortality, or heart failure (HF) readmission rates.

Tricuspid regurgitation (TR) is a common condition. Recent
epidemiologic studies have shown a high prevalence of mod-
erate or severe TR in the community, with overall rates of
0.55% and up to 3% after 75 years of age, similar to rates seen
for aortic stenosis. ** Moderate or severe TR is estimated to
affect > 1.6 million individuals in the United States.”

Although traditional management of TR has been conserva-
tive, recent single-center studies in various contexts, such as
patients with reduced left ventricular ejection fraction

(LVEF), isolated functional TR, or flail tricuspid leaflets, have
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RESUME

Contexte : De plus en plus de données montrent que I'insuffisance
tricuspide (IT) influence le pronostic et est fréquemment sous-traitée.
Toutefois, des données issues de larges registres nationaux évaluant la
prise en charge et le devenir des patients présentant une IT sont rares.
Méthodologie : Nous avons extrait de la base de données nationale du
Programme de médicalisation des systémes d’information (France) les
renseignements relatifs aux patients consécutifs admis en 2014-2015
dans un hépital frangais en raison d’'un diagnostic de IT vraisembla-
blement fonctionnelle, afin d'examiner les taux dintervention

suggested that the presence and severity of TR are associated
with an increased risk of death and cardiovascular events.”* !
In a recent meta-analysis, moderate and severe TR were
associated with a > 2-fold increase in cardiac mortality
independently of pulmonary E)rcssures, LVEF, and right
ventricular (RV) dysfunction.”* In a large, contemporary,
patient-level database of almost half a million US patients with
heart failure (HF), TR was associated with marked increases in
mortality risk overall and across all patient subgroups based on
age, gender, rhythm, associated comorbidities, prior cardiac
surgery, or LVEE.! Although highly prevalent and associated
with a marked increased risk of mortality and cardiovascular
events, TR is often left untreated, with < 10,000 patients
undcrgomg tricuspid surgery et year in the US, mostly at the
time of mitral valve surgery b

Most epidemiologic studies have been based on limited
geographically defined areas with small populations that may

0828-282X/© 2020 Canadian Cardiovascular Society. Published by Elsevier Inc. All rights reserved.
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Results: In 2014-2015, 17,676 consecutive patients (75 + 14 years
of age, 51% female) were admitted with a TR diagnosis. Charlson in-
dex was > 2 in 56% of the population and 46% presented with HF. TR
was associated with prior cardiac surgery, ischemic/dilated cardio-
myopathy, or mitral regurgitation in 73% of patients. Only 10% of TR
patients overall and 67% of those undergoing mitral valve surgery
received a tricuspid valve intervention. Among the 13,654 (77%)
conservatively managed patients, in-hospital mortality, 1-year mortal-
ity, and 1-year mortality or HF readmission rates were 5.1%, 17.8%,
and 41%, respectively, overall, and 5.3%,17.2%, and 37%, respec-
tively, among those with no underlying medical conditions (8-fold
higher than predicted for age and gender).

Conclusions: This nationwide cohort of patients admitted with TR
included elderly patients with frequent comorbidities/underlying car-
diac diseases. In patients conservatively managed, mortality and
morbidity were considerably high over a short time span. Despite this
poor prognosis, only 10% of patients underwent a tricuspid valve
intervention. These nationwide data showing a considerable risk and
potential underuse of treatment highlight the critical need to develop
strategies to improve the management and outcomes of TR patients.

not be applicable to the general population. There are few
nationwide data that would provide large-population,
comprehensive assessment, and contemporary information
on management and outcome of patients with TR. The
Programme de Médicalisation des Systémes d’Information
(PMSI) is a French comprehensive national database that
collects information on all consecutive patients admitted to
public and private hospitals in the entire territory of France, as
participation is mandatory for all French health-care in-
stitutions. The PMSI offers the unique opportunity to eval-
uate the presentation, outcome, and management of patients
admitted with TR nationwide, and to examine the hypotheses
that TR hospital admission is predominant in elderly patients
and is associated with poor outcome and underuse of TR
surgical treatments.

Methods
Study design

All health-care institutions in France are mandated to
transfer information regarding their activity into the PMSI
database. The PMSI data set includes information about the
patient (age and sex), the hospital, the dates of admission and
discharge, pathologies, procedures, and in-hospital outcome.'®
Primary and secondary diagnoses are coded using the Inzer-
national Statistical Classification of Diseases and Related Health
Problems—10th revision. Procedures are coded using a French
standardised classification.'”

We collected all admissions data in France from both public
and private hospitals in 2014 and 2015 for patients > 30 years
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chirurgicale, de mortalité hospitaliére, de mortalité 4 1 an et de
réadmission pour insuffisance cardiaque.

Résultats : En 2014-2015, 17 676 patients consécutifs (75 + 14 ans,
51 % de femmes) ont été hospitalisés avec un diagnostic d'IT ; 56 %
présentaient un indice de Charlson > 2 et 46 % une insuffisance
cardiaque. L'IT était associée a un antécédent de chirurgie cardiaque,
une cardiomyopathie dilatée ou ischémique ou & une insuffisance
mitrale dans 73 % des cas. Dans I'ensemble de la population, seuls
10 % des patients présentant une IT ont été opérés sur la valve tri-
cuspide et seulement 67 % de ceux opérés sur la valve mitrale ont
bénéficié d'une chirurgie concomitante sur la valve tricuspide. Parmi
les 13 654 patients pris en charge médicalement, le taux de mortalité
hospitaliére, de mortalité & 1 an et de mortalité 4 un an ou de
réadmission pour insuffisance cardiaque étaient respectivement de
5,1 %, 17,8 % et 41 % dans I'ensembile de la population et 5,3 %, 17,2
% et 37 % chez ceux présentant une IT en I'absence de pathologie
associée (taux huit fois plus élevés que ceux attendu dans une popu-
lation de méme age et sexe).

Conclusions : Dans cette large cohorte frangaise regroupant tous les
patients admis pour une IT en 2014-2015, la majorité des patients
était 4gés avec de fréquentes comorbidités. La mortalité et morbidité
a court terme des patients pris en charge médicalement était con-
sidérable. Malgré ce sombre pronostic, seuls 10 % des patients ont
bénéficié d'une chirurgie tricuspide. Ces données, montrent a I'échelle
nationale, I'insuffisance de traitement et risque considérable encouru
par les patients présentant une IT et la nécessité de développer de
nouvelles approches pour améliorer leur prise en charge et leur
devenir.

of age with non-rheumatic TR as a primary or secondary
discharge code (I361). We excluded patients who presented
with codes related to rtheumatic tricuspid valve disease (regur-
gitation or stenosis), congenital diseases, infective endocarditis,
and cardiac transplantation. The Charlson index was used to
assess the burden of patients’ comorbidities.'® Ethics approval
was not required as all data were anonymised.

Outcome

In-hospital mortality was defined as death occurring during
the same hospital stay. We also collected from the PMSI all
in-hospital death and readmissions for HF that occurred
during the year after the index hospitalisation. To avoid
misleading comparisons, in-hospital mortality was not pro-
vided in patients undergoing an intervention as the inter-
vention was not performed during the index admission in up
to one third of patients.

Statistics

Continuous variables are expressed as mean =+ standard
deviation or median and interquartile range (25%-75%), and
categorical variables are presented as number of patients
(percent). Differences between groups were calculated using
the %* test for categorical variables and Student 7 test or
Wilcoxon/Kruskal-Wallis tests for continuous variables as
appropriate. Observed mortality was compared with expected
1-year mortality rates according to age and sex obrained from
the Institut National de la Statistique et des etudes Econo-
miques  (www.insee.fr/fr/statistiques/33114222sommaire=

3311425). All tests were 2-sided and performed using [MP
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version 9.0 (SAS Institute, Cary, NC). P < 0.05 was
considered statistically significant.

Results
Population
In 2014-2015, 17,676 patients with a diagnosis of TR

(excluding rheumatic, congenital, and infective endocarditis
etiologies) were admitted in French public and private hos-
pitals. Characteristics of the population are presented in
Table 1. Mean age was 75 years (44% were > 80 years of age)
and 51% were female. Most of the patients presented with
comorbidities; mean Charlson index was 2.5 + 2.7, and was
> 2.0 in 56% of the population. Forty-six percent (8171
patients) presented with HF. TR was associated with under-
lying medical conditions in most cases (prior cardiac surgery,
ischemic or dilated cardiomyopathy or MR in 73%). In 27%
of patients, TR was considered isolated and as being free of
these conditions. In-hospital and 1-year mortality were 4.8%
and 15.9%, respectively. One-year mortality or HF read-
mission rate was 39%.

Management of patients with TR

A cardiac intervention was performed in 4022 patients
(23%), whereas 13,654 (77%) were managed conservatively.
Among the 4022 patients who underwent an intervention,
2369 (13%) underwent non—tricuspid valve (non-TV)
intervention (not exclusive: aortic valve replacement [N =
1448], coronary artery bypass graft [N = 684], and mitral
valve [MV] surgery [N = 540]), 1374 patients (8%) under-
went combined TV surgery (not exclusive: combined with
MYV surgery [N = 1119], aortic valve replacement [N = 316],
and coronary artery bypass graft [N = 177]), and 279 patients
(2%) underwent isolated TV surgery (Fig. 1). Interestingly, of
the 1659 patients who underwent MV surgery, TV inter-
vention was performed concomitantly in only 1119 patients
(67%). Thus, no TV intervention was performed in 59% of
patients referred for a cardiac intervention overall and in 33%
of those undergoing MV surgery.

A comparison between patients who underwent TV sur-
gery (combined or isolated) and those who underwent a non-
TV intervention is shown in right portion of Table 1. Patients
who underwent TV surgery were slightly younger, more
frequently female, had less ischemic cardiomyopathy, and
presented more often with HF than those who did not, but
prevalence of MR was similar between groups. One-year
mortality rate and rate of death or HF readmission were
also higher in patients who underwent TV surgery, but were
substantial in both subsets (12.6% and 38%, respectively, in
patients who underwent TV surgery and 7.4% and 28% in
those who did not).

Outcomes of patients with TR managed conservatively

Baseline characteristics, mortality rate, and readmission
rates of this subset are presented in Table 1 and Figure 2.
In-hospital mortality, 1-year mortality, and 1-year mortality or
HF readmission rates were 5.1%, 17.8%, and 41%, respec-
tively. Importantly, the observed 1-year mortality rates ac-
cording to age and gender were markedly higher than
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expected with an average 8-fold increased mortality rate
(Table 2).

Compared with patients with a history of cardiac surgery or
left-sided heart disease, patients with isolated TR were
younger (72 £ 17 vs 77 £ 12 years, P < 0.0001), more
frequently female (58% vs 50%, P < 0.0001), had a lower
Charlson index (2.4 £ 3.0 vs 2.9 £+ 2.7, P < 0.0001), and
had a lower prevalence of HF (45% vs 54%). However, in-
hospital (5.3% vs 5.1%, P = 0.46) and 1-year (17.2% vs
18.1%, P = 0.17) mortality rates were not different. The 1-
year mortality or HF readmission rate was lower (37% vs

44%, P < 0.0001) (Fig. 2).

Discussion

In this first nationwide report on TR hospital admission,
we have reported on the management and outcomes of
consecutive patients with TR admitted in France in the
contemporary era. This unique study design demonstrates first
that TR is a common diagnosis code at admission and is often
related to elderly patients with frequent comorbidities and
HF. Second, the vast majority of TR patients were conser-
vatively managed and only 10% underwent a TV surgery.
Third, most TV surgeries were performed with another
intervention, mostly MV surgery, whereas only a few were
performed without any concomitant intervention. Even in the
context of MV surgery, TR was not intervened upon in a third
of patients. Finally, TR was associated with considerable
short-term mortality and HF readmission rates, underscoring
the dismal outcome of patients admitted with TR and high-
lighting the importance of efforts to relieve this considerable
burden of untoward outcomes.

Management of patients with TR

Paradoxically, TR has been considered for years as both a
benign condition that could be neglected and as a simple
marker of increased mortality and morbidity. Increasing evi-
dence supports that TR is an independent prognostic factor
and a cause per se of the observed increased mortality and
cardiovascular event rates. The magnitude of the difference
between the prevalence of TR and the number of TV in-
terventions suggests a marked undertrearment.'? However,
reports on the management of patients with TR are limited
and come mainly from single-center studies. As such, unbi-
ased information on the management and outcomes of pa-
tients with TR are scarce. In the present study, using the
PMSI nationwide database, we were able to collect data on all
patients admitted in France with a diagnosis of TR, in both
public and private hospitals. To the best of our knowledge,
this study is the first to identify all patients with TR admitted
at the nationwide level in the contemporary era. Most TR
patients were elderly and presented with comorbidities, and
HF and left-sided heart disease was present in the majority of
patients. Only 10% of the population underwent a TV
intervention within 1 year of the index admission and the vast
majority of patients were managed conservatively, thus high-
lighting a potential undertreatment of this condition. An
important finding from the present study is that TR was often
neglected even in patients referred for an intervention. Both
the European Society of Cardiology and the American College
of Cardiology / American Heart Association recommend TV
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Table 1. Characteristics and outcome of the overall population with tricuspid regurgitation and according to the type of management

Patients referred for

Patients referred for a cardiac intervention

Non—tricuspid cardiac

Overall population  Patients conservatively a cardiac intervention Tricuspid valve intervention
(N = 17,676) managed (N = 13,654) (N = 4022) Pvalue surgery (N = 1653) (N = 2369) P value
75 £ 14 76 £ 14 71 £12 < 0.0001 69 £ 12 73 £ 11 < 0.0001
Females 9017 (51%) 7215 (53%) 1802 (45%) < 0.0001 789 (48%) 1013 (43%) 0.002
Previous cardiac 3791 (21%) 2521 (18%) 1270 (32%) < 0.0001 494 (30%) 776 (33%) 0.05
surgery
Ischtrliic 3125 (18%) 2494 (18%) 631 (16%) 0.0002 167 (10%) 464 (20%) < 0.0001
cardiomyopathy
Dilated 1941 (11%) 1652 (12%) 289 (7%) < 0.0001 125 (8%) 164 (7%) 0.44
cardiomyopathy
Mitral 9179 (52%) 6679 (49%) 2500 (62%) < 0.0001 1051 (64%) 1449 (61%) 0.12
regurgitation
Tricuspid 4753 (27%) 4605 (34%) 148 (4%) < 0.0001 148 (9%) 0 —
regurgitation
with no other
known cardiac
disease
Congestive heart 8171 (46%) 6955 (51%) 1216 (30%) < 0.0001 595 (36%) 621 (26%) < 0.0001
failure
Charlson index 25+27 27 £28 1.7 £21 < 0.0001 1.7 +£22 1.7 £ 2.0 0.58
Charlson index 2 (1-3) 2 (1-4) 1 (1-4) — 1 (0-2) 1(0-2) —
median (IQR)
Charlson 9974 (56%) 8351 (61%) 1623 (41%) < 0.0001 661 (40%) 962 (41%) 0.69
index > 2
Public hospital 13,093 (74%) 10,132 (74%) 2961 (74%) 0.46 1225 (74%) 1736 (73%) 0.56
In-hospital 845 (4.8%) 703 (5.1%) —_ —_
mortality
One-year mortality 2814 (15.9%) 2429 (17.8%) 385 (9.6%) < 0.0001 208 (12.6%) 177 (7.4%) < 0.0001
One-year mortality’heart 6932 (39%) 5658 (41%) 1274 (32%) < 0.0001 620 (38%) 654 (28%) < 0.0001

failure readmission

Number are mean = standard deviation or number of patients (%).

IQR, interquartile range.

surgery at the time of the MV surgery in patients with
moderate/severe TR.”*** However, TR was not addressed in
one third of the patients at the time of MV surgery in our
cohort, despite a TR diagnoses and the clear recommenda-
tions for intervention (including for patients with moderate
TR). Thus, our study strongly supports that TR is under-
treated, even at the time of MV surgery.

One-year mortality rate and the combined endpoint of 1-
year mortality or HF readmissions rates in the subset of pa-
tients who underwent TV surgery were remarkably high
(12.6% and 38%, respectively) and in the same range as those
of patients managed conservatively. Considering the usual
mortality rates observed in patients referred for MV surgery,
coronaty artery bypass graft, or aortic valve replacement, these
rates suggest that patients were referred at an advanced stage of
the disease. The presence of significant TR at the time of MV
intervention reflects long-lasting MV disease with right ven-
tricular enlargement and the development of functional TR.
Thus, we have extended previous findings that, in the
contemporary era, patients with MR are still often referred late
in the course of the disease,”’ despite  guideline
recommendations.””” It is important to emphasise that
comparisons of outcomes between patients who underwent
TV intervention with those who did not in the present study
should be made cautiously as patients are likely sicker in the
former group and an unadjusted comparison may be
misleading. Thus, if 1-year mortality and HF readmissions
rates were higher in patients who underwent TV surgery than
in those who underwent cardiac intervention without TV
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intervention, the type of cardiac intervention and the under-
lying diseases would be markedly different. Most patients who
underwent TV intervention had MV surgery, whereas those
who did not underwent predominantly an aortic valve
replacement, including transcatheter approaches. Importantly,
the present study was not designed for or capable of evaluating
whether performance of concomitant TV surgery improves
clinical outcomes.

Outcome of patients with TR conservatively managed

Most patients diagnosed with TR were managed conser-
vatively. The majority of patients were elderly, with 49% >
80 years of age and half of them presenting with HF. The
lower prevalence of females compared with previous data
probably relates to the inclusion in the present study of pa-
tients with both isolated and combined TR like associated
with ischemic cardiomyopathy where there is a male pre-
dominance. In capturing all consecutive admissions in France,
we have clearly shown that TR patients managed conserva-
tively have a poor prognosis. In-hospital and 1-year mortality
rates were 5.1% and 17.8%, respectively. At 1 year, 40% of
patients were either dead or readmitted for HF. The 1-year
mortality rates were markedly higher than expected irre-
spective of gender and in every age category (except in no-
nagenarians), as shown in Table 2. Most patients presented
with a history of cardiac surgery or a left-sided disease.
Nevertheless, TR was considered isolated in 27% of the
population, occurring in the absence of any history of cardiac
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Figure 1. (A) Management of the overall population. (B) Rate of combined TV intervention among patients referred for MV surgery. MV, mitral valve;

TV, tricuspid valve.

surgery, dilated/ischemic cardiomyopathy, or mitral regurgi-
tation. Even in this subset, both in-hospital and 1-year mor-
tality rates were high and similar to those observed in patients
with a history of cardiac surgery or left-sided heart disease,
suggesting that TR is independently associated with the
observed increased mortality rate. Thus, the present study
clearly shows the poor prognosis of hospitalised patients with
TR.

Clinical implications
Despite clear guidelines for Class I recommendations,
TR was not addressed in most patients at the time of inter-

vention, even in those undergoing MV surgery. It is worth
noting that almost all MV interventions were surgical and that

20-22
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51% 5.1% 53%

In-hospital mortality

5%

0%

m Overall

17.8% 18.1% 17.2%

One-year mortality

TR with a prior history of cardiac surgery or left-sided disease

transcatheter MV interventions were seldom performed in
France in 2014-2015. In addition, transcatheter TR in-
terventions were also not available at that time. Whether due
to the erroneous belief that TR interventions increase the risk
of MV surgery,”*** insufficient knowledge on the evaluation
and management of patients with valvular heart diseases,”® or
the incorrect assumption that the condition will resolve after
the MV surgery,”"*® the present study has highlights an
important and substantial opportunity to improve the out-
comes in these patients. In this regard, we as well as others
have shown that combined TV interventions at the time of
the MV surgery do not increase the in-hospital mortality rates
if performed when indicated.””” The gap between recom-
mendations of scientific societies and real-life practice should
be regarded as a strong incentive for development of

44.0%
41.0%

37.0%

One-year mortality or heart failure
readmission

W Isolated TR

Figure 2. Event rates in patients with tricuspid regurgitation managed conservatively, overall, in the subsets with prior cardiac surgery or left-sided
disease and in the subset of isolated tricuspid regurgitation. TR, tricuspid regurgitation.
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Table 2. Observed and predicted 1-year mortality rates according to
age and gender from the Institut National de la Statistique et des
etudes Economiques in the conservatively managed subset of patients
(N = 13,654)

Males Females
Age category Observed Expected Observed Expected
Mean age * 19.2% 2.3% 16.6% 1.9%
< 60 years 8.3% 1.0% 7.8% 0.4%
60-70 years 15.0% 1.3% 11.4% 0.6%
70-80 years 20.4% 2.7% 13.6% 1.4%
80-90 years 24.2% 8.3% 20.1% 5.2%
> 90 years 24.7% 24.7% 20.5% 19.8%

* For males, this was 73 years and for females it was 79 years.

educational programmes for health-care providers to reduce
the number of patients referred at an advanced stage of the
disease and for the implementation of Heart Valve Centers of
Excellence.

TR was found to be a common diagnosis code. There were
approximately 27,000,000 yearly admissions in France during
the study period, including 1,470,000 related to cardiovas-
cular diseases. When admissions and readmissions were added
(14,759 yeatly admissions), the number of TR-related ad-
missions accounted for 0.05% of all admissions and 1% of
cardiovascular admissions. Most patients admitted with a
diagnosis of TR were managed conservatively despite incur-
ring high mortality and HF readmissions rates, including
those with isolated TR. Although we acknowledge that iso-
lated TR intervention should only be performed in cases of
severe TR, the remarkably low rate of TV intervention (10%),
strongly suggests a marked undertreatment in our population.
Thus, assuming that severe TR only accounted for one third
of the population and that all surgeries were perfromed in this
subset, two thirds remained conservatively managed (23% i.e.
[33%-10%)] / 33%). Convincing evidence of the direct impact
of TR on outcome can be derived from patients with TV flail
leaflets (2 model of isolated severe organic TR),” or from
patients with isolated severe functional TR.%’ However, the
impact of TR correction on survival is disPuted, with con-
tradictory  retrospective evaluations.”*? Randomised,
controlled trials are currently evaluating the impact of trans-
catheter interventions, a less invasive alternative to

surgery.32'36 These studies will close the loop and formally

demonstrate whether TR correction can improve clinical
outcome.

Strengths and limitations

The present study deserves several comments. First, there
are inherent limitations to the PMSI database relating to the
limited granularity of the available data. Variables such as New
York Heart Association functional class, creatinine, LVEF,
right ventricular systolic pressure, or right ventricular function
and size are not available and our assessment of comorbidity
burden relied on the Charlson index (no surgical risk score
could be calculated). However, we were able to capture all
consecutive patients admitted with TR at the nationwide level
in France during the study period to document their man-
agement and their mortality and morbidity outcomes. Second,
the database has no information regarding TR severity or

137

Canadian Journal of Cardiology
Volume m 2021

grade. However, TR was considered severe enough by the
treating physicians to include a TR diagnosis code in the
discharge summary and thus was likely to reflect at least
moderate severity. TR is a heterogeneous disease and TR
etiology was not available in the PMSI, but, based on our
exclusion criteria, we suspect that most of our patients pre-
sented with functional TR (easily the most common TR eti-
ology). Third, in-hospital mortality rate among patients
referred for an intervention could not be provided, as the
intervention was performed during a separate hospital
admission after the index admission in more than one third of
patients, making comparisons of in-hospital mortality rates
inappropriate. Fourth, only in-hospital death (at admission or
during follow-up) and HF readmissions are captured in the
PMSL.  Therefore, death and HF rates may have been
underestimated, which further emphasises our findings.
Finally, the cause of death was not recorded and only asso-
ciations other than causation could be attributed to TR and
the clinical endpoints. The cause of death is often difficult to
ascertain but the inclusion of TR as a diagnosis code strongly
suggests that TR was considered severe enough to have played
a role in the patient’s admission and complications.

Conclusions

This large contemporary nationwide cohort of patients
admitted with TR included elderly patients with frequent
comorbidities. TR was often associated with underlying car-
diac conditions and less commonly isolated, but both subsets
were associated with high mortality and HF readmission rates.
Approximately 20% of TR patients underwent an interven-
tion, but TR was not addressed in more than half of these
patients and in up to one third of patients referred for MV
surgery. Patients who underwent a TV intervention incurred
high event rates, suggesting that these patients were referred
late in the course of their disease. Patients who were managed
conservatively, representing the vast majority of patients,
exhibited high mortality and HF readmissions rates with an 8-
fold increased mortality rate at 1 year. These findings high-
light the public health issue related to TR and the critical need
to develop strategies to improve the management and out-
comes of patients with this condition.
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Article 5 : Moment de la prise en charge chirurgicale des patients avec

insuffisance tricuspide sévere isolée a I’échelon national

La chirurgie isolée de la VT n’est que rarement réalisée car considérée comme une intervention
a haut risque opératoire mais les données publiées étaient limitées, le plus souvent sur des petits

registres ou avec de longues périodes d’inclusion’®.

Les objectifs de cette étude étaient d’évaluer le devenir immédiat des patients aprés chirurgie

isolée de la VT et les déterminants des complications hospitaliéres.

A partir des données nationales du PMSI, tous les patients adultes opérés pour une chirurgie
isolée de la VT (les patients ayant eu un autre geste opératoire concomitant comme une chirurgie
valvulaire du cceur gauche, des pontages aorto-coronariens ou une fermeture de communication
inter-atriale, étaient exclus) en France sur une période de 2 ans (2013-2014) ont été inclus et leurs

données analysées.

Une chirurgie isolée de la VT n’a été que rarement réalisée (241 patients sur 2 ans). |l s’agissait
le plus souvent d’un remplacement valvulaire (65% de RVT vs 35% de réparations de la VVT).

L’age moyen était de 61£16 ans, 53% étaient des femmes, 36% etaient en FA, 26% étaient en
IC et 21% avaient déja été opérés d’une valvulopathie du cceur gauche.

L’indication de la chirurgie était une endocardite infectieuse dans 20% des cas.

Le taux de mortalité hospitaliere était élevé (10%), de méme que le taux de complications post-
opératoires graves (incluant mortalité, nécessité de dialyse ou d’une assistance hémodynamique
extra-corporelle), qui était de 19% (Figure 33). A noter qu’il n’avait pas différence statistique entre

les patients ayant eu un remplacement ou une réparation de la VVT.
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Figure 33. Taux de mortalité hospitaliére, choc cardiogénique et complications graves apres

chirurgie valvulaire tricuspide isolée

Les durées de séjours étaient longues (26+40 jours, avec une médiane de 16 jours [11 a 28]
pour la durée totale de séjour, et 10£18 jours, avec une médiane de 15 jours [2 a 12] pour la durée
de séjour en soins intensifs).

La présence de signes cliniques d’IC en pré-opératoire était un facteur prédictif du risque de
mortalité et de complications post-opératoires graves (P =0.001 pour les 2), et I’atteinte hépatique
pré-opératoire était associée au risque de complications post-opératoires graves (P =0.02). Il y avait
¢galement une tendance entre 1’insuffisance rénale pré-opératoire et le risque de complications
post-opératoires graves (P =0.07). A noter que 1’antécédent de chirurgie valvulaire du coeur gauche
et la présence d’une endocardite infectieuse n’étaient pas associés aux complications post-

operatoires (P = 0.23 et 0.38 respectivement).

Cette étude a montré a I’échelon national qu’un traitement curatif de ’IT par
chirurgie isolée de la VT n’est que trés rarement réalisé et que cette intervention est associée

a des taux de mortalité et de complications post-opératoires immédiates trés élevés. La
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présentation pré-opératoire (insuffisance cardiaque, atteinte hépatique, insuffisance rénale)

semble étre prédictive du devenir post-opératoire des patients.
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Timing of Referral of Patients With Severe Isolated
Tricuspid Valve Regurgitation to Surgeons (from a
French Nationwide Database)
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CrossMark

Series evaluating the results of isolated tricuspid valve surgery (ITVS) are rare and often
limited by small sample size, selection bias, and/or long period of enrollment. Based on a
mandatory administrative national database, we collected all consecutive ITVS per-
formed in France during a 2-year period (2013 and 2014), the type of intervention, clinical
profile, and in-hospital mortality and complications. During the 2-year period, 241 pa-
tients underwent an ITVS in France (84 repairs and 157 replacements). In-hospital mortality
was high (10%), and most patients experienced at least 1 complication (65%) with a 19%
rate of major complications (death, need for dialysis, or need for mechanical support using
extracorporeal membrane oxygenation). Consequently, hospital duration was remarkably
long (26 £ 40 days). Congestive heart failure at presentation was associated with mortality
and major complications rates (both p = 0.01). In conclusion, in a contemporary and con-
secutive series, ITVS was associated with a high mortality and morbidity predicted by clinical
presentation at baseline. Our results suggest that patients are often referred too late and
that an earlier intervention may improve immediate and possibly midterm outcomes. With
the availability of transcatheter therapies in a near future, optimal timing of intervention

in this population will be of utmost importance.

(Am J Cardiol 2018;122:323-326)

© 2018 Elsevier Inc. All rights reserved.

Tricuspid regurgitation (TR) is an independent prognos-
tic factor associated with a significant excess mortality and
morbidity that increases with TR grade.' Surgery is mostly
performed at the time of left-sided valve surgery for second-
ary TR, whereas isolated tricuspid valve surgery (ITVS) is
rarely performed and recommended in patients with severe
TR who are either symptomatic or are facing a progressive
right ventricle dilation/dysfunction.’* However, the optimal
timing for surgery is difficult to determine as patients may
be asymptomatic for a long period of time, symptoms are
usually not specific, and right ventricle size and function are
difficult to assess in routine clinical practice. Series of iso-
lated tricuspid valve (TV) surgery are rare, often biased, single-
center, based on small sample sizes, and covering long time
period.”” Based on the French Programme de Médicalisation
des Systemes d’Information (PMSI),"” a mandatory admin-
istrative database, we aimed to evaluate the immediate
outcomes of all consecutive patients who underwent an ITVS
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in France in 2013 and 2014 and the determinants of in-
hospital complications.

Methods

Since the 1991 law on health-care reform, all health-care
institutions are mandated to analyze their own activity and
transfer the information to the State and to the national health
insurance. To achieve this, the PMSI database was created
to collect data on patients’ diagnoses, procedures, and in-
hospital outcome. Each hospitalization is encoded in a
standardized dataset which includes patient’s information,
length of stay, pathologies, and procedures. Diagnoses are
coded using the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems
(ICD-10)."" Procedures are coded using a French standard-
ized classification."”

All patients who underwent an ITVS, either repair or re-
placement, in a public or a private institution in France between
January 1, 2013 and December 31, 2014, were identified from
the PMSI. We excluded patients who underwent any con-
comitant surgical procedure such as left-sided heart valve
surgery, coronary artery bypass, or atrial septal defect closure.
Major complications were defined as in-hospital death, post-
operative need for dialysis, or mechanical support for
hemodynamic failure (extracorporeal membrane oxygen-
ation [ECMOY]). Ethical approval was not required as all data
are anonymized. The French Data Protection Authority granted
access to the PMSI data.

Variables were expressed as mean * standard deviation or
median [percentile 25 and 75] for continuous variables and

www.ajconline.org
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Table 1
Baseline characteristics and in-hospital complications of the population
Variables Overall (N =241) Tricuspid valve Tricuspid valve P
repair (N = 84) replacement (N = 157)
BASELINE CHARACTERISTICS
Age (years) 6116 63+15 59+ 16 0.06
Women 128 (53%) 44 (52%) 84 (54%) 0.87
Previous left-heart valve surgery 51 (21%) 8 (10%) 43 (27%) 0.001
Coronary artery disease 24 (10%) 13 (15%) 11 (7%) 0.04
Pacemaker 28 (12%) 21 (13%) 7 (8%) 0.24
Congestive heart failure 63 (26%) 22 (26%) 41 (26%) 0.99
Atrial fibrillation 87 (36%) 13 (15%) 51 (32%) 0.11
Renal failure 25 (10%) 9 (11%) 16 (10%) 0.90
Liver disease 9 (4%) 2 (2%) 7 (4%) 0.42
Infective endocarditis 48 (20%) 10 (12%) 38 (24%) 0.02
IN-HOSPITAL COMPLICATIONS
In-hospital Death 25 (10%) 11 (13%) 14 (9%) 0.31
New congestive heart failure 40 (17%) 14 (17%) 26 (17%) 0.98
New atrial-fibrillation 42 (17%) 17 (20%) 25 (16%) 0.40
New pacemaker 44 (18%) 12 (14%) 32 (20%) 0.24
Acute respiratory failure 67 (28%) 23 (27%) 44 (28%) 0.92
Tamponade 38 (16%) 13 (15%) 25 (15%) 0.93
Acute renal failure 69 (29%) 23 (27%) 46 (29%) 0.75
Dialysis 33 (14%) 12 (14%) 21 (13%) 0.84
Cardiogenic shock 46 (19%) 15 (18%) 31 (20%) 0.72
Shock and/or systemic inflammatory response syndrome 68 (28%) 23 (27%) 45 (29%) 0.83
Mechanical support for hemodynamic failure 16 (7%) 11 (13%) 5(3%) 0.003
All complications 157 (65%) 50 (60%) 107 (68%) 0.18
Major complications 45 (19%) 17 (20%) 28 (19%) 0.65
Total length of stay (days) 26+40 29+61 25+21 0.37
Length of stay in the intensive care unit (days) 10+18 11£21 10+15 0.71

Data presented are number of patients (percent) or mean + standard-deviation.

percentage for categorical variables. Group comparisons were
performed using analysis of variance, chi-square, or 7 test as
appropriate. Logistic regressions in univariate and multivari-
ate analysis (including all variables with p <0.10 in univariate
analysis) were used to assess the determinants of in-hospital
death or in-hospital major complications. Data were ana-
lyzed with JMP (version 9.0; SAS Institute, Cary, North
Carolina). All tests were 2-sided and a p value <0.05 was con-
sidered statistically significant.

Results

A total of 241 consecutive patients underwent an ITVS in
France during the 2-year study period. Clinical characteris-
tics of this population are presented in Table 1. Mean age was
61 + 16 years and 128 patients (53%) were women. Eighty-
seven patients (36%) had atrial fibrillation, 63 patients (26%)
presented with congestive heart failure, and 51 (21%) had a
previous left-sided heart valve surgery. TV surgery was per-
formed because of infective endocarditis in 48 patients (20%).
Most of the patients underwent a TV replacement (n = 157,
65%), whereas TV repair was performed in 84 patients (35%).
Comparison between repair and replacement is presented in
Table 1.

In-hospital mortality was 10% (n = 25). Rate of postop-
erative complications were very high, and most of the patients
experienced at least one complication (n= 157, 65%) (Table 1).
Thus, 69 patients (29%) presented postoperative acute renal
failure, 46 patients (19%) presented cardiogenic shock, and
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Figure 1. Bar graph showing in-hospital mortality and complications rates.

40 patients (17%) presented an episode of congestive heart
failure. The rate of major complications was also very high
(n=45, 19%; Figure 1). Consequently, in-hospital lengths of
stay (total and in the intensive care units) were remarkably
long (26 * 40 days, median 16 days [11 to 28], and 10 £ 18
days, median 5 days [2 to 12], respectively). Postoperative
mortality and complications rates were not statistically dif-
ferent between patients who underwent a TV repair and
patients who underwent a TV replacement (Table 1).
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In univariate analysis, after adjustment for age and gender,
congestive heart failure at presentation was the only deter-
minant of in-hospital mortality (p = 0.01), whereas other factors
such as previous cardiac surgery (p = 0.23) and infective en-
docarditis (p = 0.38) were not. Similarly, congestive heart
failure at presentation was a major determinant of major post-
operative complications defined as death, need for dialysis,
or need for ECMO (p =0.01). Preoperative renal failure
(p=0.07) and liver disease (p = 0.05) were also predictive
of major complications in univariate analysis, whereas en-
docarditis (p = 0.26) and previous surgery (p = 0.44) were not.
In multivariate analysis, after adjustment for age and gender,
preoperative congestive heart failure (p = 0.01) and liver disease
(p = 0.02) were both predictive of in-hospital major compli-
cations, whereas renal failure was of borderline statistical
significance (p = 0.08).

Discussion

In this large contemporary and consecutive series, ITVS
was (1) associated with a high (10%) mortality, (2) respon-
sible for high morbidity with a 19% major complication rate
and consequently a remarkably long in-hospital length of stay,
and (3) preoperative clinical presentation was an important
predictor of in-hospital death and major complication rates.
Our results suggest that these patients are often referred too
late and that an earlier intervention may improve immediate
and possibly midterm outcomes. With the availability of
transcatheter therapies in a near future, optimal timing of in-
tervention in this population will be of utmost importance.

Surgery is the only curative treatment for severe TR and
medical therapy—mainly diuretics—is only palliative. As for
other valvular heart diseases, there is a marked trend toward
a more aggressive approach in surgical indications and
transcatheter tricuspid therapies are emerging.'"* Thus, in pa-
tients with left-sided valve diseases, indications for combined
TV surgery rely not only on TR degree but also on the se-
verity of right chambers remodeling and tricuspid annulus
size.""" Surgical indications for ITVS are based upon the func-
tional status and/or the degree of right ventricular
enlargement/dysfunction.”* However, management of iso-
lated severe TR remained strongly influenced by 2 long-
lasting contradictory beliefs: (1) that severe TR is a benign
disease and (2) that ITVS is a high-risk surgery. It is now well
established that TR presence and degree are independent and
strong prognostic factors.'®"” Although performed in differ-
ent settings, in-hospital mortality after ITVS ranged between
10% and up to 30%.””*" As ITVS is performed much less
often than mitral or aortic valve surgery, most of the previ-
ous series came from high-volume tertiary institutions and
gathered patients from a long period of time and/or did not
differentiate isolated from combined TV surgery.>***** Thus,
we undertook the present study to specifically assess the in-
hospital mortality and its potential determinants in a
contemporary and consecutive series of all patients who un-
derwent an ITVS in our country during a 2-year period.

‘We observed that ITVS was associated with high mortal-
ity and morbidity rates. The remarkably high complications
rate translated into a long in-hospital length of stay, far much
longer than any other valve surgery. The high morbidity and
mortality is even more striking as regards the relatively young
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age of the population. TV surgery is relatively simple and well
codified, and we may hypothesize that the high rate of com-
plications may be either due to associated co-morbidities or
to the very advanced clinical presentation of the patients. The
association between congestive heart failure at presentation
and the high rates of dialysis and ECMO suggests that advance
disease stage plays a major role. We are certainly not imply-
ing that co-morbidities and previous surgery have no impact
on outcome, but our point is to highlight that in patients who
underwent an ITVS, clinical presentation and advanced course
of the disease have played a major role which superseded
medical history and co-morbidities Similarly, the overall
advance disease stage may have prevented us from observ-
ing an outcome difference between repair and replacement,
the latter usually being associated with a worse clinical profile.
Arecent U.S. study based on National Inpatient Sample files
has shown that number of ITVS has increased from 2004 to
2013 but that the mortality has remained unchanged (8.8%)
and predicted by expected consequences of severe long-
lasting TV disease as coagulopathy and end-stage renal
disease.” It is worth noting that the observed mortality in the
United States was very similar to ours although they ex-
cluded patients with a history of infective endocarditis or
congenital disease. Altogether these findings further support
the hypothesis that late referral is the major reason for the
observed excess mortality.

There are 2 clinical implications of the present study.
First, it strongly advocates a preventive strategy to avoid
occurrence of late severe TR requiring surgery in patients
who undergo a left-sided valve disease. Although debated, ™
a strategy based not only on TR degree but also on the
dimension of the tricuspid annulus size should be recom-
mended even if the level of evidence needs to be
improved.'””’*’ Second, in patients with severe TR, as for
the other valve diseases, a more aggressive approach should
be recommended to avoid performing surgery in patients
with end-stage congestive heart failure or severe right
ventricular dysfunction. It should be noted that we have
only presented the illuminated face of the moon as patients
who have been judged too severe and contraindicated for
surgery were not captured. Thus, in our opinion, the para-
digm should be shifted; it is not the surgery per se which is
responsible for the high mortality and morbidity rates but
the late referral to surgery. Refinement of the evaluation of
right ventricular function and size is definitively needed,
but in our clinical practice, we are now considering surgery
when diuretics have to be increased to control symptoms or
when significant/progressive right ventricular enlargement
is observed. Development of transcatheter therapies may
potentially represent in the near future an alternative to
surgery and will further push for an early intervention if
proved to be safe and efficient.

Strengths and limitations of the present study need to be
discussed. As participation in our administrative database
(PMSI) is not voluntary, we were able to identify all cases
of ITVS that were performed in France during the study period.
Nevertheless, use of administrative data also has limita-
tions. Limited population’s characteristics were available, and
they relied on coding quality. Thus, except for infective en-
docarditis, we were not able to further refine the etiology of
the disease. Type and nature of heart failure symptoms were
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not accessible. No echocardiographic data were available and
our ability to detect prognostic factors was thus relatively
limited. Midterm outcome also could not be obtained from
the PMSI as there is no current possibility to link to other
databases. Finally, we are only providing indirect argu-
ments, suggesting that the high mortality and morbidity
observed are related to late surgical referral and that an earlier
surgery may improve outcome. A direct proof would require
a randomized controlled trial.
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Article 6 : Chirurgie valvulaire tricuspide isolée : impact de I’étiologie et de la

présentation clinique sur le pronostic

La chirurgie isolée de la VT est associée a une mortalité et a une morbidité post-opératoires
élevées mais ces résultats sont basés sur des études monocentriques avec un faible nombre de
patients ou des registres administratifs avec peu de données cliniques, biologiques et
échocardiographiques, et un suivi limité’>®, De plus, I'IT peut étre fonctionnelle ou organique,

avec des étiologies multiples qui n’étaient pas prises en compte dans ces études.

Les objectifs de cette étude étaient d’évaluer les déterminants du pronostic intra-hospitalier et
a moyen terme aprés chirurgie isolée de la VT en fonction du mécanisme et de I’étiologie de I'IT,

et plus spécifiquement I’impact de la présentation pré-opératoire.

A partir des données du PMSI local, tous les patients adultes consécutifs opérés d’une chirurgie
de la VT dans 12 centres tertiaires Francais sur une période de 11 ans (2007-2017) ont été inclus.
Parmi ces 5 661 patients, 466 (8% de toutes les chirurgies de la VVT) ont été identifiés comme ayant
eu une chirurgie isolée de la VT pour IT sévere non congénitale sur valve native alors que plus de
90% ont eu un geste sur la VT concomitant d’un autre geste chirurgical (chirurgie valvulaire du

cceur gauche, pontages aorto-coronariens ou fermeture de communication inter-atriale) (Figure 34).
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Figure 34. Population de [’étude et centres participants

A. Organigramme des patients opérés de la valve tricuspide dans 12 centres tertiaires
Francais sur une période de 11 ans
L’encadré rouge correspond a la population de |’étude

B. Carte représentant les centres participants

Au cours de cette période, le nombre de chirurgie de la VT augmentait de facon significative
(2.8 fois d’interventions en 2017 par rapport a 2007), en rapport avec une augmentation du nombre
de chirurgies de la VT au moment d’une autre intervention alors que le nombre de chirurgies isolées

de la VT augmentait peu et restait faible (Figure 35).
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Figure 35. Nombre et évolution du nombre de chirurgies de la valve tricuspide réalisées dans 12

centres tertiaires Frangais sur une période de 11 ans

Les patients opérés d’une chirurgie isolée de la VT constituaient la population d’intérét. La
chirurgie était réalisée pour une IT fonctionnelle chez 49% des patients (22% avec un antécédent
chirurgie valvulaire du cceur gauche et 27% isolées) et organique chez les 51% autres (31% avec
une endocardite et 20% avec une autre cause organique) (Figure 34).

L’age moyen était de 6016 ans, 49% étaient des femmes et la plupart des patients étaient trés
symptomatiques (47% avec un stade NYHA HI/1V et 57% avec des signes d’IC droite). Alors que
la trés grande majorité (96%) des patients opérés sur la VT au moment d’une autre intervention
avaient un geste de réparation au niveau de la VT, la majorité des patients opérés pour un geste
isolé sur la VT avaient I’'implantation d’une prothése (57%), quasi-exclusivement biologique (<2%

de prothéses mécaniques) (Figure 36).
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Figure 36. Types de chirurgie de la valve tricuspide (réparation, bioprothese ou prothése

mécanique)

A. Chez I’ensemble des patients opérés sur la valve tricuspide

B. Chez les patients opérés sur la valve tricuspide combinée & une autre intervention

C. Chez les patients opérés pour une chirurgie isolée de la valve tricuspide

TV : valve tricuspide

Les taux de mortalité hospitaliere et de complications post-opératoires graves (incluant

mortalité, choc, tamponnade, insuffisance rénale aigue nécessitant la dialyse ou ventilation

mécanique >72 heures) étaient respectivement de 10% et 31%. Ces taux masquaient de grandes

disparités selon les mécanismes/étiologies de I’IT, les patients ayant une IT fonctionnelle ayant des

taux de mortalité hospitaliéere et de complications post-opératoires graves plus élevés que les

patients opérés pour IT organique (P =0.004 et P < 0.0001 respectivement) (Figure 37).
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Figure 37. Taux de mortalité hospitaliere et de complications post-opératoires graves apres
chirurgie isolée de la valve tricuspide, dans I’ensemble de la population et selon I'étiologie de

I'insuffisance tricuspide

Les taux de survie, de survie sans réhospitalisation cardio-vasculaire et de survie sans
réhospitalisation pour IC étaient respectivement de 86%, 73% et 79% a 1 an, et 75%, 44% et 62%
a 5 ans avec un pronostic plus sombre pour les patients ayant une IT fonctionnelle comparativement

aux patients ayant une IT organique (P <0.007 pour les 3 courbes de survie) (Figure 38).
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Figure 38. Taux d’événements apreés chirurgie isolée de la valve tricuspide

A. Courbes de Kaplan-Meier de survie, de survie sans réhospitalisation cardio-vasculaire et

de survie sans réhospitalisation pour insuffisance cardiaque dans [’ensemble de la

population

B. Courbes de Kaplan-Meier de survie sans réhospitalisation pour insuffisance cardiaque en

fonction du mécanisme (fonctionnel ou organique)

En analyse univariée et multivariée, les facteurs prédictifs du pronostic post-opératoire et a

moyen terme étaient les paramétres correspondants a la présentation pré-opératoire clinique (age

élevé, classe fonctionnelle NYHA I1I/1V, signes cliniques d’IC droite), biologique (débit de

filtration glomérulaire (DFG) altéré, temps de prothrombine abaissé) et échocardiographique

(dilatation et/ou dysfonction VD modérée/sévere). A noter que les mécanismes/étiologies de I’IT

ne ressortaient pas comme des facteurs prédictifs du pronostic aprées cette intervention, de méme

que I’antécédent de chirurgie valvulaire du cceur gauche.

Cette étude a montre que la chirurgie isolée de la VT n’est que rarement réalisée et

est associee a une mortalité et une morbidité élevées, a la fois en post-operatoire immediat et

pendant le suivi, prédite par la sévérité de la présentation pré-opératoire mais pas par le

mécanisme de ’IT.
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Aims The aim of this study was to identify determinants of in-hospital and mid-term outcomes after isolated tricuspid valve
surgery (ITVS) and more specifically the impact of tricuspid regurgitation (TR) mechanism and clinical presentation.

Methods and Among 5661 consecutive adult patients who underwent a tricuspid valve (TV) surgery at 12 French tertiary centres in
results 2007-2017 collected from a mandatory administrative database, we identified 466 patients (8% of all tricuspid surgeries)
who underwent an ITVS. Most patients presented with advanced disease [47% in New York Heart Association (NYHA)
NV, 57% with right-sided heart failure (HF) signs]. Tricuspid regurgitation was functional in 49% (22% with prior left-
sided heart valve surgery and 27% isolated) and organic in 51% (infective endocarditis in 31% and other causes in 20%).
In-hospital mortality and major complications rates were 10% and 31%, respectively. Rates of survival and survival free of
HF readmission were 75% and 62% at 5years. Patients with functional TR incurred a worse in-hospital mortality than
those with organic TR (14% vs. 6%, P=0.004), but presentation was more severe. Independent determinants of outcomes
were NYHA Class lI/IV [odd ratios (OR)=27 (1.2-6.1), P=001], moderate/severe right ventricular dysfunction
[OR=26 (1.2-5.8), P=0.02], lower prothrombin time [OR=0.98 (0.96-0.99), P=0.008], and with borderline statistical
significance, right-sided HF signs [OR = 2.4 (0.9-6.5), P=0.06] while TR mechanism was not [OR = 0.7 (0.3-1.8), P=0.88].

Conclusion Isolated TV surgery was associated with high mortality and morbidity, both in hospital and during follow-up, pre-
dicted by the severity of the presentation but not by TR mechanism. Our results suggest that TV intervention
should be performed earlier in the course of the disease.

* Corresponding authors. Tel: +33 149334803, Fax: +33 149334143, Email: dreyfusjulien@yahoo.fr (.D.); Tel: 613.696-7337, Email: dmessika-zeitoun@ottawaheart.ca (D.M.-Z)
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2020. For permissions, please email: journals.permissions@oup.com.
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Introduction

Tricuspid regurgitation (TR) is a frequent condition that has been
overlooked compared to left-sided valve diseases. Epidemiological
studies suggest that moderate or severe TR affects over 1.6 million
individuals in the USA."? Multiple studies, in various settings such as
heart failure (HF) with reduced left ventricular ejection fraction
(LVEF), tricuspid flail, or isolated functional TR, have shown that the
presence and severity of TR are associated with an increased risk of
mortality and of cardiovascular (CV) events.*® In a recent meta-
analysis, moderate/severe TR was associated with more than a two-
fold increased cardiac mortality independently of pulmonary pres-
sures, LVEF, and right ventricular (RV) dysfunction.” Despite its high
prevalence, TR is often left untreated and the number of tricuspid
valve (TV) surgeries, mostly performed at the time of mitral valve sur-
gery, remains remarkably low.™

Isolated tricuspid valve surgery (ITVS) is reputed to be a high-risk
surgery with a 10% in-hospital mortality rate that had remained

regurgitation mechanism

Tricuspid regurgitation e Surgery e Outcome

constant across studies and time despite improvement in surgical
techniques and post-operative management.'®> However, most
studies relied on small single-centre studies or on administrative data-
bases with limited clinical, biological, and echocardiographic informa-
tion and limited follow-up. Thus, determinants of outcome after ITVS
have remained so far elusive. In a previous study, using the French
Programme de Médicalisation des Systémes d'Information (PMSI), a
mandatory administrative database, congestive heart failure (CHF) at
presentation was associated with mortality and major complications
rates.'? However, granularity was limited and we were not able to ac-
count for the severity of the clinical presentation and echocardio-
graphic features. In addition, TR mechanism may be either functional
or organic and encompass multiple aetiologies. Consequently, patients
referred for ITVS represent a heterogeneous population. Impact of
TR aetiology on outcome remained unclear and data are very limited.

In the present study, relying on in depth characterization of
patients’ medical history, functional status, laboratory, and echocardi-
ography results, we aimed to evaluate the determinants of in-hospital
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Figure | Flow chart of study population. A total of 5661 adult patients underwent a tricuspid valve surgery at 12 French tertiary centres between 1
January 2007 and 31 December 2017. Among them, 466 had an isolated non-congenital surgery, 229 for functional tricuspid regurgitation, and 237 for
organic tricuspid regurgitation. Functional tricuspid regurgitations were then subdivided into functional tricuspid regurgitation after left-sided surgery
or isolated functional tricuspid regurgitation and organic into endocarditis aetiology and other aetiologies including carcinoid diseases or traumatic.

and mid-term outcomes after ITVS according to TR mechanism and
aetiology and more specifically the impact of the severity of the clinic-
al presentation.

Methods
Study design

Using the local PMSI database,” we collected all consecutive cases
of TV surgery performed in adult patients at 12 French tertiary
centres between 1 January 2007 and 31 December 2017
(Supplementary material online, Figure S1). Tricuspid valve interven-
tions were identified using Common Classification of Medical
Procedures classification (DBKAOO4, DBMAQOS, or DBMA012)."* All
healthcare institutions in France are mandated to transfer informa-
tion regarding their activity into the PMSI database and the PMSI
database is therefore considered exhaustive. Among all TV surgery
cases performed in these centres, we excluded congenital TRs and
patients who underwent a combined TV surgery, meaning a TV
surgery concomitant with other cardiac surgery such as mitral valve
surgery, coronary artery bypass graft, or atrial septal defect closure.
Finally, we excluded all redo TV surgery either on native or pros-
thetic valves and our study population consisted of all patients who
underwent an isolated non-congenital TV surgery performed on
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native valve. Clinical presentation, laboratory results, echocardiog-
raphy, and immediate and mid-term outcome were retrospectively
collected locally at each centre. The study was approved by each
local institutional review board.

Patients’ characteristics

Information regarding clinical presentation, past medical history, and la-
boratory results were retrospectively collected from patients’ charts.
Glomerular filtration rate was calculated using the Cockcroft-Gault for-
mula according to sex. Surgical risk scores [logistic EuroSCORE,
EuroSCORE Il, and Society of Thoracic Surgeons (STS)] were calculated;
mitral valve repair intervention was used for the STS as there is no dedi-
cated score for [TVS.™'® The Charlson index was used to assess for
patients’ comorbidities.

All echocardiographic reports before intervention were reviewed and
when needed measurements were retrospectively performed on digitally
stored images. Tricuspid regurgitation aetiology was first classified as
functional (no intrinsic tricuspid disease) or organic (due to abnormalities
of the tricuspid leaflets or chordae). Functional TR was then subdivided
into functional TR after left-sided valve surgery or isolated functional TR,
and organic into endocarditis and other aetiologies including carcinoid
diseases or traumatic. Left ventricular ejection fraction was measured
visually or using the biplane method of discs (modified Simpson'’s rule).
Right ventricular size was visually assessed as normal, mildly, moderately
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Figure 2 Trends in tricuspid valve surgery between 1 January 2007 and 31 December 2017 in the 12 French tertiary centres. (A) All tricuspid valve
surgery, combined tricuspid valve surgery, and isolated tricuspid valve surgery on native valve. (B) Tricuspid valve repair and tricuspid valve replace-

ment—bioprosthetic and mechanical valves. TV, tricuspid valve.

or severely enlarged. The RV basal diameter and the tricuspid annulus
(TA) diameter (TA) were measured in diastole in the apical four-
chamber view.'” Right ventricular function was semi-quantitatively
assessed using an integrative approach based on visual assessment, tricus-
pid annulus plane systolic excursion (TAPSE), and Doppler tissue imaging
peak systolic annular velocity S’ as recommended.'®"? Pulmonary artery
systolic pressure was measured using the peak systolic trans-tricuspid
pressure gradient and estimated right atrial pressure according to the
diameter of the inferior vena cava and its variation with respiration, apply-
ing the Benoulli equation.

Outcome

In-hospital mortality was defined as death occurring between the inter-
vention and hospital discharge during the same hospital stay. Major post-
operative complications were defined as death, shock, tamponade, and
acute renal failure requiring dialysis or prolonged (>72 h) mechanical ven-
tilation. Lengths of stay (total and intensive care unit) were calculated as
the time duration between the admission and hospital discharge. During
follow-up, all-cause death and CV readmissions, defined as due to CHF,
atrial fibrillation (AF), infective endocarditis, stroke, acute coronary syn-
drome, re-intervention (tamponade, sternum infection), or pacemaker
related, were also collected based on hospital chart reviews and tele-
phone interviews with patients or family members.

Statistics
Variables were expressed as mean + standard deviation or median (per-
centile 25 and 75) for continuous variables and number of patients
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(percentage) for categorical variables. Trends in the number and type of
TV surgery were estimated by the Mann—Kendall trend test.
Comparisons between groups of TR mechanism/aetiologies were per-
formed using ANOVA, 72, Student’s t-test or non-parametric Wilcoxon
test as appropriate. Complication rates were expressed as percentage
and 95% confidence intervals. Logistic regressions in univariate and multi-
variate analyses (including variables with P<0.10 in univariate analysis)
were used to assess the determinants of in-hospital death and major
post-operative complications. Variables independently associated with
mortality in each category (clinical, laboratory, and echocardiographic)
were entered into the final model. Multiple comparisons for continuous
variables were tested with the Bonferroni correction. Odd ratios (OR)
along with 95% confidence intervals were reported. We assessed the
risks of death and CV readmission overall and according to TR mechan-
ism/aetiology using Kaplan—Meier estimates and Cox proportional hazard
models. Data were analysed using JMP version 9.0 (SAS Institute) or
XLSTAT (Microsoft, Redmond, WA, USA). All tests were two-sided and
a P-value of <0.05 was considered statistically significant.

Results

Trends in tricuspid valve surgery

A total of 5661 adult patients underwent a TV surgery
(Supplementary material online, Figure S2) at the 12 participating
French tertiary centres between 1 January 2007 and 31 December
2017. Among them, 466 patients (8%) had a non-congenital isolated



Table | Baseline characteristics of the population overall and according to the aetiology of the tricuspid regurgitation

Characteristics Overall Functional Organic P- Functi pri i Org: Organic—  P-

(N = 466) (N=1229) (N=1237) value left-sided heart valve lated (N=128) endocarditis other value

surgery (N=101) (N=142) (N=195)
Age (years) 60 £ 16 66+ 11 53+18 <0.0001 66+ 11 67412 49417 61£15 <0.0001
Female gender 229 (49) 137 (60) 92 (39) <0.0001 64 (63) 73(57) 43 (30) 49 (52) <0.0001
Body mass index (kg/m?) 2545 2746 2445 <0.0001 2645 2716 24+£5 25+5 <0.0001
Hypertension 190 (41) 120 (52) 70 (30) <0.0001 47 (47) 73 (57) 31(22) 39 (41) <0.0001
Diabetes mellitus 62 (13) 40 (18) 2(9) 0.009 19 (19) 21 (16) 13(9) 9 (10) 0.07
Chronic lung disease 51(11) 30 (13) 21(9) 0.14 14 (14) 16 (13) 13(9) 8(8) 052
Peripheral vascular disease 16 (3) 5(2) 11(5) 015 1(1) 4(3) 8(6) 3(3) 027
Prior stroke 41(9) 24 (11) 17 (7) 021 15 (15) 9(7) 9 (6) 8(8) 0.10
Prior left-sided heart valve surgery 111 (24) 101 (44) 10 (4) <0.0001 101 (100) 0(0) 1(1) 9 (10) <0.0001
Coronary artery disease 59 (13) 35(15) 24 (10) 0.09 20 (20) 15 (12) 12(9) 12(13) 0.07
Chronic kidney disease 154 (33) 100 (44) 54 (23) <0.0001 52 (51) 48 (38) 28 (20) 26 (27) <0.0001
Chronic liver disease 54(12) 31(14) 23 (10) 020 16 (16) 15 (12) 10(7) 13 (14) 017
Liver cirrhosis 11Q2) 703) 4(2) 033 5(5) 2(2) 0(0) 44 0.04
Permanent pacemaker 104 (22) 54 (24) 50 (21) 052 26 (26) 28(22) 29 (20) 21(22) 0.80
Hospitalization for congestive heart fail- 163 (35) 121(53) 42 (18) <0.0001 57 (56) 64 (50) 16 (11) 26 (27) <0.0001
ure (<1 year)
Systolic blood pressure (mmHg) 125+ 19 126 19 124 20 036 123+19 127 +19 122 +19 127 +£20 0.10
Diastolic blood pressure (mmHg) 73+£13 72+£13 73+14 035 70+13 74+£13 73+14 74414 0.16
NYHA functional Class lll-IV/ 217 (47) 136 (59) 81(34) <0.0001 62 (61) 74 (58) 41(29) 40 (42) <0.0001
Right-sided heart failure signs 264 (57) 166 (73) 98 (41) <0.0001 80 (79) 86 (67) 48 (34) 50 (53) <0.0001
Ascites 39 (8) 29 (13) 10 (4) 0.001 15 (15) 14 (11) 1(1) 9 (10) 0.0005
Loop diuretics 301/451 (67) 194/222 (87) 107/229 (47) <0.0001 96 (95) 98/121 (81) 45/136 (36) 58/93 (62) <0.0001
Daily dose of loop diuretics (mg) 40 (0-80) 60 (40-120) 0 (0-40) 0.0006 80 (40-125) 40 (20-120) 0 (0-40) 40 (0-80) 0.003
Atrial fibrillation 180 (39) 142 (62) 39(17) <0.0001 66 (65) 76 (59) 17 (12) 22(23) <0.0001
Haemoglobin (g/dL) 123423 125420 121425 0.06 121£19 12.8+20 11.2£25 134420 <0.0001
Glomerular filtration rate (mL/min) 72£39 61£29 82 +44 <0.0001 60 £28 60 £ 30 93449 67+£32 <0.0001
Elevated ALT and/or AST 731393 (19) 31/195 (16) 42/198 (21) 018 14/91 (15) 171104 (16) 31112 (28) 11/86 (13) 0.03
Elevated GGT and/for ALP 189/397 (48) 102/195 (52) 87/202 (43) 007 55/93 (59) 471102 (46) 501120 (42) 37/82 (45) 0.07
Total bilirubin (pmol/L) 158+ 119 17 +£13 1511 007 19.1 £ 142 151+ 114 13.3£104 16.6 £ 11.2 0.006
Prothrombin time 74£20 67 £21 80+16 <0.0001 62422 71£19 78116 82+ 16 <0.0001
LV ejection fraction 58+9 57+8 59+9 003 55+9 58+8 59+10 59+8 002
RV basal diameter (mm) 48+ 11 52+ 11 4449 <0.0001 52+7 51412 42+9 49+8 <0.0001
Moderate/severe RV dilatation 245/450 (54) 148/222 (67) 971228 (43) <0.0001 62/99 (63) 86/123 (70) 48/135 (36) 49/93 (53) <0.0001
TAPSE (mm) 204+7 1845 247 <0.0001 164 19+6 23+8 2+7 <0.0001
Peak systolic annular velocity S (cmi/s) 19 +41 107 £ 3.1 135146 <0.0001 9.5+ 2.1 11.6 £35 13.8+£49 13241 <0.0001
Moderate/severe RV dysfunction 761446 (17) 50/221(23) 26/225 (12) 0.002 31/98 (32) 191123 (15) 14/134 (10) 12/91 (13) 0.0002
Continued
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Table |
Characteristics

TV surgery on native valve (Figure 1). Trends in TV surgery are pre-
sented in Figure 2. The number of TV surgery increased from 280 in
2007 to 774 in 2017 (P for trend < 0.0001). The increase in number
of TV surgery performed was mainly related to a marked increase in
the number of combined TV surgery (P for trend < 0.0001) although
isolated TV modestly but significantly increased during the study
period (P for trend = 0.0001).

3(1-5)
65 (68)

Clinical presentation and aetiologies of
isolated tricuspid valve surgery
Characteristics of the 466 patients with a non-congenital isolated TV
surgery on native valve are presented in Table 1. Overall mean age
was 60 + 16 years and 229 patients (49%) were female. One hundred
and eleven patients (24%) had a previous left-sided heart surgery.
Close to half of the patients were severely symptomatic [47% in
New York Heart Association (NYHA) functional Class llI/IV] and 163
(35%) were admitted for CHF within the year preceding the surgery.
Right-sided HF signs were present in 264 patients (57%) in whom 39
(8%) had ascites. Chronic kidney disease was present in 154 patients
(33%) and chronic liver disease in 54 patients (12%). Mean LVEF was
58+ 9%. A moderate/severe RV dilatation was present in 54% of
patients and a moderate/severe RV dysfunction in 17%. The mean
systolic pulmonary artery pressure was 40+ 11 mmHg (>50 mmHg
in 19%). The median Charlson comorbidity index was high [3.0 (1-
4)], and 324 patients (70%) had a Charlson comorbidity index of >2.
Tricuspid regurgitation mechanism was functional in 229 patients
(49%) and organic in 237 patients (51%). Among patients with func-
tional TR, 101 patients (22%) had a prior left-sided heart valve sur-
gery and 128 (27%) patients had an isolated functional TR (Figure 1).
Among the 237 patients with organic disease, TR was due to infective
endocarditis in 142 patients (31%) and to other causes in 95 patients
(20%). Patients with functional TR were older, more frequently fe-
male and presented more often with CV risk factors and comorbid-
ities than those with organic TR. Importantly clinical presentation
was also more severe. Patients with functional TR presented more
advanced signs of HF signs, worse laboratory results, and more often
moderate/severe RV enlargement and dysfunction than patients with
organic TR. The Charlson index was twice as high in patients with
functional TR than in patients with organic TR. As expected, TV in-
fective endocarditis affected a younger mainly male population with
infrequent CV risk factors. Clinical and echocardiographic RV param-
eters also tended to be less severe than those of the three other
groups. Comparisons of baseline characteristics between functional
and organic TR and between TR aetiologies are presented in Table 1.

1(0-3)
63 (44)

3(2-5)
110 (86)

4(2-4)
86 (85)

2(0-4)

128 (54)

4(2-5)
196 (86)

3(14)
324 (70)

In-hospital outcomes of isolated tricuspid
valve surgery

ATV repair was performed in 193 patients (41%) and a replacement
in 273 patients (59%) (Supplementary material online, Figure $2). A
TV replacement was more often performed when the TV surgery
was performed isolated than concomitant with other cardiac inter-
ventions (59% vs. 4%, P <0.0001). In most cases of ITVS, a biopros-
thetic valve was used (n=264, 57%) while a mechanical valve was
implanted in only nine patients (2%). Surgery was urgent in 102
patients (22%). Overall, in-hospital mortality rate was 10% (n= 48)
and major post-operative complications rate was 31% (n=145)

ALP, alkaline phosphatases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; LV, left ventricle; NYHA, New York Heart Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic

Values are number of patients (percentage), mean + standard deviation, or median (inter-quartiles).
excursion; STS, Society of Thoracic Surgery.

Charlson comorbidity index > 2
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Table 2 In-hospital outcome overall and according to the aetiology of the tricuspid regurgi

Characteristics Overall Functional Organic P-value F ional—prior Fi ional—i Organic—infecti Organic—other  P-value
(N=466) (N=229) (N=1237) left-sided heart valve (N=128) endocarditis (N=95)
surgery (N=101) (N=142)
Urgent surgery 102 (22) 14 (6) 88(37)  <0.0001 5(5) 9(7) 83 (58) 5(5) <0.0001
TV replacement 273 (57) 135 (59) 138(58) 087 76 (75) 59 (46) 78 (55) 60 (63) <0.0001
In-hospital death 48 (10) 33(14) 15 (6) 0.004 16 (16) 17 (13) 7(5) 8(8) 0.02
Major post-operative 145 (31) 94 (41) 51(22)  <0.0001 48 (48) 46 (36) 29 (20) 22(23) <0.0001
complications
Shock 107 (23) 73(32) 34(14)  <0.0001 39 (39) 34(27) 21 (15) 13 (14) 0.0004
Cardiogenic shock 87 (19) 63 (28) 24(10)  <0.0001 32(32) 3124) 12(8) 12(13) 0.0001
Tamponade 36 (8) 26 (1) 10 (4) 0.004 13 (13) 13 (10) 5(4) 5(5) 0.03
Acute renal failure 123 (26) 74 (32) 49 (21) 0.004 34(34) 40 (31) 32(23) 17 (18) 0.01
Acute renal failure requiring 49 (11) 32(14) 17 (7) 0.02 17 (17) 15 (12) 11(8) 6(6) 0.02
dialysis
Prolonged mechanical ventilation 40 (9) 24 (10) 16 (7) 0.15 14 (14) 10 (8) 11(8) 5(5) 0.13
New permanent pacemaker 84 (18) 37 (16) 47200 030 16 (16) 21 (16) 29 (20) 18 (19) 043
implantation
Length of stay in intensive care 4(2-8) 4(2-9) 32-7) 004 5(3-11) 4(2-7) 3(2-7) 4(2-7) 0.002
unit (days)
Length of stay in hospital (days) 18(12-29)  17(12-29)  18(12-29) 035 22 (15-35) 15 (10-25) 21(14-37) 15(11-23)  <0.0001
Tricuspid regurgitation <2 at 408 (98) 192 (98) 216(97) 066 83 (98) 109 (98) 130 (92) 86 (99) 058
discharge
Systolic pulmonary artery pres- 36 + 11 40+ 12 31+8 <0.0001 40+ 11 40+13 29+8 33+9 <0.0001

sure at discharge (mmHg)

Values are number of patients (percentage), mean  standard deviation, or median (inter-quartiles). Major post-operative complications were defined as death, shock, tamponade, acute renal failure requiring dialysis, or prolonged mechanical
ventilation (>72h).
TV, tricuspid valve.
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Figure 3 In-hospital mortality and major post-operative compli-
cations rates overall and according to the aetiology of the tricuspid
regurgitation.

(Table 2 and Figure 3). In the post-operative period, 87 patients (19%)
presented a cardiogenic shock, 36 patients (8%) a tamponade, and
123 (26%) acute renal failure, of whom 49 (11%) requiring dialysis, 40
(9%) a prolonged mechanical ventilation, and 84 (18%) needed a de-
finitive pacemaker. The median intensive care unit and total lengths
of stay were 4 days (2-8) and 18 days (12-29), respectively. Residual
TR was rare and 98% of patients alive at discharge presented with
less than moderate TR.

Factors associated with in-hospital death in univariate analysis are
presented in Table 3. In-hospital mortality was associated with older
age and more severe presentation based on clinical, laboratory, and
echocardiographic assessment such as history of CHF, severe symp-
toms (NYHA Class lIl/IV), presence of ascites, cirrhosis, dose of loop
diuretics, kidney impairment, comorbidity index, and surgical risk
scores and degree of RV dilatation and dysfunction. Functional TR
was also associated with higher in-hospital mortality rate than organic
aetiology (14% vs. 6%, P=0.004) while history of previous left-sided
heart valve surgery was not (P=0.10). Mortality rates according to
TR aetiology were 16% for functional TR after left-sided valve sur-
gery, 13% for isolated functional TR, 5% for infective endocarditis,
and 8% for organic TR of other aetiology (P=0.02) (Figure 3). In
multivariate analysis, independent determinants of in-hospital death
were NYHA Class lIl/IV [OR=2.7 (1.2-6.1), P=0.01], moderate/se-
vere RV dysfunction [OR =2.6 (1.2-5.8), P=0.02], lower prothrom-
bin time [OR=0.98 (0.96-0.99), P=0.008], and with borderline
statistical significance, presence of right CHF signs [OR=2.4 (0.9—
6.5), P=0.06] while mechanism was not [OR=0.7 (0.3-1.8),
P=0.88]. Systolic pulmonary artery pressure >50 mmHg was also of
borderline statistical significance [OR=25 (0.9-7.0), P=0.08].
Independent determinants of major in-hospital complications in
multivariate analysis were similar, with moderate/severe RV dysfunc-
tion [OR=22 (1.2-4.1], P=0.01], lower glomerular filtration rate
[OR=098 (096-0.99), P=0.006], lower prothrombin time
[OR=0.98 (0.97-0.99), P=0.02], and with borderline statistical sig-
nificance, NYHA Class IV [OR=1.6 (0.95-1.1), P=0.07], AF
[OR=1.7 (0.9-3.1), P=0.08] and moderate/severe RV dilatation
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[OR=1.6 (0.95-2.6), P=0.08]. Excluding patients with permanent
pacemaker at the time of the surgery did not change our results. Our
results also remained similar after the exclusion of patients with in-
fective endocarditis or if the prothrombin time was not included into
the model.

Mid-term outcomes of isolated tricuspid

valve surgery

Follow-up was 90% complete. During an overall mean follow-up dur-
ation of 3.1+ 2.7 years [median 2.6 years (0.8-4.9), up to 11.8 years],
there were 40 additional deaths (all-cause) and 138 patients were
readmitted for CV reasons including 64 patients for CHF. Overall
rates of survival, survival free of CV readmission, and survival free of
HF readmission were 86%, 73%, and 79% at 1 year and 75%, 44%, and
62% at 5 years, respectively (Figure 4A, Take home figure). Event rates
among the 371 patients alive at 30 days and with available follow-up
were 98%, 83%, and 90% at 1year and 85%, 50%, and 70% at 5 years
(Figure 4B). Survival, survival free of CV readmission, and survival free
of HF readmission curves according to TR aetiology are presented in
Figure 5 and were significantly worse for functional than for organic
TR (all P<0.01). Mortality and CV events according to TR aetiologies
were also significantly different when subdivided into functional TR
after left-sided valve surgery, isolated functional TR, organic TR due
to infective endocarditis, and organic TR due to other aetiologies (all
P<0.05) (Supplementary material online, Figure $3). However, out-
come of both functional groups was not different (all P > 0.40).

In the multivariate analysis, independent determinants of all-cause
mortality were NYHA Class lI/IV [HR = 1.7 (1.1-2.8), P=0.04], pres-
ence of right CHF signs [OR= 1.8 (1.01-3.3), P<0.05], lower pro-
thrombin time [OR =0.98 (0.97-0.99), P = 0.04], and with borderline
statistical significance, functional aetiology [OR=0.6 (0.3-1.1),
P=0.07], lower glomerular filtration rate [OR=0.99 (0.98-1.01),
P=0.09], and moderate/severe RV dilatation [OR=1.6 (0.9-2.7),
P=10.08]. Similar determinants were observed for all-cause mortality
or CV readmissions {NYHA Class IV [OR=14 (1.0-2.0),
P=0.05], presence of right CHF signs [OR = 1.8 (1.2-2.6), P=0.002],
lower prothrombin time [OR = 0.99 (0.99-0.99), P = 0.03], and mod-
erate/severe RV dilatation [OR=1.6 (1.1-2.3), P=0.006]} and for
all-cause mortality or HF readmissions {NYHA Class lI/IlV [OR=1.7
(1.1-2.3), P=0.02], presence of right CHF signs [OR=1.9 (1.2-3.1),
P=0.006], and moderate/severe RV dilatation [OR=2.0 (1.3-3.1),
P=0.002]}. Functional aetiology was not an independent determin-
ant of mortality or (CV or HF) readmissions [OR=0.9 (0.6-1.4),
P=0.67 and OR =09 (0.5-1.3), P=0.37, respectively].

Discussion

In this retrospective series, we collected all cases of TV surgery per-
formed at 12 French tertiary centres between 1 January 2007 and 31
December 2017 and assessed the clinical, biological, and echocardio-
graphic presentation and immediate and mid-term outcomes of [TVS.
Main results of the present study can be summarized as follows: (i) al-
though total numbers had increased over time, TV surgery remained
seldom performed; (i) TV surgery was mainly concomitant with an-
other surgical procedure and rarely isolated; (iii) ITVS was performed
in approximately half of cases for functional TR (after left-sided valve
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Table 3 Univariate logistic regression for predictors of in-hospital death in adult patients undergoing an isolated tricus-
pid valve surgery and odd ratios (95% confidence interval) for the variables entered in the final model

Characteristics In-hospital death (N = 48) Discharged alive (N =418) P-value Odd ratios P-value
(95% CI)

Age (years) 68+ 12 59+16 <0.0001 1.01(0.97-1.04) 063

Female gender 24 (50) 205 (49) 0.50

Body mass index (kg/m?) 2626 255 0.61

Hypertension 24 (50) 166 (40) 0.17

Diabetes mellitus 6(13) 56(13) 0.86

Chronic lung disease 8(17) 43 (10) 0.18

Peripheral vascular disease 2(4) 14 (3) 0.77

Prior stroke 3(6) 38(9) 0.51

Prior left-sided heart valve surgery 16 (33) 95 (23) 0.10

Coronary artery disease 9(19) 50(12) 0.18

Chronic kidney disease 20 (42) 134 (32) 0.18

Chronic liver disease 12 (25) 42 (10) 0.002

Liver cirrhosis 3(6) 8(2) 0.008

Prior pacemaker 16 (33) 88 (21) 0.05

Hospitalization for congestive heart failure (<1 year) 25 (52) 128 (33) 0.009

Systolic blood pressure (mmHg) 12217 125 +£20 049

Diastolic blood pressure (mmHg) 70+ 14 73+£13 020

NYHA functional Class llI-IV 33 (69) 184 (44) 0.001 27 (12-61) 001

Right-sided heart failure signs 41 (85) 223 (53) <0.0001 24(0.9-65) 006

Ascites 10(21) 29(7) 0.001

Loop diuretics 41/47 (87) 260/404 (64) 0.002

Daily dose of loop diuretics (mg) 80 (40-250) 40 (0-80) <0.0001

Atrial fibrillation 27 (56) 154 (37) 0009  15(0.6-33) 037

Haemoglobin (g/dL) 11.9+18 123+£23 o1

Glomerular filtration rate (mL/min) 58 30 73+ 40 002 099 (0.98-1.01) 041

Elevated ALT and/or AST 11/38 (29) 62/355 (18) 0.08

Elevated GGT and/or ALP 25/38 (26) 164/359 (46) 0.02

Total bilirubin (umoliL) 2734240 146 £ 9.1 <0.0001

Prothrombin time 62+ 19 75+19 <0.0001 0.98 (0.96-0.99) 0.008

Left ventricular ejection fraction 54+9 58+9 0.005

RV basal diameter (mm) 54+8 47 £12 0.001

Moderate/severe RY dilatation 33 (69) 212/402 (53) 004  1.38(0.65-2.94) 040

TAPSE (mm) 17+6 207 0.01

Peak systolic annular velocity S’ (cm/s) 10.7+33 121 +441 007

Moderate/severe RV dysfunction 16 (33) 60/398 (15) 0.002 26(12-58)  0.02

Tricuspid annulus diameter in apical four-chamber view 46+ 8 4449 029

Systolic pulmonary artery pressure (mmHg) 45+10 40+ 11 0.01

Functional aeticlogy of the tricuspid regurgitation 33(69) 196 (47) 0.004 0.7 (0.3-1.8) 088

Logistic EuroSCORE 7.6 (44-15.9) 5(2.8-8.6) <0.0001

EuroSCORE Il 37 (25-67) 25(1.3-5) 0.004

STS predicted risk of mortality 43 (24-7.1) 29 (1.6-5.2) 0.005

Charlson comorbidity index 4 (3-6) 3(14) <0.0001

Charlson comorbidity index > 2 43 (90) 280 (67) 0.001

Urgent surgery 9(19) 93(22) 0.58

Tricuspid valve replacement 33 (69) 240 (57) 0.13

ALP, alkaline phosphatases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; GGT, gamma-glutamyl transferase; NYHA, New York Heart

Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; STS, Society of Thoracic Surgery.
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Figure 4 Overall event rates (A) and a landmark analysis for patients alive at 30 days (B). The figure displays Kaplan—Meier curves of all-cause mor-
tality (in grey), all-cause mortality or readmission for cardiovascular reasons (in yellow), and all-cause mortality or readmission for heart failure (in

brown).

surgery in 46% and for isolated functional TR in 54%) and in the other
half for organic TR (due to infective endocarditis in 60%); (iv) patients
were often referred late in the course of the disease with severe
symptoms, frequent impairment of liver and kidney functions, and
advanced RV consequences; (v) in-hospital mortality and CV events
rates were high with long in-hospital lengths of stay; (vi) although in-
hospital mortality and morbidity were significantly worse for func-
tional TR than for organic TR, outcome was more related to the se-
verity of the clinical presentation observed in this subgroup than to
TR mechanism or aetiology, which portended limited independent
prognostic information; and (vii) mid-term outcomes showed sub-
stantial rates of death and readmissions also predicted by the severity
of the presentation.

Using the PMSI, a mandatory French administrative database, we
were able to identify all TV surgeries performed at 12 French tertiary
centres over the past 10years. Based on our previous nationwide
study, these 12 centres accounted for 40% of all TV surgery per-
formed in France.'? The number of TV surgeries increased over time,
from less to 300 in 2007 to close to 800 in 2017, but remained far
from the number of aortic valve replacements (>10 000/year) or mi-
tral valve interventions (>6000/year) currently performed in
France.2’ The vast majority of TV interventions consisted of a TV re-
pair performed concomitant with another procedure, mostly with
left-sided valve surgery. Both the American College of Cardiology/
American Heart Association and the European Society of Cardiology
guidelines recommend performance of a combined TV surgery dur-
ing left-sided valve surgery in case of moderate—severe TR or TV an-
nulus diameter >40 mm.2"?? Assuming that the number of mitral
valve surgeries has remained stable during the study period, the pre-
sent study suggests a wider adoption of these recommendations but
also suggests that a substantial number of patients with qualifying indi-
cation for combined TV interventions remain neglected.

Recent epidemiological studies have shown that TR prevalence
was similar to that of aortic stenosis and mitral regurgitation.>** In
the community, prevalence of significant—moderate or severe—TR
was estimated to be as high as 0.55% and up to 3% after 75 years.'
Despite its high prevalence and its strong association with poor out-
comes,*>?2425 TR is often left untreated. Intervention (surgery or
transcatheter) is the only curative treatment for severe TR and med-
ical therapy should be considered as only palliative. The magnitude of
the gap between the estimated TR prevalence and the observed rates
of interventions for TR (~40/years ITVS in the present study, 100—
120/year at the nationwide level) is thus striking. Management of iso-
lated severe TR often relies on two contradictory beliefs: one that se-
vere TR is a benign condition and the other that ITVS is a high-risk
surgery. In clinical practice, patients are often initially not referred for
an intervention arguing that it is too early until they are deemed at
too high risk and denied surgery due to a too advanced disease. The
literature is fairly consistent showing that in-hospital mortality of
ITVS is ~10% and has remained stable over time.'"'? The present
study confirms these findings with a similar 10% in-hospital mortality
rate. In addition, we also showed that mid-term mortality and CV
event rates were substantial. At 5 years, one quarter of patients are
dead, more than half are either dead or admitted for CV reasons, and
one-third dead or admitted for HF.

Importantly, mortality rates are highly variable according to
patients’ characteristics. In contrast to previous studies including
ours, we were able to obtain much more details regarding TR aeti-
ology and clinical presentation including laboratory and echocardio-
graphic results and to evaluate the determinants of outcomes after
ITVS. Most patients presented with advanced disease, severe CHF,
kidney, liver, or RV dilatation/dysfunction. It is worth noting that the
Charlson index in the present study was more than twice as high as
the Charlson index observed in patients referred for transcatheter
aortic valve implantation in the early days.z0 Functional TR accounted
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NYHA, New York Heart Association.

in France insuring generalizability of our findings. Second, in contrast
to previously published studies using administrative databases, which
lack granularity, and with limited follow-up, we were able to provide
in-depth assessment of patients’ presentation including laboratories
and echocardiographic results. Such level of details, as well as our
sample size, unique in the literature, enabled us to identify the mech-
anism of TR and determinants of in-hospital and mid-term outcomes.
Third, echocardiographic evaluation relied on centres’ evaluation and
not on a centralized laboratory. Assessment of RV dilatation or dys-
function was based on an integrative approach performed by each
centre, and we could not provide specific thresholds for RV dilatation
or dysfunction that could have guided surgical indications.
Nevertheless, as an internal validation, RV basal diameter was mark-
edly different between patients classified as presenting a moderate/
severe RV dilatation compared to those who did not (548 vs.
42+ 10mm, P<0.0001), and TAPSE and Doppler tissue imaging
peak systolic annular velocity S’ were markedly different between
patients who presented with moderate/severe RV dysfunction com-
pared to those who did not (13+4 vs. 21+ 6mm and 7.6+ 1.5 vs.
124+ 3.2cm/s, respectively, both P<0.0001). Fourth, as a retro-
spective study, not all laboratory and echocardiographic parameters
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could be collected for all patients. However, main parameters of
interest were available in the vast majority of our population. In add-
ition, we did not collect information regarding right catheterization
performance and results. It is probable that patients with high systolic
pulmonary pressure would be those with the highest event rates and
those who might benefit the less from the intervention. Systolic pul-
monary artery pressure measured using echocardiography was of
borderline statistical significance but was only available in 274 patients
(59%) and may be underestimated in patients with severe/laminar
TR. Fifth, TA diameter was not predictive of outcome in the overall
population and in the subgroup of patients with functional TR. These
findings should be interpreted in light of the baseline characteristics
of our population as most patients presented with significant TA en-
largement while prognostic value of TA diameter has been shown in
less selected pat:iem:s.z's Sixth, assessment of TR aetiology and mech-
anism may be challenging in few patients in particular in the presence
of permanent pacemaker. However, our results remained unchanged
after exclusion of the 104 patients with pacemaker. Finally, we could
only infer that the high mortality and morbidity observed in the pre-
sent study are related to a late surgical referral and that an earlier sur-
gery would have improved the outcome. However, the limited
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impact of TR aetiology on in-hospital and mid-term outcomes com-
pared to the weight of the clinical presentation including laboratory
and echocardiographic TR consequences strongly supports this hy-
pothesis. Future randomized controlled trials will evaluate the impact
of TR correction on outcome and identify patients who will benefit
the most of an intervention.

With regard to clinical implications, the present study highlights
the need to prevent the occurrence of late TR after left-sided surgery
and the importance of timely referral for TV interventions. As men-
tioned above, although debated, a more aggressive approach on TV
intervention at the time of the left-sided surgery should be advocated
to prevent the occurrence of late TR and the need for a repeat inter-
vention seldom performed in real life. The high mortality and morbid-
ity rates observed during ITVS for functional TR after left-sided valve
surgery should be regarded as a strong incentive for the performance
of concomitant TV surgery when indicated. On the other hand, time-
ly referral for the intervention of patients with severe TR is also critic-
al. Current guidelines®"??
recommendation for intervention, but as for other valvular diseases,
patients with severe TR should be referred earlier in the course of
the disease avoiding the performance of TV intervention in patients

are quite vague with no Class |

with advanced disease at a desperate stage. In this regard, evaluation
of RV size and function, often challenging especially in the setting of
severe TR, should be refined. It is worth noting that we have illumi-
nated only part of the problem as many patients with severe TR are
often conservatively managed and denied any intervention. Thus,
mortality and morbidity related to TR are likely underestimated. Ina
near future, the development of transcatheter therapies may repre-
sent an alternative to surgery and will further push for an early inter-
vention if proved to be safe and efficient. As for functional mitral
regurgitation,”’2® patients’ selection will be critical and ‘early’ inter-
vention before the occurrence of irreversible consequences will be
key. Impact of TR correction on outcome has been recently dis-
puted”®3° A later referral in surgical than transcatheter series may
explain the contradictory results reported in the literature.
Compared to our population, patients who underwent a transcath-
eter intervention were older (77 years), the vast majority presented
with functional TR. in AF (90% and 83%, respectively) with concomi-
tant 34-/44 mitral regurgitation while pulmonary pressure was simi-
lar. Patients referred for surgery were of similar age, similarly
symptomatic than our functional TR subset but presented with
higher systolic pulmonary pressures.

Conclusion

In this large multicentre series, we collected all cases of TV surgery
performed at 12 French tertiary centres between 1 January 2007 and
31 December 2017 and assessed the clinical presentation and imme-
diate and mid-term outcomes of ITVS. Compared to aortic or mitral
valve surgery, tricuspid surgery remained uncammon and mainly per-
formed at the time of left-sided surgery. Isolated TV surgery was
rare, associated with high mortality and morbidity, both in hospital
and during follow-up, predicted by the severity of the clinical presen-
tation, while TR mechanism/aetiology had limited impact. Our results
suggest adopting a more aggressive approach for TV intervention, ei-
ther at the time of left-sided surgery to prevent the occurrence of
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late TR, or intervening earlier in the course of the disease for patients
with severe isolated TR, whatever the mechanism, before the occur-
rence of advanced/irreversible consequences and intractable HF.

Data sharing

Data sharing with qualified researchers may be considered after sub-
mission of a proposal to Docteur Dreyfus.
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Supplementary material is available at European Heart Journal online.
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Article 7 : TRI-SCORE : un nouveau score de risque pour prédire la mortalité

hospitaliere apres chirurgie valvulaire tricuspide isolée

La chirurgie isolée de la VT n’est que tres rarement pratiquée car considérée a haut risque avec
une mortalité post-opératoire élevée, estimée aux alentours de 10% dans la littérature®® 8, Pour
autant, nous avons montré que la mortalité post-opératoire aprés cette intervention était tres
variable d’un patient a I’autre et qu’elle était prédite par la présentation clinique, biologique et
échocardiographique pré-opératoire du patient®®. Néanmoins, il n’existe aucun score de risque
permettant de prédire ce risque a 1’échelon individuel sachant que I’EuroSCORE et I’EuroSCORE
IT n’ont pas été développés pour cette intervention et qu’il n’y a pas de score de la Societé des

Chirurgiens Thoraciques (STS) spécifique a la VT8,

L’objectif de cette étude était de développer un score de risque spécifiguement dedié a la
prédiction a I’échelon individuel du risque de mortalité post-opératoire intra-hospitaliere apreés

chirurgie isolée de la VT.

A partir des 466 patients (60+16 ans, 49% de femmes, 49% avec IT fonctionnelle) consécutifs
opérés d’une chirurgie isolée de la VT pour IT sévére non congénitale sur valve native dans 12
centres Francais entre 2007 et 2017, dont le taux de mortalité intra-hospitaliére était de 10% et pour
lesquels des données cliniques, biologiques et échocardiographiques détaillées ont été collectées,
nous avons développé et validé un score de risque pour prédire la mortalité hospitaliere a l'aide
d'une régression logistique multivariée et d'un bootstrap avec 1000 ré-échantillonages.

Le score de risque final, nommé TRI-SCORE, incluait 8 paramétres, 4 cliniques (&4ge >70 ans,
classe fonctionnelle NYHA 111 ou 1V, signes cliniques d’IC droite (turgescence jugulaire, ascite
et/ou cedéme des membres inférieurs), dose quotidienne de furosémide >125 mg), 2 biologiques
(DFG <30 ml/min, taux de bilirubine totale elevé (au-dessus du seuil pathologique du laboratoire))
et 2 echocardiographiques (FEVG <60%, dysfonction VD significative (TAPSE <17mm et/ou pic
de vélocité de I’onde S’ a I’anneau tricuspide en Doppler tissulaire <9.5cm/sec et/ou évaluation
visuelle)). Le score variait de 0 a 12 points, chaque parameétre étant associé a un nombre de points

arrondi en fonction de son odd-ratio. (Figure 39).
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Age 2 70 years 1
NYHA functional class llI-IV 1
Right-sided heart failure signs 2
Daily dose of furosemide 2 125mg 2
Glomerular filtration rate < 30 ml/min 2
Elevated total bilirubin 2
Left ventricular ejection fraction < 60% 1
Moderate/severe right ventricular dysfunction 1

Figure 39. Facteurs de risque et nombre de points correspondants dans le TRI-SCORE pour
prédire la mortalité hospitaliere apres chirurgie isolée de la valve tricuspide
NYHA : New York Heart Association

Les taux de mortalité hospitaliére observeés et les risques prédits augmentaient avec le nombre
de points, allant respectivement de 0% et 1% pour 0 point a 60% et 65% pour 9 points ou plus.
(Figure 40).
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Figure 40. Taux de mortalité hospitaliére aprés chirurgie isolée sur la valve tricuspide prédit
en fonction du TRI-SCORE
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Le TRI-SCORE était associé a une tres bonne performance de discrimination avec une aire
sous la courbe (AUC) de 81% (75% aprés correction des biais), bien supérieure a celles de

I’EuroSCORE (67%) et de 1'EuroSCORE 11 (63%) (Figure 41).
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Figure 41. Courbes sensibilité/spécificité pour le score de risque final multivarié, le score de
risque simplifié (TRI-SCORE), I’EuroSCORE et [’EuroSCORE II pour prédire la mortalité
hospitaliére apres chirurgie isolée sur la valve tricuspide

AUC : aire sous la courbe

Sa calibration était appropriée lorsque 1’on comparait le risque prédit et la mortalité intra-
hospitaliere observée pour les probabilités allant jusqu’a 50%, avec une discréte surestimation du

modele pour les plus fortes probabilités (Figure 42).
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Figure 42. Calibration du score de risque final : probabilité prédite par le TRI-SCORE vs.
probabilité réelle de mortalité hospitaliere apres chirurgie isolée sur la valve tricuspide

Le score moyen de la cohorte était de 3.5+2.1 points. Bien que la mortalité intra-hospitaliére
était plus élevée pour les IT fonctionnelles que pour les IT organiques, le mécanisme de I’IT n’était
pas un facteur prédictif indépendant de mortalité intra-hospitaliére. En effet, le plus mauvais
pronostic des patients avec IT fonctionnelle était lié a une prise en charge plus tardive avec une
présentation pré-operatoire plus grave traduite par un score significativement plus élevé (4.3+2.0
points) que celui des patients avec IT organique (2.7+1.9 points, P <0.001), sachant qu’a nombre

de points égal, la mortalité était la méme quel que soit le mécanisme (Figure 43).
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Figure 43. Valeur du TRI-SCORE et distribution dans I’ensemble de la cohorte et en fonction

du mécanisme de l’insuffisance tricuspide

A. Histogrammes du nombre de points, avec les valeurs minimales et maximales

B. Nombre de patients présentant chaque valeur de score et tendances

Bien que le score ait été développé pour prédire la mortalité intra-hospitaliere, il était également
significativement associé aux complications post-opératoires graves (incluant mortalité, choc,
tamponnade, insuffisance rénale aigue nécessitant la dialyse ou ventilation mécanique >72 heures)
(AUC =0.71) et a la mortalité a 1 an (AUC =0.78).
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Dans ce registre exhaustif de « vraie vie », la moitié des patients (51%) étaient opérés avec un
score bas (entre 0 et 3) et avaient un excellent pronostic (taux de mortalité hospitaliére <4%). A
I’inverse, I’autre moitié (49%) était opérée a un stade plus évolué de la maladie, ce qui avait un
impact négatif sur le pronostic puisque les patients avec un score >4 avaient un taux de mortalité

hospitaliere >10% et ceux avec un score >6 un taux >25% (Figure 44).
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Figure 44. Distribution du nombre de patients et probabilité prédite de mortalité hospitaliere
apres chirurgie isolée sur la valve tricuspide en fonction du TRI-SCORE

Les histogrammes représentent la distribution du nombre de patients pour chaque valeur du

TRI-SCORE

La courbe représente la probabilité prédite de mortalité hospitaliére en fonction du TRI-

SCORE

Nous avons développé le premier score de risque spécifiguement dédié a la prédiction
a I’échelon individuel du risque de mortalité hospitaliére apres chirurgie isolée de la VT pour
IT sévére sur valve native, indépendamment du mécanisme de I’IT, avec une tres bonne
discrimination et calibration. Ce score, le TRI-SCORE, basé sur 8 parametres simples a
recueillir qui traduisent le retentissement de I’I'T sur le VD et les autres organes, va permettre
d’informer les patients et les médecins sur le risque de cette intervention et contribuer a la
discussion thérapeutique médico-chirurgicale chez les patients ayant une IT sévere. Afin de
faciliter son utilisation en routine par les cardiologues et les chirurgiens cardiaques, un

calculateur en ligne est accessible gratuitement (www.tri-score.com).
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Aims Isolated tricuspid valve surgery (ITVS) is considered to be a high-risk procedure, but in-hospital mortality is mark-

edly variable. This study sought to develop a dedicated risk score model to predict the outcome of patients after
ITVS for severe tricuspid regurgitation (TR).

Methods All consecutive adult patients who underwent ITVS for severe non-congenital TR at 12 French centres between
and results 2007 and 2017 were included. We identified 466 patients (60 £ 16years, 49% female, functional TR in 49%). In-
hospital mortality rate was 10%. We derived and internally validated a scoring system to predict in-hospital mortal-
ity using multivariable logistic regression and bootstrapping with 1000 re-samples. The final risk score ranged from
0 to 12 points and included eight parameters: age >70years, New York Heart Association Class IlHV, right-sided
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heart failure signs, daily dose of furosemide >125 mg, glomerular filtration rate <30 mL/min, elevated bilirubin, left
ventricular ejection fraction <60%, and moderate/severe right ventricular dysfunction. Tricuspid regurgitation
mechanism was not an independent predictor of outcome. Observed and predicted in-hospital mortality rates
increased from 0% to 60% and from 1% to 65%, respectively, as the score increased from O up to >9 points.
Apparent and bias-corrected areas under the receiver operating characteristic curves were 0.81 and 0.75, respect-
ively, much higher than the logistic EuroSCORE (0.67) or EuroSCORE Il (0.63).

Conclusion We propose TRI-SCORE as a dedicated risk score model based on eight easy to ascertain parameters to inform
patients and physicians regarding the risk of ITVS and guide the clinical decision-making process of patients with se-
vere TR, especially as transcatheter therapies are emerging (www.tri-score.com).

Graphical Abstract

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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TRI-SCORE: a new risk score for in-hospital mortality prediction after isolated tricuspid valve surgery. AUC: area under the curve; TR: tricuspid
regurgitation.
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Introduction

In the community, prevalence of significant—moderate or severe—
tricuspid regurgitation (TR) is estimated to be as high as 0.55% and
up to 3% after 75 years, a prevalence that is similar to that of aortic
stenosis or mitral regurgitation.” Epidemiological studies suggest that
moderate or severe TR affects over 1.6 million individuals in the
USA" and is associated with a twofold increased cardiac mortality
that persists after adjustment for potential confounders.”

Despite its high prevalence and its association with a dismal prog-
nosis, TR remains often conservatively managed and the number of
tricuspid valve (TV) surgeries, mostly performed at the time of mitral
valve surgery, is remarkably low.*” If the management of significant
TR at the time of mitral surgery is relatively well codified, the manage-
ment of patients with isolated—organic or functional—TR is less
established.®? Isolated tricuspid valve surgery (ITVS) is rarely per-
formed (few hundred interventions yearly in the USA)* based upon
its reported high mortality rates. If the literature is consistent showing
that overall in-hospital mortality is ~10% both in the USA and in
Europe, we have previously shown that it was markedly variable and
that it was predicted by the severity of the clinical presentation while
TR mechanism/aetiology had a limited impact.*

With the recent development of transcatheter interventions,
there is a critical need to accurately predict in-hospital mortality rates
for ITVS that could be used in routine practice and support clinical
decisions. Both the Society of Thoracic Surgeons (STS) cardiac sur-
gery risk model and the logistic EuroSCORE/EuroSCORE |l were not
designed to predict outcomes of this type of rare interventions.
There have been few attempts to develop a specific risk score model
for ITVS.10 but so far an accurate and dedicated risk score model cap-
turing main parameters of interest in the setting of TR is cruelly lack-
ing. In particular, no score has integrated liver function or right
ventricular (RV) consequences, which are main prognostic factors in
TR, in a risk score model for ITVS.

Relying on a multicentre consecutive cohort of patients who
underwent ITVS for severe TR at 12 French tertiary centres, we
aimed to develop a dedicated risk score model to accurately predict
the outcome of patients after ITVS.

Methods
Study design

Using the local Programme de Médicalisation des Systémes d'Information
(PMSI) database,”" among 5661 consecutive cases of TV surgery per-
formed in adult patients at 12 tertiary French centres between 1 January
2007 and 31 December 2017, we identified 466 patients who underwent
an ITVS on native valve for severe non-congenital TR. The design of the
study has been previously reported.” Clinical information and immediate
and mid-term outcome were retrospectively collected locally at each
centre. Right-sided heart failure signs were defined as severe jugular ven-
ous distention, ascites, and/or marked peripheral oedema. Tricuspid re-
gurgitation mechanism was classified as functional (no intrinsic TV
disease) or organic (due to abnormalities of the tricuspid leaflets or chor-
dae). Glomerular filtration rate was calculated using the Cockeroft—Gault
formula according to sex. Left ventricular (LV) ejection fraction was
measured visually or using the biplane method of discs (modified
Simpson’s rule). Right ventricular size was visually assessed as normal,
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mildly, moderately, or severely enlarged. Right ventricular function was
semi-quantitatively assessed using an integrative multi-parametric ap-
proach, as recommended.””"* Moderate/severe RV dysfunction was
defined by a tricuspid annular plane systolic excursion (TAPSE) <17 mm
and/or a Doppler tissue imaging peak systolic annular velocity &
<9.5 cm/s and/or a markedly reduced fractional area change based on vis-
ual assessment. Logistic EuroSCORE and EuroSCORE Il were calcu-
lated.">"® The Charlson index was used to assess patient comorbidities.
Urgent surgery was defined as non-elective and within the same hospital
admission. Centres were divided into quartiles according to average year-
ly number of interventions performed. The study was approved by each
local institutional review board.

Outcome

In-hospital mortality was defined as death occurring between the inter-
vention and hospital discharge during the same hospital stay. Major post-
operative complications were defined as death, shock, tamponade, acute
renal failure requiring dialysis, or prolonged (>72h) mechanical ventila-
tion. One-year mortality was also collected based on hospital chart
reviews and telephone interviews with patients or family members.

Statistical analysis and risk score modelling
For risk score development, variables associated at the P-value <0.2 level
in univariate logistic regression were entered into multivariate analysis,
using a stepwise backward procedure based on the Akaike information
criterion (AIC) for variable selection, sequentially removing items until
the best final model with the lowest AIC was obtained. For the sake of
simplicity of use, continuous variables were dichotomized before incorp-
oration into regression analyses by means of recursive partitioning ana-
lysis and/or accounting for clinically relevant thresholds.'” Regression
coefficients of the final model were then considered for use as weights to
compute a simplified scoring system, by multiplying and rounding coeffi-
cients to their closest integer, following the approach from Cole to deter-
mine the optimal multiplier." Model discrimination was evaluated by the
area under the receiver operating characteristic curve (AUROC), and
calibration by plotting calibration curves to evaluate the concordance be-
tween observed and predicted survival probability. Internal validation was
performed using 1000 bootstrap re-samples, providing bias-corrected
AUROC and calibration curves to estimate and account for the amount
of optimism in model discrimination and calibration.'® To reduce poten-
tial bias arising from complete-case analysis, all regression models were
performed after missing data imputation using the non-parametric
missForest method?® and Rubin's rules.”’ Additional details are given in
Supplementary material online, Methods, regarding the missing data im-
putation and modelling strategy.

Analyses were performed at the two-tailed P-value <0.05 level, using
Stata v16.1 (StataCorp, College Station, TX, USA) for descriptive analy-
ses, and R v4.0.3 (R Foundation for Statistical Computing, Vienna, Austria;
packages party, MASS, ms, missForest) for missing data imputation and
model development and validation.

Results

Study population

The characteristics of the 466 consecutive patients who underwent
ITVS on native valve at our 12 tertiary French centres during the 10-
year period are presented in Table 1 and Supplementary material on-
line, Table S1. Briefly, the mean age was 60 16years, 229 patients
(49%) were female, and TR mechanism was functional in 229 patients



Table | Baseline characteristics overall and according to discharge vital status (raw data only), and univariate logistic
regression (with imputed data) for predictors of in-hospital mortality

Characteristics Overall By vital st:

(n=466) Discharged In-hospital P-value

alive (n=418) death (n=48) ratio

Age (years) 60+ 16 5916 68112 <0.001 1.05 1.02-1.07 <0.001
Age >70years 141 (30) 117 (28) 24 (50) 0.003 257 141471 0.003
Female sex 229 (49) 205 (49) 24 (50) 1.00 104  057-18% 090
Body mass index (kg/m?) 255 255 26+6 0.66 102 0.96-1.07 0.60
Hypertension 190 (41) 166 (40) 24 (50) 0.22 152 0.83-276 0.18
Diabetes mellitus 62 (13) 56 (13) 6 (13) 1.00 092  0.38-227 090
Chronic lung disease 51(11) 43 (10) 8(17) 027 174  077-397 020
Peripheral vascular disease 16 (3) 14 (3) 2(4) 0.68 1.25 0.28-569 0.73
Prior stroke 41(9) 38 (9) 3(6) 0.79 067  0.20-225 055
Prior left-sided heart valve surgery 111 (24) 95 (23) 16 (33) 0.15 170 089323 0.1
Coronary artery disease 59 (13) 50 (12) 9(19) 0.27 170 078372 020
Chronic kidney disease 154 (33) 134 (32) 20 (42) 0.24 1.51 0.82-2.78 0.19
Permanent pacemaker 104 (22) 88 (21) 16 (33) 0.08 188  0.98-357 006
Hospitalization for congestive heart failure (<1 year) 163 (35) 138 (33) 25 (52) 0.01 221 121-4.03 0.01
Systolic blood pressure (mmHg) 125+19 125+20 122+17 0.44 099  098-101 042
Diastolic blood pressure (mmHg) 73+£13 73+13 70+£14 0.21 098  0.95-1.00 0.11
NYHA functional Class llI-IV 217 (47) 184 (44) 33 (69) 0.002 280  1.48-531 0.001
Right-sided heart failure signs 264 (57) 223 (53) 41 (85) <0.001 512  225-117 <0.001
Ascites 39 (8) 29(7) 10 (21) 0.003 353 1.60-7.79 0.004
Loop diuretics 301/451 (67) 260/404 (64) 41/47 (87) 0.003 368  1.53-886 0.001
Daily dose of furosemide (mg) 40 (0-80) 40 (0-80) 80 (40-250) 0.008 100  1.00-1.00 <0.0 01
Daily dose of furosemide >125mg 67 (15) 48 (12) 19 (40) <0.001 5.05 2.63-9.69 <0.001
Atrial fibrillation 181 (39) 154 (37) 27 (56) 0.01 220 120403 0.01
Haemoglobin (g/dL) 123+23 123+23 119+18 0.13 091 0.80-1.05 0.19
Glomerular filtration rate (mL/min) 72+39 73140 58+30 0.003 099  0.98-1.00 0.008
Glomerular filtration rate <30 mL/min 32/442 (7) 24/398 (6) 8/44 (18) 0.003 328 1.38-7.79 <0.001
Elevated ALT and/or AST 73/393 (19) 62/355 (18) 11/38 (29) 0.13 188  0.95-373 0.08
Elevated GGT and/or ALP 189/397 (48) 164/359 (46) 25/38 (66) 0.03 259 138487 0.003
Elevated total bilirubin 143/389 (37) 119/352 (34) 24/37 (65) <0.001 378  2.03-7.02 <0.001
Left ventricular ejection fraction (%) 589 58+9 54+9 0.009 096  0.93-099 0.005
Left ventricular ejection fraction <60% 199/452 (44) 169/404 (42) 30 (63) 0.01 038  0.19-079 0.006
Moderate/severe right ventricular dilatation 245/450 (54) 212/402 (53) 33 (69) 0.05 208 1.10-394 0.02
TAPSE (mm) 207 207 17£6 0.004 090  0.85-0.95 <0.001
Peak systolic annular velocity 5’ (cm/s) 11.9+41 121+441 10.7+33 0.04 0.83 0.74-092 0.001
Moderate/severe right ventricular dysfunction 761446 (17) 60/398 (15) 16 (33) 0.003 298 1.54-5.77 0.002
Tricuspid annulus diameter (mm) 4419 4418 4618 0.30 1.04 1.00-1.08 0.07
Systolic pulmonary artery pressure (mmHg) 40+ 11 40+ 11 45110 0.01 1.05 1.02-1.09 0.001
Systolic pulmonary artery pressure >50 mmHg 52/274 (19) 421247 (17) 10/27 (37) 0.02 193 0.804.63 0.16
Functional aetiology of the tricuspid regurgitation 229 (49) 196 (47) 33 (69) 0.007 249 131473 0.004
Logistic EuroSCORE 52(3.0-9.2) 5(28-86) 7.6(44-159) 0.01 1.05 1.02-1.08 0.002
EuroSCORE Il 27 (1.4-5.0) 25 (1.3-5) 37 (25-6.7) 0.09 103 098-1.08 021
Charlson comorbidity index 3(14) 3(14) 4 (3-6) <0.001 129 1.14-145 <0.001
Charlson comorbidity index >2 324 (70) 281 (67) 43 (90) 0.003 419  1.62-108 0.001
Urgent surgery 102 (22) 93(22) 9(19) 0.71 0.81 0.38-1.73  0.60
Beating heart 98 (25) 84 (23) 14 (37) 0.10 157 081305 020
Tricuspid valve replacement 273 (59) 240 (57) 33 (69) 0.18 1.63 0.86-3.10 0.3
Major post-operative complications 145 (31) — — — — — —
Mortality at 1year 55(12) — — — - — —

Values are mean * standard deviation, n (%), or median (interquartile range); bolded results are statistically significant at the P-value <0.05 level.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; GGT, gamma-glutamyl transferase; NYHA, New York Heart
Association; TAPSE, tricuspid annular plane systolic excursion.
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Table 2 Risk factors for in-hospital mortality: final model from multivariate analysis and scoring system

Risk factors Odds ratio
Age >70years 1.65
NYHA functional Class Il-IV 1.76
Right-sided heart failure signs 2.62
Daily dose of furosemide >125mg 2.25
Glomerular filtration rate <30 mL/min 247
Elevated total bilirubin 2.89
Left ventricular ejection fraction <60% 197
Moderate/severe right ventricular dysfunction 193

Total

95% Cl Regression coefficient Final scoring
0.84-3.21 0.50 1
0.88-3.55 0.57 1
1.08-6.35 0.96 2
1.08-4.68 0.81 2
0.92-6.62 0.90 2
1.48-5.63 1.06 2
0.91-4.28 0.68 1
0.93-4.01 0.66 1
12

Cl, confidence interval; NYHA, New York Heart Association.

Table 3 Predicted vs. observed in-hospital mortality
rates according to the risk score value

Score Number of Predicted Observed
patients in-hospital in-hospital
mortality (%) mortality (%)
0 40 1 0
1 53 2 4
2 70 3 1
3 76 5 0
4 69 8 10
5 73 14 18
6 49 22 25
7 22 34 32
8 9 48 33
>9 5 65 60

(49%) and organic in 237 patients (51%). Overall, in-hospital mortality
rate was 10% (n=48), major post-operative complications rate was
31% (n=145), and 1-year mortality rate was 12% (n=>55). In-hospital
and 1-year follow-up were 100% and 90% complete, respectively.

Univariate analysis

Factors associated with in-hospital death in univariate analysis are
presented in Table 1, showing comparisons according to final vital sta-
tus based on raw data in the left section, and unadjusted odds ratios
from logistic regression on imputed data in the right section. In-
hospital mortality was statistically significantly associated with older
age and more severe presentation based on clinical, laboratory, and
echocardiographic assessment such as history of congestive heart fail-
ure, severe symptoms [New York Heart Association (NYHA) Class
lI/1V, right-sided heart failure signs), dose of furosemide, kidney or
liver impairment, TR mechanism, degree of RV dilatation and dysfunc-
tion, but not with previous left-sided heart valve surgery (P=0.11).
When centres were divided into quartiles according to average year-
ly number of interventions, we did not observe an impact of centre
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volume on in-hospital mortality (from the lowest-volume quartile to
the highest-volume quartile: 13%, 9%, 12%, and 9%, respectively;
P=0.83).

Predictive model development and

scoring

Variables associated at the P-value <0.2 level in univariate analysis
were entered into multivariate modelling. To develop a simplified
scoring system, continuous variables were dichotomized before in-
corporation into regression analyses and were defined as follows: age
>70years, daily dose of furosemide >125mg, glomerular filtration
rate <30 mL/min, abnormal total bilirubin, alanine aminotransferase/
aspartate aminotransferase and gamma-glutamyl transferase/alkaline
phosphatases levels, LV ejection fraction <60%, systolic pulmonary
artery pressure >50mmHg and Charlson comorbidity index >2.
Using stepwise multivariate analysis based on AIC, eight variables
were selected in the final model: age, NYHA functional Class Il-IV,
right-sided heart failure signs, daily dose of furosemide, glomerular fil-
tration rate, total bilirubin level, LV ejection fraction and moderate/
severe RV dysfunction. In the final simplified scoring model, 1 point
was attributed to a risk factor when odds ratio was between 1 and 2
and 2 points when odds ratio was >2 (Table 2).

Predictive model validation and

calibration

Observed and predicted in-hospital mortality rates according to the
score from the risk score model ranged from 0% to 60% and from
1% to 65%, respectively, for a score of 0 to a score of 9 or more, with
exponential increased mortality rates as the score increased (Table 3
and Figure 1A). Good discrimination performance was found for the
final simplified risk score model with an apparent AUROC of 0.808
(0817 for the raw regression model without scaling/rounding of
coefficients) and a bias-corrected AUROC of 0.753 (0.762) from in-
ternal validation. These results were found to be substantially higher
than those obtained with both logistic EuroSCORE and EuroSCORE
I (AUROCC 0.668 and 0.629, respectively) (Figure 1B and C).
Calibration of the risk score model was appropriate, as shown in cali-
bration curves demonstrating very good agreement between actual
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and predicted probability of death for probabilities up to 50%, with a
slight overestimation of the model for higher probabilities (Figure 1D).

Distribution of the risk score model
according to tricuspid regurgitation
mechanism

Overall, mean score value was 3.5 + 2.1 [median: 3 (2-5)] (Figure 2A)
and distribution (number of patients presenting with each score
value) is presented in Figure 2B. In-hospital mortality was worse for
functional than for organic TR, but the mechanism was not an inde-
pendent predictor of outcome and worse outcome observed in
patients with functional TR was related to the worse clinical presen-
tation in this subgroup. Thus, patients with functional TR were oper-
ated with a higher-risk score than patients with organic TR {43+ 2.0
[median: 4 (3-6)] vs. 2.7 £ 1.9 [median: 3 (1-4)], P<0.001} (Figure

2A) and there was a shift towards the right of the distribution of the
score in patients with functional TR compared to those with organic
TR (Figure 2B).

Predictive value of the score for
in-hospital major complications and
1-year mortality

Although the risk score model was originally designed to predict in-
hospital mortality, it was also significantly associated with major post-
operative complications (C-index 0.71) and 1-year mortality rates
(C-index 0.78). Major post-operative complications and 1-year mor-
tality rates according to the score value ranged from 15% to 80% and
from 3% to 60%, respectively, for a score value of 0 to a score of 9 or
more, with a progressive increase in event rates as the score
increased (Supplementary material online, Table S2).
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Discussion

In this study, based on a large consecutive cohort of patients who
underwent ITVS for severe TR at 12 French tertiary centres with in-
depth clinical, laboratory, and echocardiographic characterization,
we developed a dedicated risk score model to predict in-hospital
mortality. The risk score model relied on eight parameters, four clin-
ical parameters (age >70years, NYHA functional Class IIIHV, right-
sided heart failure signs, daily dose of furosemide >125 mg), two la-
boratory parameters (glomerular filtration rate <30 mL/min, elevated
total bilirubin), and two echocardiographic parameters (LV ejection
fraction <60%, moderate/severe RV dysfunction) (Graphical Abstract).
The risk score model showed both an excellent discrimination and
calibration. Although designed to predict in-hospital mortality, our
risk score model also predicted in-hospital major complication rates
and 1-year mortality rates with good accuracy.

Despite its high prevalence and association with increased mortal-
ity and morbidity, surgery for isolated TR remains rarely performed.
Thus, only 10% of patients admitted in France with a diagnosis of TR
are referred for an intervention.” Management of patients with se-
vere TR relied on two apparent contradictory beliefs, on the one
hand that TR is benign and on the other hand that surgical risk for
ITVS is prohibitive. In contrast to aortic stenosis or mitral regurgita-
tion, TR is a slowly progressive disease and adverse consequences
often occurred after decades explaining its falsely benign reputa-
tion.?? It is also true that the literature is fairly consistent showing an
overall high in-mortality rate of 8-10%.*4"9%2* We also observed
that overall in-hospital mortality rate was indeed 10%,” but in the pre-
sent paper we clearly showed that this 10% mortality rate is hiding
important disparities with in-hospital mortality rates ranging from 0%
to 60%. We have previously shown that outcomes were predicted
by the severity of the presentation while TR mechanism or aetiology
played a limited role. However, our findings were of limited use to
predict immediate and mid-term results of ITVS at the individual level
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and a risk score model that could support clinical decisions for cardi-
ologists and cardiac surgeons was cruelly lacking.

The STS risk score model does not individualize ITVS as a specific
intervention contrary to aortic or mitral valve surgeries and thus
does not provide any specific risk calculation. The logistic
EuroSCORE and the EuroSCORE Il were not designed for ITVS;
interestingly the EuroSCORE Il population only encompassed 85
patients who underwent ITVS. Consequently, as shown in the pre-
sent study, both the logistic EuroSCORE and the EuroSCORE I
poorly predicted in-hospital mortality after ITVS (C-index 0.67 and
0.63, respectively). In an attempt to better assess the surgical risk of
ITVS, LaPar et al.'® proposed a dedicated risk score model derived
from a subset of the STS database from the states of Virginia and
Michigan. Although the authors should be commended for their sem-
inal work and indeed their risk model was an important step towards
a better risk stratification of patients referred for ITVS, it suffered
from two important limitations. First, because of the limited granular-
ity of the STS database, important prognostic factors in the setting of
TR as RV consequences and liver function were not accounted for.2¢
Second, their risk model was not well calibrated for high-risk patients
with a maximum predicted mortality rate of 34%. The Model for
End-Stage Liver Disease (MELD) score, which is used to stratify
patients awaiting liver transplantation, has also been shown to predict
mortality after TV surgery in a cohort of 168 patients but in whom
only 22 patients underwent ITVS.27?8 The MELD relies on three vari-
ables that reflect liver and renal function [international normalized
ratio (INR), total bilirubin, and creatinine]. However, it is worth not-
ing that this score may be unsuitable for most patients who under-
went ITVS as the majority of patients in our population were under
oral anticoagulation treatment (vitamin K antagonist or direct oral
anticoagulant), which increases the INR, and thus make this score
likely not interpretable.

In contrast, in the present study, relying on the in-depth character-
ization of our population, we were able to develop a dedicated, sim-
ple, and accurate risk score model for ITVS that could guide the



clinical decision-making process. We collected all consecutive
patients who underwent ITVS for severe TR at 12 tertiary French
centres. Our risk score model was based on eight clinical, laboratory
and echocardiographic parameters easy to capture and to measure,
including those capturing the clinical sequalae of TR on the liver and
the right ventricle. Our risk score model, on a 0-12 point scale, pro-
vided both excellent discrimination (C-index > 0.75) and calibration
with a predicted mortality up to 65%. Interestingly, systolic pulmon-
ary artery pressure was not an independent predictor of outcome. In
the setting of severe TR, a laminar flow is commonly observed, and
echocardiographic assessment of systolic pulmonary artery pressure
may be not valid or may be underestimated in this situation. It is also
worth noting that as patients with functional TR presented with
more advanced disease than patients with organic TR, their risk score
was significantly higher and the distribution of the proportion of
patients with each score value was right-shifted (Figure 2).
Importantly, our risk score model designed to predict in-hospital
mortality also provided good predictive value for both in-hospital
major complications and 1-year mortality rates that are also critical
to appraise when ITVS is considered.

Study limitations

The present study deserves several comments. First, our sample size
was relatively small (466 patients), but ITVS is a rare intervention.
Our population, one of the largest to date, captured all ITVS per-
formed at 12 centres during a period of >10years representing
>40% of all ITVS at the national level with in-depth clinical, laboratory
and echocardiographic characterization. Nevertheless, we were not
able to develop and validate a risk score model in different population
subsets and further external validation of our score is desirable.
Second, our study was retrospective but the low rate of ITVS pre-
cluded the prospective collection of a large number of patients
referred for [TVS. Third, not all variables were available for each pa-
tient, and we performed imputation for missing variables. However,
we performed multiple sensitivity analyses that found similar results;
it is also noteworthy that all variables retained in the final model had
clinical relevance, thus supporting the robustness of our findings.
Fourth, we voluntarily did not use prothrombin time in our score as
most patients were under oral anticoagulation treatment in our co-
hort, which can mislead its interpretation, especially if we consider
the increased use of direct oral anticoagulants in recent years. Fifth,
assessment of RV function relied on an integrative approach and not
a single parameter with a well-defined threshold. However, each
echocardiographic parameter proposed for the assessment of RV
systolic function suffers from intrinsic limitations and have not been
well validated in the setting of severe TR. Thus, an integrative ap-
proach was deemed the most accurate and reliable way to assess RV
systolic function and is the recommended approach.'>"*?” As an in-
ternal validation, TAPSE and peak systolic annular velocity §' were
markedly different between patients who presented with moderate/
severe RV dysfunction compared to those who did not (13 £4 vs.
21+6mm and 7.6+15 vs. 124+3.2cmfs respectively, both
P <0.0001). In addition, RV function, as the other echocardiographic
parameters, was assessed locally by each centre with no centralized
evaluation. Finally, we cannot exclude a centre effect on outcome
after ITVS, but the very low rate overall (from two to six ITVS/year/
centre) precludes any formal conclusion.

Clinical implications

The main aim of our risk score model is to provide reliable informa-
tion to patients, cardiologists, and cardiac surgeons regarding the risk
of ITVS for severe TR at an individual level and to guide the clinical
decision-making process. The present score model is easy to use and
calculate as relying on eight parameters that are part of the routine
examination of all patients with severe TR. It helps stratifying the
mortality risk when an isolated TV intervention is considered. A risk
score <3 could define a low surgical risk, a score of 4-5 an intermedi-
ate risk, and a score >6 a high surgical risk. To enable wide use of this
new score (TRI-SCORE), we have developed an online calculator to
support physicians in their risk assessment (www.tri-score.com).

Severe TR is associated with a dismal prognosis with progressive
RV dysfunction, renal and liver failure, chronic right heart failure, and
need for increasing doses of diuretics. In the present study, we cap-
tured the full spectrum of disease stages, and we clearly show that a
substantial proportion are still referred for an intervention late in the
course of the disease with high scores (30% at intermediate risk and
18% at high risk based on the above proposed thresholds) and there-
fore high mortality rates. On the other hand, excellent outcomes can
be achieved when the intervention is timely performed early in the
course of the disease with a low score. Thus, the paradigm should be
shifted, the poor outcome of ITVS observed overall is not related to
the complexity of the procedure per se but to the late referral and
the advanced disease stage of many patients. Our results should be
seen as a strong incentive to consider a TV intervention earlier in the
disease course avoiding performance of TV intervention in patients
at a late or desperate disease stage. Nevertheless, we only provided
indirect evidence that earlier intervention is likely beneficial and best
timing remained to be determined.

With the rapid development of transcatheter interventions, our
risk score model will provide a unique tool to select the patients who
might be better suitable for surgery or for transcatheter interven-
tions. Importantly, most patients with severe TR still remain conser-
vatively managed. Transcatheter therapies, as a less-invasive
alternative to surgery, will further push for an early intervention as
well as for an extension of the number of patients treated if proved
to be safe and efficient. It is also worth noting that availability of trans-
catheter TV replacement might circumvent one main limitation of
edge-to-edge repair, ie. significant residual TR. Ongoing and future
randomized controlled trials (TRILUMINATE Pivotal Trial, TRI-FR,
CLASP Il TR, TRISCEND |l Pivotal trial) will hopefully provide more
evidence regarding most appropriate timing and recommended type
of intervention to improve the outcome of this population.

Finally, the main accepted explanation of the discordant results be-
tween MITRA-FR and COAPT trials is the enrolment of different
subsets of patients with functional mitral regurgitation.?”** TRI-
SCORE will provide a unique tool to characterize and compare pop-
ulations enrolled in ongoing randomized controlled trials evaluating
the benefit of TR correction.

Conclusion

We propose TRI-SCORE as a dedicated risk score model based
on eight easy to ascertain parameters to inform both patients and
physicians regarding the risk of ITVS. This risk score will guide the
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clinical decision-making process at the bedside level, and we do
hope leads to earlier and wider interventions for patients with se-
vere TR before the occurrence of irreversible consequences that
markedly affect prognosis, especially as transcatheter therapies

are emerging (www.tri-score.com).
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Supplementary material is available at European Heart Journal online.
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Article 8 : Fiabilite du TRI-SCORE pour prédire la mortalité hospitaliere

apres chirurgie redux isolée de la valve tricuspide

Apres réparation ou remplacement chirurgical de la VT, une chirurgie redux isolée de la VT
n’est que trés rarement réalisée car considérée a haut risque. Pour autant, les données sont tres
limitées concernant cette population et nous ne disposons pas de score de risque pour prédire la
mortalité post-opératoire apres cette intervention. Nous avons montré que le TRI-SCORE prédit
de facon fiable la mortalité hospitaliére aprés chirurgie isolée de la VT sur valve native, mais ce

score n'a pas été testé dans la population des patients redux sur la VT,

Les objectifs de cette étude étaient :

- Evaluer la fiabilité du TRI-SCORE pour prédire la mortalité hospitaliére apres
chirurgie isolée redux de la VT
- Comparer la valeur prédictive du TRI-SCORE aux autres scores de risque

chirurgicaux

A partir des données du PMSI, nous avons identifiés 70 patients consécutifs qui ont eu une
chirurgie isolée redux de la VT dans 12 centres tertiaires Francais entre 2007 et 2017 (Figure 45).

All Tricuspid Valve Surgery
2007-2017
12 French centers
N=5,661

Concomitant Tricuspid Valve Surgery
N=5,125

Isolated Tricuspid Valve Surgery
N=536

Isolated Tricuspid Valve Surgery
on Native Valve
N=466
(Used for the development and
validation of the TRI-SCORE)

Redo Tricuspid Valve Surgery
N=70
(Current population)
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Figure 45. Organigramme montrant la population a partir de laquelle a été développée la
population de /’étude

L’encadré noir correspond a la population de [’étude

L’age moyen était de 54+15 ans, 63% des patients étaient des femmes, et la plupart étaient trés
symptomatiques (53% ont été hospitalisés au cours de la derniére année pour IC, 56% avaient une
classe fonctionnelle NYHA III ou IV, 63% avaient des signes cliniques d’IC droite et 76% étaient
traités par diurétiques de I’anse), 56% avaient une dilatation significative du VD et 34% une
dysfonction VD significative. Le TRI-SCORE était bas (entre 0 et 3) chez 44% des patients,
intermédiaire (4-5) chez 27% et élevé (>6) chez 29%.

Les patients avaient tous déja été opérés sur la VT, avec un antécédent de réparation de la VT
dans 51% des cas et de remplacement dans 49% des cas, intervention qui avait été combinée a une
chirurgie valvulaire du coeur gauche (mitrale le plus souvent) dans 41% des cas. Les réparations de
la VT avaient été réalisées principalement pour une IT fonctionnelle (66%) au moment d’une
chirurgie valvulaire du cceur gauche (56%), a l'aide d'un anneau rigide (58%), tandis que les
remplacements de la VT étaient principalement des chirurgies isolées de la VT (74%) pour IT
organique (82%), souvent due a une endocardite infectieuse (62%), en implantant une bioprothese
(91%).

La chirurgie redux sur la VT était réalisée quasi-exclusivement pour IT fonctionnelle aprés
réparation (94%) et principalement pour dégénérescence de bioprothése aprés remplacement, en
moyenne 10+9 ans apres. Chez les patients avec antécédent de remplacement de la VT, les
thromboses de protheses représentaient 9% des chirurgies redux sur la VT et les endocardites
infectieuses et/ou fuites périprothétiques 18%.

Les patients avec antécédent de réparation de la VT avaient une présentation pré-opératoire
plus grave que ceux avec antécédent de remplacement. En effet, ils étaient plus agés, plus souvent
séverement symptomatiques (classe fonctionnelle NYHA 111 ou 1V, signes cliniques d’IC droite),
en FA, avec anémie, insuffisance rénale et hépatique avec ascite, dilatation significative du VD et
HTAP (tous les P <0.05). Cette présentation pré-opératoire était concordante avec des TRI-SCORE
plus élevés (5 [2-7] vs. 3 [1-5], P =0.05).
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Pour la chirurgie redux sur la VT, un remplacement a été réalisé apres sternotomie chez tous
les patients, dont 31% a cceur battant. Une bioprothése a été implantée chez la majorité des patients
(86%) et 21% ont été implantés d’un stimulateur cardiaque permanent.

Les taux de mortalité hospitaliere et de complications postopératoires graves (incluant
mortalité, choc, tamponnade, insuffisance rénale aigue nécessitant la dialyse ou ventilation
mécanique >72 heures) étaient respectivement de 10% et 34% en moyenne dans I’ensemble de la
population.

A la sortie de I’hopital, ’'IT était complétement corrigée (absente ou minime) chez tous les

patients.

En analyse univariée, les facteurs prédictifs de la mortalité hospitaliére aprés chirurgie redux
isolée de la VT étaient la sévérité des symptdémes (classe fonctionnelle NYHA 111 ou IV, signes
cliniques d’IC droite), la dose quotidienne de diurétiques de I'anse, 1’atteinte rénale et 1’atteinte
hépatique. Les patients avec antécedent de réparation de la VT avaient tendance a avoir une
mortalité hospitaliere plus élevée que ceux avec antécédent de remplacement, méme si elle

n'atteignait pas la significativité statistique (respectivement 14% vs 6 %, P =0.43).

Le TRI-SCORE était le seul score de risque chirurgical associé a la mortalité hospitaliére (P
=0.005 vs P =0.50 pour I'EuroSCORE et P =0.35 pour I'EuroSCORE II).

Les taux de mortalité hospitaliére observés et prédits selon le TRI-SCORE variaient de 0% et
3% pour un score <3 a 25% et 38% respectivement pour un score >6, avec une augmentation
significative des taux de mortalité lorsque le TRI-SCORE augmentait.

Le TRI-SCORE était associé a une trés bonne performance de discrimination avec une AUC
de 83%, beaucoup plus élevée que I'EuroSCORE (58%) ou I'EuroSCORE 11 (61%) (Figure 46).
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Figure 46. Courbes sensibilité/spécificité pour le le TRI-SCORE, I’EuroSCORE et
[’EuroSCORE |l pour prédire la mortalité apres chirurgie redux isolée sur la VT
AUC : aire sous la courbe

Le TRI-SCORE était également associé aux complications post-opératoires graves puisque ce
taux augmentait avec le TRI-SCORE, allant de 10% pour un score <3, a 44% pour un score de 4

ou 5, et jusqu’a 65% pour un score >6.

Le TRI-SCORE était également associé au pronostic & moyen terme. Dans I’ensemble de la
population, les taux estimés de survie et de survie sans ré-hospitalisation pour IC étaient
respectivement de 85% et 80% a 1 an, et de 79% et 71% a 5 ans. Les courbes de survie et de survie
sans ré-hospitalisation pour IC en fonction du TRI-SCORE étaient excellentes pour les patients
avec un TRI-SCORE <3 (respectivement 95% et 90% a 5 ans) mais se dégradaient nettement a
mesure que le TRI-SCORE augmentait (tous les P <0.05) (Figure 47).
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Figure 47. Taux d’événements a 5 ans apres chirurgie redux isolée de la valve tricuspide,

dans ’ensemble de la population et en fonction du TRI-SCORE divisé en 3 grades

A. Courbes de Kaplan-Meier de survie

B. Courbes de Kaplan-Meier de survie sans ré-hospitalisation pour insuffisance cardiaque

Cette étude a montré que la chirurgie redux isolée de la VT est rarement réalisée et
associée a une mortalité et une morbidité hospitaliéres globalement élevées mais qui cachent
d'importantes disparités individuelles, en rapport avec la présentation pré-opératoire.
Contrairement aux autres scores de risque chirurgicaux, le TRI-SCORE prédisait de fagon
fiable la mortalité hospitaliere, les complications post-opératoires graves ainsi que le
pronostic a moyen terme apres chirurgie redux isolée de la VT. Le TRI-SCORE pourrait
informer les patients, les cardiologues et les chirurgiens sur le risque opératoire de cette
intervention a I’échelon individuel et aider a la prise de décision lorsqu’une nouvelle

intervention sur la VT est envisagée.
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ABSTRACT

Objectives The TRI-SCORE reliably predicts in-hospital
mortality after isolated tricuspid valve surgery (ITVS) on
native valve but has not been tested in the setting of
redo interventions. We aimed to evaluate the predictive
value of the TRI-SCORE for in-hospital mortality in
patients with redo ITVS and to compare its accuracy with
conventional surgical risk scores.

Methods Using a mandatory administrative database,
we identified all consecutive adult patients who
underwent a redo ITVS at 12 French tertiary centres
between 2007 and 2017. Baseline characteristics and
outcomes were collected from chart review and surgical
scores were calculated.

Results We identified 70 patients who underwent a
redo ITVS (5415 years, 63% female). Prior intervention
was a tricuspid valve repair in 51% and a replacement in
49%, and was combined with another surgery in 41%.A
tricuspid valve replacement was performed in all patients
for the redo surgery. Overall, in-hospital mortality and
major postoperative complication rates were 10%

and 34%, respectively. The TRI-SCORE was the only
surgical risk score associated with in-hospital mortality
(p=0.005). The area under the receiver operating
characteristic curve for the TRI-SCORE was 0.83,

much higher than for the logistic EuroSCORE (0.58) or
EuroSCORE Il (0.61). The TRI-SCORE was also associated
with major postoperative complication rates and survival
free of readmissions for heart failure.

Conclusion Redo ITVS was rarely performed and was
associated with an overall high in-hospital mortality and
morbidity, but hiding important individual disparities.
The TRI-SCORE accurately predicted in-hospital mortality
after redo ITVS and may guide clinical decision-making
process (www.tri-score.com).

INTRODUCTION

Contrasting with the high prevalence of tricuspid
regurgitation (TR) and its dismal prognosis,™
most patients with severe TR are conservatively
managed with diuretics to relieve their symptoms,
while a curative isolated tricuspid valve surgery

> ,® Jean-Francois Obadia,’ Etienne Audureau,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Redo isolated tricuspid valve surgery is reputed
to be associated with poor outcome.

= The TRI-SCORE has been developed and
validated to predict in-hospital mortality after
isolated tricuspid valve surgery on native valve.

WHAT THIS STUDY ADDS

= Redo isolated tricuspid valve surgery is rarely
performed.

= In-hospital mortality and outcomes are
highly variable after redo isolated tricuspid
valve surgery, mainly driven by preoperative
presentation.

= The TRI-SCORE accurately predicts in-hospital
mortality, in-hospital complications and
midterm outcomes after redo isolated tricuspid
valve surgery, while conventional surgical risk
scores do not.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The TRI-SCORE (www.tri-score.com) may inform
patients, cardiologists and cardiac surgeons
regarding surgical risk and may guide heart
team decisions when a redo isolated tricuspid

valve surgery is considered.

(ITVS) is seldom performed even in the recent
era.’ * Reluctance to perform an ITVS is at least
partially explained by the high in-hospital mortality
reported in most series, around 10%, remarkably
consistent across the literature.”” However, clin-
ical presentation is the main driver of postopera-
tive outcomes, and the high in-hospital mortality
observed after ITVS is due to the advanced disease
stage at the time of the intervention.” Following
these observations, the TRI-SCORE was recently
developed to predict this surgical risk of ITVS. The
TRI-SCORE is a simple, dedicated and reliable risk
score model for predicting in-hospital mortality
after ITVS on native tricuspid valve (TV), based on

BM)

Dreyfus J, et al. Heart 2023;0:1-8. doi:10.1136/heartjnl-2022-322167

189

F) !



Valvular heart disease

eight preoperative parameters divided into three categories: clin-
ical (age, New York Heart Association (NYHA) functional class,
right heart failure signs and daily dose of diuretics), biological
(glomerular filtration rate and total bilirubin) and echocardio-
graphic (left and right ventricular systolic function).®

After prior TV repair or replacement, the situation is even
worse, and a redo TV surgery is seldom performed. Only few
small monocentric studies spanning over a long period of enrol-
ment have reported the outcome of redo ITVS, and surgical risk
scores in this setting are cruelly lacking, especially as tricuspid
transcatheter therapies are emerging.” '° The assessment of
operative risk usually relies on the EuroSCORE" ' and/or the
Society of Thoracic Surgeons (STS) score,' but there is no STS
tricuspid-specific score and both logistic EuroSCORE and Euro-
SCORE II have not been designed and validated in this popu-
lation. Relying on a multicentre consecutive cohort of patients
who underwent a redo ITVS at 12 French tertiary centres, we
aimed to assess the accuracy of the TRI-SCORE in the prediction
of in-hospital mortality and to compare its predictive value with
logistic EuroSCORE and EuroSCORE II.

METHODS

Study design

Using the local PMSI (Programme de Médicalisation des
Systémes d’Information) database,'* we collected all consecutive
TV surgeries performed in adult patients at 12 tertiary French
centres between 1 January 2007 and 31 December 2017. The
design of the study has been previously reported.” From the
overall cohort, we identified all patients who underwent an
isolated redo TV surgery and this subset constituted our study
population. Clinical presentation, laboratory results, echocardi-
ography, and immediate and midterm outcomes were retrospec-
tively collected locally at each centre. As the study was purely
retrospective with only data collection, no written informed
consent was required.

Patients’ characteristics

The type (repair or replacement) and mechanism of the index
TV dysfunction (functional, endocarditis or other organic), as
well as the mechanism of the TV repair/replacement dysfunction
which led to the redo ITVS (functional for TV repair, deteriora-
tion for TV replacement, or thrombosis, infective endocarditis
and periprosthetic leak for both), were collected. Right-sided
heart failure signs were defined as severe jugular venous disten-
tion, ascites and/or marked peripheral oedema. Glomerular
filtration rate was calculated using the Cockcroft-Gault formula
according to sex. Liver enzymes were considered elevated when
above laboratory thresholds. Left ventricular ejection fraction
was measured visually or using the biplane method of discs
(modified Simpson’s rule). Right ventricular (RV) size was visu-
ally assessed as normal, mildly, moderately or severely enlarged.
RV function was semiquantitatively assessed using an integrative
approach based on visual assessment, tricuspid annulus plane
systolic excursion and Doppler tissue imaging peak systolic
annular velocity §’ as recommended." '® The Charlson Comor-
bidity Index was used to assess for patients’ comorbidities.
Logistic EuroSCORE, EuroSCORE II and TRI-SCORE® were
calculated.

Outcome

In-hospital mortality was defined as death occurring between the
intervention and hospital discharge during the same hospital stay.
Major postoperative complications were defined as death, shock,

tamponade, acute renal failure requiring dialysis or prolonged
(>72hours) mechanical ventilation. Lengths of stay (total and in
intensive care unit) were calculated as the time duration between
admission and hospital discharge. During follow-up, all-cause
death and readmissions due to congestive heart failure (CHF)
were collected.

Statistics

Variables were expressed as mean+SD or median (percentile
25th and 75th) for continuous variables and number of patients
(percentage) for categorical variables. Comparisons between
groups were performed using analysis of variance, %* or Fisher’s
exact test for categorical variables, and Student’s t-test or non-
parametric Wilcoxon test for continuous variables, as appro-
priate. Logistic regression in univariate analysis was used to
assess the determinants of in-hospital death. The performance of
risk scores in predicting in-hospital death was assessed through
discrimination evaluated by the area under the receiver oper-
ating characteristic curve (AUROC). The risks of death and CHF
readmission overall and according to the TRI-SCORE grade (<3
points: lowrisk; 4-5 points: intermediaterisk; and =6 points:
highrisk, as previously suggested)® were assessed using the
Kaplan-Meier method and compared by the log-rank test. Data
were analysed using JMP V.9.0 (SAS Institute) and SPSS V.27.0.
All tests were two-sided and a p value <0.05 was considered
statistically significant.

RESULTS

Study population

Among 5661 consecutive cases of TV surgery performed in adult
patients at 12 tertiary French centres between 1 January 2007
and 31 December 2017, we identified 536 patients who under-
went an isolated TV surgery. Surgery was performed on native
TV in 466 patients (ie, no prior TV surgery), and this subset
was used to develop and validate the TRI-SCORE, while 70
patients underwent a redo TV surgery (ie, prior TV surgery) and
constituted our study population (figure 1). Three patients were
included in both subsets, first when they underwent their index
isolated surgery on native TV and later when they were reoper-
ated on, but their respective clinical and echocardiographic char-
acteristics were considered at each time point.

Patients' characteristics

The characteristics of the 70 consecutive patients who under-
went a redo ITVS are presented in table 1. Briefly, the mean age
was 5415 years, 63% were female, most patients were severely
symptomatic (53% were admitted in the year prior for CHE,
56% were in NYHA functional class I1I-1V, 63% presented with
right heart failure and 76% were treated with loop diuretics),
56% had moderate/severe RV dilatation and 34% had moderate/
severe RV dysfunction. The TRI-SCORE was low in 44%, inter-
mediate in 27% and high in 29%.

Prior intervention

Index TV surgery was a TV repair in 36 patients (51%) and a
TV replacement in 34 patients (49%). The index TV surgery was
concomitant to a left-sided heart valve surgery in 29 patients
(41%) (mitral valve surgery in 90% of combined interventions).
The index TV repair was mostly performed for functional TR
(66%) at the time of left-sided heart valve surgery (56%), using
a rigid ring (58%), while the index TV replacement was mostly
an isolated TV surgery (74%) performed for organic TR (82%),

2
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All Tricuspid Valve Surgery
2007-2017
12 French centers
N=5,661
Concomitant Tricuspid Valve Surgery
N=5,125
Isolated Tricuspid Valve Surgery

N=536

Isolated Tricuspid Valve Surgery
on Native Valve
N=466
(Used for the development and
validation of the TRI-SCORE)
Redo Tricuspid Valve Surgery
N=70
(Current population)

Figure 1  Flow chart of the study population. A total of 5661 adult
patients underwent a tricuspid valve surgery at 12 tertiary French
centres between 1 January 2007 and 31 December 2017. Among them,
536 underwent an isolated non-congenital surgery, of whom 466 were
on native tricuspid valve (who served as the TRI-SCORE development
and validation subset) and 70 were redo tricuspid valve surgeries {our
study population).

especially due to infective endocarditis (62%), using a biopros-
thesis (919%).

Redo intervention

Redo ITVS was performed 10+9 years after the index TV
surgery. TV repair/replacement dysfunction was a valve regur-
gitation in 56%, a valve stenosis in 24% and a mixed disease
in 20%. Redo ITVS was almost exclusively performed for func-
tional TR in patients with prior repair (94% had severe TR and
6% had a mixed disease). In contrast, TV prosthetic dysfunction
was a regurgitation in 899, a stenosis in 50% and a mixed disease
in 42% (the mean gradient was 11=4 mm Hg, 50% had no or
mild TR, and 79% had moderate or less TR}, mainly due to
valve degeneration. TV prosthetic thrombosis represented 9% of
redo ITVS, and infective endocarditis and/or periprosthetic leak
18%. Notably, thrombosis, infective endocarditis and/or peri-
prosthetic leak occurred only on TV prosthetic valve. Compared
with patients with prior replacement, those with previous TV
repair were older, more often severely symptomatic (NYHA
functional class III-IV, right heart failure), in atrial fibrillation,
with anaemia, with renal and liver failure with ascites, with
significant RV dilatation and with pulmonary hypertension (all
p<0.05).

In-hospital outcome

A TV replacement was performed through median sternotomy
in all patients, on beating heart for 31% of the population. Most
patients received a bioprosthesis (86%) and 21% required a new
permanent pacemaker implantation. In-hospital mortality rate
was 10% and major postoperative complication rate was 34%.
At discharge, TR was absent or mild, and the mean TV gradient
normal in all patients. The in-hospital outcomes are summarised
in table 2.

Determinants of in-hospital mortality and complications
Factors associated with in-hospital mortality in the univariate
analysis are presented in table 3. In-hospital mortality after redo
ITVS was associated with severity of symptoms (NYHA class III/
IV, right heart failure), daily dose of loop diuretics, and kidney
and liver impairment. Patients with prior TV repair tended to
incur a worse in-hospital mortality, although it did not reach
statistical significance (14% vs 620, respectively, p=0.43), higher
rates of cardiogenic shock (31% vs 6%, p=0.01) and a longer
stay in intensive care unit (6 (3-19) days vs 4 (2-6) days, p=0.01)
than patients with prior TV replacement.

Predictive values of the surgical risk scores

As shown in table 3, logistic EuroSCORE and EuroSCORE II
were not statistically different between patients who died in
hospital and those discharged alive (p=0.50and p=0.35, respec-
tively). In contrast, the TRI-SCORE, calculated in all but two
patients, was significantly associated with in-hospital mortality
(p=0.005). Observed and predicted in-hospital mortality rates
according to TRI-SCORE grade ranged from 0% to 25% and
from 3% to 38%, respectively, for a score =3and a score
=6, with marked raise in mortality rates as the TRI-SCORE
increased (table 4). Good discrimination performance was found
for the TRI-SCORE, with an AUROC of 0.83 for in-hospital
death, markedly higher than with the logistic EuroSCORE
(AUROC=0.58) and EuroSCORE II (AUROC=0.61) (figure 2).

Interestingly, the TRI-SCORE was significantly higher in
patients with prior TV repair than replacement (5 (2-7) vs 3
(1-5), p=0.05).

The rate of major postoperative complications (death, shock,
tamponade, acute renal failure requiring dialysis or prolonged
mechanical ventilation) increased with the TRI-SCORE, with a
rate of 10% for a score =3, 44% for a score of 4-5 and up to
65% for a score =6 (table 4).

Midterm outcome

Follow-up was 76% complete, with a mean follow-up duration
of 5+3 years. Overall, the estimated rates of survival and survival
free of CHF readmission were 85% and 80% at 1year, and 79%
and 71% at 5 years, respectively (figure 3A,B). Survival and
survival free of CHF readmission curves according to the TRI-
SCORE grades were excellent for patients with TRI-SCORE =3
(95% and 90% at 5 years, respectively) but markedly worsened
as the TRI-SCORE increased (all p<0.05) (online supplemental
material).

DISCUSSION

In this study, we collected all consecutive patients who under-
went a redo ITVS performed at 12 tertiary French centres
between 1 January 2007 and 31 December 2017, assessed their
clinical, biological and echocardiographic presentations, and
evaluated their in-hospital and midterm outcomes. Redo ITVS
was rarely performed, the in-hospital mortality rate was 10%
and the rate of major postoperative complications was 34%. The
TRI-SCORE was the only risk score associated with in-hospital
mortality and provided a good discrimination. The TRI-SCORE
was also significantly associated with major postoperative
complication rate, as well as survival free of readmissions for
heart failure.

Redo ITVS is a rare intervention and was performed only in 70
patients during an 11-year period at 12 tertiary French centres.
Among all patients who underwent a TV surgery, 91% were
performed combined with a left-sided heart valve surgery and
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Table 1 Baseline characteristics of the population overall and according to previous TV repair or replacement
Previous TV repair Previous TV replacement

Characteristics Overall (n=70) (n=36) (n=34) P value
Clinical
Age, years 54+15 6113 48+14 0.0006
Female gender 44 (63) 25 (69) 19 (36) 0.32
Body mass index, kg/m® 26+6 25+6 26+5 0.48
Hypertension 17 (24) 11(31) 6(18) 0.30
Diabetes mellitus 8(11) 4(11) 4(12) 1.00
Chronic lung disease 9(13) 3(8) 6(18) 0.30
Peripheral vascular disease 2(3) 1(3) 1(3) 1.00
Prior stroke 61(9) 5(14) 1(3) 0.19
Coronary artery disease 6(9) 4(11) 2 () 0.67
Chronic kidney disease 16 (23) 11 (31) 5{15) 0.16
Chronic liver disease 12(17) 6(17) 6(18) 1.00
Liver cirrhosis 61(9) 2(6) 4{12) 0.42
Permanent pacemaker 15 (21) 7(19) 8(24) 0.77
Hospitalisation for congestive heart failure (< 1year) 37 (53) 21 (58) 16 (47) 0.47
Number of previous cardiac surgeries 01
1 46 (66) 21 (58) 25(74)
=2 24 (34) 15 (42) 9(26)
Time between previous TV surgery and redux TV surgery, years 10+9 9+10 118 0.44
NYHA functional class lll-1V 39 (36) 25 (69) 14 (41) 0.03
Right-sided heart failure signs 44 (63) 29(81) 15 (44) 0.003
Ascites 11 (16) 9(25) 2(6) 0.046
Loop diuretics 53 (76} 301(83) 23 (68) 0147
Daily dose of loop diuretics, mg 60(20-250) 80(40-250) 40 [0-180] 0.16
Atrial fibrillation 33 (47) 23 (64) 10(29) 0.005
Biological
Haemoglobin, gfl 130+24 123+20 137+27 0.02
Creatinine, pmol/l 91+32 94+35 89+28 0.50
Glomerular filtration rate, ml/min 83+39 73£35 94+M 0.03
Elevated ALT and/or AST 15/68 (22) 1(31) 4j32(13) 0.07
Elevated GGT and/or ALP 35/68 (51) 20 (36) 15/32 (47) 0.47
Total bilirubin, pmalil 14.2+9.1 15.7+10.2 126475 017
Elevated bilirubin 2268 (32) 13 (36) 9(28) 0.79
Echocardiographic
LV ejection fraction, % 59+7 58+8 5917 0.75
Moderate/severe RV dilatation 39 (56) 27 (75) 12 (35) 0.007
TAPSE, mm 1415 165 1244 0.01
Peak systolic annular velocity ', cm/s 8.9+2.9 9.6+2.7 7.9+2.9 0.10
Moderate/severe RV dysfunction 24 (34) 1(31) 13(38) 0.62
Systolic pulmonary artery pressure, mmHg 44413 48+14 38+10 0.02
TV thrombosis 3(4) 00 3(9) 0.54
Infective endocarditis and/or periprosthetic leak 6 (9) 0(0) 6(18) 0.01
Risk evaluation
Logistic EuroSCORE 6.7[3.3-16.3] 1.2[5.6-22.5] 5.2 [3.3-10.3] 0.06
EuroSCORE Il 4.1[2.5-6.4] 4.8[2.7-92] 4.0[2.4-5.0] 0.03
Charlson comorbidity index 2(1-4) 3(1-4) 1[0-3] 0.006
Charlson comorbidity index * 2 43 (B1) 27(75) 16 (47) 0.044
TRI-SCORE 4(2-6)(n=68) 5(2-7)(n=386) 3(1-5){n=32) 0.05
=3 30 (44) 1(31) 19 (59)
4-5 18(27) 1(31) 7(22)
=6 20 (29) 14 (38) 6(19)

Values are number of patients (percentage), mean=SD or median (interquartiles).

Bolded results are statistically significant at the p<0.05 level.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; LV, left ventricle; NYHA, New York Heart
Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; TV, tricuspid valve.
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Table 2 In-hospital outcomes overall and according to previous TV
repair or replacement

Table 3  Univariate logistic regression for predictors of in-hospital
death in adult patients undergoing a redo isolated TV surgery

Previous TV  Previous TV

Overall repair replacement
Characteristics (N=70) (n=36) (n=34) P value
Urgent surgery 12(17) 41) 8 (24) 021
Sternotomy 70 (100) 36 (100) 34 (100) 1.00
Beating heart 22 (31) 14 (39) 8(24) 0.20
TV replacement 70 (100) 36 (100) 34 (100) 1.00
Bioprosthesis 60 (86) 33(92) 27(79) 0.18
In-hospital death 7(10) 5(14) 2 (6) 043
Major postoperative 24 (34) 15 (42) 9 (26) 021
complications
Shack 18 (26) 13 (36) 5(15) 0.06
Cardiogenic shock 13 (19) 11(31) 2 (6) 0.01
Tamponade 4(6) 2 (6) 2 (6) 1.00
Acute renal failure 20 (29) 12 (33) 8(24) 043
Acute renal failure 11 (16) 8(22) 3(9) 0.19
requiring dialysis
Prolonged 7(10) 5(14) 2(6) 043
mechanical
ventilation
New permanent 15 (21) 9(25) 6(18) 0.56
pacemaker
implantation
Length of stayin 4 (2-8) 6(3-19) 4 (2-6) 0.01
intensive care unit,
days
Length of stay in 17(11-31)  23(11-37) 16 (11-21) 0.15
hospital, days
Postoperative TV 70 (100) 36 (100) 34 (100) 1.00
leak: no/mild
Postoperative TV 0 (0) 0(0) 0(0) 1.00
stenosis
Postoperative mean 4+2 412 4+2 0.62
TV gradient, mm Hg

Values are number of patients (percentage), mean=SD or median (interquartiles).
Bolded results are statistically significant at the p<0.05 level.

Major postoperative complications were defined as death, shock, tamponade, acute
renal failure requiring dialysis or prolonged mechanical ventilation (>72 hours).

TV, tricuspid valve.

9% were ITVS; redo ITVS represented 1% of all TV surgeries
and 13% of all ITVS. It is important to emphasise that these
results are representative of the clinical practice at the nation-
wide level as these 12 centres accounted for approximately 40%
of the surgical volume in France.”

Reluctance to perform an ITVS on native valve, and even
more for a redo ITVS, is mainly related to the wrong belief of
a uniformly high in-hospital mortality. As for ITVS on native
valve, in-hospital mortality after redo ITVS was highly vari-
able, hiding important individual disparities (from 0% to 25%
according to TRI-SCORE grade), and was mainly driven by clin-
ical presentation, including NYHA functional class, right heart
failure, and liver or renal impairment. Interestingly, patients
with prior TV repair incurred higher event rate than those with
prior TV replacement, but also presented with a more advanced
disease stage as illustrated by their higher TRI-SCORE. Thus,
these results extend to redo ITVS previous results reported for
ITVS on native valve that the reputed high in-hospital mortality
observed after ITVS is due to the advanced disease stage more
than intrinsically due to the surgery itself.

In-hospital death Discharged alive

Characteristics (n=7) (n=63) P value
Age, years 58+8 54+16 0.50
Age =70years 0(0) 10 (16) 0.58
Female gender 5(71) 39 (62) 1.00
Body mass index, kg/m? 30+9 2545 0.05
Hypertension 1(14) 16 (25) 1.00
Diabetes mellitus 4(57) 4(6) 0.002
Chronic lung disease 1 (14) 8(13) 1.00
Peripheral vascular 0 (0) 2(3) 1.00
disease
Prior stroke 1(14) 5(8) 0.48
Coronary artery disease 2 (29) 4 (6) 011
Chronic kidney disease 4 (57) 12 (19) 0.043
Chronic liver disease 3 (43) 9(14) 0.09
Liver cirrhosis 1(14) 5(8) 0.48
Permanent pacemaker 3 (43) 12 (19) 0.16
Hospitalisation for 6 (86) 31 (49) 0.1
congestive heart failure
(<1year)
Functional aetiology of 5 (71) 25 (40) 0.13
tricuspid regurgitation
before prior TV surgery
Previous TV repair 5(71) 31 (49) 043
=2 previous cardiac 3(43) 21(33) 0.68
surgeries
NYHA functional dlass 7 (100) 32 (51) 0.015
1=\
Right-sided heart 7 (100) 37 (59) 0.041
failure signs
Ascites 5(71) 6(10) 0.001
Loop diuretics 7(100) 46 (73) 0.18
Daily dose of loop 500 (250-750) 40 (0-80) 0.006
diuretics, mg
Daily dose of loop 7(100) 14 (22) <0.0001
diuretics 2125mg
Atrial fibrillation 4(57) 29 (46) 0.70
Haemoglobin, g/L 109+16 132424 0.02
Creatinine, pmol/L 127435 87+29 0.006
Glomerular filtration ~ 63+30 86+40 0.16
rate, mL/min
Glomerular filtration 0(0) 3(5) 1.00
rate <30 mUmin
Elevated ALT and/ 2(29) 13/61 (21) 0.65
or AST
Elevated GGT and/ 6 (86) 29/61 (48) 0.04
orALP
Total bilirubin, pmol/L  18.3+11.9 13.8+8.8 0.22
Elevated bilirubin 3 (43) 19/61 (31) 1.00
LV ejection fraction, %  55+8 59+7 0.13
LV ejection fraction 4(57) 22 (35) 0.25
<60%
Moderate/severe RV 5(71) 34 (54) 0.69
dilatation
TAPSE, mm 17+4 1415 022
Peak systolic annular ~ 10.8+1.9 8.5+2.9 0.11
velocity S', cm/s
Moderate/severe RV 1(14) 23 (37) 0.25
dysfunction

Continued
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Table 3 Continued
In-hospital death Discharged alive

Characteristics (n=7) (n=63) P value

Systolic pulmonary 45 44+13 0.92

artery pressure, mm Hg

TR grade 4 (2-5) 4(3-4) 0.60

Logistic EuroSCORE 14.9+12.5 11.2£12.7 0.50
15.7 (3.3-23.7) 6.6 (3.3-16.0)

EuroSCORE II 6.0+3.7 5.1%35 0.35
5.8(4.1-8.0 4.0(2.5-6.1)

TRI-SCORE 6.6+1.5 3.7+25 0.005
6 (5-8) 4(2-6)

Urgent surgery 1(14) 1(17) 1.00

Beating heart 3(43) 19 (30) 0.67

Values are number of patients (percentage), mean+SD or median (interquartiles).
Bolded results are statistically significant at the p<0.05 level.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transferase; LV, left ventricle; NYHA, New
York Heart Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic
excursion; TR, tricuspid regurgitation; TV, tricuspid valve.

In this cohort, we have evaluated the prognostic value of the
TRI-SCORE. The TRI-SCORE was developed and validated
in patients who underwent an ITVS on native valve. It relies
on eight clinical, biological and echocardiographic parameters
that reflect the disease stage and the consequences of the TV
disease on the RV, the kidneys and the liver. These parameters
were associated with in-hospital mortality, and the TRI-SCORE
also reliably predicted in-hospital mortality after redo ITVS. In
contrast, neither the logistic EuroSCORE nor the EuroSCORE II
was associated with in-hospital mortality. The discrimination of
the TRI-SCORE to predict in-hospital mortality was excellent,
with an AUROC of 0.83 vs 0.58 and 0.61 for the two other
surgical risk scores. If a TRI-SCORE of =3 defined a low surgical
risk (in-hospital mortality 3% predicted and 0% observed) for
native ITVS, an in-hospital mortality markedly raised above this
threshold and a TRI-SCORE of 4-5 were associated with a high
in-hospital mortality risk (11% predicted and observed) and
a score of =6 with a very high risk (38% predicted and 25%
observed). It is important to highlight that the TRI-SCORE also
accurately predicted the rates of in-hospital major complications
and survival free of CHF readmission.

Approximately half of patients had a prior TV repair and all
redo ITVS consisted of a TV replacement in our cohort. As a
retrospective study, the decision was left to the treating team.
Although TR was the main mechanism leading to reinterven-
tion after a TV repair, tissue thickening/calcification and the high
risk of failure of a redo TV repair logically led to a TV replace-
ment in all patients,'” especially as patients with prior TV repair

Table 4 Predicted and observed in-hospital mortality rates and major
complication rates according to the TRI-SCORE divided into three
grades

Observed Predicted Major
in-hospital in-hospital postoperative
TRI-SCORE  Patients (n) mortality mortality complications
0-3 30 0(0) 1(3) 3(10)
4-5 18 2(11) 2(11) 8 (44)
=6 20 5(25) 8(38) 13 (65)

Values are number of patients (percentage).
Major postoperative complications were defined as death, shock, tamponade, acute
renal failure requiring dialysis or prolonged mechanical ventilation (>72 hours).
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Figure 2 Receiver operating characteristic curve analysis of the risk
score models, TRI-SCORE, logistic EuroSCORE and EuroSCORE I, for
predicting in-hospital mortality. AUC, area under the curve.

presented with more advanced disease and higher TRI-SCORE
than patients with prior TV replacement.

Study limitations

The present study deserves several comments. First, it was a
retrospective study. Nevertheless, we were able to collect almost
all data and to calculate the TRI-SCORE in all but two patients
for whom the bilirubin value was missing, while the two other
risk scores were calculated in all 70 patients. Evaluation of the
prognostic value of the TRI-SCORE and the comparisons with
the other surgical risk scores were thus performed in these 68
patients. Similarly, outcomes were not adjudicated and collected
from chart reviews, but our primary endpoint was in-hospital
mortality, and the collection of our other outcomes of interest
was straightforward with little room for interpretation. Second,
our sample size was relatively small. However, we collected all
consecutive redo ITVS performed at 12 tertiary French centres
during an 11-year period, reflecting real-world practice. Third,
as our sample size was small, no meaningful multivariate anal-
ysis was performed. However, the aim of the present study was
to evaluate the predictive value of the TRI-SCORE for in-hos-
pital mortality. Comparisons with other risk scores should also
be considered cautiously as our sample size was small with
only seven deaths. Thus, there was a trend towards an associ-
ation between conventional surgical risk score and in-hospital
mortality and we might not have been able to demonstrate a
statistical significance due to lack of power. Nevertheless, the
AUROC of TRI-SCORE was markedly higher than the AUROC
of other surgical risk scores as observed for native ITVS.” Fourth,
there is no tricuspid-specific STS score that we could compare
with the TRI-SCORE. Fifth, follow-up was complete in only
76% of our population and midterm results should only be
regarded as hypothesis-generating. The predictive value of the
TRI-SCORE for midterm outcome deserves further validation
in this setting. Finally, small single-centre studies have suggested
that postoperative mortality and complications might be reduced
by minimally invasive techniques.'*’ All our patients underwent

6
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Figure 3  Event rates overall and according to the TRI-SCORE divided into three grades. The figure displays Kaplan-Meier curves of (A) survival rates
and (B) survival free of heart failure (HF) readmission rates at 5 years, overall and according to the TRI-SCORE divided into three grades: TRI-SCORE

<3, TRI-SCORE 4-5 and TRI-SCORE =6.

a median sternotomy and we could not comment on the impact
of the surgical technique.?!

Clinical implications

The TRI-SCORE provides an individualised assessment of the
operative risk for ITVS for both native and redo TV interven-
tions. It may be helpful during heart team discussions on the
management of patients considered for a redo ITVS to inform
patients, cardiologists and cardiac surgeons regarding the
expected outcome. The TRI-SCORE should be integrated with
other parameters such as the feasibility, safety and efficiency
of less invasive transcatheter interventions, acknowledging the
fact that infective endocarditis or periprosthetic leak may likely
preclude a transcatheter option (observed in 18% of patients
who underwent an index TV replacement).*2

CONCLUSION

In this multicentre series, we collected all consecutive redo
ITVS performed at 12 tertiary French centres during an 11-year
period. Redo ITVS was rarely performed and was associated
with high in-hospital mortality and morbidities, which were
hiding important individual disparities, and clinical presentation
was the main driver of outcomes. Extending our prior results
on native TV, the TRI-SCORE accurately predicted in-hospital
mortality, in-hospital complications and midterm outcomes
in patients who underwent a redo ITVS, while conventional
surgical risk scores did not. The TRI-SCORE (www.tri-score.
com) may be helpful during heart team discussion to guide clin-
ical decisions when a redo ITVS is considered, especially as less
invasive interventions become available.
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Article 9: Premiére implantation chez I’homme d’un systéme de

remplacement valculaire tricuspide percutané avec la prothese TOPAZ

Afin de pouvoir proposer une solution thérapeutique curative aux patients présentant une
IT sévere qui sont & haut risque opératoire, le traitement percutané, moins invasif que la
chirurgie, est actuellement en plein essor avec de nombreux systemes en cours de
développement et/ou de validation, que ce soit des solutions de réparation ou de remplacement
de la VT75’101'103.

La prothese Topaz (TRiCares) est un nouveau systeme de remplacement percutané de la
VT par voie transfémorale, auto-expansible, orthotopique, congu avec un cadre a deux stents
en nitinol. Le stent externe s’adapte a la morphologie de la VT et a ses variations au cours du
cycle cardiaque pour permettre un ancrage étanche au niveau de la VT tout en protégeant le
deuxieme stent, interne, de toute déformation causée par la contraction du VD. Le stent interne,
de morphologie circulaire et rigide, contient la valve avec trois feuillets fabriqués avec du
péricarde porcin, et agit indépendamment du stent externe auquel il est relié (Figure 48). Des

implantations de cette prothése ont été réalisées avec succes chez 1‘animal.
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Figure 48. Systeme de remplacement percutané de la valve tricuspide Topaz

A. et B. Illustration d’une vue latérale de la prothése avec les 2 stents, séparés puis
assemblés, et les ancres

C. Vue en face atriale de la prothése avec les 2 stents et les 3 feuillets valvulaires
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D. Cathéter pour I’abord fémoral

L’objectif de cette étude était de réaliser les premieres implantations chez ’homme de la
prothése Topaz, nouveau systéeme de remplacement valvulaire tricuspide percutané par voie

transfémorale.

Nous rapportons les deux premiers cas d'utilisation compassionnelle du systeme percutané
Topaz pour le traitement d’une IT. Ces deux procédures avaient été approuvées par I’ Agence
Nationale de Sécurité du Médicament et des produits de santé. Les deux interventions ont été
réalisées en juin 2021. Les patients étaient des femmes de 70 ans (patient 1) et de 86 ans (patient
2). Elles présentaient des IT fonctionnelles respectivement massive et torrentielle®, dont le
mécanisme était une dilatation de I'AT secondaire a une FA chronique. Les deux patients
avaient été récusés pour un traitement curatif chirurgical devant un risque opératoire considéré
élevé avec des TRI-SCORE®* a 5 (mortalité hospitaliére post-opératoire prédite de 14%) et 6
(mortalité hospitaliére post-opératoire prédite de 22%) respectivement, et n’étaient pas éligibles
pour une réparation percutanée bord-a-bord de la VT en raison de défauts de coaptation trop
larges malgré le traitement medical optimal (Figure 49).

+ Dist 1.00 cm

+RayonIT 0.810cm

Vit alias IT 30.8 cmis ‘i
2 .

Figure 49. Evaluation pré-procédurale de ['insuffisance tricuspide par échocardiographie

transthoracique

Rayon de PISA de l'insuffisance tricuspide
Largeur du défaut de coaptation valvulaire tricuspide en bidimensionnel
Défaut de coaptation valvulaire tricuspide en tridimensionnel

Diametre de ’anneau tricuspide

moO o » >

Dimensions des oreillettes droite et gauche

Le scanner cardiaque retrouvait une anatomie compatible avec I’implantation d’une
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prothése Topaz (angle entre la veine cave inférieure et I’AT, dimensions de I’AT, taille et
morphologie du VD...) (Figure 50), sachant qu’il n’y avait qu’une seule taille de prothése
disponible (45mm).

Annulus

Entre Perimeter (Pe.): 138.33 mm
. Jnter-Commesural IC): 42.44 mm
: Septal to Lateral (SL): 45.48 mm
Annuls Area: 1470.98 mm?

(14.71 cam)

Figure 50. Analyse du scanner cardiaque réalisé dans le cadre du bilan pré-procédural, avec
différents plans de coupes et mesures

RV : ventricule droit, TA : anneau tricuspide,

La faisabilité technique avait ensuite été confirmée apres impression 3D du ceeur des

patients et simulation de I’implantation des prothéses (Figure 51).
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Figure 51. Simulation d 'une prothése Topaz implantée au niveau de la valve tricuspide a

partir d’'une impression en trois dimensions du ceeur du patient

A. Coupe longitudinale des cavités droites
B. Vue en face atriale droite de la valve tricuspide permettant la visualisation des deux

stents de la prothese

AT : anneau tricuspide, OD : oreillette droite, VD : ventricule droit

Les interventions ont été réalisées sous anesthésie générale, avec un abord veineux fémoral,

guidees par fluoroscopie et ETO, notamment dans I’incidence transgastrique avec

reconstructions multiplanaires (Figure 52).

Figure 52. Guidage péri-procédural de ['implantation de la prothése tricuspide
percutanée Topaz

A. Fluoroscopie
B. Echocardiographie trans-oesophagienne dans 1’incidence transgastrique avec

reconstructions multi-planaires

Ant : antérieur, Lat : latéral, Sept : septal, Post : postérieur

Le succes de la procédure (défini comme l'implantation de la prothese a la position
souhaitée sans migration ni fuite paravalvulaire significative) a été obtenu dans les deux cas,

avec une durée de procédure courte (18 et 12 minutes respectivement de 1’introduction a la
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sortie du systéme) et sans complications. Les résultats hémodynamiques immédiats étaient
excellents, avec un bon déploiement de la prothése au niveau souhaité, un gradient

transvalvulaire antérograde moyen de 2 mmHg chez les deux patients, I’absence d’IT résiduelle

et ’absence de régurgitation péri-prothétique (Figure 53).

Figure 53. Résultat post-procédural immédiat aprés implantation de la prothese Topaz au

niveau de la valve tricuspide

Prothese visualisée en fluoroscopie

Angiographie du ventricule droit

Prothése visualisée en échocardiographie transthoracique bidimensionnelle
Prothése visualisée en échocardiographie transthoracique tridimensionnelle

moow >

Gradient moyen antérograde trans-prothétique en échocardiographie transthoracique

Ao : valve aortique, Mi : valve mitrale

Le scanner cardiaque post-procédural avant la sortie d’hospitalisation retrouvait une

prothése parfaitement bien déployée, avec un bon fonctionnement des cusps, sans intéraction

pathologique avec les autres structures, ni d’autre anomalie (Figure 54).

Figure 54. Scanner post-procédural apres implantation de la prothése Topaz au niveau de
la valve tricuspide
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A., B., C. et D représentent différents plans de coupe et reconstructions

Les deux patients sont sortis le quatrieme jour post-procédural, et sont restés sous
anticoagulation orale qui était indiquée pour de la FA.

A 3 mois de I'intervention, les deux patients n’ont présenté aucune complication (pas de
déces, pas d’anomalie de conduction, pas de ré-hospitalisation, notamment pour IC...) et ont
présenté une amélioration clinique rapide et trés franche (classe fonctionnelle NYHA passée de
III a I et absence de signes cliniques d’IC droite pour les deux patients). Chez le patient 1, le
furosémide a été arrété alors qu’il prenait 500 mg par jour avant I’intervention.

L’ETT réalisée a 3 mois de I’intervention retrouvait un bon résultat hémodynamique, sans
fuite résiduelle intra- ou péri-prothétique et un gradient transvalvulaire antérograde moyen
inchangé (2 mmHg pour les deux patients) (Figure 55).

Le scanner cardiaque réalisée a 3 mois de I’intervention n'a révélé aucune thrombose de

prothese.
A. Tricuspid Regurgitation B. NYHA class
Torrential Torrential
Massive Massive Massive v v
Severe Severe Severe 1 1
Moderate Moderate Moderate 1 1l
Mild Mild Mild | I
None ——P None
Baseline Discharge 3 Months Baseline 3 Months

Figure 55. Evolution du degré de sévérité de l'insuffisance tricuspide et du statut
fonctionnel des patients avant et 3 mois apres remplacement valvulaire tricuspide percutané

par la prothese Topaz

A. Grade de séverité de ['insuffisance tricuspide
B. Classe fonctionnelle NYHA
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Cette premiére expérience humaine avec le systéeme de remplacement percutané de la
VT Topaz montre sa faisabilité et sa sécurité, permettant d’abolir I’IT et d’offrir aux

patients une franche amélioration clinique tres rapidement apres I’intervention.
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Introduction

Severe tricuspid regurgitation (TR) is frequent and associated with
poor outcomes'. Nevertheless, many patients are declined for sur-
gery because of prohibitive surgical risks. In this setting, trans-
catheter tricuspid valve (TV) intervention may be a less invasive
option. Transcatheter edge-to-edge repair (TEER) has been the
most used approach so far’; however, transcatheter tricuspid valve
replacement (TTVR) might be a more attractive strategy. Indeed,
besides providing an alterna-tive for patients whose anatomies
are not suitable for TEER (due to large coaptation gaps or short/
retracted septal leaflets), TTVR procedures are likely to be less
challenging and more reproducible, as demonstrated in the first-
in-human trials®.

Methods

The Topaz transfemoral tricuspid heart valve replacement sys-
tem (TRiCares) is a novel orthotopic self-expanding TTVR sys-
tem designed with a two-stent frame made of nitinol. The outer

stent provides a sealed anchoring into the native tricuspid appara-
tus while protecting the inner stent, which contains the valve, from
any deformation caused by the contraction of the right ventricle
(RV). The stiffer inner stent houses the three-leaflet valve made
from porcine pericardium, which acts independently of the outer
stent, thus allowing it to maintain a circular shape and full valve
integrity. The system is delivered via the femoral vein through
a 29 Fr steerable introducer, currently with no possibility of recap-
ture. The steerable introducer is first brought into the right atrium
and oriented toward the tricuspid annulus. The crimped valve is
then advanced to the apex of the RV and deployed in a two-step
procedure, first the ventricular part of the valve and then the atrial
part. The anchoring mechanism does not rely on radial force but
on a layer of anchors located below the annulus level. Therefore,
no oversizing of the valve is needed. To date, only one size of
the valve is available, which allows treatment of an annulus dia-
meter <45 mm based on diastolic computed tomography (CT)
scan measurements.

*Corresponding author: Cardiology Department, Henri Mondor University Hospital, 51 Avenue du Maréchal de Lattre de
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We herein report the first two cases of compassionate use of  approved by the French authorities (Agence nationale de sécu-
the TRiCares Topaz transfemoral tricuspid heart valve replace- rité du médicament et des produits de santé [ANSM]; Ref.
ment system for the treatment of TR. These two cases were  No. 2100459) (Figure 1).

Figure 1. Topaz orthotopic transcatheter tricuspid valve replacement for severe TR. Topaz system: a two-stent design, self-expanding prothesis
with 3 porcine pericardium leaflets; the outer stent adapts to the anatomy while the inner stent is more rigid, thus maintaining a circular
shape. A) En face view; B) side view. C, D & E) Double-curve steerable sheet for transvenous femoral access. F) Colour Doppler view of the
preprocedural torrential tricuspid regurgitation of patient 2 (all the following images are also for patient 2). G) Two-dimensional echographic
view of the tricuspid valve coaptation defect. H) Fluoroscopic view of valve deployment. I) Right ventricular angiography immediately afier
valve deployment. J & K) Post-procedural CT showing the round inner stent linked to the outer stent that conforms to the patient s anatomy.
CT: computed tomography; TR: tricuspid regurgitation
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Results
The two procedures were performed in June 2021. The patients
were 70-year-old (patient 1) and 86-year-old (patient 2) females.
They presented with massive and torrential functional TR' due to
tricuspid annulus dilatation related to chronic atrial fibrillation.
However, both were declined for surgery by the local Heart Teams
because of prohibitive surgical risks with TRI-SCOREs of 5
(intermediate risk) and 6 (high risk), respectively’, and were not
considered suitable for TEER owing to excessive coaptation gaps®.
Interventions were performed under general anaesthesia, using
a transvenous femoral approach and guided by fluoroscopy and
transoesophageal echocardiography. Procedural success (defined
as implantation of the valve at the intended position without
migration or significant paravalvular leak) was achieved in both
cases, with a short procedure time (18 and 12 minutes, respec-
tively, from delivery system in to delivery system out) and with
no adverse events. Immediate haemodynamic results were excel-
lent, with good valve deployment at the intended annular posi-
tion, a mean transvalvular gradient of 2 mmHg in both patients,
no residual TR and no paravalvular regurgitation. The two patients
were discharged on day four and, given the setting of atrial fibril-
lation, remained on a non-vitamin K oral anticoagulant.

Discussion

No death or complication and, notably, no rehospitalisation for
heart failure occurred before the post-procedure 3-month follow-
up. Transthoracic echocardiography at 3 months showed sustained
haemodynamics with no residual TR and an unchanged mean
transvalvular gradient (2 mmHg for both patients). However,
while there was complete resolution of TR, RV function decreased
at three months in both patients (tricuspid annular plane systolic
excursion [TAPSE]: 18 mm to 11 mm in patient 1 and 14 mm to
11 mm in patient 2). The three-month CT scan did not reveal any
valve thrombosis. Clinical improvement was significant, with an
improvement in New York Heart Association (NYHA) functional
status from Class III to Class I in both patients. Moreover, in
patient 1, the furosemide dose was decreased from 500 mg to none,
and the right heart failure symptoms (oedema and jugular conges-
tion) present at baseline were not present at 3 months. Finally, no

conduction abnormalities were observed during follow-up.

First percutaneous implantation of a new tricuspid valve

Limitations
As further investigations are needed, the TRICURE first-in-human
trial is planned to start soon.

Conclusions

This first-in-human experience with the Topaz TTVR confirms
feasibility and safety, abolishing TR with an effective associated
short-term clinical improvement.
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Conclusions et perspectives

L’IT, qui a été longtemps négligée, est actuellement considérée comme un probléme de
santé publique nécessitant une prise en charge adaptée du fait de I’augmentation de sa
prévalence liée au vieillissement de la population et de sa gravité puisqu’elle est associée a une
morbidité (diminution des capacités fonctionnelles, insuffisance cardiaque) et une-mortalité

importantes.

Au travers de ces travaux, nous avons abordé cette pathologie de son diagnostic a sa
prise en charge.

Nous avons montré qu’une IT significative, qui est le plus souvent fonctionnelle et
secondaire a une valvulopathie du cceur gauche, est fréqguemment retrouvée chez les patients
ayant une valvulopathie mitrale sévére mais beaucoup plus rare chez les patients ayant une

valvulopathie aortique séveére.

L’évaluation des grades de sévérité de I’IT, principalement réalisée en ETT819 reste
débattue (Annexe — Article 12) et un défi en pratique*1® (Annexe — Revue 1) sachant qu’elle
doit étre basée sur une analyse multiparamétrique dans 1’attente de logiciels qui permettront
une analyse tridimensionnelle fiable, adaptée a la morphologie de la VT de chaque patient qui
est extrémement variable d’un individu a I’autre®.

La littérature est consensuelle pour dire que I’IT est un facteur pronostic associé a une
morbi-mortalité d’autant plus importante qu’elle est sévére, ce que nous avons également
retrouvé chez les patients ayant une valvulopathie sévére du coeur gauche, et ce quel que soit

la valvulopathie du cceur gauche.

Pour autant, bien que la mortalité et la morbidité a court terme des patients hospitalisés
pour IT pris en charge médicalement soient considérables, la trés grande majorité d’entre eux

n’a pas de traitement curatif puisque seuls 10% bénéficient d’un traitement chirurgical sur la

VT,
Il faut distinguer 2 situations cliniques.

Dans la premiére situation, le patient est adressé pour une chirurgie valvulaire du cceur
gauche. Les recommandations Ameéricaines et Européennes suggerent alors de réaliser un geste
concomitant sur la VT en cas d’IT sévere (indication de classe I) ou lorsque I’AT est dilaté

(indication de classe 11a)**“° (Figure 56).
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CHIRURGIE VALVULAIRE DU CGEUR GAUCHE @ @

IT SEVERE?

NOV oul (1)

MESURER DIAMETRE
DE 'ANNEAU TRICUSPIDE

‘

DIAMETRE DE LANNEAU TRICUSPIDE MAXIMAL
en DIASTOLE en coupe A4C
2 40mm OU 21mm/m??

— oul (lla)
CHIRURGIE VALVULAIRE DU CCEUR GAUCHE CHIRURGIE VALVULAIRE COMBINEE
SANS GESTE SUR LA VALVE TRICUSPIDE DU CCEUR GAUCHE ET TRICUSPIDE

surtout si femme, FA, HTAP, rhumatismal

Figure 56. Indications de geste chirurgical sur la valve tricuspide au moment d 'une chirurgie

valvulaire du coeur gauche

FA : fibrillation atriale, HTAP : hypertension artérielle pulmonaire

Nous avons montré que ces recommandations sont bien respectées en pratique pour les
patients ayant une indication de classe 1.

Les indications de classe lla sont basées sur la dilatation de I’AT en ETT avec un seuil
de 40 mm ou 21 mm/m?, sans préciser ’incidence échocardiographique. Nous avons montré
que la mesure du diameétre de I’ AT dans I’incidence A4C était la plus facile a réaliser et la plus
reproductible des incidences en ETT, et bien que sous-estimant de fagon systématique la mesure
du grand axe de ’AT comparativement a I’ETO-3D, elle offrait un bon reflet du degré de
dilatation de I’AT. Les seuils pathologiques que nous avions obtenus étaient relativement

proches de ceux proposés dans les recommandations et actuellement utilisés®.
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En pratique, le nombre de chirurgies de la VT concomitante d’une chirurgie valvulaire
du cceur gauche est en constante augmentation et représente actuellement plus de 90% des

chirurgies de la VT®,

Dans la deuxiéme situation, le patient présente une IT sévere isolée. Les
recommandations Ameéricaines et Européennes suggerent de réaliser une chirurgie isolée de la
VT chez les patients ayant une IT sévére qui sont symptomatiques ou qui ont une dilatation du
VD, en I'absence de dysfonction VD ou VG sévére ou d‘HTAP3940,

Chez les patients ayant une IT fonctionnelle isolée, nous avons montré que la dilatation
et le remodelage des cavités droites sont bien corrélés avec le degré de sévérité de I'IT
fonctionnelle, mais sans altération concomitante des parameétres de fonction ventriculaire

droite!®*,

Contrairement a sa prévalence et a I'ampleur du probléme, la grande majorité des
patients avec IT séveére isolée est traitée uniquement médicalement par diurétiques pour
soulager les symptémes. Ainsi, nous avons montré qu’un traitement chirurgical curatif isolé de
la VT pour IT séveére n’est réalisé que chez environ 120 patients/an en France, ce qui correspond

a moins de 10% de toutes les chirurgies de la VT8,

Une des raisons pour expliquer la réticence a adresser ces patients en chirurgie est le
taux de mortalité hospitaliere élevé de cette intervention observé dans toutes les séries, y

compris dans notre registre Frangais (= 10 %)%%7980,

Nous avons montré que ce taux moyen cachait d'importantes disparités et était prédit
par la séverité de la présentation préopératoire, tandis que le mécanisme/étiologie de I’IT avait

un impact limité®.

Afin de pouvoir évaluer ce risque a I’échelon individuel, nous avons développé le TRI-
SCORE, premier score de risque spécifiguement dédié a la prédiction de la mortalité
hospitaliére apres chirurgie isolée de la VT pour IT sévere sur valve native, basé sur 8
parameétres cliniques, biologiques et échocardiographiques faciles a évaluer et qui refletent le
retentissement de 1’IT sur le VD, le foie et les reins®. Ce score, simple et fiable, est valide quel

que soit le mécanisme de I’IT.

Nous avons montré que le TRI-SCORE est aussi fiable pour prédire le risque de

mortalité hospitaliére apres chirurgie isolée de la VT chez les patients redux sur la VT et qu’il
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est également associé aux taux de complications post-opératoires et a la mortalité a moyen

terme, que ce soit pour des interventions sur VT native ou redux®.

Afin de faciliter son utilisation en routine, nous avons mis a disposition un calculateur

en ligne gratuit de ce score (www.tri-score.com) et une application sera bientot disponible pour

téléphones portables et tablettes sur iOS et android.

L’utilisation du Levosimendan, substance inotrope et vasodilatatrice, semble offrir un
bénéfice temporaire chez les patients présentant une IT fonctionnelle sévere compliquée d’IC
(Annexe — Article 13). Aussi, dans le but d’essayer de diminuer la mortalité hospitaliere apres
chirurgie de la VT, une étude multicentrique randomisée Francaise est en cours pour évaluer le
bénéfice du LEVOSIMENDAN vs placebo en pré-opératoire de cette intervention (étude
LEONARD).

Moins invasif que le traitement chirurgical, le traitement percutané de I'IT est
actuellement en plein développement et pourrait permettre d’augmenter le nombre de patients
traités. La porte a d’ailleurs été entre-ouverte dans les derniéres recommandations Européennes
pour le traitement percutané®. Les résultats des études préliminaires semblent prometteurs, que
ce soit avec les outils de réparation valvulaire®=®, la technique de réparation bord-a-bord des
feuillets valvulaires étant la plus largement répandue actuellement, ou avec les prothéses
comme la prothése Topaz que nous avons implantéel®>!%, Plusieurs essais controlés
randomisés sont en cours (TRILUMINATE Pivotal Trial, CLASP Il TR, TRISCEND Il Pivotal
trial)!” (Annexe — Editorial 2) dont un Frangais (TRI-FR)’® (Annexe — Article 14), visant a
évaluer le bénéfice des traitements percutanés par rapport au traitement médical seul et a fournir
davantage de preuves concernant le moment et le type d'intervention les plus appropriés pour
améliorer le pronostic des patients atteints d’IT sévere. Ces études pourraient permettre de
démontrer formellement que I’IT n’est pas un simple marqueur de risque mais que la correction
de ’'IT améliore le pronostic. Pour d’autres solutions thérapeutiques percutanées qui sont a un
stade moins avancé, notamment des prothéses valvulaires®® (Annexe — Revue 2), des études
compassionnelles sont en cours ou a venir (dont les études TRINITY avec la prothése LuX et
TRICURE avec la prothese Topaz auxquels nous participons).

Le TRI-SCORE pourrait servir d’outil unique pour caractériser et comparer les
populations incluses dans ces essais sachant que les patients ayant une IT forment une

population hétérogéne. Cela pourrait permettre d’éviter d’obtenir des résultats divergents entre
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ces essais comme pour COAPT et MITRA-FR%1%  Dans cet esprit, nous sommes
actuellement en train d’utiliser le TRI-SCORE pour comparer des cohortes de patients avec IT
sévere traitées médicalement, chirurgicalement ou par voie percutanée dans un registre
multicentrique international (étude TRIGISTRY).

La question du moment de I’intervention reste controversée. Nous avons montré que les
patients sont souvent opérés a un stade évolué dans I’histoire naturelle de I’IT (TRI-SCORE >4
chez la moitié des patients) et que le pronostic est corrélé au TRI-SCORE, avec un excellent
pronostic a court et moyen terme pour les patients avec un TRI-SCORE bas (< 3) et un pronostic
d’autant plus sombre que le TRI-SCORE augmente®. Ces résultats sont concordants avec ceux

d’autres équipes?>?°.

Nos résultats suggerent d'adopter une approche plus proactive pour les interventions sur
la VT, plus précocement dans I'évolution de la maladie chez les patients atteints d’IT sévere
isolée, quel que soit le mécanisme/l'étiologie de I’'IT, avant I'apparition de conséquences
avancées/irréversibles telles qu'une dilatation ou une dysfonction VD sévére, une insuffisance
rénale, une insuffisance hépatique ou une IC réfractaire, la réalisation d’une intervention a un
stade avancé de la maladie pouvant étre considérée comme futile*'%!! (Figure 57 et Annexe —
Editorial 3).
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Figure 57. Principaux déterminants du pronostic chez les patients présentant une insuffisance
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tricuspide sévére référés pour une intervention, d’aprés Messika-Zeitoun et al*'!

Le TRI-SCORE pourrait ainsi conduire a des interventions chirurgicales ou percutanees
plus précoces et pourrait permettre d’augmenter le nombre de patients traités, avant I'apparition

de conséquences graves/irréversibles de I’IT séveére qui affectent considérablement le pronostic.

Comme suggéré dans les recommandations®®, les patients présentant une IT sévére
doivent étre évalués dans des centres experts, ou la «Heart Valve Team », équipe
multidisciplinaire intégrant des cardiologues (imageurs et interventionnels), des chirurgiens
cardiaques, des anesthésistes et d’autres spécialistes, pour discuter la stratégie thérapeutique la
plus appropriée a 1’échelon individuel®™. Plusieurs paramétres doivent étre pris en compte par
cette equipe parmi lesquels le risque opératoire évalué par le TRI-SCORE et la faisabilité des

procédures en considérant I’anatomie et la qualité de I’imagerie pour les procédures percutanées
(Figure 58).
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Figure 58. Proposition d’algorithme décisionnel dans la prise en charge des patients ayant

une insuffisance tricuspide fonctionnelle sévére

Nous vivons actuellement une révolution dans la prise en charge de I'IT avec la
perspective d’augmenter le nombre de patients traités de facon curative, de les traiter plus

précocement et d’améliorer leur pronostic, ce qui laisse entrevoir un nouvel horizon...
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ANnnexes

Figure S1. Incidences échocardiographiques pour I’analyse de la valve tricuspide,
notamment des feuillets valvulaires

A. En échocardiographie trans-thoracique : incidences parasternale gauche grand axe
centrée sur les cavités droites avec visualisation de la valve mitrale (A), méme incidence
mais avec la sonde béquée plus vers le bas pour visualiser le sinus coronaire (B),
parasternale gauche petit axe au niveau de la valve aortique (C), apicale 4 cavités (D),
sous-costale (E) et 3D en vue ventriculaire (F)

B. En échocardiographie trans-oesophagienne : au niveau oesophagien moyen (A) : a 0°
équivalente a une apicale 4 cavités en ETT (Al), a 40° équivalente a une parasternale
gauche petit axe au niveau de la valve aortique (A2) et a 120° bicavale (A3) ; au niveau
oesophagien distal (B) : a 0° (B1), coupe « inflow-outflow » vers 70° (B2) et en 3D
(B3) ; au niveau transgastrique (C) : vue « en face » des feuillets vers 40° (C1) et coupe
longitudinale vers 130° (C2)

C. Analyse des feuillets en échocardiographie trans-oesophagienne avec la modalité
biplan. En partant d’une coupe oesophagienne distale « inflow-outflow » vers 70°
permettant de visualiser le pilier antérieur (A), le balayage du faisceau ultrasonore vers
la valve aortique va permettre de visualiser dans un plan orthogonal les feuillets
antérieur et septal (B); a I’inverse, le balayage du faisceau ultrasonore s’éloignant de la
valve aortique va permettre de visualiser dans un plan orthogonal les feuillets postérieur
et septal (C)

Le feuillet antérieur est dessiné en bleu, le feuillet septal en jaune et le feuillet postérieur

en orange

L’astérisque correspond au pilier antérieur
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MOTS CLES Résumé L'insuffisance tricuspide a été longtemps négligée. Sa prévalence est importante
Insuffisance et augmente avec le vieillissement de la population. C’est souvent la conséquence d’une
tricuspide ; pathologie chronique du cceur gauche ou d’une fibrillation atriale. Le traitement chirurgical
Quantification ; est recommandé pour les patients ayant une régurgitation sévére et symptomatique ou lorsque
Pathophysiologie ; ’anneau tricuspide est dilaté au moment d’une chirurgie du coeur gauche. Linsuffisance tri-
Traitement cuspide secondaire est une entité complexe. Cette revue est orientée sur les besoins d’une

meilleure compréhension de ses mécanismes et de sa quantification avec ’avénement de
nouveaux traitements percutanés.
© 2019 Elsevier Masson SAS. Tous droits réservés.

Background secondary (or functional), as a consequence of deformation

Tricuspid regurgitation (TR) is one of the most frequent
manifestations of valvular heart disease, and a common
echocardiographic finding, the prevalence and severity of
which increase with age [1]. It is estimated that moder-
ate or severe TR may affect over 1 million patients in the
USA, with higher prevalence in women [2]. The aetiology
of TR is divided into two categories (Table 1). TR may be
primary (or organic), defined by abnormalities of the tricus-
pid valve (TV) structure. There are many causes of primary
TR, such as endocarditis, rheumatic heart disease, carci-
noid syndrome, congenital heart disease (mainly Ebstein’s
anomaly), endomyocardial fibrosis, myxomatous disease,
thoracic trauma or iatrogenic damage (including transve-
nous pacemaker or defibrillator leads, drug-induced valve
disease and radiation) [3,4]. Most cases of TR, however, are

Table 1 Aetiologies of tricuspid regurgitation.

Primary (organic) causes
Rheumatic heart disease
Congenital heart disease (mainly Ebstein’s anomaly)
Endocarditis
Carcinoid syndrome
Endomyocardial fibrosis
Myxomatous disease
Thoracic trauma
latrogenic
Drug-induced
Radiation
Pacemaker or defibrillator leads
RV biopsy
Secondary (functional) causes
Left heart disease (valve disease or LV dysfunction)
Primary or secondary pulmonary hypertension from any
cause
Atrial fibrillation
Chronic high stroke volume state
Any cause of RV dysfunction

LV: left ventricle; RV: right ventricle.
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of the TV complex with morphologically normal leaflets.
Secondary TR (STR) is mainly related to right ventricu-
lar (RV) dilatation and/or dysfunction, annular dilatation
and/or leaflet tethering, which are usually secondary to left-
sided valvular heart disease (especially affecting the mitral
valve), atrial fibrillation or pulmonary hypertension [5,6].

TR is an independent prognostic factor associated with
significant excess mortality and morbidity that increase
with TR grade in various clinical situations (Table 2).
Surgery is mostly performed at the time of left-sided valve
surgery for STR, whereas isolated TV surgery is rarely per-
formed, but is recommended in patients with severe TR who
are either symptomatic or are facing progressive RV dila-
tion/dysfunction. However, the optimal timing for surgery
is difficult to determine, as patients may be asymptomatic
for a long period of time, symptoms are usually non-specific
and RV size and function are difficult to assess in routine
clinical practice.

The aim of this review is to look carefully at the deter-
minants of TR.

Anatomy of the TV complex (Fig. 1)

The TV has a more apical position than the mitral valve; it is
a dynamic complex structure that separates the right atrium
(RA) and the right ventricle (RV), and is generally associ-
ated with three leaflets of unequal size (anterior, posterior
and septal — in decreasing order of size, and in a clockwise
direction as seen by the surgeon) inserted in a fibrous annu-
lus and connected by chordae tendineae to papillary muscles
attached to the RV myocardium. TV function depends on the
integrity and coordination of all these components.

The number of leaflets can be restricted to only two
or extended to four or five. The septal leaflet is located
medially, at the level of the septum. The posterior leaflet
frequently comprises multiple scallops. Indeed, tricuspid
anatomy differs greatly from one patient to another. Pap-
illary muscle anatomy is highly variable: there are generally
two or three, but there can be up to nine. The anterior pap-
illary muscle is the most prominent, and arises from the
moderator band or from the adjacent myocardial wall. The



Secondary tricuspid regurgitation: Do we understand what we would like to treat? 3

Table 2 Prognostic value of secondary tricuspid regurgitation according to clinical situation.

Clinical situation

Prognostic value

References

General population
Heart failure with preserved ejection

fraction

LV systolic Severe TR: +55%
dysfunction mortality
Patients referred for heart

transplantation

Significant Increased
isolated TR mortality

Severe aortic regurgitation

Mitral valve

disease

Aortic valve surgery for aortic stenosis

Increased mortality
Prognostic marker

Severe TR: +50% cardiovascular events

TR >2/4; mortality relative risk 1.47
Worse survival; increased heart failure;
reduced functional capacity

Worse postoperative survival

Nath et al., 2004 [45]
Mascherbauer et al., 2017 [46]

Koelling et al., 2002 [47]
Neuhold et al., 2013 [48]
Hung et al., 1998 [49]

Lee et al., 2010 [50]

Topilsky et al., 2019 [2]
Varadarajan et al., 2012 [51]
Shiran et al., 2009 [52]

Sagie et al., 1997 [53]
Mascherbauer et al., 2015 [54]

LV: left ventricle; TR: tricuspid regurgitation.
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Figure 1.

Anatomy of the tricuspid valve complex [12,35,36]. A. Drawings illustrating the anatomy of the tricuspid valve and its relation-

ships with the mitral valve, aortic valve, coronary arteries and veins, displaying the chordae tendineae and papillary muscles. B. Pictures
(and drawing illustrating the surgical view) of the complexity of the chordae tendineae, and of measurement of the mitral annular diameter
during a surgical intervention. C. Saddle shape of the mitral annulus; the saddle shape is lost when the atrium is enlarged and the tricuspid
annulus is enlarged; the enlargement of the tricuspid annulus is mainly in the lateral direction. A, Ant: anterior; Ao: aortic; AVN: atrioven-
tricular node; IVC: inferior vena cava; L: lateral; P, Post: posterior; RA: right atrium; RV: right ventricle; S, Sept: septal; SVC: superior vena

cava.

posterior papillary muscle is often bifid or trifid, and arises
from the inferior wall. Finally, the septal papillary muscle
is the least prominent, and can be absent in 20% of cases.
Three types of chordae tendineae can be distinguished: the
primary or marginal, attached to the free leaflet margin; the
secondary or intermediary, attached to the body of leaflets;
and the tertiary or basal. Some chordae tendineae arise
directly from the myocardial wall.

The tricuspid annulus (TA) has a non-planar three-
dimensional (3D) elliptical ‘‘saddle shape’’ in healthy

individuals. The *‘lowest point’’ from the RA (towards the
RV apex) is the posteroseptal segment where the coronary
sinus ends, whereas the anteroseptal and posterolateral seg-
ments are closer to the RA; the ‘‘highest point’’ of the TA
is located at the anteroseptal segment, close to the RV out-
flow tract and aortic valve. The shape and size of the annulus
change during the cardiac cycle and breathing. The TA size
decreases by up to 25% during systole in healthy individu-
als. The TA becomes more planar and more circular when it
dilates. Dilatation of the TA occurs mainly in the direction of
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its free wall, meaning at the level of the anterior and poste-
rior leaflets, but not the septal leaflet, because the septal
annulus is part of the cardiac fibrous skeleton.

The TV is closely related to two important structures that
can be injured at the time of intervention. First, the bundle
of His crosses the septal segment of the TA approximately
5mm from the anteroseptal commissure. Secondly, the right
coronary artery runs in the right atrioventricular groove, a
few millimetres from the anteroposterior segment of the TA.

The challenging anatomy, the importance of the inter-
actions between each of the components (septum, RV, RA,
pericardium, etc.), and variations in the cardiac cycle and
breathing make assessment of the mechanisms and severity
of STR difficult [7].

Do we understand the mechanisms of STR?

The TV is the largest orifice among the four cardiac valves.
STR is not a disease of the leaflets, but the consequence of
loading conditions and right chamber remodelling [8]. Two
main processes seem to lead to STR. The first mechanism
relies on valvular leaflet tethering and restricted motion
induced by RV dilatation (most often as a consequence
of increased afterload caused by pulmonary hypertension),
leading to papillary muscle displacement and then chordal
traction. The second mechanism relies on TA dilatation as
a result of the enlargement of the RA extending to the RY,
which may result in loss of coaptation or malalignment of
the leaflets [6]. Atrial fibrillation is known to enlarge the
RA, as patients with STR and atrial fibrillation have a larger
TA diameter and a smaller tethering angle compared with
patients with STR in sinus rhythm [9]. Thus, annular dilata-
tion is a fundamental condition for STR onset [10] (Fig. 2). It
has been shown that STR cannot develop when the TA diame-
ter is < 33mm [11]. However these two mechanisms, annular
dilatation and leaflet tethering, can be associated [12].
Indeed, ventricular volume overload occurring in patients
with TR may lead to progression of myocardial dysfunc-
tion and right chamber enlargement. This process of RV
remodelling affects the structure and function of the tri-
cuspid apparatus, and further increases the magnitude of
STR through a vicious cycle.

It is mandatory to assess the characteristics of right
chamber remodelling and the two types of STR mecha-
nisms for a better understanding of the pathological process
leading to STR and, further, for individualizing therapeu-
tic management. As data on these two mechanisms were
scarce, we initiated a French registry (TRAP) looking at the
mechanisms of STR and their consequences for prognosis.

How to assess STR?
Clinical evaluation

Patients with STR remain asymptomatic for a long period
of time; then, they develop non-specific symptoms, such
as asthenia, or symptoms that reflect low cardiac output,
dyspnoea as a consequence of elevated pulmonary or LV
filling pressures and, finally, signs of right heart failure
(peripheral lower limb oedema, ascites, etc.). Murmur
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(soft pansystolic murmur at the lower sternal border that
increases in intensity during inspiration) is also not easily
audible. Unfortunately, STR is mostly diagnosed very late
in the course of the disease, when there is end-stage organ
damage with RV dysfunction and renal and liver failure.

Echocardiography

Two-dimensional (2D) transthoracic echocardiography is the
cornerstone for assessing TV morphology, TA dilatation
and/or leaflet tethering and the grade of TR in routine prac-
tice. However, only two leaflets can be seen simultaneously
using 2D echocardiography, and the use of 3D echocardiogra-
phy (either transthoracic or transoesophageal) is mandatory
to see the entire TA with all leaflets at the same time.
Thus, assessment of the TA diameter using 2D transtho-
racic echocardiography is difficult, especially as it has a
non-circular, non-planar shape. It is recommended to mea-
sure the TA diameter in the apical four-chamber view
(septal-lateral) at the time of maximum TV diastolic open-
ing between the two hinge points at the junction between
the valvular leaflets and the TA, but we should keep in mind
that this measurement systematically underestimates the
long axis of the TA compared with 3D echocardiography [13]
and cardiac magnetic resonance imaging (Fig. 3). The nor-
mal TA diameter is 28 +5mm in the apical four-chamber
view in diastole in healthy adults. Current guidelines from
the European Society of Cardiology/European Association
for Cardio-Thoracic Surgery and the American College of
Cardiology/American Heart Association suggest a threshold
diameter of > 40mm or 21 mm/m? to recommend combined
TV annuloplasty at the time of left-sided valve surgery.

Leaflet tethering is the consequence of the displace-
ment of the papillary muscles with RV dilatation, and
can be assessed by measuring the coaptation height (the
distance between the annulus plane and the point of coap-
tation) and the tenting area (the area between the atrial
surface of the leaflets and the annulus plane) in the api-
cal four-chamber view at maximal systolic closure. 3D
echocardiography allows measurement of tenting volume.
A coaptation height>10mm, a tenting area>16mm? and
a tenting volume>2.3mL are associated with severe TR
and TV repair failure immediately after surgery [14], con-
sequently favouring TV replacement.

The grade of TR can change according to the cardiac
cycle, notably during respiration. Indeed, inspiration is asso-
ciated with an increase in right cardiac chamber volumes
and TA size that can worsen TR. A decreased peak of TR
velocity during inspiration of > 0.6 m/s compared with expi-
ration is associated with severe TR (sensitivity of 66% and
specificity of 94%) [15].

TR grade can be assessed by qualitative, semiquantita-
tive and quantitative variables (Fig. 4). Visual evaluation
using colour flow Doppler is a good qualitative approach
for moderate-to-severe TR, but is insufficient to accurately
quantify the leak [16]. To assess TR, guidelines [17,18] rec-
ommend 2D and colour Doppler echocardiography in all
standard views (parasternal tricuspid inflow view and short-
axis view at the level of the aortic valve, apical view and
subcostal view). Several variables have been proposed, and
should be used in a multivariable approach to assess TR,
because no single variable is ideal for STR quantification.
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Figure 2. Mechanisms of secondary tricuspid regurgitation [37].

Figure 3.

Measurement of the tricuspid annulus diameter. A. Using two-dimensional transthoracic echocardiography. B. Using three-

dimensional transoesophageal echocardiography. C. Using cardiac magnetic resonance imaging [13].

In addition, TR grade is influenced by loading conditions
that vary from time to time (for instance, a change in the
patient’s position or diuretic treatment), RV compliance and
respiratory cycle.

The TR jet area in the RA does not correlate well with
TR severity, unlike vena contracta (VC) width and prox-
imal isovelocity surface area (PISA) measurements. A VC
width > 6.5 mm is correlated with severe TR [19]; this vari-
able is relatively unaffected by loading conditions, but

one limitation is its reliance on the complex regurgitant
orifice geometry, which is not necessarily circular. A TR
PISA radius>9mm at a Nyquist limit of 28cm/s has been
associated with severe TR (corresponding to an effective
regurgitant orifice area [EROA] > 40 mm? and a regurgitant
volume >45mL). The PISA method has several specific limi-
tations. First, alignment with the beam of ultrasound may be
difficult for eccentric jets. Second, leaflets are tenting, and
the outer angle formed by leaflets should be accounted for
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I IR T

Qualitative
Tricuspid valve morphology Normal / abnormal ~ Normal / abnormal Abnormal / fiail / large coaptation defect
Color flow TR jet Small, central Intermediate Very large central jet or eccentric wall impinging jet
CW signal of TR jet Faint / parabolic Dense / parabolic Dense / triangular with early peaking (< 2m/s in massive TR)
Semi-quantitative
VC width (mm) Not defined <65 >65
PISA radius (mm) <5 69 >9
Hepatic vein flow Systolic dominance  Systolic blunting Systolic flow reversal
Tricuspid inflow Normal Normal E-wave dominant (= 1 cm/s)
Quantitative
EROA (mm?) Not defined Not defined 240
R Vol (mi) Not defined Not defined 245

Figure 4.

Echocardiographic assessment of tricuspid regurgitation (TR) severity [17]. CW: continuous wave; EROA: effective regurgitant

orifice area; PISA: proximal isovelocity surface area; R Vol: regurgitant volume; VC: vena contracta.

VCW (mm)

EROA
(mn’)

Figure 5.
area; VCW: vena contracta width.

in the calculation of the regurgitant volume. Peak E veloc-
ity>1m/s on anterograde tricuspid flow (in the absence
of TV stenosis) and systolic flow reversal in the hepatic
vein are also markers of severe TR. Assessment of pul-
monary pressure level (with maximal velocity of TR) as
well as right chamber volumes and RV function (with tri-
cuspid annular plane systolic excursion [TAPSE], tricuspid
annular systolic velocity, fractional area change, etc.) are
mandatory.
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New classification of tricuspid regurgitation grades, proposed by Hahn and Zamorano [22]. EROA: effective regurgitant orifice

Other imaging methods

Cardiac magnetic resonance imaging is considered as the
gold standard technique for evaluating the size (vol-
umes) of the right chambers and RV function. Cine
cardiac magnetic resonance sequences and 3D reconstruc-
tions can be useful for assessing TV morphology and TA
motion. Regurgitant tricuspid volume can also be quantified
[20].
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Trialign® system

Figure 6.

Percutaneous treatment of tricuspid valve (TV) regurgitation [38—44]. A. Prosthetic approach on the TV. B. Prosthetic approach

in the vena cava. C. Mitraclipm system (Abbott, Abbott Park, IL, USA: the clip can be used as for the mitral valve, trying to grasp the anterior
and septal leaflets. D. The FORMA™ system (Edwards Lifesciences, Irvine, CA, USA): a balloon is positioned in the middle of the regurgitant
TV to decrease the defect between leaflets. E. The Cardioband™ system (Edwards Lifesciences, Irvine, CA, USA): the percutaneous annulus
placed on the tricuspid annulus is trying to mimic surgical tricuspid annuloplasty, which is the current gold standard technique for treating
tricuspid regurgitation. G. The Trialign™ system (Mitralign, Inc., Tewksbury, MA, USA) is a technique for achieving bicuspidization of the
TV, and trying to decrease and change the geometry of the tricuspid annulus. F. The TriCinch™ system (4Tech Cardio Ltd., Galway, Ireland)
acts on the tricuspid annulus shape and size (F). None of these techniques has been validated as yet, but some are under investigation.

Multislice computed tomography only informs about
static anatomy, but can be relevant for measuring teth-
ering height, tethering angle, annular diameter and the
distance between each commissure before tricuspid annu-
loplasty [21]. This technique also reveals the right coronary
artery anatomy, providing a landmark before a percutaneous
intervention.

Right heart catheterization is essential in the clinical
work-up of TR, not for TR quantification, but rather for
measuring pulmonary artery pressures, especially when lam-
inar TR precludes reliable assessment, as severe pulmonary

hypertension can be a contraindication for surgical interven-
tion.

Evolution of TR gradation

The development of percutaneous or transcatheter solu-
tions to treating severe TR highlighted the limited value of
guidelines for assessing TR grade. Not only were mild and
moderate TR not defined clearly on a quantitative basis,
but the need to define very severe (massive) or worse
than massive (torrential) grades has emerged, in order to
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Figure 7.
TAPSE: tricuspid annular plane systolic excursion; UW: Wood units.

objectively evidence the severity of TR and the decrease in
severity after percutaneous interventions [22]. Hence, Hahn
and Zomorano proposed a new classification for severe-to-
torrential TR. Severe TR was defined as a VC diameter of
7—13 mm or an EROA of 40—59 mmZ, massive TR was defined
as a VC diameter of 14—20mm or an EROA of 60—79 mm?Z,
and torrential TR was defined as a YC diameter>21mm
or an EROA > 80 mmZ. Although this classification adds new
information about TR magnitude, and will help clinicians to
explain to their patients that percutaneous interventions are
actually effective in reducing TR (e.g. torrential or massive
to severe, rather than severe to severe), the most important
aspect is the absolute need for a quantitative approach to TR
rather than the qualitative approach used by most clinicians
(Fig. 5).

Therapeutic management

Intervention is the only curative treatment for severe TR,
as medical therapy — mainly with diuretics — has only a
palliative effect, by decreasing volume overload. Although
significant TR with progressive RV dilatation and dysfunc-
tion may remain clinically silent for a prolonged period, it
compromises individual patient outcome. In addition, the
timing of surgical intervention for TR remains controversial,
and surgery is commonly undertaken at a late stage.
Recent international guidelines on valvular heart disease
contain sparse recommendations regarding the manage-
ment of STR. The guidelines from both Europe [23] and
the USA [24] state that isolated TV surgery should be con-
sidered after previous left-sided valve surgery in patients
with severe STR who are symptomatic or have progressive
RV dilatation/dysfunction in the absence of severe RV or LV
dysfunction and severe pulmonary hypertension (Class llaC
in the European Society of Cardiology/European Association
for Cardio-Thoracic Surgery guidelines and class IIbC in the
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American College of Cardiology/American Heart Association
guidelines). Isolated TV surgery may also be considered for
those patients, even if there was no previous left-sided valve
surgery [25].

The mortality rate for isolated TV surgery is still high
(between 8% and 10% in the most recent studies) because
patients are referred to the surgeon too late after congestive
heart failure, RV dysfunction, liver disease and/or renal fail-
ure onset [26,27]; surgery should be performed earlier in the
course of the disease, before irreversible RV dysfunction.

TV surgery for STR should be a repair whenever possible.
TV replacement (almost exclusively a biological prosthesis)
will be performed only when the TV leaflets are significan-
tly tethered and the annulus is severely dilated, because it
is associated with poorer perioperative and long-term out-
come than TV repair [28]. TV surgery is mostly performed via
median sternotomy under cardioplegia, although beating-
heart surgery may prevent atrioventricular block and reduce
ischaemic time. High mortality (around 10% at 1year), and
high rates of permanent pacemaker implantation remain a
matter of concern [29,30]. Several surgical techniques have
been proposed for TV repair, with either plication suture of
the annulus (De Vega’s annuloplasty), suture bicuspidization
(Kay’s annuloplasty), suture of the leaflets (‘"clover’’) or a
ring around the annulus (flexible or rigid). The aim of these
techniques is to narrow the valve orifice to achieve leaflet
coaptation. The best option is still a matter of debate,
but annuloplasty with an open prosthetic oval-shaped ring
(to avoid injury to the bundle of His) is usually associated
with the best early and long-term results [31]. To take into
account both tethering leaflet and annular dilatation, Drey-
fus et al. suggested a technique for treating severe STR,
increasing anterior leaflet size with an autologous pericar-
dial patch and annuloplasty [32].

New transcatheter solutions are now emerging for high-
risk patients with severe STR; they are still in development
or in the initial phase of clinical application to demonstrate
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their safety and efficacy, but seem really promising (Fig. 6)
[33,34].

STR remains poorly understood, and we have to separate
isolated STR and STR associated with left-valve disease to
reflect upon it. The identification of prognostic factors and
characterization of the population seems essential for clin-
ical decision making, including the possibility of correcting
STR surgically or percutaneously. The optimal therapeu-
tic strategy is still to be defined, although many technical
advances are already showing promise (Fig. 7).

Conclusions

STR is frequent, significantly influences outcome and needs
specific management, but is often diagnosed late in the
course of the disease and poorly quantified. The TV is no
more the forgotten valve, but identification of the mecha-
nisms and accurate grading of STR are still challenging. As
a consequence, we need to improve understanding of this
disease through dedicated studies, such as the TRAP reg-
istry, with the ultimate goal of offering the most appropriate
treatment to patients.
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Editorial

Cardiac implantable electronic devices: Leads can lead to tricuspid regurgitation and death!

Cardiac implantable electronic device (CIED) associated tricuspid
regurgitation (TR) is an increasingly prevalent condition. Its diagnosis
is often difficult due to the presence of the lead and to several mecha-
nisms, its impact is not well understood and its management remains
often challenging [1-5].

In this issue of International Journal of Cardiology, Offen et al. [6] re-
port a “real-world” experience on the prevalence and outcome of TR as-
sociated with CIED leads. From the National Echocardiography Data-
base Australia (NEDA), the authors retrospectively included 18,797
adult patients with a CIED and 439,558 individuals without CIED who
underwent an echocardiography across 25 centers in Australia over a
20 year-period. As more and more permanent pacemakers (PPM) and
intra-cardiac defibrillators (ICD) are implanted over time, this is a
highly relevant topic.

Main findings of the study are that CIED-associated moderate or
greater TR was 1) highly prevalent (23.8%), 2-fold greater than in indi-
viduals without devices, 2) linked with a 1.6 to 2.5-fold increase in all-
cause mortality compared to individuals with no TR, after adjustment
for age, sex, atrial fibrillation or left-heart disease, especially among
younger individuals, and 3) that mortality was more related to the TR
grade than to the cause of the TR as observed mortality was similar irre-
spectively of the presence or absence of a device lead.

These results are important and shed light on the high prevalence of
CIED-associated TR and its impact on outcome although no causative
relationship can be inferred from this observational study. In addition,
several other limitations deserve discussion:

- This was a retrospective study, not specifically designed for TR
assessment, and the NEDA registry captures only limited clinical,
echocardiographic and mortality data. It therefore lacks the
granularity regarding patient location (inpatient vs outpatient),
cardiovascular risk factors and comorbid conditions. The type of
device-lead implantation could not be differentiated (PPM, ICD,
cardiac resynchronization therapy) while the underlying disease,
which portends important prognostic information, may play a
confounder role.

The mechanism of TR could not be defined, and assessment of TR
severity was not centralized with possible important inter-
individual and centers variations. TR induced by a CIED is
considered as a new entity by itself, to be set apart from both
secondary/functional or primary/organic TR [7], and its
mechanisms are complex and often multiple (leaflet impingement,
leaflet/chordal entanglement/chordal rupture, leaflet adherence,
leaflet perforation...). It is critical to distinguish between TR
induced by a CIED lead and TR associated but not specifically
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related to a CIED lead. Three-dimensional echocardiography has a
valuable role to understand the location of the lead and TR
mechanism (Fig. 1). In addition, assessment of TR severity is often
challenging due to the presence of a CIED as the lead can prevent
usual quantitative assessment of TR and eccentric jets due to
leaflet impingement or damage may lead to underestimation of TR
severity. Moreover, despite being an echocardiographic registry,
the quantitative data related to chamber quantification was scarce.
This is a cross sectional study with no longitudinal follow-up and
lack of data regarding delay between device-implantation and
echocardiography. TR severity usually progresses over time but
time course of new onset or worsening TR following right
ventricular lead implantation was not available. A referral bias in
the cohort of patients with CIED toward reporting more significant
TR could not be excluded as patients with more severe diseases
might be more easily referred for an echocardiogram. In that
regard, the median duration of study follow-up was 4.1 years
(interquartile range [IQR] 2.1-6.9 years) for the cohort without
CIED leads but only 2.6 years (interquartile range [IQR]
1.1-4.6 years) for the group of patients with CIED leads.

The first question is how to prevent or at least mitigate the occur-
rence of CIED-induced TR? There is no consensual answer but, as the lo-
cation of the lead could be responsible for the leak, implanters should
favor the center of the valve or commissural areas and make sure that
the lead does not interfere with the mobility of leaflets. Echocardio-
graphic guiding during the implantation of the CIED has been proposed
but would be complicated to implement in real world practice and the
position can sometimes change over time. Performance of a transtho-
racic echocardiography immediately after the implantation and regu-
larly during the follow-up could identify CIED-induced TR early in the
disease course before development of fibrosis. Leadless pacemaker,
coronary sinus lead, epicardial stimulation or subcutaneous ICD repre-
sent attractive alternatives.

The second question is how to manage the challenging group of pa-
tients with TR induced by a CIED? Transvenous extraction of PPM or
ICD lead is rarely performed and may not be efficient to reduce TR, as if
fibrosis as settled, impairing the mobility of the leaflets even once the
lead is removed. Moreover, this procedure can worsen the leak by tear-
ing a part of the subvalvular apparatus or the valve. As those patients
usually have a high surgical risk [8], a surgical correction of TR, either
a repair or a replacement, is seldom performed [9]. Transcatheter re-
pair, currently mostly an edge-to-edge repair, can only be performed in
selected patients and transcatheter replacement may represent an inter-
esting option in the future but we lack experience for those patients.
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Fig. 1. Different types and locations of cardiac implantable electronic devices leads crossing the tricuspid valve.
A. Pacemaker lead in the postero-septal commissure.B. Defibrillator lead in the center of the valve.C. Impingement of the septal leaflet by a pacemaker lead.A=
Anterior leaflet, P = Posterior leaflet, S = Septal leaflet.The black crosses indicate the pacemaker or defibrillator leads.

In conclusion, this study raises awareness regarding the importance
of assessing TR after CIED and on the altered prognosis of those who de-

[

veloped TR. Future prospective cohorts with thorough echocardio-
graphic assessment of TR mechanism and grade at different time points

will better define the natural history of CIED-induced TR and strategies

[

to mitigate the risk of new-onset or worsening TR as well as the man-
agement of this challenging subset of patients.
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Background: Functional tricuspid regurgitation (FTR) is an independent risk factor for morbidity and mortality.
New pathophysiological concepts but also new therapeutic options are justifying new knowledges for charac-
terizing FTRs and their prognoses. Aim: To study echocardiographic criteria associated with prognosis in FTR-

eeu;i:‘u?a?lg:cltﬁal m patients using a clustering method in two cohorts.
Prognosis 3 Methods and results: Two hundred forty-one patients with at least severe (>grade 3) TR were enrolled: 92 in the

retrospective cohort (mean age 77.9 + 13 years) and 149 in the prospective validation cohort. Hierarchical
clustering analysis was conducted. Four parameters explained the clustering categorization according to a
multinomial regression (right ventricular (RV) end-diastolic mid-cavity diameter, RV free-wall strain, right atrial
(RA) volume index, RA strain; p = 0.0039). Three clusters were identified in the retrospective cohort: Cluster 1
had better right ventricular, left ventricular, and right atrial function than Cluster 2 (reduced RV and RA strain
despite similar sizes). Cluster 3 included patients with severely dilated heart chambers associated to RV and RA
dysfunctions. When applying the model in the validation (external) cohort, the rate of the primary endpoint
(hospitalization for heart failure and/or death from any cause) was lowest in Cluster 1 (30.8% versus 48% and
58.8% in Clusters 2 and 3, respectively; p < 0.05).

Conclusion: In FTR patients, different profiles of RV and RA remodeling are associated with different outcomes.
Therefore, the diagnostic work-up in this clinical setting should include RV and RA characteristics. Under
noninterventional management, the phenotype corresponding to preserved RV size and preserved RA and RV
functions appears to have a better prognosis.

1. Introduction

Although it has been neglected for years, the diagnosis of a moderate
to severe functional (or secondary) tricuspid regurgitation (TR) has been
consistently reported as an independent risk factor for morbidity and
mortality [1-4]. Its management remains an unresolved issue. Car-
diorenal syndrome, a straightforward consequence of TR, affects the
sustained efficacy of medical treatment [5], and surgery might not be

the solution for many of these patients with chronic atrial arrhythmias,
comorbidities and sometimes an advanced age [6-8]. The advent of
percutaneous procedures as potential alternative to surgery [9,10] has
led to increasing interest in better understanding and selecting patients
eligible for intervention.

TR is characterized by complex pathophysiology [11,12]. Prihadi
et al. [13] suggested distinguishing two categories among functional
TRs: TR with atrial dilatation secondary to atrial fibrillation and TR with

Abbreviations: AF, atrial fibrillation; AF-TR, atrial functional tricuspid regurgitation; EROA, effective regurgitant orifice area; FAC, fraction area change; FTR,
functional tricuspid regurgitation; GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Asso-
ciation; PISA, proximal isovelocity surface area; RA, right atrial; RV, right ventricle; RVFWLS, right ventricular free wall longitudinal strain; TAPSE, tricuspid annular
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right ventricular remodeling and valvular tethering [14]. Patients with a
pacemaker lead crossing the valve are reported in a separate category of
TR. Muraru et al. [15,16] nicely described the determinants of tricuspid
annulus dilation (and of TR severity), but the question arises whether
this characterization of functional TR has any clinical importance.

In view of the suboptimal outcomes of the currently practiced
management of patients with TR [17], the improvement in risk strati-
fication would facilitate decision-making about treatment strategies in
each individual case.

Accordingly, we aimed to use echocardiographic characteristics that
could be associated with the prognosis in patients with severe TR using a
clustering approach in a retrospective single-center cohort (derivation
cohort). The defined clusters were thereafter tested for their prognostic
significance in an external validation cohort (the prospective multi-
center TRicuspid Analysis Project “TRAP”) [17-19]. This is a multi-
center prospective French cohort of patients with isolated secondary TR
explored by echocardiography and followed.

2. Methods
2.1. Population selection

For this single-center retrospective observational study, we recruited
patients who were referred from November 2019 to February 2021 to
the tertiary center of Rennes University Hospital to evaluate and discuss
the management of severe TR.

The inclusion criteria were the presence of severe secondary TR
(EROA >40 mm? and/or vena contracta width > 7 mm), a 3-dimen-
sional echocardiographic analysis available for the tricuspid appa-
ratus, and at least one echocardiogram performed at the University
Hospital of Rennes (transthoracic echocardiography (TTE) potentially
completed by a transesophageal echocardiography (TEE)). This 3D
analysis was possible in atrial arrhythmic patients for the annular
characteristics but was not accessible to the 3D analysis of the right
ventricular volumes and ejection fraction (volume/rate issue). These
patients had to be euvolemic and were equally inpatients and out-
patients referred for an evaluation. They should have at least grade 3 TR
(i.e., severe, massive or torrential TR), and the other cardiac or extrac-
ardiac diseases should not be the principal cause of the symptoms or of
the referral for an echocardiographic evaluation. The principal diagnosis
of the patients from this retrospective cohort was “functional TR”.

We excluded patients with heart disease in which prognosis was not
predominantly related to TR (advanced arrhythmogenic right ventric-
ular dysplasia (ARVD), laminopathies, very severe biventricular
dysfunction with LVEF <20%) and patients in whom TR was not isolated
but associated with any other significant valve diseases (mitral regur-
gitation or aortic stenosis but also any degree of significant mitral valve
stenosis). Patients with un-controlled cardio-renal syndrome where
excluded.

One hundred eighty patients with severe TR were initially considered
for inclusion; 3-dimensional echocardiographic analysis of the tricuspid
annulus was performed and was interpretable for 109 of them. Of these
109 patients, 17 patients were excluded during the follow-up (because of
the occurrence of a significant left heart disease concomitant with TR in
9 patients and regression of TR after treatment in 8 patients). Finally, 92
patients were included in the analysis.

Demographic, clinical, and biological data were collected at the same
time as the echocardiogram and included age, sex, main medical history,
the presence of other associated heart disease (atrial fibrillation, coro-
nary artery disease, another associated valve disease), symptoms and
clinical signs of heart failure, the occurrence of hospitalization or death,
the dosage of diuretics, biology composed blood ionogram, blood cell
count, NT-proBNP, and liver enzymes. This study was conducted in
accordance with the “Good Clinical Practice” Guidelines in the Decla-
ration of Helsinki. All patients provided their consent for participation in
this study.
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2.2. Echocardiography analysis

All transthoracic echocardiograms were performed at rest using a
Vivid E9, or E95 ultrasound system (GE Healthcare, Horten, Norway)
equipped with a 4Ve-D transducer, color Doppler, pulsed-wave, and
continuous-wave Doppler. All exams were analyzed in a Core Laboratory
(CIC-IT 1414, Rennes, France).

Parasternal, subcostal, and apical views were used. Left ventricular
function was assessed using LVEF and global longitudinal strain by two-
dimensional speckle-tracking echocardiography according to the cur-
rent guidelines [20]. Right ventricular function was assessed using
several parameters: RV free-wall speckle-tracking strain, RV free-wall
and septum speckle-tracking strain, maximal lateral tricuspid annulus
velocity measured by TDI (S-wave tric), tricuspid annular plane systolic
excursion (TAPSE), and RV fractional area change (FAC). Quantitation
of TR was performed using the proximal Isovelocity Surface Area (PISA)
method as previously validated [21]. The severity of TR is defined ac-
cording to recommendations [22], along with the new classification of
severe TR by adding a 5th severity grade (torrential) [23]. SevereTR
(grade 3/5) was defined by an EROA >40 mm? and/or vena contracta
width > 7 mm (single-planed), and torrential TR (grade 5/5) was
defined by an EROA >80 mm? and/or vena contracta width > 20 mm.
Significant tricuspid annular dilatation was defined by an end-diastolic
diameter of >21 mm/m2 (or > 35 mm) on an RV-focused four-chamber
view. For 3D analysis, the parasternal long-axis view was used in TTE,
and the mid-esophageal oblique short-axis view focused on the TV in
TEE (inflow-outflow for TV). In view of the lack of specific software
dedicated to the tricuspid valve, we used the mitral module to carry out
the measurements of the TA. We used 5 landmarks to delimit the
annulus (the anterior-posterior direction, the septal-lateral direction,
and the coaptation point) (Fig. 1).

2.3. Endpoint

The primary outcome was hospitalization for heart failure or death
from any cause until June 2021 in the derivation (external) cohort.
Then, this primary outcome was analyzed in the TRAP cohort [17,18].

2.4. External validation cohort using the TRAP cohort

The TRAP cohort is an observational prospective study [17,18,19]
including 160 patients between January 2017 and August 2019 from 13
French centers. The goal of TRAP was to analyze the natural history of
patients having a significant secondary TR and no other cardiac disease.
The inclusion criteria were very close to the Rennes-cohort: severe
-functional TR and age > 18 years. The exclusion criteria were primary
TR, LVEF <40%, significant left valvular heart disease (i.e., aortic and
mitral regurgitation >2/4, aortic stenosis >1.5 cmz, or mitral stenosis
<2 cm?), primary pulmonary hypertension, and congenital cardiopathy.
Patients underwent echocardiography and clinical and biological anal-
ysis annually for 2 years.

2.5. Statistical analysis

Histogram, skewness, and kurtosis calculus were used to assess the
normality of the distribution and to detect outliers. We imputed missing
values with a Markov chain Monte Carlo (MCMC) method and generated
5 complete datasets (MI procedure, SAS 15.1). We checked for multi-
variate outliers and multicollinearity (with an arbitrary cutoff at 0.70 for
the correlation coefficient between parameters). We performed hierar-
chical clustering (Ward’s method) based on Euclidian standardized
distance data. This was done blinded to the clinical outcome using 23
echo parameters, which were selected a priori on expert advice. The
pseudo-F statistic helped to identify the number of clusters (CLUSTER
and TREE procedures, SAS 15.1). Hence, we reported three clusters. We
then compared the distributions of echo parameters across clusters.



Fig. 1. 3D echocardiographic analysis of the tricuspid annulus (TA) according to the 3 clusters.
A = Cluster 1, B = Cluster 2, C = Cluster 3. The TA is more dilated in Cluster 3. There was no significant difference between Clusters 1 and 2 in terms of measurements

and shapes.

Descriptive statistics are the median + interquartile range. To
compare the distributions of parameters across phenotypes, we used the
Kruskal-Wallis test for continuous parameters and Fisher’s exact test for
categorical variables. We presented nominal p values, as well as
multiplicity-adjusted p values, using the Holm method (also known as
the step-down Bonferroni method), which controls for the familywise
error rate without assuming independence.

Using a multinomial regression model with stepwise backward se-
lection, we found that 4 parameters (namely, RV end-diastolic mid-
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cavity diameter, RA volume index, RA strain, and RV strain-free wall),
handled as continuous variables, adequately explained the cluster
categorization (LOGISTIC procedure, SAS 15.1). As an output, the pro-
cedure generated a dataset that contained sufficient information about
the fitted model to score new data (i.e., the TRAP data) without having
to refit the model.



3. Results
3.1. Study population characteristics

The baseline characteristics are presented in Table 1-A. The median
age of this population was 77.9 + 13 years. Of the 92 patients in this
study, 45 (48.9%) were women. Most patients had permanent AF (63
patients, 68.5%). Regarding associated valve disease, 24 patients
(26.1%) had mitral regurgitation (MR) grade II-IIl, and 7 patients
(7.61%) had an aortic stenosis (moderate). Thirty-two patients (36.8%)
had associated coronary artery disease, and 13 patients (14.6%) had a
pacemaker or automatic implantable defibrillator. Clinically, 37 pa-
tients (40.2%) had signs and symptoms of isolated left ventricular fail-
ure, 6 patients (6.52%) had isolated right ventricular failure, and 42
patients (45.6%) had biventricular heart failure symptoms. Most pa-
tients were classified as NYHA stage II (60.9%) versus 36 patients
(39.1%) who were classified as stage III or IV. Regarding the biological
data, the median NT-proBNP was 2098 pg/ml, the median creatinine
was 99 pmol/L, and the median total bilirubin was 16 mmol/L.

Annex 1 and Annex 2 are providing the characteristics of the vali-
dation cohort.

Echocardiographic parameters are presented in Table 1-B. Fifty-six
patients (60.9%) had massive TR (grade 4), and 31 patients (33.7%)
had torrential TR (grade 5). The median LVEF was 55%, the median RV
end-diastolic mid-cavity diameter was 41 mm (norm <35 mm), the
median TAPSE was 16 mm, the median indexed RA volume was large to
73.3 ml/m?, and the median right atrial strain was reduced to 9.3%. The
3D tricuspid annulus assessment parameters led to a median sphericity
index of 87%, and the median tenting volume was 3.4 mL. The tricuspid
annulus remodeling was important with a spherization and lost of the
physiological saddle shape of th annulus but some degree of tethering
according to the RV-remodeling. (See Table 2.)

3.2. Echocardiographic parameters: differences in the cluster analysis

3.2.1. Cluster 1 (n = 53) = corresponding to “preserved RV size and
functions”

34 patients (64.2%) had massive TR (grade 4), and 17 patients
(32.1%) had torrential TR (grade 5). Right ventricular function was
preserved with a s’ tricuspid annular velocity of 0.12 m/s (p = 0.0039),

TAPSE of 17 mm (p = 0.0039), and RV free-wall speckle-tracking strain
of —21.5% (p = 0.0039), all of which were higher than those in the other
clusters. Similar to the right ventricle, the right atrial function was also
better than in the other clusters, with an RA strain of —11.9% (p =
0.0039). The RA was large. Concerning the left-sided cavities, the me-
dian LVEF was 57%, and the left atrial strain (—9.53%) was better than
in the other clusters (p = 0.0039).

3.2.2. Cluster 2 (n = 25) = corresponding to a “depressed ventricular
function”

TR was massive (grade 4) in 20 patients (80%); 3 patients (12%) had
severe TR (grade 3), and 2 patients (8%) had torrential TR (grade 5).
Right ventricular function was significantly worse in this cluster than in
Cluster 1, witha s’ tricuspid velocity of 0.08 m/s, a reduced TAPSE of 13
mm, and RV-free wall strain of —13.7%. Left ventricular function was
significantly lower than in the other clusters, with a moderately reduced
LVEF of 45% (p = 0.0039) and a significantly lower GLS of —10.5% (p =
0.0039). Left ventricular filling pressures were significantly higher in
Cluster 2 than in the other 2 clusters (E/e’ of 15,4, p = 0.0039).

3.2.3. Cluster 3 (n = 14) = “severe dilatation and dysfunction of RV and
RA”

This cluster comprised 12 patients (85.7%) with massive TR and 2
patients (14.3%) with torrential TR. The RV was significantly more
dilated (the median RV end-diastolic mid-cavity diameter was 55 mm, p
= 0.0039). Right atrium (the median RA indexed volume was 120 ml/
m?, p = 0.0039) and the tricuspid annulus (the median TA area was 20.2
em?, p = 0.0046, the median TA diameter was 51.5 mm, p = 0.0039)
were bigger as well. Right atrial function (RA reservoir strain) was more
impaired than in Cluster 1 but similar to that in Cluster 2 (RA strain
—6,9%, p = 0.0039). The right ventricular function was worse than in
Cluster 1 (S’ tricuspid annular wave: 0.10 m/s, TAPSE: 16 mm, RV free-
wall strain: —13.5%; p = 0.0039).

There was no significant difference in any of the clinical parameters
reported in Table 1-A across the clusters separated on the basis of hi-
erarchical clustering, except for NT-proBNP and total bilirubin (p =
0.0308 and p = 0.0039, respectively).

3.2.4. Outcomes across clusters
For the outcomes, 21 patients (Cluster 1: 39.62%), 10 patients

Table 1-A
Population description (clinical and biological parameters), overall and according to the clustering.

Variable Missing N (%) Overall N = 92 Cluster-1 Cluster-2 Cluster-3 Nominal P value adjusted P value
N=53 N=25 N=14

Age, years (4] 77.9 (13.0) 79.1 (13.2) 73.1(11.2) 77.9 (13.0) 0.3216

Sex, female (4] 45 (48.9) 29 (54.7) 10 (40.0) 6 (42.9) 0.4243

Heart rate, bpm 2 75.0 (20.0) 75.0 (13.5) 80.0 (26.0) 73.0 (21.0) 0.0419 0.6704

Rhythm sinus 0 22(23.9) 17 (32.1) 2(8.00) 3(21.4) 0.1096

Atrial fibrillation 63 (68.5) 31 (58.5) 21 (84.0) 11 (78.6)

Electrodriven 7 (7.61) 5(9.4) 2 (8.00) -

MR None (4] 14 (15.2) 9(17.0) 2 (8.00) 3(21.4) 0.2093

Grade I-11 54 (58.7) 31 (58.5) 13 (52.0) 10 (71.4)

Grade II-1II 24 (26.1) 13 (24.5) 10 (40.0) 1(7.14)

Non severe Aortic stenosis 0 7 (7.61) 3 (5.66) 3(12.0) 1(7.14) 0.6467

Coronary artery disease 5 32(36.8) 16 (31.4) 11 (50.0) 5(35.7) 0.3164

PM or def 3 13 (14.6) 6(11.5) 4 (16.7) 3(23.1) 0.4819

Symptoms None (4] 6 (6.52) 6(11.3) - - 0.5588

LV failure 37 (40.2) 21 (39.6) 11 (44.0) 5(35.7)

RV failure 6 (6.52) 4 (7.55) 2 (8.00) -

Both 42 (45.6) 21 (39.6) 12 (48.0) 9 (64.3)

Palpitations 1(1.09) 1(1.89) - -

NYHA Class III or IV 1] 36 (39.1) 16 (30.2) 13 (52.0) 7 (50.0) 0.1217

Creatinine, pmol/L 7 99 (41) 96.0 (41.0) 115 (87.5) 99.0 (26.0) 0.0447 0.6704

Bilirubin total, mmol/L 49 (53.3) 16.0 (11.0) 11.0 (4.50) 20.5 (5.50) 22.5 (14.0) 0.0001 0.0039

¥y GT, UI/L 31(33.7) 130 (185) 134 (190) 106 (145) 169 (252) 0.5173

NT-pro-BNP, pg/mL 13(14.1) 2098 (3134) 1627 (1918) 4012 (4429) 2243 (1953) 0.0014 0.0308

Values are median (interquartile range) or frequency (percentage). Nominal P values are based on the Kruskal-Wallis test or Fisher’s exact test, and multiplicity-

adjusted p values are based on the Holm method.
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Table 1-B
Population description (echo parameters), overall and according to the clustering.

Variable Missing N (%) Overall N = 92 Cluster-1 Cluster-2 Cluster-3 Nominal P value Adjusted P value
N=53 N=25 N=14
LV end-diastolic diameter, mm 0 48.0 (10.0) 47.0 (10.0) 50.0 (10.0) 47.0 (10.0) 0.0441 0.6704
LVEF, % 0 55.0 (12.0) 57.0 (9.00) 45.0 (16.0) 57.5 (10.0) <0.0001 0.0039
GLS, % 14 (15.2) 13.0 (4.80) 15.0 (5.00) 10.5 (4.80) 12.2 (3.94) <0.0001 0.0039
LAVI, ml/m* 2(2.17) 63.4 (37.0) 53.7 (30.0) 83.0 (42.7) 70.0 (21.2) 0.0051 0.1071
LA Strain, % PALS 4 (4.35) 7.35 (4.89) 9.53 (6.79) 6.62 (3.31) 6.07 (2.19) <0.0001 0.0039
E/e’ 27 (29.3) 9.52 (5.62) 8.00 (5.17) 15.4 (7.68) 121 (11.4) <0.0001 0.0039
Cardiac output, L/min 2(2.17) 4.23 (1.60) 4.40 (1.31) 4.10 (2.10) 3.24 (1.42) 0.0278 0.4726
RV end-diastolic mid-cavity diam., mm 3(3.26) 41.0 (12.0) 41.0 (11.5) 39.4 (8.00) 55.0 (6.00) <0.0001 0.0039
FAC, % 4 (4.35) 35.6 (16.4) 38.1(12.3) 31.8 (16.1) 28.7 (15.1) 0.0105 0.2020
RA volume index, ml/m? 3 (3.26) 73.3 (47.7) 68.0 (40.8) 64.9 (18.7) 120 (107) <0.0001 0.0039
RA Strain, % PALS 6 (6.52) 9.30 (7.65) 11.9 (8.28) 6.40 (5.28) 6.90 (6.06) <0.0001 0.0039
Tricuspid annular s"-wave, m/s 15 (16.3) 0.11 (0.05) 0.12 (0.04) 0.08 (0.02) 0.10 (0.05) <0.0001 0.0039
RV Strain free wall, % 9 (9.78) 17.4 (9.00) 21.5 (6.30) 13.7 (4.60) 13.5 (9.50) <0.0001 0.0039
TAPSE, mm 7 (7.61) 16.0 (6.00) 17.0 (6.00) 13.0 (4.00) 16.0 (8.95) <0.0001 0.0039
Annular tricuspid diam, mm 1 (1.09) 45.0 (10.0) 44.5 (9.00) 44.0 (7.00) 51.5 (9.00) 0.0001 0.0039
TR severity 3 0 5 (5.43) 2(3.77) 3(12.0) - <0.0001 0.0039
4 56 (60.9) 34 (64.2) 20 (80.0) 2(14.3)
5 31 (33.7) 17 (32.1) 2(8.00) 12(85.7)
Vena contracta, mm 4 (4.35) 8.00 (3.00) 8.00 (2.50) 7.60 (2.00) 14.5 (5.50) <0.0001 0.0039
TR V max, m/s 3 (3.26) 3.10 (0.80) 3.10 (0.80) 3.20 (0.80) 2.20 (1.62) 0.0155 0.2790
TR volume, mL 7 (7.61) 60.4 (29.0) 61.0 (26.0) 51.3 (17.8) 94.8 (13.0) <0.0001 0.0039
VCI, mm 16 (17.4) 22.0(5.50) 21.0 (5.00) 22,0 (7.27) 34.1 (7.34) <0.0001 0.0039
Annular area 3D, em? 0 16.0 (6.35) 15.1 (4.60) 15.9 (7.50) 20.2 (4.00) 0.0002 0.0046
Sphericity index, % 11.09 87.0 (10.0) 88.0 (10.0) 86.0 (11.0) 86.0 (14.0) 0.7393
Tenting volume, mL 0 3.40 (3.70) 3.00 (2.70) 3.40 (3.50) 6.65 (4.50) 0.0101 0.2020
Systolic PAP 47.8 (17.5) 50.9 (15.9) 51.0 (20.9) 37.6 (16.9) 0.1009
Right atrial pressure 37 (40.2) 11.0 (8.00) 10.0 (6.00) 13.0 (7.50) 15.0 (8.00) 0.3335
EROA, mm? 8 (8.69) 60.0 (36.0) 60.0 (32.0) 50.0 (19.0) 109 (110 <0.0001 0.0039
Table 2 primary endpoint was present in 33 out of 107 patients (30.8%) in
. 0/
Crosstabulation of the outcome (31 hospitalizations and 10 deaths) by cluster. Clu_s ter 1, 12 01.lt. of 25 patients (48%) in (,Hus,t?r 2 ar_ld 10 out of 17
patients (58.8%) in Cluster 3. There was a significant difference among
Outcome Cluster these 3 clusters regarding the occurrence of the primary endpoint, as
Frequency 1 2 3 Total shown by the survival curves in Fig. 2 (p < 0.05).
Percent
No 32 15 4 51 4. Discussion
60.38 60.00 28.57
Yes 21 10 10 4 In this study, using a hierarchical cluster analysis, we identified 3
39.62 40.00 71.43 . R .
Total 53 25 14 92 subsets of patients with functional TR of grade > 3 that were charac-

Chi-square test p value = 0.0896.

(Cluster 2: 40%) and 10 patients (Cluster 3: 71.43%) in the three clusters
presented with death (10 patients) and/or hospitalization for heart
failure (31 patients), respectively, without a significant difference
among the groups (chi-square p value =0.0896).

3.3. External validation of the model in the TRAP cohort

First, we demonstrated the validity of cluster categorization by using
4 criteria that best explained the distribution of patients across the
subsets (RV end-diastolic mid-cavity diameter, RA volume index, RA
strain, and RV strain-free wall). We then used these 4 parameters to
recreate the 3 clusters in the TRAP cohort. As shown in Table 3, the

Table 3
Summary of the number of censored and uncensored values in the validation
dataset (149 patients).

Summary of the Number of Censored and Uncensored Values

Stratum Cluster Total Failed Censored Percent
Censored

1 1 107 33 74 69.16

2 2 25 12 13 52.00

3 3 17 10 7 41.18

Total 149 55 94 63.09
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terized by different profiles of RV and RA functional and structural
remodeling and different outcomes. Patients with preserved RV but
enlarged right atrium were associated with a more favorable clinical
course.

TR is becoming a frequent and complex clinical challenge. An expert
consensus, supposed to guide for interventions, has been established;
however, the evidence is still scarce [16]. The current recommendations
suggest surgery for symptomatic patients when their RV function is not
impaired (grade Ila—B) [22], but most patients are asymptomatic for a
long time, and RV function characterization may be challenging when
TR is severe (stage 3) or more [22-25]. Therefore, most patients are
managed with diuretics and undergo medical follow-up without any
intervention. The natural history of FTR managed pharmacologically is
the matter of our work. Regular follow-up is required to avoid car-
diorenal syndrome. We have to take attention to remodeling and pro-
gressive dysfunction of the RV. The recommendations encourage a
multiparametric approach, including RV-strain [26,27].

We currently demonstrated that a combination of 4 echo-derived
parameters could be relevant to characterize TR patients with
different profiles and prognoses. Based on the clustering analysis and no
a priori assumption, three distinct phenogroups, differing in terms of
pathophysiology and clinical risk, were separated. The difference among
the 3 clusters for the primary endpoint did not reach statistical signifi-
cance in the derivation cohort of 92 patients because this analysis was
underpowered. However, the prognostic significance of this stratifica-
tion was demonstrated in the validation cohort: there were fewer hos-
pitalizations for heart failure or all-cause death in Cluster 1 than in
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Fig. 2. Time to outcome (55 events, 18 hospitalizations or 37 deaths) according to the clustering in the validation dataset (149 observations without missing data).

Clusters 2 and 3.

Cluster 1 had a phenotype with preserved RV size and preserved RV
function. Cluster 2 had a phenotype with RA and RV dysfunction, and
Cluster 3 had an advanced TR, mostly torrential, with RV and RA dila-
tation and dysfunction. Our phenotyping characterization resembles,
with more details, the recently proposed pathophysiological categories
of atrial and ventricular functional TR. Muraru et al. [15] suggested that
AF-TR could be more severe than VF-TR, as the TA is more dilated in this
category. Indeed, in our study, TR in Cluster 1 seemed to exceed TR in
Cluster 2 (torrential TR represented 32% in Cluster 1 versus 8% in
Cluster 2); however, the TA anatomy analyzed by 3D echocardiography
did not significantly differ between Clusters 1 and 2. More data are
needed but the patients with preserved RV function seems to have a
better prognosis even if the RA is very large. Utsunomiya et al. [28]
reported similar data.

To date, no study has compared the prognosis of FTR that are related
to enlarged RV to the ones related to mainly sick RA. Our analysis
suggests that RA related TR might have better outcome under conser-
vative management. Cluster 1 is prevalent and is associated with a lower
clinical risk than the Cluster 2. In subjects included in Cluster 3,
remodeling was greater for the RA and RV but also for the left-sided
heart chambers, and almost 60% of them reached the primary
endpoint over 2 years. These results are globally consistent with the
study of Dietz et al., in which 70% of patients who had severe TR with
RV dilatation and/or dysfunction were hospitalized for HF or died
within 5 years [29].

AF is ubiquitous in the TR population (68.5% of patients were in AF
during TTE, not counting patients with paroxysmal AF), partially
explaining the atrial dilatation found in all clusters. This indicates that
patients admitted to a tertiary center are too advanced according to the
endpoint occurence. More priority should be given to treating TR before
the development of permanent AF? The present report could not answer
to the question but our observation makes even more relevant up-
coming studies reporting on patients “interventionally” treated for
their TR.

We still have a lot to learn about “functional’ TR. Our results
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reinforce the significance of the RA and RV size and function that can be
easily assessed by the longitudinal strain. It confirms the prognostic
value of multiparametric assessment in TR patients based not exclu-
sively on the regurgitant jet characteristics but also the integration of RV
and RA morphological and functional features. The value of clustering
analysis is that it allows to generate hypotheses and it provides an
approach combining many parameters from multiple domains. Specif-
ically, in the case of TR, it was possible to look at parameters related to
the regurgitation itself, but also, related to ventricular and atrial
remodelings, or loading conditions. All can contribute to a better char-
acterization and stratification of the risk related to the disease entity. A
clear distinction between AF-TR and VF-TR may sometimes be prob-
lematic because RV and RA remodeling progresses, and in more
advanced stages, both these categories may overlap in terms of the
consequences of TR for the right-sided heart chambers. Using the clus-
tering method allows the selection of subjects with homogenous profiles
of RV and RA derangements, irrespective of the preceding trajectories of
changes. Moreover, this approach permitted the identification of pa-
rameters crucial for the prognostic stratification of TR patients.

4.1. Clinical implications

Our analysis indicates that both RV and RA remodeling should be
taken into account when assessing patient prognosis and planning
treatment strategies in TR. The disadvantage of clustering - the
approach used in our study — is that it does not provide specific
thresholds to permit translation into clinical practice. Limited evidence
exists on the prognostic cutoff values for RV parameters in TR, and no
data in this regard can be found for RA indices. Among RV function
metrics, TAPSE <16 mm and RV free-wall longitudinal strain (RVFWLS)
< 17% have been demonstrated to confer a poor prognosis for patients
with high-grade TR [25,33]. Indeed, further studies involving broader
populations are needed to establish the cutoff points for RV and RA
parameters to define the prognostic algorithm that could be used as a
clinical tool.

Despite a relatively better clinical course, AF-TR is not a benign



disease [30-32] and, similar to VF-TR, interventional management
should be considered in these patients to avoid RV over-remodeling, as
in Cluster 3.

4.2. Limitations

Several study limitations should be acknowledged. First, despite
external validation, the recruitment of patients from a single academic
center might constrain the generalizability of our results. Second, the
differences in the clinical profiles between the derivation and validation
cohorts, especially the presence of less severe TR in the validation
subset, might have affected the accuracy of prognostic assessment.
Third, the cohorts remain small but it is a first work using these methods
and we believe that is provided hypothesis and great reasons to
continue, to explore and to report on more patients coming from

different healthcare systems.
5. Conclusion

Among patients with severe functional TR, clustering approach
distinguished three clusters with distinct characteristics that reflected
the recently proposed pathophysiological categories. The diagnostic
work-up in patients with significant TR should not be limited to the
quantification of tricuspid valve characteristics. The phenotype corre-
sponding to AF-TR appears to have a better prognosis than that of VF-
TR.
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Appendix

Table Annex-1 Baseline clinical characteristics in the validation cohort and according to events

Missing All patients No event Event p value
values N =160 N=95 N=>56

Age, years 1 78 [71-83] 77 [67-82] 80 [75-83] 0.019
Female 1] 99 (61.9) 63 (66.3) 32(57.1) 0.260
Body Mass Index, kg/m? 1 26.1 + 4.6 262+ 45 263+ 4.8 0.910
Hypertension 1 103 (64.8) 58 (61.7) 41(73.2) 0.150
Systolic blood pressure, mm Hg 6 128 £ 20 130 £21 125+ 18 0.162
Diastolic blood pressure, mm Hg 6 73+13 74 £13 71+13 0.195
Diabetes 1 35 (22.0) 20 (21.3) 13(23.2) 0.782
Dyslipidaemia 1 58 (36.5) 42 (44.7) 14 (25.0) 0.016
Chronic Obstructive Pulmonary 1 16 (10.1) 7 (7.45) 7 (12.5) 0.303
Malignancy 1 31(19.5) 18 (19.1) 13(23.2) 0.552
Ischaemic heart disease 2 32(20.2) 16 (17.0) 11 (20.0) 0.649
Prior stroke 1 16 (10.1) 7 (7.45) 7 (12.5) 0.303
History of atrial fibrillation 1 127 (79.9) 73 (77.6) 48 (85.7) 0.227
Atrial fibrillation at baseline 8 93 (61.2) 51 (57.3) 37 (68.5) 0.050
Aortie surgery 1 10 (6.29) 7 (7.45) 3(5.36) 0.744
Mitral surgery 1 10 (6.29) 8(8.51) 2(3.57) 0.322
NYHA, Class 1 5 19 (12.3) 17 (18.9) 2(3.57) 0.002
Class IT 76 (49.0) 47 (52.2) 26 (46.4) 0.002
Class III or IV 60 (38.7) 26 (28.9) 28 (50.0) 0.002
Anticoagulant Vitamin K antagonists 1 67 (42.1) 38 (40.4) 27 (48.2) 0.437
Direct oral anticoagulation 57 (35.8) 33 (35.1) 20 (35.7)

ACE inhibitor 1 41 (25.8) 24 (25.5) 15(26.8) 0.865
ARB 2 21 (13.3) 16 (17.2) 5(8.93) 0.156
Betablocker 1 103 (64.8) 62 (66.0) 38 (67.9) 0.811
Diuretic Potassium sparing diuretic 1 49 (30.8) 25 (26.6) 24 (42.9) 0.040
Loop diuretic 1 124 (78.0) 65 (69.1) 51(91.1) 0.002

Events were hospitalization for heart failure (n = 18) and death (n = 38); COPD, chronic obstructive pulmonary disease; ACE, angiotensin converting enzyme: ARB,

angiotensin receptor blocker.

Table Annex-2 Baseline echo parameters of the validation cohort and according to events

Missing All patients No event Event p value

values N =160 N=95 N =56
Cardiac index, L/min/m?> 17 2.58 + 0.81 261 +0.77 2.54 + 0.89 0.663
LVEF, % 3 60.8 + 8.77 62.3 +7.71 59.4 + 9.32 0.038
Global longitudinal Strain, % 22 16.6 + 3.70 17.2 £ 3.20 16.1 + 4.25 0.116
Right atrial strain, % 17 10.2 [6.72-17.2] 12.0 [7.50-18.6] 8.0 [6.60-13.3] 0.023
TAPSE, mm 6 18.8 +5.10 19.6 +5.27 17.5 +4.55 0.019
SPAP 35 44.0 [35.0-54.0] 40 [34-50] 50 [38-55] 0.012
TAPSE/sPAP 39 0.46 +0.21 0.50 +0.22 0.40 +0.16 0.019
End diastolic RV diameter, mm 12 42.0 +9.07 40.5 + 841 44.4 +10.0 0.018
Right atrial volume index, ml/m* 11 68.6 [49.4-99.8] 64.7 [43.7-94.0] 73.0 [63.3-117] 0.017
Strain RV free wall, % 19 21.1 + 6.88 223 + 6.50 19.8 +7.22 0.042
Tricuspid s wave 11 10.9 +3.11 11.4 + 294 10.2 +3.10 0.02
Regurgitant Orifice Area, mm? 13 47 [30-77] 47 [28-70] 51 [32-100] 0.16
Moderate to severe 13 42 (31.6) 27 (32.9) 11 (25.6) 0.34

(30-39 mm)
32 (24.1) 22 (26.8) 9 (20.9) 0.34
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(continued)

Missing All patients No event Event p value
values N =160 N=95 N =56
Severe
(40-59 mm?)
Massive or torrential 59 (44.4) 33 (40.2) 23 (53.5) 0.34
(> 60 mm?)
LVEF stands for left ventricular ejection fraction; TAPSE for tricuspid annual plane systolic excursion; SPAP for systolic pul y arterial p RV for right
ventricle.
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Introduction

Tricuspid regurgitation (TR) was long forgotten until recent studies alerting on its prognostic impact. Cardiac out-
put (CO) is the main objective of heart mechanics. We sought to compare clinical and echocardiographic data of
patients with TR from inclusion to 1-year follow-up according to initial CO.

Patients with isolated secondary TR and left ventricular ejection fraction (LVEF) >40% were prospectively included.
All patients had a clinical and echocardiographic evaluation at baseline and after 1 year. Echocardiographic measure-
ments were centralized. The patients were partitioned according to their CO at baseline. The primary outcome
was all-cause death. Ninety-five patients completed their follow-up. The majority of patients had normal CO
(n= 64, 67.4%), whereas 16 (16.8%) patients had low-CO and 12 (12.6%) had high-CO. right ventricular function
was worse in the low-CO group but with improvement at 1 year (30% increase in tricuspid annular plane systolic
excursion). LVEF and global longitudinal strain were significantly worse in the low-CO group. Overall, 18 (19%)
patients died during follow-up, of which 10 (55%) patients had abnormal CO. There was a U-shaped association
between CO and mortality. Normal CO patients had significantly better survival (87.5% vs. 62.5% and 66.67%) in
the low- and high-CO groups, respectively, even after adjustment (heart rate 2.23 for the low-CO group and 9.08
for high-CO group; P=0.0174).

Significant isolated secondary TR was associated with 19% of mortality. It is also associated with higher long-term
mortality if CO is abnormal, suggesting a possible role for evaluating better and selecting patients for
intervention.

tricuspid regurgitation e cardiac output e right ventricular function e prognosis

eases.” We know now that TR increases the risk of death independ-
ently of anything else.®
The management of TR remains challenging. Treatment is essen-

Secondary (or functional) tricuspid regurgitation (TR) is one of the
most common valvular heart disease." TR has been forgotten for a
long time, as it was believed to be secondary to left heart disease and
to regress after treating the underlying cause. It has long been seen as
a prognostic marker when associated to other valvular heart dis-
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tially medical (symptomatic and palliative) and based on diuretics that
decreases volume overload. Guidelines recommend tricuspid surgery
in limited circumstances: surgery is recommended on tricuspid valve
(TV) only if left valvular heart disease surgery is needed; or if there is



significant symptomatic TR with progressive right ventricular (RV)
dilatation and/or dysfunction in those with left valvular heart disease
that have previously been operated on.** In fact, TV surgery is not
often performed because of high mortality, ranging from 18% to 36%
at 1 year in different studies.*®’ It may be explained by the delayed
occurrence of surgery at the stage of irreversible RV dilatation and
dysfunction associated with multiorgan failure.3?

In these last years, in regard to left valvular diseases successfully
being treated with percutaneous devices, many similar techniques are
developed for TR as an alternative to surgery, with promising results.
Several innovative approaches, mimicking surgical techniques, are still
under-investigation.”'® As a consequence, many uncertainties and
challenges are to be solved before eventually integrating these inter-
ventions in daily practice. The selection criteria and timing of inter-
vention of patients are some of the main questions still under
investigation. Right heart function is involved in the success of the
intervention as expected, but few studies have taken interest in
haemodynamic parameters.

Cardiac output (CO) is the main objective of heart mechanics, and
the impact of significant TR on that main function remains a question.
Severe TR can be compared to a state of low-CO with a possible in-
verse relationship implied."""> Low-CO is known to be a prognostic
marker, especially in heart failure (HF)."*'* Hence, CO have been
suggested as additional tools in the assessment of HF, besides left
ventricular ejection fraction (LVEF)." Recently, high-output HF has
been proposed as a separate entity and in the differential diagnosis of
HF with preserved ejection fraction.' Severe TR shares similar fea-
tures, such as a frequent association with liver and renal diseases.®

We sought to compare the clinical and echocardiographic data of
patients with significant TR from inclusion to 1 year later looking spe-
cifically at the main heart goal, the output.

Methods

Population selection

In our observational prospective study (TRAP), patients were recruited
in 13 French hospitals between January 2017 and August 2019" Criteria
for inclusion were age >18 years, significant TR (at least moderate), and
optimized volaemic status. Patients were excluded if they had one of the
following features: primary TR, significant left valvular heart disease (j.e.
aortic and mitral regurgitation >2/4, aortic stenosis >1.5 em?, or mitral
stenosis <2 cml), LVEF <40%, congenital cardiopathy, primary pulmonary
hypertension, life expectancy shorter than 1 year apart from valve dis-
ease, or poor acoustic window.

Follow-up

Patients were evaluated at baseline by a physical examination along with
an electrocardiogram, a blood test, and echocardiography at distance
from the initial diagnosis after optimal medical treatment. Medical back-
ground [including history of chronic obstructive pulmonary disease
(COPD), malignancy, renal dysfunction, anaemia, ischaemic cardiomyop-
athy, atrial fibrillation (AF), and prior stroke] and cardiovascular risk fac-
tors were collected from medical files, self-reporting, and physical
examination before echocardiographic examination, as well as functional
New York Heart Association (NYHA) status. All tests were repeated at
1 year along with a physical examination. All data were reported in an on-
line case report form dedicated to TRAP."
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Echocardiography analysis

Details on echocardiography equipment and measures have already been
described in a previous work."® Briefly, all patients underwent standard
transthoracic echocardiography using essentially a Vivid 7, a Vivid E9, or
an E95 ultrasound system (GE Healthcare, Horten, Norway) equipped
with a 3S or M5S 3.5 mHz transducer for 2D, colour, pulsed-wave, and
continuous-wave Doppler. Data were stored on a dedicated workstation
for off-line analysis (EchoPAC version 112.99. Research Release. GE
Healthcare, Horten, Norway). All exams were analysed in a core labora-
tory (CIC-IT 1414, 1s09001).

Left ventricle (LV), as well as the volumes and functions of the right
cavities, was measured according to guidelines.'” RA volume was indexed
to body surface. LV function was assessed by LVEF and global longitudinal
strain (GLS). The ratio of early transmitral flow velocity to mean tissue
Doppler imaging (TDI) annular velocity (E/e’) was considered an index of
mean LV filing pressure and diastolic function by measuring the septal
and lateral mitral annulus velocities with TDI. The tricuspid annulus was
measured according to guidelines too.2’ RV function was estimated by
seven performance indices: tricuspid annular plane systolic excursion
(TAPSE), maximal lateral tricuspid annulus velocity measured by TDI (RV
§), RV free wall speckle-tracking strain, RV free wall, and septum speckle-
tracking strain, RV onset to peak isovolumic acceleration (IVA), Tei index,
and RV fraction area change. The assessment of TR severity was defined
according to the recommendations along with the new classification of
severe TR, adding a fifth grade of severity corresponding to torrential
TR2"22 Moderate TR was defined by an effective regurgitant orifice area
(EROA) of 20-39 mm?, severe TR as an EROA of 40-59 mm?, and mas-
sive and torrential TR were regrouped as an EROA 260 mm’.

CO was estimated in the apical five-chamber view by calculating systol-
ic volume using the velocity time integral (VTI) of the flow through the
left ventricular outflow tract (LVOT) by placing the Doppler sample vol-
ume 5 mm below the aortic valve, the LVOT diameter measured on the
long parasternal axis, and heart rate (HR) during the imaging study. CO
was calculated using the following formula: CO = HR (bpm) x stroke vol-
ume, with stroke volume = LVOT area (em?) x LVOT VTI (em) = =
(LVOT diameter/2)? x LVOT VTI (em® or mL), so CO (mL/min) = HR
(bpm) x LYOT VTl (cm) x 7 x (LVOT diameters2)? (cm?).

Measures were all repeated over three cardiac cycles in sinus rhythm
and over five cardiac cycles in patients with AF to obtain mean values and
limit the variability caused by different heart cycle lengths.

Statistical analysis

Patients were partitioned according to their CO at baseline as follows
(low’ CO <328, ‘normal’ CO 3.28-6.22, and ‘high’ CO >6.22 L/min),
with cut-offs being the mean (4.75) £1 5D (1.47).

Clinical characteristics and measurements of echocardiographic
parameters at baseline were described according to CO at baseline. The
association between these characteristics or measurements of echocar-
diographic parameters and CO at baseline was assessed through
Wilcoxon or Spearman tests, as CO was a continuous variable.

The primary outcome was all-cause death in the current state-of moni-
toring. The Kaplan—Meier estimator was used to describe the survival in
the three different subgroups according to CO at baseline; the log-rank
test was used to test for differences across the three different subgroups,
ignoring the underlying order. Cox regression analysis was performed to
adjust the baseline covariates associated with CO (univariate P<0.20,
pending <5% of missing values and prevalence for binary variable greater
than 10%).



Ethics

Our observational multicentre study (TRAP) was conducted in accord-
ance with the ‘Good Clinical Practice’ guidelines of the Declaration of
Helsinki and reviewed by an independent regional ethics committee on
28 June 2016. All patients gave their written informed consent for study
participation. The National Commission for Information Technology and
Privacy approved the data collection conducted by the TRAP investiga-
tors on 7 November 2016 (N° 20050960v0).

Results

Baseline characteristics of the population
A total of 95 patients with complete follow-up were included and
analysed, although three patients were not classified in any group due
to missing CO appropriate measurement. Baseline clinical character-
istics are described in Table 1. Mean (standard deviation, SD) CO was
4.75 (1.47), median CO was 4.60 L/min, and ranging from 2 to 10.
The majority of patients had normal CO (n= 64, 67.4%), whereas 16
(16.8%) patients had low-CO (defined as below 3.28 which was the
mean —1 SD) and 12 (12.6%) had high-CO (defined as above 6.22
which was the mean +1 SD). To summarize, the three groups were
comparable with no significant differences identified. Mean age was
76.9 £ 10.5 years, with an inverse relationship between age and CO,

the low-CO-group being the oldest, although not significantly. There
was a majority of female patients (60%), with an elevated mean body
mass index of 26 + 4.4 kg/mz‘ Of note, two-thirds of the cohort had
hypertension and known AF at baseline. Malignancy, known ischae-
mic heart disease, and left valvular heart disease surgery were present
in all groups in comparable proportions. No patient in the high-CO
group had COPD, renal dysfunction, or a history of prior stroke. No
anaemia was reported, as the mean haemoglobin level was 12 g/dL,
thus not explaining the high-CO in the respective group.
Approximately 60% of the patients were mildly symptomatic with
class NYHA | or IIl. Notably, an inverse relationship between the HF
marker NT-proBNP (N terminal pro Brain Natriuretic peptique) and
CO was suggested, but it was not significant (P = 0.67).

Echocardiographic characteristics and

evolution

Echocardiographic parameters at baseline are presented in Table 2.
Importantly, there was no difference in the different grades of TR se-
verity proportion in each group. Overall, RV function was worse in
the low-CO group, as TAPSE and RV §' were significantly lower
(P<0.01). As CO increased, so did these parameters, from a mean
TAPSE of 16.3 mm in the low-CO group to 18.7 mm, and 20.5 mm in
the normal and high-CO groups, respectively. Similarly, mean RV §

Table | Population baseline clinical characteristics
Missing values All patients Cardiac output® P-value
B PR ‘Normal"ngh' .....
<3.28 L/min 3.28-6.22 L/min >6.22 Limin
N=95 N=16 N=64 N=12

Age, years 769105 79.9+10.1 768+ 103 72.3+125 0.07
Female 57 (60.0) 11 (68.7) 38 (594) 6 (50.0) 0.24
Body mass index, kg/m? 26+ 4.4 27+4.1 26141 27466 0.65
Hypertension 64 (67.4) 10 (62.5) 45 (70.3) 8 (66.7) 0.64
Systolic blood pressure, mmHg 3 129+20 127+18 13021 126 £ 14 0.56
Diastolic blood pressure, mmHg 3 7513 70+ 16 75+14 767 0.39
Diabetes 20 (21.0) 4(25.0) 11(172) 4(33.3) 0.85
Dyslipidaemia 38 (40.0) 4(25.0) 29 (45.3) 4(33.3) 0.95
COPD 9 (9.47) 2 (125) 7 (10.9) — 0.28
Malignancy 16 (16.8) 3(187) 10 (15.6) 3(25.0) 047
Renal insufficiency 1 2(213) 1(6.25) 1(1.59) — 023
Creatinine level, pmol/L 99+ 39 100+£19 98+ 43 103+ 39 0.30
Haemoglobin level, G/dL 8 12+19 12+1.6 13+19 12425 0.21
NT-proBNP, ng/L 26 1166 [1329] 1498 [1538] 1165 [1115] 733 [2205] 0.67
Ischaemic heart disease 17 (17.9) 5(312) 9 (14.1) 2(16.7) 033
Prior stroke 11(11.6) 5(312) 4 (6.25) — 0.10
AF at baseline 61(64.2) 8 (50.0) 44 (68.7) 6 (50.0) 0.36
Aortic/mitral surgery 15 (15.8) 1(6.25) 12(187) 2(16.7) 0.79
NYHA, class | or Il 1 56 (59.6) 9 (56.2) 37(587) 8 (66.7) 0.53
TR severity, massive 0 37(389) 8 (50.0) 24 (37.5) 4(33.3)

TR severity, severe 17 (17.9) 3(187) 10 (15.6) 4(33.3) 0.54
TR severity, moderate 41 (43.2) 5(31.2) 30 (46.9) 4(33.3)

“There were three missing values; values are mean + SD, median [interquartile range], or n (%); COPD stands for chronic obstructive pulmonary disease; and P-values were

based on either Wilcoxon or Spearman tests as CO was a continuous variable.
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Table2 Population baseline echocardiographic characteristics

Missing values  All patients Cardiac output® P-value
B ety gL 0 gh’ .............
<3.28 L/min 3.28-6.22 L/min > 6.22 L/min
N=95 N=16 N=64 N=12

LVEF, % 0 614+822 579+7.31 62.1+8.52 61.5+7.32 0.02
Ele’ 1 1191477 11.8+£5.04 123+ 5.00 10.7 £3.01 0.30
Longitudinal global strain, % 4 1704363 1571334 169+3.75 189+275 <0.01
TAPSE, mm 0 185 +471 163 +441 187 +4.62 205 +508 <001
RVs', emls 2 107 +285 890 +243 109 +292 120 +189 <001
Onset to peak IVA 7 418 +112 479 +£160 396 +8.64 464 1142 0.77
Tricuspid annulus diameter, mm 0 46.4 +6.33 483 +5.70 46.2 +6.53 453 + 5.04 0.45
End diastolic RV diameter, mm 0 527 +868 568 +812 517 + 846 524 1962 0.18

Right atrial volume index, mL/m? 46 853 +464 108 +536 820 +46.9 713 +38.1 0.21
Strain RV free wall + septum, % 5 183 +469 164 +£385 188 +483 183 *527 0.06
Strain RV free wall, % 4 220 £595 193 521 229 + 6.00 217 1643 0.10
RV fractional area change, % 0 042 +0.09 0.37 +0.08 0.44 +0.09 0.39 +0.11 0.30
Tricuspid regurgitant peak velocity, m/s 0 281 +£061 272 +0.69 285 +0.62 274 +039 0.97

*There were three missing values; values are mean + SD or n (%); TAPSE stands for Tricuspid annular plane systolic excursion; RV stands for right ventricle; and P-values were
Spearman tests as CO was a continuous variable.
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was measured at 8.9 cm/s in the low-CO group, suggesting the pos-
sible appearance of RV dysfunction according to recommendations,”
whereas it normalized to 10.9 and 12 cm/s, respectively. The other
parameters were not significantly different, although RV strain (free
wall + septum) tended to be lower in this category in terms of abso-
lute value, which is in line with a more impaired RV function.
Evaluation at 1 year (Figure 1) suggested an improvement in RV func-
tion in the low-CO group, with TAPSE increasing by nearly 30%, as
well as improvement in the RV free wall and septum strain, along
with CO. RV §' and the other RV-function parameters did not vary
significantly.

Moreover, right cavities tended to be more dilated in the low-CO
group, although it was not significant (108 + 53.6 vs. 82+46.9 and
71.3+381mbU/m? P=0.21 for right atrial volume; 56.8+8.12 vs.
51.7 £ 846 and 524+ 9.62mm, P=0.18 for end-diastolic RV diam-
eter;and 48.3 £ 5.7 vs. 46.2 £ 6.53 and 45.3 £ 5.04, P = 0.45 for tricus-
pid annulus diameter). There was a trend suggesting an inverse
relationship between CO and RA volume, with the latter being more
dilated as the CO was lower. At 1 year, these parameters tended to
decrease except for the increase in RA volume in the high-CO group,
suggesting possible positive remodelling of the RV after therapeutic
optimization or invasive intervention.

As far as the left cavities are concerned, LVEF was significantly
lower in the low-CO group (P=0.02) and GLS (P<0.01). The latter
increased significantly along with CO. No difference was noted
regarding diastolic function and left ventricular filling pressures at
baseline, but the E/e’ ratio was higher at 1 year in the high-CO group,
suggesting higher left ventricular filling pressures.

Outcome

QOverall, 18 (19%) patients died (HF-related death for all) during fol-
low-up, of which 10 (55%) patients had abnormal CO (Table 3). At 1
year, 11 patients had TV intervention: 6 had tricuspid annuloplasty, 3
had bioprosthetic TV replacement, and 2 had percutaneous TV re-
pair with edge-to edge technique. All had normal CO at baseline, ex-
cept for two patients in the surgical annuloplasty group.

The normal CO group had significantly better survival rate (87.5%
vs. 62.5% and 66.67% in the low- and high-CO groups, respectively).
In fact, all-cause death was significantly associated with both low and
high-CO, with a three-fold higher risk of mortality (P=0.049) com-
pared to the normal CO group when not adjusted (Table 4 and
Figure 2). This U-shaped association was still significant after adjust-
ment for age, gender, TAPSE, RV §', end-diastolic RV diameter, RV
strain free wall, and septum or free wall alone, with an HR of 2.23 for
the low-CO group and as high as 9.08 in the high-CO group

Table 3 Patients dead or alive at 1-year follow-up

Group Total Death Alive Percent
alive (%)
Below 3.28 L/min 16 6 10 6250
Between 3.28 and 6.22 L/min 64 8 56 87.50
Above 6.22 L/min 12 4 8 66.67
Total 92 18 74 8043
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(P=0.017). Of note, multivariate analysis after adjustment was per-
formed on 85 patients, as there was missing data for 7 patients.

The Kaplan—Meier curve shows significantly higher long-term mor-
tality in patients with abnormal baseline CO compared to those with
normal CO (log-rank P=0.034) (Figure 3). The probability of 2-year
survival drastically dropped to 60% in the high-CO group and 40% in
the low-CO group, whereas the survival of the normal CO group
was estimated at 80%.

Discussion

Main results

This is the first study, to our knowledge, that takes interest in the re-
lationship between TR and CO. The main findings are (i) significant
isolated functional TR is characterized by high mortality at 1-year fol-
low-up, with 19% of deaths, despite the absence of significant LV and
RV dysfunction; (ii) abnormal CO is relatively common, as it was
found in one-third of this specific population; (iii) there is a U-shaped
relationship between CO and mortality in our population, with ab-
normal CO being significantly associated with higher long-term mor-
tality compared to normal CO, with an estimated three-fold risk of
mortality.

TR and CO

Maintaining an adapted CO for optimal oxygen supply to the organs
constantly is the main goal of the heart mechanics. It corresponds to
the product of HR and stroke volume, the latter also depending on
pre-load, afterload, and inotropy. It can be impaired by many different
aetiologies including most of heart diseases.

Low-CO and high-CO (or hypo- and hyper-circulatory states) are
associated with higher mortality in HF.">'* In fact, low CO involves
less oxygenation to all organs, resulting in multiorgan failure second-
ary to chronic or acute ischaemia. LVEF is usually impaired, but it can
also be normal or moderately reduced, as in our cohort. In this case,
RV and LV interdependence plays an important role. Significant TR
leads to RV-dilatation by increasing diastolic volume and RV-dilata-
tion increases TR by increasing tricuspid leaflet tethering and coapta-
tion defects and so on. The atrial TR is another fundamental
mechanism. AF leads to the RA dilatation, leading to annulus dilata-
tion and TR and RV-dilatation and. . ..”>?* RV-dilatation leads to RV
dysfunction with an increase in RV filling pressures transmitted to the
interventricular septum, resulting in a paradoxical septum that
reduces LV diastolic filling and thus impacting CO.2* Additionally, RV
afterload is secondarily chronically elevated because of impaired LV
end diastolic pressure, thus decreasing RV output, consequently
resulting in low global CO.

Contrarily, the hyper circulatory state is not as known to this day.
It is thought to be related to higher metabolic demand and systemic
vasodilatation, leading to reduced afterload and decrease in arterial
volume, which provokes renal hypoperfusion, thus activating the neu-
rohormonal system and plasma volume expansion.'® The aetiology
reported are essentially liver, pulmonary, and renal diseases, especial-
ly end-stage renal failure needing an arteriovenous fistula. Significant
TR is known to be associated with hepatic disorders.”® It is hypothe-
sized that increased ‘backward’ pressure induced by TR leads to hep-
atic venule congestion and perivenular fibrosis with decreased



Table4 Association between baseline CO and all-cause death based on 92 patients (18 deaths) and 85 patients (15

deaths) when adjusted
Cardiac output HR 95% CL P-value Adjusted HR 95% CL P-value
Normal 3.28-6.22 L/min 1.00 1.00
Low’ <3.28 LUmin 3.31 1.15-9.55 0.0493 223 0.62-8.08 0.0174
‘High’ >6.22 L/min 3.03 0.91-101 — 9.08 1.97-41.8 —_

P-values were based on Type 3 Wald chi-square tests; adjustment on age, gender, TAPSE, RV s', End diastolic RV-diameter, and either Strain RV free wall 4 septum, or Strain
RV free wall; of note, only Strain RV free wall 4+ septum was significantly associated with all-cause death.

M Below 3.28 L/min

40

35

Observed mortality, %
3

w

® Between 3.28 and 6.22 L/min

m Above 6.22 L/min

Cardiac output at baseline

Figure 2 Observed mortality in the cohort based on the different CO groups.

synthetic liver function, resulting in cholestatic liver disorders and
hypoalbuminemia, ultimately leading to cardiac cirrhosis.”” Mirroring
this fact, cirrhotic cardiomyopathy is caused by liver-derived toxic
factors leading to arterial dilation and hyperdynamic circulation,
resulting in high CO.>’ Hepatic vasoactive substances can also cause
splanchnic vasodilatation, eventually leading to relative hypovolemia.
It then activates the renin—angiotensin—aldosterone system with renal
sodium retention and results in hypervolemia contributing to the
hyper circulatory state by increasing cardiac pre-load."® However,
significant TR with a high CO mechanism has not yet been clarified.
We need to confirm our results working on the hepato-cardiac rela-
tionship as well as on the cardio-renal interactions. Interestingly, we
found no significant correlation between TR severity grade and CO,
thus implying other complex mechanisms not elucidated to this day.
In our cohort, we found a U-shaped correlation between mortality
and CO in this specific population. This relation has been previously
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hinted at."* Wehner et al.*® found that supra-normal LVEF is associ-
ated with higher mortality. High CO was thought to be associated
with better survival, but as Reddy et al’® observed, it was contrarily
linked to worse prognosis. Accordingly, our study shows that abnor-
mal CO is significantly associated with higher long-term mortality, in
at least moderate isolated functional TR with preserved or mid-range
LVEF.

Prognosis of isolated functional TR

Mortality at 1-year in our cohort is as high as 19%. Similar results
were found by Topilsky et al?* in a cohort of 353 patients with iso-
lated TR. Among them, 68 patients had severe TR that they defined
by EROA >40 mm? with a similar mortality rate of 19% at 2 years. In
a more recent retrospective study in a large population, yearly mor-
tality of isolated TR was of 12.1% and 5-year survival was only at
51.7%.2° More recently, an analysis of an electronic health record
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database in the USA also showed similar results with a mortality of
21% in at least moderate TR in HF, although it did not exclude pri-
mary TR3? Overall, literature shows that mortality increases with TR
severity, with significantly worse prognosis from the moderate stage
of TR and worse.?*??3° We did not stratify mortality according to
TR severity but we confirmed that at least moderate TR was indeed
associated with impaired prognosis independently from LV function
and RV function or other comorbidities, although we cannot affirm if
TR is the cause or a marker of mortality. Thus, close attention should
be paid to this specific population with rigorous follow-up and
monitoring.

Impact on clinical practice

Functional TR plays an important role in prognosis stratification in
patients and should no longer be overshadowed by the other valve
diseases. It should be systematically assessed when performing echo-
cardiography and follow-up should be done according to its severity.
At the same time, CO should also be systematically estimated as our
work suggests that it has an important role in the natural history of
TR. It would be interesting to further investigate our findings in larger
dedicated studies to determine whether CO is a relevant parameter
to monitor and to take into account to better select patients for
interventional treatment. In fact, recent positive results with aortic
and mitral percutaneous treatment paved the way to rapid develop-
ment of similar devices for TR. Thus far, percutaneous treatment of
TR shows encouraging results with good outcomes.® But many ques-
tions remain, especially selection criteria of patients and CO could be
one of them. This specific population should be closely monitored
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with regular echocardiographic and physical examination to deter-
mine the best timing of intervention when needed. In fact, significant
isolated TR may benefit from early intervention when CO is normal
and RV is still preserved, with low-CO possibly suggesting the ap-
pearance of RV dysfunction (lower TAPSE and RV §’ in this group of
our cohort), which is known to be related to worse outcome,’’ and
high-CO possibly reflecting the liver consequences of severe TR with
higher mortality.*

Perspective

It would be interesting to assess our results in surgical or percutan-
eous treatment cohorts by comparing outcomes according to pre-
operative CO. Ongoing randomized controlled trials will evaluate
the impact of TR correction on clinical outcome and determine
whether there is a causal relationship with mortality.

Limitations

First, our population is relatively small, limited to 95 patients. These
patients were medically managed with dosages of diuretics that are
not all reported and they were changing over time (all where at least
treated by 40 mg/day of furosemide). The medical management of
the patients was not among the objectives of the study. However,
the strength of the TRAP cohort is its prospective and multicentric
design."” Secondly, the cut-offs for normal and abnormal output
were adapted for the studied population and might differ from previ-
ous reports.” Thirdly, CO was estimated by echocardiography only
and index was not reported because of the weight variations
observed in this population that can gain several kilograms according



to the volume status.” Estimation of CO by echocardiography has
been well correlated with the thermodilution technique, which can
be considered the actual gold standard.** Of note, severe TR may
underestimate CO by the thermodilution technique, whereas it may
be overestimated by TTE® Finally, no data on liver function, on albu-
min and on precise renal function assessment were systematically
collected in the original design of the study. It could have been in-
formative as we know liver function is impacted by TR and HF and
could possibly play a role on CO adaptations.

Conclusion

Significant isolated secondary TR was associated with 19% of mortal-
ity. It is also associated with higher long-term mortality if CO is ab-
normal, suggesting a possible role to explore to better monitor, and
select patients for intervention.

Conflict of interest: none declared.
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ARTICLE INFO ABSTRACT
Available online xxxx Tricuspid regurgitation is a frequent and serious condition but tricuspid valve (TV) surgery, that may be a valve
replacement when a repair is not feasible, is rarely performed. Recent development of transcatheter TV interven-
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Introduction as myxomatous disease, infective endocarditis (especially in intrave-

Tricuspid valve (TV) disease is mostly a tricuspid regurgitation (TR)
issue, which is a frequent condition that has been often overlooked in
the past.'~> Despite its high prevalence and its dismal prognosis with
a critical need for a curative treatment, most patients are undertreated
as medical treatment remains the mainstay of therapy and a TV surgery
is seldom performed, mostly at the time of left-sided heart valve
surgery>* owing to the lack of solid data, especially randomized studies,
to demonstrate that surgical management of TV disease is beneficial
when compared to medical management and to suggest the best timing
for intervention. Among operated patients, a TV replacement (TVR),
which can be either a biological or a mechanical prosthesis, is currently
rarely considered, only when a TV repair (TVr) is not feasible.>® In ob-
servational studies, TVR suffers a bad reputation, with poor early and
long-term outcome, that may be related to a late referral of patients at
an advanced stage of the TV disease, with right ventricular (RV) dys-
function and end-organ damage (hepatic or renal dysfunction), rather
than the intervention itself knowing that TV disease is usually well tol-
erated during a long period of time. With the development of less inva-
sive transcatheter interventions, there is currently a growing interest for
the management of TV disease. The aim of this review is to describe cur-
rent management of TV disease using a surgical TVR and to look at the
devices available or in development for transcatheter TVR (TTVR).

Mechanism/etiologies of TR and tricuspid stenosis (TS)

TR can be divided into “primary” / “organic” and “secondary” / “func-
tional”. Approximately 80% of cases of significant TR are “secondary”,
without intrinsic lesion of the TV itself, related to tricuspid annular dila-
tion and/or leaflet tethering in the setting of RV and/or right atrial (RA)
remodeling due to pressure and/or volume overload induced by left-
sided heart diseases (valve disease and/or left ventricular/LV dysfunc-
tion), pulmonary hypertension, RV dysfunction or atrial fibrillation
(AF). Conversely, primary TR is relatively rare and is the consequence
of a primitive lesion of the TV that affects the leaflets and/or the chordal
structures due to a variety of causes/contexts including congenital dis-
orders such as Ebstein's anomaly or acquired diseases of the TV, such

nous drug addicts), carcinoid syndrome, rheumatic disease, radiation,
thoracic trauma, drug-induced, endomyocardial fibrosis or iatrogenic.

TS is rare and often combined with TR most frequently of rheumatic
origin, and therefore almost always associated with left-sided valve le-
sions, particularly mitral stenosis. Other causes are rare, including con-
genital, drug-induced valve diseases, endocarditis, Whipple's disease
and large right atrial tumor.

TV Surgery
Indications and timing

TV surgery can be performed either isolated or at the time of left-
sided valve surgery. Clinical practice guidelines are based on expert
opinion and limited data because of the lack of high quality randomized
controlled trials.

TR

Timing

The timing of surgical intervention for patients with TR remains
controversial, mostly due to the limited data available and their hetero-
geneous nature’ but surgery should be carried out sufficiently early to
avoid irreversible RV dysfunction.

TV surgery at the time of left-sided valve intervention. Surgery is recom-
mended at the time of left-sided valve surgery for patients with
severe TR (either primary or secondary) (Class of Recommendation
(COR) I, Level of Evidence (LOE) B in the American College of
Cardiology (ACC)/American Heart Association (AHA) and in the
European Society of Cardiology (ESC) guidelines), and should be
considered in patients with moderate primary TR (COR Ila LOE C in
ESC guidelines), or in patients with mild or moderate secondary TR
with a dilated annulus (2 40 mm or > 21 mm/m2 by bidimensional
transthoracic echocardiography) (COR Ila LOE B in ACC/AHA and in
ESC guidelines) or prior evidence of right heart failure (HF;COR Ila
LOE B in ACC/AHA guidelines).>®
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Isolated TV surgery. Surgery is indicated in symptomatic patients with
severe isolated primary TR without severe RV dysfunction (COR I LOE
C in ESC guidelines and COR Ila LOE B in ACC/AHA guidelines) and
should be considered in asymptomatic or mildly symptomatic patients
with severe isolated primary TR and progressive RV dilatation or deteri-
oration of RV function (COR Ila LOE C in ESC guidelines and COR IIb LOE
C in ACC/AHA guidelines). Surgery could also be beneficial for symp-
tomatic patients with severe isolated secondary TR attributable to annu-
lar dilation who are poorly responsive to medical therapy (COR Ila LOE B
in ESC guidelines and in ACC/AHA guidelines) and for asymptomatic pa-
tients with RV dilatation (COR Ila LOE B in ESC guidelines) in the ab-
sence of severe pulmonary hypertension or severe left ventricular
(LV) or RV dysfunction.

After previous left-sided valve surgery and in absence of recurrent
left-sided valve dysfunction, surgery should be considered in patients
with severe TR who are symptomatic (COR Ila LOE B in ESC guidelines
and COR IIb LOE B in ACC/AHA guidelines) or have progressive RV dila-
tation (COR Ila LOE B in ESC guidelines), in the absence of severe LV or
RV dysfunction or severe pulmonary hypertension.>®

Repair or replacement

TVr remains the preferred technique that should be performed
whenever possible for the management of TV disease requiring
surgery.” However, TVR may be required in a specific situation in
which repair is not feasible or with a failed repair/replacement.

Patients with functional TR. TVR should be considered when the TV leaf-
lets are significantly tethered or the annulus is severely dilated. Indeed,
a tethering height (the distance between the coaptation of the septal
and anterior leaflets and the tricuspid annular plane) >0.5 cm and a
tethering area (the area enclosed by the annular plane and septal and
anterior leaflets) >0.8 cm2 are predictive of moderate to severe TR
early postoperatively and 1 year after TV annuloplasty.® Moreover, in a
recent study, TVR was associated with an improved survival over TVr
in the subgroup of patients with tricuspid annular diameter > 44 mm.®

Patients with organic TR. TVR may be required because of the extent and
severity of the underlying pathology.

Patients with failing repair/replacement. TVR is always performed for a
redo TV surgery when previous intervention was a TVR and mostly im-
planted after a TVr as a redo-repair is usually not feasible.

Ts

Timing

Surgery is recommended for patients with severe TS undergoing
left-sided valve intervention (COR I LOE C in ESC guidelines) or for pa-
tients with isolated symptomatic severe TS (COR I LOE C in ESC
guidelines).®

Repair or replacement

A TVR is often necessary for surgical treatment of TS as a TVr is not
adequate or not feasible due to valve destruction or multiple levels of
pathological involvement.

Technique for tv surgery

TVR procedures are usually performed through a median sternot-
omy with a beating or arrested heart approach depending on the sur-
geon's preference.

Mini-invasive

Small non randomized single-center studies have suggested that
minimally invasive techniques could be interesting to decrease post-

operative mortality and complications, especially for redo surgery. In-
deed, minimally invasive techniques for TVR would generate less surgi-
cal trauma, with less operative time and postoperative bleeding and
possibly lower mortality rates than a median reoperative
sternotomy.'%-'2

Types of surgical prostheses in the tv position

There are two types of surgical prostheses that can be implanted in
the TV position: biological and mechanical. All types of surgical prosthe-
ses are presented in Fig. 1.

Biological prosthesis

Bioprosthetic valves are stented and manufactured from native por-
cine valve or bovine pericardium. They do not require a long-term anti-
thrombotic treatment. Porcine bioprostheses have been considered the
valves of choice for TVR because of their higher thromboresistance, usu-
ally without anticoagulation, which renders such devices ideal for the
low-pressure right-sided atrio-ventricular position. Moreover, biopros-
thetic valves allow secondary pacemaker implantation in the RV and
right heart catheterization.

Durability of bioprosthesis

The risk of long-term valve dysfunction is a major concern related to
bioprosthetic TVR but assessment of durability is difficult as there is no
clear definition of biological valve dysfunction in the TV position (mean
gradient? reoperation, knowing that patients could be reoperated for a
multiple valve surgery?). There are only small single center series and
life-expectancy of patients who underwent a TVR was shortened by co-
morbidities and impact on the RV.

Mechanisms of TVR dysfunction. TVR dysfunction can be caused by struc-
tural valve deterioration and non-structural dysfunction. Non-structural
dysfunction caused by fibrous pannus formation (host tissue over-
growth) on the cusps of the RV side and valve infection is the most com-
mon cause of the dysfunction. Pannus formation is a serious problem
that also results in commissure fusion, leading to restricted opening of
the valves and bioprosthetic dysfunction.'*'# On the contrary, evalua-
tion of the explanted valves showed that structural valve deterioration,
such as significant calcification or degeneration, was rare.!>'*

Durability of bioprostheses is better in the TV than in mitral position for
same patients. It has been shown than porcine bioprostheses (such as
the Hancock valve and the Carpentier-Edwards bioprostheses) in the
TV position yield significantly better long-term results than those in
the mitral position when the same bioprostheses were implanted in
both mitral and TV positions in the same patient.'” Differences in pres-
sure and velocity at the two valve locations with a lower pressure in the
right side of the heart and a greater mechanical stress on the cusps at the
mitral position are a more likely explanation for a longer durability of
bioprosthetic valves and a lower rate of reaperation in the TV position.'®

Lifespan. First studies published in the nineties reported a durability of
bioprostheses in the TV position between 7 and 9 years, with a steeper
increased rate of bioprosthetic valve degeneration after 7 years.!” Most
recent studies have reported excellent long-term durability of the bio-
prostheses in the TV position as freedom rates from valve deterioration
ranged from 68% to 97% at >10 years.!”!® Thus, the 15-year freedom
from bioprosthetic valve deterioration was 83% in a large recent study.
Reoperation was performed in 64% of the patients with valve deteriora-
tion while the remaining patients did not receive re-replacement be-
cause of either stable and clinically tolerated valve dysfunction or
excessive reoperative risk.'® As the present series cover a large time
span, one may assume that the most recent bioprostheses used for
TVR would perform even better. Of note, younger age at implantation
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Fig. 1. Current surgical and transcatheter options for tricuspid valve replacement, and future needs for development of tricuspid valve replacement.

and smaller size of the implanted prosthesis are major determinants of
early valve deterioration.?’

Mechanical prosthesis

Nowadays, mechanical prostheses implanted in the TV position are
always bileaflet valves. Only patients without contra-indication for anti-
coagulation therapy can receive a mechanical prosthesis. Indeed, me-
chanical valves in the TV position are durable with a low reoperation
rate but they are associated with an intrinsic risk of thrombosis and
thromboembolic events (pulmonary embolism) requiring a lifetime an-
ticoagulation treatment, especially as they are more prone to valve
thrombosis than mechanical valves in the aortic or mitral position due
a lower level of prostacyclin (a powerful inhibitor of platelet aggrega-
tion) and a lower velocity of blood in the right-sided heart.?! Those
complications usually have an insidious onset but with possible cata-
strophic consequences.?*?*> Mechanical valve thrombosis occurs more
frequently in the first years post-operatively and its incidence signifi-
cantly declines 5 to 7 years after the operation. Several studies demon-
strated that freedom rates from thromboembolism ranged from 80% to
93% in mechanical TVR,?*?*?> knowing that many retrospective reports
included earlier-generation mechanical prostheses, such as cage ball,
tilting disc, or monoleaflet valves, which showed higher
thrombogenicity compared with the current bileaflet valves. Valve
thromboses and thromboembolic complications are affected by several
factors such as ventricular function, rhythm, valve position, prosthetic
valve type, coagulation status and patient compliance, which may be
the most important factor. Anticoagulation measures should be strictly
regulated even with low thrombogenic bileaflet prostheses and the pa-
tient should be educated about both risks of thrombo-embolic and
bleeding events.

Trends

TV surgeries share <10% of overall cardiac valve surgery volume.?®

Isolated versus concomitant TV surgery

Overall, in adult patients, the number of TV surgery is steadily in-
creasing over time, mainly related to a marked increase in the number
of combined TV surgery (concomitant with other major cardiac surgical
procedures, mostly mitral valve surgery), which represent >80% of all
TV surgery.?-3° Conversely, the number of isolated TV surgery is very
low and barely increasing over time (approximately 700 procedures
per year in the United States and 120 per year in France).?°*! Thus, in
the United States, <1% of surgical centers performed >5 isolated TV sur-
geries per year.>? This could be explained by the fact that management
of TV disease at the time of left-sided heart valve surgery is relatively
well codified in recent guidelines while the management of patients
with isolated TR is less established.>®

Surgery for severe TS is most often performed at the time of opera-
tion for left-sided valve disease, chiefly rheumatic mitral stenosis or re-
gurgitation.

TVr versus TVR

Overall, TVR is performed in only 10-15% of patients as the majority
of TV surgery are TVr (85-90%). Notably, during combined TV surgery,
almost all patients have a repair (>90%).>> On the contrary, during iso-
lated TV surgery, most patients have a TVR (approximately 60%), prob-
ably because of a later referral with more severe TV disease at the time
Of surgery.zna'“

Bioprosthetic versus mechanical TVR

Mechanical prostheses were frequently implanted several decades
ago as few data about durability of bioprostheses were available at
this time. Subsequently, the policies for valve choice evolved toward a
more systematic use of bioprostheses with an increasing rate over
time.' Thus, most TVR are now performed using bioprostheses
(>80%) while mechanical prostheses currently represent <20% of TVR
worldwide and <3% in France after exclusion of congenital heart

disease.?8%°

261



Patient characteristics

Overall, characteristics of patients who undergo TVR cannot be easily
detailed as it is a heterogeneous population with variable etiologies but
those patients are usually younger (mean age of 50-60 years, depend-
ing on etiology), with more previous left-heart valve surgery
(15-27%), more congestive HF (26%), more liver disease (11%) and
more cirrhosis (6%), with no sex difference (54-58% women) in com-
parison with patients who undergo TVr.27313435 As expected, patients
with bioprostheses are generally older than patients with mechanical
prostheses.*%7

Outcome after TV surgery
Post-operative/early outcome

Death

Reported early mortality rates after isolated TVR have ranged from
1.4% to 26.6%.'® After an initial decrease in the last decades due to care-
ful patient selection and the improved pre- and peri-operative manage-
ment, including the myocardial protection method and modified
ultrafiltration, as well as post-operative intensive care,'®**3 early
post-operative mortality rate after TVR is now approximately 10%
both in the USA and in Europe, with no difference between bioprosthe-
sis and mechanical prosthesis.?®>23* Nevertheless, it has been shown
that this rate is markedly variable and that post-operative death is pre-
dicted by the severity of the clinical presentation while TR mechanism /
etiology has a limited impact.2® Determinants of post-operative mortal-
ity are older age, New-York Heart Association (NYHA) functional class 3
or 4, right-sided heart failure signs, high daily dose of furosemide, low
glomerular filtration rate, elevated total bilirubin level, lower blood
haemoglobin level, larger TR jet area and elevated RA pressure, LV and
RV dysfunction, and pulmonary hypertension.”?**° Consequently, late
referral is the main issue in the management of those patients and TV
surgery should be performed earlier in the course of the disease before
the occurrence of irreversible consequences, in particular RV dysfunc-
tion. A dedicated score (TRI-SCORE) is now available to predict in-
hospital mortality after isolated TV surgery (www.tri-score.com).?!

Need for permanent pacemaker implantation (PPI)

TVR carries a significant risk of conduction disorders requiring PPI
explained by the mechanical compression of the prosthesis over the
conduction tissue at the level of the antero-septal commissure of the
TV. Thus, TV surgery doubled the risk of post-operative PPl in patients
with multivalve surgery,* and around one-third of patients undergoing
a TVR receive a PPI prior to discharge.>>** Unfortunately, this risk is un-
predictable as no pre-operative clinical or ECG characteristics were
identified to predict postoperative PPI after TVR.** As most patients
who undergo TV surgery are in permanent AF (76%), the vast majority
of them are implanted with a single-chamber VVI/VVIR device.*?

Data regarding timing and type of device implantation are scarce. In
the STS database, 5.6% of the patients with TVR received permanent epi-
cardial pacemaker at the operative time.?® This strategy is debatable as
first, epicardial systems are less reliable than endocardial leads and sec-
ond, half of patients with PPI after cardiac surgery are no longer
pacemaker-dependent at long-term follow-up.*“> Conversely, in com-
parison to transvalvular leads implantation, this approach avoids both
crossing the TV prosthesis and permanently leaving a lead through the
TV prosthesis that could harm and generate prosthesis dysfunction by
leaflet perforation or restrictive closure. Transvalvular leads implanta-
tion cannot be performed in patients with mechanical prosthesis but
may be acceptable for patients after a bioprosthetic TV as there was
no clear evidence of increased risk of post-operative severe TR in a co-
hort of 58 patients who underwent a bioprosthetic TV implantation
prior to PPL® Coronary sinus lead may be an alternative, especially for
patients with mechanical TV prosthesis, but lead placement is often

challenging in patients with RA dilatation. Leadless pacemaker may
also be an interesting alternative but only for patients in chronic AF
who require a single-chamber ventricular pacing and only for patients
with bioprosthesis, as the system has to cross the TV prosthesis. Thus,
the approach for device implantation will be performed accordingly to
the type of prosthesis and the need for dual-chamber pacing. Eventu-
ally, permanent epicardial leads seem reasonable at least in case of com-
plete atrioventricular block with low-rate of escape rhythm at the time
of TVR and general guidelines recommendation on PPI indications after
cardiac surgery should be applied after TVR regarding the timing, with a
period of clinical observation up to 7 days to assess whether the rhythm
disturbance is transient and spontaneously resolves. Temporary epicar-
dial leads should be maintained during this observation period. How-
ever, in case of complete atrioventricular block with low-rate of
escape rhythm, this observation period can be shortened since resolu-
tion is unlikely (COR I LOE C in ESC guidelines).*” Surprisingly, patients
with PPI following TVR experienced a higher life expectancy that was
offset by impaired morbidity with a significantly higher rate of throm-
boembolic complications and an impaired quality of life in comparison
with patients who did not receive PPL.**

Other post-operative complications

Main other post-operative complications are shock, congestive heart
failure, respiratory complications, tamponade, acute renal failure re-
quiring dialysis, postoperative bleeding requiring reoperation, stroke,
valve thrombosis and mediastinitis, with no difference between bio-
prosthesis and mechanical prosthesis.®

Long-term outcome

Long-term outcome was initially difficult to assess as in-hospital
post-operative death rate was very high and most patients undergoing
TV replacement had a high-risk profile with a shortened life-
expectancy.

Long-term survival

Long-term survival rate significantly raised over time. In a recent
study, the 10- and 15-year overall survival rates were 65% and 56% re-
spectively and the 10- and 15-year rates of freedom from cardiac
death were 72% and 69% respectively, with no difference between the
mechanical and the bioprostheses groups.®

Long-term freedom from valve deterioration

Porcine bioprostheses such as the Hancock valve and the Carpentier-
Edwards pericardial valve have provided good long-term results in the
TV position with a low incidence of structural valve deterioration.'*1>4
Freedom from structural valve deterioration rates ranged from 68% to
97% at >10 years in several studies and were 96% and 78% at 5 and 10
years respectively in a recent one®® but it suffers the lack of a standard
definition according to symptoms of right-HF and echocardiographic
examination. It has been notified that bioprosthetic TV degeneration in-
creases at a steeper rate after seven years.*>>° Predictors of early valve
deterioration are younger age at implantation and smaller size of the
implanted prosthesis. 2

Long-term freedom from valve thrombosis, thromboembolism and major
bleeding

Mechanical TVR is associated with a higher incidence of valve
thrombosis, thromboembolism and bleeding due to anticoagulation
than bioprosthetic TV. Observed rates of mechanical valve thrombosis
ranged from 3% to 18%.'6:202%.3639.5152 I 3 recent study, 10- and 15-
year rates of freedom from thromboembolism and major bleeding
were 78% and 66%, respectively (84% and 68% respectively in the
bioprosthetic TV group versus 72% and 63% respectively in the
mechanical TV group). In the subgroup of patients with bioprosthetic
TV and no need for lifelong anticoagulation, no valve thrombosis,
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thromboembolism and major bleeding was observed. In the remaining
80% of patients with bioprosthetic TV requiring anticoagulation for rea-
sons other than the TV prosthesis itself such as atrial fibrillation or the
presence of other mechanical prosthetic valves, freedom rates from
valve thrombosis, thromboembolism and major bleeding at 5 and 10
years were 93% and 84% respectively and significantly higher than in
the group of patients with mechanical TV (82% and 75% respectively).

Long-term freedom from reoperation

Rates of freedom from TV reoperation of 76-96% at 10 years are
reported.”>*° In a recent study, 10- and 15-year rates of freedom
from TV reoperation were 95% and 89% respectively.® The risk of TV re-
operation was significantly lower for patients with mechanical than bio-
prosthetic TV in this study (10- and 15-year rates of freedom from TV
reoperation were 91% and 79% respectively in the group of patients
with bioprosthetic TV versus 98% and 97% respectively in the group of
patients with mechanical TV),*® contrary to a recent meta-analysis
that suggested an equal risk of reoperation in patients with mechanical
versus biological TVR.>’

Determinants of long-term outcome

Long-term outcome is, like post-operative mortality, predicted by
the severity of the pre-operative clinical (age, New-York Heart Associa-
tion functional class, right-sided HF signs, daily dose of furosemide), bi-
ological (glomerular filtration rate, total bilirubin level) and
echocardiographic presentation (LV and RV dysfunction, pulmonary
hypertension).**

Bioprosthesis versus mechanical prosthesis

The optimal prosthesis for TVR is still controversial and should be in-
dividualized (Fig. 1). The literature lacks a randomized trial comparing
mechanical to bioprosthetic valves in the tricuspid position that could
be attributed to the small number of patients who require TVR. More-
over, all the available studies are retrospective and several risk factors
other than the type of prosthesis used could have affected the outcome
of patients requiring a TVR.>®

On one hand, mechanical heart valves are durable and have low re-
operation rates but non-structural mechanical valve dysfunction, bleed-
ing, thrombosis and thrombo-embolic events with long-term
anticoagulation have been problematic; in addition, they preclude the
use of trans-venous pacing. On the other hand, bioprosthetic valves do
have the advantage of avoiding the need for long-term anticoagulation
therapy and its bleeding risk but are associated with the limited durabil-
ity of a tissue valve, even if degeneration is expected to be slower than
the left-sided valve. The need for reoperation is usually considered to
be inversely related to the patient’s age at the time of implantation. A
meta-analysis by Rizzoli et al. showed that despite the belief that me-
chanical valves have a longer durability, the reoperation rate was similar
in both groups due to structural valve degeneration for bioprostheses
and to thrombosis and thrombo-embolic events (pulmonary embolism)
for mechanical valves.*® Kang et al. recently reported that clinical out-
comes of bioprosthetic TVR were comparable with those of mechanical
TVR in terms of long-term survival and TV related events over a 15-year
postoperative follow-up, with higher reoperation rates but lower
thrombosis and thrombo-embolic events in the group of patients with
bioprosthetic TVR.>® A recent meta-analysis by Negms et al., including
23 retrospective studies involving 945 mechanical and 1332 biological
tricuspid prostheses between 2002 and 2019, suggested an equal risk
of 30-day and late mortality, reoperation, and 5-year valve failure in pa-
tients with mechanical versus biological TVR.*?

As there is no superiority of one valve over the other in this position
regarding short- and long-term outcomes, the tradeoff between the risk
of reoperation for bioprosthetic valve degeneration and the risk associ-
ated with long-term anticoagulation, the choice of prosthesis should be
discussed in detail with the patient. Bioprosthesis offers a higher quality

of life and is preferred for patients with contraindications for anticoag-
ulation such as pregnancy or older age. Additionally, the possibility of
a future transcatheter TV-in-valve replacement, which is simple to per-
form and involves negligible invasiveness, should be considered in the
decision making for prosthetic devices as the risk of long-term struc-
tural valve deterioration and limited durability that was the biggest bar-
rier to choose a biological prosthesis is much less a major concern.
Finally, there is no “gold standard” for prosthetic TVR and the
European guidelines suggest that the prosthetic valve be chosen accord-
ing to the risks and benefits associated with the patients' lifestyle and
personal preference as well as their age.® Unlike aortic or mitral valve,
there is no specific cut-off based on age but bioprosthetic TVR may be
a valid option regardless of patient age. Multidisciplinary Heart Team
decision-making is crucial and the availability of tricuspid valve-in-
valve procedures should enter such a discussion.

TVr versus TVR

There is no randomized study that would allow to compare TVr to
TVR. Meta-analysis as well as observational studies with propensity-
matched groups indicate that TVr is more beneficial in comparison
with TVR regarding all-cause mortality.?5°”® Those results are proba-
bly related to patient selection (patients who undergo a TVR are usually
referred later to surgery) rather than the TVR itself as it is not an inde-
pendent predictor of both early and long-term outcome contrary to
the pre-operative presentation,®® especially parameters that reflect
the impact on the RV which are usually not detailed and therefore
could not be used for group-matching in those studies.

However, the need for PPl is probably one of major concern after
TVR. Indeed, major postoperative complications were not significantly
different between the two groups except for the rate of PPI, which
was threefold higher following TVR versus TVr.

As a result, TVr should be performed for all patients whenever suc-
cessfully feasible to avoid the need for life-anticoagulation with me-
chanical prosthesis or redo-intervention with bioprosthesis.

Follow-up for prosthetic valves

Patients who undergo TVR are not cured but still have serious heart
disease and must be followed with the same care as those with native
valve disease. There are no dedicated guidelines for follow-up of pa-
tients with valve replacement in the tricuspid position. An initial trans-
thoracic echocardiographic study is recommended for patients after
prosthetic valve implantation to assess valve hemodynamics (COR |
LOE B in ACC/AHA guidelines).5 The interval between routine follow-
up visits depends on the patient's valve type, residual heart disease, co-
morbid conditions, and other clinical factors. The asymptomatic uncom-
plicated patient is usually seen at 1-year intervals for a cardiac history
and physical examination. Echocardiograms will be performed accord-
ing to symptoms or clinical evidence of prosthetic valve or ventricular
dysfunction or dysfunction of other heart valves. (COR I LOE C in ACC/
AHA guidelines).’ Patients who receive bioprostheses must be carefully
evaluated with periodic echocardiograms, especially after 7 to 10 years,
for detecting clinical and subclinical signs of valve deterioration. A bio-
prosthetic TS is defined by a mean TV gradient >5 mmHg.

Antithrombotic therapy for prosthetic valves

There are neither dedicated guidelines about the duration of antico-
agulation for patients with bioprosthetic TV nor about the INR target ac-
cording to the type of prosthesis. Anticoagulation with a vitamin K
antagonist seems reasonable for at least the first 3 months after biopros-
thetic TVR to achieve an INR of 2.5 (range 2.0 to 3.0) and prevent the risk
of thrombo-embolism owing to the defective endothelialisation of the
prosthetic material>® Effective antithrombotic therapy in patients
with mechanical valve requires continuous and lifelong effective

263



anticoagulation with a vitamin K antagonist and INR in the target range
to decrease the incidence of thrombosis and thromboembolism. A regu-
lar education of the patients is mandatory and management of anticoag-
ulation should be supervised and monitored frequently by an
experienced healthcare professional to prevent both thrombotic com-
plications and bleeding events.

Primary TR with specific issues
Carcinoid

Carcinoid heart disease (CaHD) of the TV occurs in about 20-50% of
patients with carcinoid tumors.®®-%2 TR is usually the predominant le-
sion in CaHD with thickened, retracted and reduced mobility leaflets.
The TV is rarely involved in isolation, but rather together with the pul-
monary valve. Moreover if there is a patent foramen ovale, left sided
valves may also be involved. Valve surgery, which primarily consists
of TVR in patients with severe cardiac involvement and well-
controlled systemic disease, is the most effective treatment option for
advanced CaHD reducing right HF, increasing functional capacity,
allowing for more aggressive oncological treatment and improving
long-term prognosis..°>-%7 In the largest series from Mayo Clinic with
240 patients who underwent cardiac surgery for CaHD during a 30-
year timespan, 30-day mortality rate after surgery had significantly de-
creased from 29% between 1985 and 1994 to 5% from 2005 onward and
overall survival estimates at 1, 3, and 5 years were 69%, 48%, and 34%, re-
spectively with most patients succumbing to progressive tumor
burden.®® They have also shown that TVR is usually performed alone
but replacement of pulmonary, aortic and mitral valves can be associ-
ated concomitantly with success, if necessary. An expert statement
has been published by Davar ] et al. to manage CaHD in patients with
neuroendocrine tumors,® insisting on the critical need of an experi-
enced medical (cardiologists and neuro-endocrine tumors specialists),
surgical, and anesthetic team approach. The optimal timing for TVR
has not been identified. Patients with CaHD are mostly referred for
valve surgery when they develop symptoms or RV dysfunction and
rarely in anticipation of hepatic surgery.”® By consensus, patients with
CaHD and severe TR should be referred for cardiac surgery when they
develop symptoms or evidence of early RV dysfunction according to
echocardiography with at least 12 months of anticipated post-
operative survival from their carcinoid tumor. The choice of valve pros-
thesis should be individually tailored on the basis of the patient's bleed-
ing risk, the specific tumor-related life expectancy and possible future
therapeutic interventions. Biological valve prostheses are the preferred
option to avoid the need for anticoagulation therapy, especially in pa-
tients with liver metastases who have an increased risk of bleeding,
and to avoid the increased risk of thrombosis of mechanical prostheses
in the tricuspid position”! that can be worsened by invasive procedures
requiring temporary discontinuation of anticoagulation therapy. For the
pulmonary valve the most appropriate is homograft replacement.
Moreover, the optimization of treatment of carcinoid syndrome after
cardiac surgery may protect bioprosthetic valves from the adverse ef-
fects of vasoactive peptides by decreasing carcinoid activity.”' The man-
agement of patients undergoing valvular surgery for CaHD is complex
and requires a knowledgeable multidisciplinary team with broad expe-
rience in the field.5*®* as patients with carcinoid syndrome are at risk of
a potential life-threatening carcinoid crisis when undergoing surgery, as
well as when receiving anesthesia and other perioperative pharmaco-
logical agents, such as vasopressors and opioids. Octreotide is given to
counteract the serotonin storm originated from the small bowel initial
tumor. Patients who have successfully undergone valve replacement
surgery should be under the surveillance of a cardiology team experi-
enced in the management of patients with CaHD. As bioprosthetic
valve thrombosis on explanted dysfunctional TV bioprostheses in pa-
tients with CaHD has been shown recently,% patients with bioprosthe-
ses should receive anticoagulation therapy for 3 to 6 months post-

operatively. Transthoracic echocardiographic surveillance should be
performed early after surgery, at 3-6 months after surgery (at cessation
of anticoagulation therapy) and then at 6 to 12-month intervals.

Endocarditis

TV infective endocarditis (TVIE) is most commonly associated with a
history of intravenous drug use (41%), infected pacemaker leads (19%)
and congenital defects (17%).”2 TV surgery for IE is rarely performed,”
in approximately 20% of patients with TVIE,”* as it is recommended
only for patients with right heart failure secondary to severe TR with
poor response to diuretic therapy, IE caused by organisms that are diffi-
cult to eradicate (fungi) or bacteraemia for at least 7 days
(Staphylococcus aureus, Pseudomonas aeruginosa) despite adequate anti-
microbial therapy, and TV vegetations >20 mm that persist after recur-
rent pulmonary emboli with or without concomitant right HF (COR Ila
LOE C in ESC guidelines).”® Conversely, TV surgery should generally be
avoided in intravenous drug users with right-sided native infective en-
docarditis given the high recurrence rate of infective endocarditis due to
continued drug abuse.

In TVIE, ACC/AHA guidelines have stated that TVr is preferred when-
ever possible to TVR to avoid the risk of prosthetic valve deterioration
and to reduce the risk of recurrent IE on artificial material, particularly
in patients with a history of intravenous drug use (COR I LOE C in
ACC/AHA guidelines).”® In practice, the indication for TVR is based on
the surgeon's discretion when extensive valve damages preclude repair,
which is particularly frequent for patients referred late to tertiary care
centers. Thus, the largest multicenter studies reported a majority of
TVR (51% in the United States,” 51% in Italy’” and 55% in France?®).
The majority of patients with TVR received a bioprosthetic valve
(83%),72 notably because of the lower likelihood to adhere to anticoag-
ulation therapy in the intravenous drug use population.

In-hospital post-operative mortality after isolated TV surgery for
TVIE was 5% in the most recent study. This low mortality rate was ex-
plained by a younger age, less cardiovascular risk factors, less comorbid-
ities and an earlier surgical management with less impact of the TV
disease on the RV function than patients with functional TR.?®

In a recent meta-analysis with 1165 patients who underwent a TV
surgery for TVIE, there was no difference in short- or long-term mortal-
ity between TVr versus TVR. However, TVR was associated with more
PPI (due to extension of infection into the region of the cardiac conduc-
tion system or as a complication of TVR itself), recurrent IE and reoper-
ation but less postoperative and recurrent moderate to severe TR than
repair knowing that patients undergoing TVR had a higher burden of
disease and a higher preoperative functional status.”?

TIVR

Tricuspid valve implantation after previous TVR and ring annuloplasty:
valve-in-valve and valve-in-ring

Encouraged by the good results of valve-in-valve implantation in the
aortic and mitral position and by the feasibility of valve-in-ring in mitral,
several authors have jumped into the tricuspid position and tried the
valve-in-valve and valve-in-ring concept (Fig. 2).

The Melody stented bovine jugular vein conduit (Medtronic, Inc.)
and the Edwards Sapien XT and Sapien 3 balloon expandable valve (Ed-
wards Lifesciences, Irvine, CA) have been used in the right atrioventric-
ular position. In all these reports, the behavior of the valve seems to be
appropriate although the follow-up is still short, with no reports
reaching the mark of 5 years. After initial report through transjugular
and direct atrial access, nowadays the transfemoral route represents
the standard percutaneous access for tricuspid valve-in-valve and
valve-in-ring. The procedure is not demanding from a technical stand-
point, can be easily performed under conscious sedation and rapid pac-
ing is optional (Fig. 3). In some cases, the angle between the inferior
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TRICUSPID VALVE REPLACEMENT

Pericardial

o) ™

Carpentier-Edwards EPIC
Perimount

Evoque

Orthotopic position

LUX-valve Trisol

NaviGate

G

Intrepid CardioValve

Heterotopic position

Fig. 2. Main types of surgical and transcatheter tricuspid valve prostheses.

vena cava and the tricuspid annular plane could be really steep and
reaching perfect coaxiality during the implantation could be challeng-
ing. Contralateral snaring of the tip of the delivery system could help
to improve the coaxiality.”® Tricuspid valve-in-valve has been shown
to be feasible even in presence of pacemaker or implantable
cardioverter defibrillator lead through the surgical prostheses, which
can be safely jailed between the transcatheter and the surgical valves
without increased risk of complications or lead malfunction.”

McElhinney et al. reported a procedural success rate of 98.6%, few
serious complications, symptom improvement to New York Heart
Association functional class I or II in 77% patients (13.3-months
median follow-up), and no differences in outcomes irrespective of
surgical valve size or transcatheter valve type.®® Another study
reported a cumulative 3-year incidence of death, reintervention,
and valve-related adverse outcomes at 17%, 12%, and 8%,
respectively.®!

Fig. 3. Transcatheter tricuspid valve-in-valve implantation.
Fluoroscopy of the valve deployment (A to C) and intra-procedural tr: pt

echoc

p ing the good deploy of the valve using multiview mode (D).
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While tricuspid valve-in-valve is from a technical standpoint a rela-
tive straight-forward intervention, valve-in-ring presents several chal-
lenges, since in tricuspid position surgical rings usually have an open
configuration, and a non-circular and non-planar shape. Therefore, an
integrated approach for the accurate sizing of the ring is mandatory
using the three available techniques: computed tomography, 3D-
transoesophageal echocardiography and fluoroscopy. On the other
hand, unlike the mitral position, the risk of RV outflow obstruction is ab-
sent, and residual perivalvular leak and risk of embolisation are less of
an issue as a result of the low-pressure RV system.

As for valve-in-valve, two types of valves have been implanted so far
for valve-in-ring in the TV position, the Melody valve (Medtronic, Min-
neapolis, MN, USA) and the Edwards SAPIEN valve (Edwards
Lifesciences). Both valve devices seem to give promising results, but,
given the small sizes available for the Melody valve (maximal diameter
of 22 mm), it has been used mainly in children or young adults with
congenital heart disease.

Several reports have been published concerning the Edwards
SAPIEN valve, using transatrial and transfemoral approaches. Bouleti
et al. reported their experience with three valve-in-ring implantations
with an Edwards SAPIEN XT valve through a transfemoral approach.
On pre-discharge echocardiographic examination, paravalvular leak
was absent in one, mild in one and moderate to severe in one. The para-
valvular leak was always at the level of the open portion of the ring. At
one year, all the patients were alive, with a stable improvement in their
functional status (NYHA Class I or II), even in the patient with severe pa-
ravalvular regurgitation, and there were no significant gradients (from
3 to 5 mmHg).*?

As there is limited information on the long-term follow-up after
these procedures, it is also to be expected that some problems could de-
velop over time, including valve thrombosis, early degeneration and en-
docarditis after valve-in-valve implantation.

Transcatheter tricuspid valve implantation (TTVI) in native anatomy

TTVI presents several technical challenges, mainly due to the tricus-
pid anatomy (large annulus, thin tissue, 3-leaflets configuration, steep
angle between the inferior vena cava and the annular plane) and its
proximity of several vital structures (right coronary artery, aortic
valve, atrioventricular node, coronary sinus, the free wall of the RV).
Moreover, being the most anterior valve of the heart, TV is difficult to
be visualized with trans-esophageal echocardiography and intraproce-
dural guidance represents often a major challenge due to lack of optimal
echo-window.

The most used approach for TTVI is transcatheter repair, with many
devices under different phases of investigation, and with 3 of them
being recently approved for commercial use in Europe (Triclip, Pascal
and Cardioband). Although different studies from real world registries
in high-risk population showed feasibility and promising initial results
in different clinical settings,**%>-%¢ there are many patients who do
not qualify for repair strategy and who could benefit from a catheter
based TVR.

Different replacement devices are under clinical and preclinical in-
vestigation (Figs. 1 and 2). TTVR has the potential to abolish TR and to
fulfill the unmet clinical need for patients who are not suitable for trans-
catheter repair, usually due to extreme annular dilatation with large co-
aptation gaps, short or extremely retracted septal leaflets or with
inadequate imaging. Due to the complete abolishment of TR, the risk
of afterload mismatch of the RV, especially in presence of pulmonary hy-
pertension, represents the main concern in TTVR. Careful evaluation of
the RV function is therefore crucial in the patient selection process.

There are two categories of TTVR:

- heterotopic valve replacement: the valve (or the valves) is/are de-
ployed in one or both vena cava, in order to reduce the backflow in
the venous system and relief of the venous congestion at the visceral

level; this approach is also known as Caval Valve Implantation
(CAVI);

- orthotopic valve replacement: where the valve is deployed at the TV
annulus, at the native position.

Heterotopic valve replacement

Heterotopic TV implantation is a palliative approach which is usually
reserved when repair or orthotopic implantation are not feasible, with
the aim to reduce venous congestion in the visceral system, improve
visceral perfusion and relief of the TR-related symptoms (anasarca, asci-
tes, hepatic congestion and dysfunction, kidney congestion, and exer-
tional dyspnea to some degree).?® Due to the dilated anatomy of
inferior and superior vena cava and the difficult of sealing, specifically
dedicated CAVI devices have been developed, like self- expanding
valves TricValve (TricValve, P&F Products Features Vertriebs) and the
Tricento (NVT).”>®' Since this approach basically induces a
ventricularization of the RA (leaving the TV severely insufficient), the
clinical value of the CAVI approach is debatable and has to be further in-
vestigated and validated. One of the main concerns is that a failing RV
may not tolerate the acute increase of pressure in the RA after CAVI (es-
pecially in case of implantation in both inferior and superior vena cava),
therefore patients selection plays a crucial role.

Orthotopic TVR
Different replacement devices are currently under investigation.

Gate Valve

The Gate (NaviGate Cardiac Structures, Inc.) is a biological valved
stent which consists of conical-shaped Nitinol alloy stent into which is
mounted a trileaflet equine pericardium valve. Currently, four sizes
are available (40, 44, 48, 52 mm in diameter) covering an annular
range from 36 to 52 mm of diameter. After an initial phase where the
Gate was implanted through venous transjugular access, this approach
has been abandoned. Most of the human implantations have been per-
formed transatrially through a minimally invasive right thoracotomy di-
rectly through the free wall of the RA (Fig. 4).

Initial data from 30 patients with severe or greater TR have been re-
ported: technical success was 87%, with an in-hospital mortality of 10%.
Procedural complications included malpositioning requiring surgical
conversion, pacemaker implantation due to conduction abnormalities
and RV perforation.®?

EVOQUE TVR system

The EVOQUE TVR system (Edwards Lifesciences LLC, Irvine, CA, USA)
consists of a self-expanding nitinol frame, bovine pericardial leaflets, an
intra-annular sealing skirt designed to minimize paravalvular leak and
anchors for optimal valve placement. It is available in 44, 48 and
52 mm size which are all delivered through a 28Fr delivery system via
transfemoral access. First in human 30-day follow-up outcomes on 25
patients treated under compassionate use were reported, with a very
high technical success rate (92%), effective in reducing TR (88% with O
or 1+ residual TR, 96% < 2+), providing significant clinical improve-
ment (76% were in NYHA functional class I or II) and an excellent safety
profile with no procedural deaths.*

The recently presented interim 30-day results from the TRISCEND
study confirmed the safety and technical feasibility of the EVOQUE
valve in high-risk patients with symptomatic moderate or greater TR
(severe in 46%, massive in 29%, and torrential in 15%). The study en-
rolled 56 high-risk patients (84% in NYHA functional class IlI-IV) with
relevant TR (68%, functional, 11% had degenerative and the rest had
mixed/other origins). Nearly half (43%) had undergone a prior valve
surgery or intervention. Thirty-day follow-up showed significant
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Fig. 4. Transcatheter tricuspid valve replacement with the GATE system.

Deployment of the valve guided by fluoroscopy (A). Intra-procedural transesophageal echocardiography assessing the good deployment of the valve using X-plane (B), 3D mode (C), and

color-Doppler (D).

reduction in TR severity with 98% of the patients having mild or none/
trace TR, with significant improvements in NYHA class, 6-min walk dis-
tance and Kansas City Cardiomyopathy Questionnaire score.

Major adverse events at 30-day follow-up revealed that one patient
(1.9%) had died of a cardiovascular cause (with an all-cause mortality of
3.8%). There were no strokes or myocardial infarction. The most fre-
quent complication was severe bleeding (none were life-threatening
or fatal), which occurred in 12 patients (22.6%), while two (3.8%) re-
quired non-elective tricuspid valve reintervention and one (1.9%) had
major access-site/vascular complications.

Lux-Valve

The Lux-Valve (Jenscare Biotechnology, Ningbo, China) is a self-
expanding bovine pericardial tissue valve mounted on a nitinol stent
covered by a layer of polyethylene terephthalate.®* Interestingly and
different from the other devices, the Lux-Valve does not rely on radial
forces in order to secure its position and sealing. Two anterior leaflet
clampers attach to the native valve and an interventricular anchor at-
taches to the interventricular septum. A 32Fr system is required to de-
liver the valve, under direct right atrial access, through a minimally
invasive right thoracotomy. Lux-Valve has been used mostly in China
on a compassionate-use basis, with an early feasibility trial in Canada
also underway. In 12 patients reported, implantation success rate was
100%, and with a 8.3% 30-day mortality.>> Recently, promising data
have been reported in 5 patients who reached 1 year follow-up.®®

Others

Other devices are under pre-clinical evaluation for use in native tri-
cuspid position, including Intepid (Medtronic), CardioValve
(Mitraltech), Topaz (TRiCares SAS, Paris, France) and TriSol (Trisol

Medical, Yokneam, Israel). In particular, early feasibility trials with In-
trepid and Cardiovalve have been approved in United States.

Conclusion

Despite high frequency of TV disease, tricuspid valve replacement is
seldom performed owing to high-surgical risk for those patients re-
ferred late in the course of the disease. As a less-invasive alternative to
surgery, transcatheter tricuspid valve replacement, which is currently
under investigation, is likely a promising option to improve the out-
come of this population and may further push for an extension of the
number of patients treated if proven to be safe and efficient.
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Figure S2. Guidage péri-procédural pendant une procédure de correction d’une
insuffisance tricuspide par réparation bord-a-bord percutanée

A. Echocardiographie trans-oesphagienne avec les incidences oesophagiennes distales et

transgastriques biplan (A1, A3) associées a la scopie (A2, A4)

B. Echographie intra-cardiaque (B1) associée a la scopie (B2)
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ABSTRACT

Introduction: Various definitions of very severe (VS) tricuspid regurgitation (TR) have been
proposed based on the effective regurgitant orifice area (EROA) or tricuspid coaptation gap
(TCG). Because of the inherent limitations associated with the EROA, we hypothesized that
the TCG would be more suitable for defining VSTR and predicting outcomes.

Materials and methods: In this French multicentre retrospective study, we included 606
patients with > moderate-to-severe isolated functional TR (without structural valve disease or
an overt cardiac cause) according to the recommendations of the European Association of
Cardiovascular Imaging. Patients were further stratified into VSTR according to the EROA
(>60 mm?) and then according to the TCG (>10 mm). The primary endpoint was all-cause
mortality and the secondary endpoint was cardiovascular mortality.

Results: The relationship between the EROA and TCG was poor (R2=0.22), especially when
the size of the defect was large. Four-year survival was comparable between patients with an
EROA <60 mm? vs. > 60 mm? (68+3% vs. 64£5%, p=0.89). A TCG >10 mm was associated
with lower four-year survival than a TCG <10 mm (53£7% vs. 69+3%, p<0.001). After
adjustment for covariates, including comorbidity, symptoms, dose of diuretics, and right
ventricular dilatation and dysfunction, a TCG >10 mm remained independently associated with
higher all-cause mortality (adjusted HR[95%CI1]=1.47[1.13-2.21], p=0.019) and cardiovascular
mortality (adjusted HR[95%CI1]=2.12[1.33-3.25], p =0.001), whereas an EROA >60 mm? was
not associated with all-cause or cardiovascular mortality (adjusted HR[95%CI]:1.16[0.81-
1.64], p=0.416, and adjusted HR[95%CI]:1.07[0.68-1.68], p=0.784, respectively)

Conclusion: The correlation between the TCG and EROA is weak and decreases with
increasing defect size. A TCG >10mm is associated with increased all-cause and cardiovascular
mortality and should be used to define VSTR in isolated functional TR.

Keywords: very severe tricuspid regurgitation, survival, coaptation gap, effective regurgitant
orifice area, mortality.
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INTRODUCTION

Tricuspid regurgitation (TR) is a frequent valvular condition that affects approximately 0.8%
of the general population (1). Its prevalence increases significantly in elderly patients,
especially women, and in cases of atrial fibrillation (AF). (2) Although mild TR is generally
considered to be benign, severe TR is systematically associated with a poor prognosis (3-6).
Recent data also suggest that even moderate TR is associated with an adverse outcome (7-8).
Therefore, accurate quantification of TR severity by Doppler echocardiography is essential.
Over the past few years, with the development of transcatheter therapies, the concept of very
severe tricuspid regurgitation (VSTR) has emerged (9,10). Massive and torrential TR were thus
added to the TR grading scheme using empirical thresholds for effective regurgitant orifice area
(EROA) measurements (11). Subsequently, a study reported that patients with > massive TR,
using this definition, experienced greater mortality than those with “only severe” TR, with no
difference between massive and torrential forms (12). Thus, the distinction between massive
and torrential TR does not appear to be relevant for risk stratification in clinical practice, but a
grade in addition to severe TR (very severe TR, VSTR) had to unquestionably be added to the

classification.

Various definitions of VSTR have been proposed since, using EROA or tricuspid coaptation
gap (TCG) (13-15). Because of the inherent limitations associated with the EROA (16), the
definition of VSTR is a matter of debate. We hypothesized that the TCG would be more suitable
for defining VSTR and predicting outcomes. Therefore, we compared the EROA, measured by
the PISA method, and the TCG measurement to identify VSTR and stratify mortality risk in a

multicentre French cohort of patients with isolated functional TR.

MATERIALS AND METHODS

Study Protocol
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This retrospective study was conducted in seven French tertiary centers (Amiens, Lille, Nancy,
Nantes, Rennes, Saint Denis, and Toulouse) and included consecutive patients with a diagnosis
of significant (> moderate-to-severe) isolated TR between 2013 and 2020. Isolated functional
TR was defined by structurally normal tricuspid valves with no overt organic cause of TR, no
> mild left-sided valvular heart disease, no pulmonary hypertension, preserved (>50%) left
ventricular ejection fraction (LVEF), and no previous cardiac surgery. (17) Baseline clinical
and demographic characteristics were collected. The Charlson comorbidity index, comprising
the sum of individual comorbidities, was calculated for each patient. (18) This study was
conducted in accordance with local institutional policies, French legislation, and the revised
Declaration of Helsinki and was approved by each local institutional review board. The data

underlying this article will be shared upon reasonable request to the corresponding author.

Echocardiography

A complete evaluation by Doppler echocardiography was performed on all patients by
experienced echocardiographers using commercially available ultrasound systems. TR was
graded as moderate-to-severe and severe by the principal investigator of each center based on
the European association of cardiovascular imaging (EACVI) recommendations using the
integrative multiparametric approach, including morphological, semi-quantitative, and
quantitative parameters (19). Patients were reclassified as VSTR based on an EROA >60 mm?
(11) and then a TCG >10 mm. The PISA radius was measured in mid-systole using a color
baseline shift between 20 and 40 cm/s in the regurgitation direction with a zoom to the
convergence zone (19-21) but the ratio of the aliasing velocity to the orifice jet velocity was
maintained, as recommended, <10 % whenever feasible. EROA correction for leaflet angles
was performed by clinicians when the angle appeared much larger than 180 degrees. The
tricuspid coaptation gap was evaluated by 2D echocardiography and measured in end-systole

in each available view to identify the largest defect of coaptation. The size of the gap between
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leaflets was measured at the tip of the leaflets. RV assessment was performed on multiple views.
RV function was assessed using M-mode analysis of the tricuspid annulus systolic excursion
(TAPSE) and S’ wave velocity at the lateral tricuspid annulus obtained by pulsed wave tissue
Doppler imaging. RV dilation was defined by a RV basal diameter >42 mm in an apical four-
chamber view (22). Moderate/severe RV dysfunction was defined by either a TAPSE <14mm
and/or an S’ <10cm/s (22). Tricuspid annulus diameter was measured in diastole in four-
chamber view. Low flow was defined by a stroke volume <46 ml for women and <51 ml for

men (23).

Follow-up and endpoints

During follow-up, events were collected based on hospital chart reviews, direct patient
interviews and/or repeated follow-up letters, questionnaires, and telephone calls to physicians,
patients, and (if necessary) family members. The primary endpoint was all-cause mortality and
the secondary endpoint cardiovascular mortality, including sudden death, Heart failure related
death and deaths attributable to other cardiovascular causes (such as myocardial infarction,
stroke...). Decisions on medical or surgical management were made by each heart team based

on European Society of Cardiology guidelines and patient comorbidities (10).

Statistical analysis

Baseline continuous variables are expressed as means + standard deviations and categorical
variables as numbers and percentages. The differences between the three groups (moderate-to-
severe TR, severe TR, and VSTR) based on baseline continuous variables were explored using
the Student t test. The 2 or Fisher exact test were used to compare categorical variables
between groups. The significance between the referent group (moderate-to-severe TR) and the
other groups was examined when a significant difference between categories was observed.
Individual differences were compared using Mann-Whitney U tests (with a Bonferroni

correction for multiple comparisons) and Tukey tests for normally distributed data. The
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presence of VSTR was assessed in each centre, prior to that study, by the physician's overall
judgement of the regurgitation severity and consequences. After integration of all these
parameters, the echocardiographer graded TR as severe or VSTR. Using ROC curve analysis,
we compared the ability of the TCG and the EROA to diagnose VSTR as defined above. The
correlation between EROA and TCG was tested by linear regression. Interobserver
reproducibility for EROA and TCG measurements was evaluated using Pearson correlation
coefficient and intraclass correlation coefficient (ICC) analysis using a randomly chosen subset
of 20 patients with severe TR. Event rates + standard errors were estimated using the Kaplan-
Meier method and compared by two-sided log-rank tests. Multivariable analyses for all-cause
and cardiovascular mortality in the overall study population and in patients with a tricuspid
coaptation gap > 10 mm, were performed using Cox proportional hazard models. Clinical and
echocardiographic covariates considered to have a potential prognostic impact were tested in
univariate analysis. All significant variables in univariate analysis with p <0.1 were included in
the multivariate cox analyses. The limit of statistical significance was p<0.05 and all tests were

two-tailed. Data were analyzed using SPSS 25.0 (SPSS Inc. Chicago, IL).

RESULTS

Comparison of the EROA and TCG to define VSTR

The study population consisted of 606 patients (234 males [38.6%]; mean age: 75 years). TR
was graded, using a multiparametric approach, as moderate-to-severe for 212 patients (35%)
and severe for 394 patients (65%). The area under the curve (AUC) to predict VSTR graded
using a multiparametric approach was only 0.74 for EROA and 0.95 for TCG (Supplemental
Figure 1). A TCG of 10 mm (n=104, 17%) was the best cutoff with a sensitivity of 83% and a
specificity of 100% to predict VSTR whereas an EROA of 0.6 cm? (n=215, 35%) had a
sensitivity of 75% and a specificity of 52% to predict VSTR. Interobserver reproducibility was

quite good for the EROA measurement (ICC: 0.89[95%CI:0.73-0.95], r=0.87), but better for
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TCG measurement (ICC: 0.95 [95%C]1:0.85-0.98], r=0.92). The correlation between EROA and
TCG was poor (R?=0.22), especially when the size of the defect increased (Figure 1). Among
patients with a TCG >10 mm (n=104, 17%), 73% (n=76) had an EROA >60 mm? and 27%
(n=28) an EROA between 40 and 60 mm?2. Correlations between TCG and basal RV diameter

and between TCG and tricuspid annular diameter were weak (R?=0.17 and 0.19 respectively).

Baseline Clinical Characteristics according to TR grade

Baseline characteristics of the patients according to TR grade (moderate-to-severe or severe TR
defined using a multiparametric approach, then reclassified as VSTR for a TCG >10 mm) are
presented in Table 1. Patients with severe and VSTR had more RHF signs, a higher incidence
of ascites, used higher doses of loop diuretics, and were more frequently in AF than patients
with moderate-to-severe TR (all p<0.05) (Table 1). Patients with VSTR were more likely to

have liver cirrhosis (p<0.001) than patients with moderate-to-severe TR (Table 1).

In terms of echocardiographic parameters, the area of the left and right atria, TR EROA, and
tricuspid annulus diameter increased with TR severity, whereas the TR peak jet velocity
decreased. Patients with severe and VSTR were more likely to have inferior vena cava and
subhepatic vein dilatation and subhepatic vein flow reversal than patients with moderate-to-

severe TR (Table 1).

Comparison of the EROA and TCG to predict outcome

In total, 172 (28.4%) deaths occurred during follow-up (median 24 [IQR:11-41] months, mean
28.5+23 months), of which 100 were attributed to cardiovascular causes (58%). When using an
EROA >60 mm? to define VSTR, estimated four-year survival rates were 70+4% for moderate-
to-severe TR, 65+5% for severe TR, and 64+5% for VSTR (Log rank p=0.289), with no
significant difference between patients with an EROA <60 mm? and those with an EROA >60

mm?2 (68+3% vs. 64+5%, respectively, Log rank p=0.899) (Figure 2). When a TCG >10 mm
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was used to define VSTR, estimated four-year survival rates were 70+4% for moderate-to-
severe TR, 68+4% for severe TR, and 53+7% for VSTR (Log rank p=0.022), with a significant
difference between patients with a TCG <10 mm and those with a TCG >10 mm (69+3% vs.

53+7% respectively, Log rank p<0.001) (Figure 3).

By multivariate analysis, after adjustment for all variables associated with all-cause mortality
on univariate analysis (p<0.1, Table 2), the EROA (as a continuous variable) was not associated
with all-cause mortality (adjusted HR [95%CI]:1.00 [0.99-1.01], p=0.186 per mm? increase),
whereas the TCG was (adjusted HR [95%CI1]:1.04 [1.01-1.12], p=0.035 per mm increase). After
adjustment to the same variables, a TCG >10 mm remained independently associated with all-
cause mortality (adjusted HR [95%CI1]:1.47 [1.13-2.21], p=0.019), whereas an EROA >60 mm?
did not (adjusted HR [95%CI]:1.16 [0.81-1.64], p=0.416) (Table 2, Figure 4). The results were
comparable for cardiovascular mortality (adjusted HR [95%CI]:1.07 [0.68-1.68], p=0.784 for
EROA >60 mm? and adjusted HR [95%CI]:2.08 [1.33-3.25], p=0.001 for TCG >10 mm) after
adjustment for the all variables associated with cardiovascular mortality on univariate analysis

(Table 2, Figure 5).

Prognostic factors in VSTR

For patients with a TCG >10 mm, clinical factors associated with all-cause mortality in
multivariate analysis were male sex (adjusted HR [95%CIl]:2.45 [1.36-5.17], p=0.004), NYHA
class l1-1V (adjusted HR [95%CIl]:2.37 [1.15-4.87], p=0.019), and a Charlson comorbidity
index >2 (adjusted HR [95%CI]:1.85 [1.07-3.80], p=0.044), whereas those associated with
cardiovascular mortality were male sex (adjusted HR [95%CI]:2.24 [1.08-4.68], p=0.030),
NYHA class I11-1V (adjusted HR [95%CI]:2.25 [1.03-4.88], p=0.042), and ascites (adjusted HR

[95%CI]:2.21 [1.05-4.99], p=0.041) (Table 2).
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For patients with a TCG >10 mm, only moderate or severe RV dilatation (adjusted HR [95%Cl]:
2.61 (1.25-5.41); p=0.010) was associated with all-cause mortality in multivariate analysis. A
LVEF between 50 and 60% (adjusted HR [95%CIl]:2.30 [1.09-4.84], p=0.028) and moderate or
severe RV dilatation (adjusted HR [95%CI]:3.61 [1.60-8.13], p=0.002) were independently

associated with cardiovascular mortality (Table 3).

DISCUSSION

The prevalence of VSTR in patients with significant isolated functional TR was variable,
ranging from 17 to 33% of patients, depending on the parameter used to define it. The
correlation between EROA and TCG was poor and decreased with increasing TCG. Risk
stratification was significantly improved using the TCG but not EROA. Indeed, after
adjustment for established prognostic factors, a TCG >10 mm was associated with a >2.1-fold
increase in the relative risk of cardiovascular death, whereas an EROA >60 mm? was not
associated with excess mortality. Therefore, a TCG >10mm should be used to define VSTR in

isolated functional TR.

The latest European guidelines mentioned that a new grading scheme that includes massive and
torrential TR has been proposed by certain authors (10), but to date, there is no official
recommendation on the interest of using this classification nor on the definition of "more-than-
severe” TR (10). Definitions of massive TR and torrential TR using the EROA and vena
contracta have been proposed in the context of transcatheter tricuspid valve repair or
replacement (24). Indeed, in the first studies assessing the efficacy of transcatheter tricuspid
valve therapies or compared these therapies with medical treatment, TR reduction was only
moderate, often leaving patients with significant residual TR (9,25). In a population of patients
with a baseline TR EROA of 0.85+0.22 mm?, the mean residual EROA 30 days after treatment
was 0.63+0.29 mm? (9). Thus, according to the current classification of the guidelines, these

patients would not change in severity grade because they started from a grade of severe TR and
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still had severe TR after treatment (10,19,20,21). However, a significant improvement was
observed in terms of stroke volume and quality-of-life scores in these studies (9,25),
highlighting the need to revise TR severity grading. Consequently, it has been proposed to add
the massive and torrential grades to the TR classification grading scheme using empirical
thresholds for vena contracta and the EROA. (11) However, although the current classification
is undeniably useful for the assessment of the results of percutaneous treatment, the inclusion
of two additional grades has not yet demonstrated its usefulness in the risk stratification of these
patients. Indeed, no study has found a difference between massive and torrential forms in terms
of outcome prediction (13-15). However, there is now growing evidence (13-15) that adding an
additional grade allows risk stratification of all patients with TR (not only those undergoing

percutaneous treatment).

Both the EROA and vena contracta present certain limitations. First, interobserver agreement
is poor in mitral regurgitation (26,27) and these parameters are even more difficult to assess in
TR because of the particular and variable geometry of this valve and the fact that it is often
difficult to be perpendicular to the jet to accurately measure vena contracta. (16) It should be
noted that although a number of reports have validated thresholds of EROA >40 mm? (28) and
EROA is a reliable parameter to identify severe versus non-severe TR with numerous robust
data reported. (8,17,19,20,29). Nevertheless, it may not be well suited for the most severe cases
of TR. Indeed, the use of EROA assessed by the PISA method relies on geometric hypotheses,
which are true for primary mitral regurgitation but not necessarily for TR, in particular, very
severe functional secondary TR. Indeed, most PISA assumptions are often not respected in
secondary very severe TR, as there is temporal and respiratory variability in TR, the flow
convergence zone is rarely hemispheric, and the surface is not flat, as tethering of the leaflets
is often present. Therefore, the PISA method faces several limitations and could significantly

underestimate the severity of TR by up to 30%. (30,31) With increasing coaptation defect, the
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geometry of the orifice becomes less circular and therefore the PISA becomes less reliable.
Accordingly, in our population, the relationship between the TCG and EROA was poor
(r>=0.21), especially for patients with a large TCG. Indeed, among patients with a TCG >10
mm, those with the lowest EROA (<40 mm?) had the largest TCG (mean 17.9 mm). Conversely,
TCG measurements are relatively easy to perform when TCGs are present. We found a better
reproducibility for the TCG measurement than for the EROA probably because the TCG
requires only one measurement whereas the calculation of the EROA by the PISA technique
requires several parameters (PISA radius, Vmax, VTI), which increases the risk of error and is
more technically challenging to obtain. Thus, to summarize, the shape of the regurgitant orifice
as well as the frequent not flat surface due to the tethering of the leaflets and the fact that the
PISA method is less reliable due to greater variability are our main hypotheses to explain the
superiority of TCG over PISA EROA in very severe TRs. Rapid developments in three-
dimensional transthoracic echocardiography will soon allow routine measurement of
anatomical EROA, which will certainly be more accurate because it will assess the true
coaptation defect in all three dimensions but will require clinical validation. Pending the
widespread adoption of these new techniques, the two-dimensional measurement in end-systole
in the view where the TCG is the largest is simple and present good interobserver
reproducibility (r=0.93, intraclass correlation coefficient=0.96 [0.86-0.99]). (14) We found that
the two-dimensional measurement of TCG was better than the EROA for patient risk
stratification, which was markedly improved for a TCG >10 mm but not an EROA >60mm?.

Therefore, a TCG >10 mm should be used to define VSTR.

Limitations
Our study had several limitations. First, it was retrospective and suffered from the inherent
limitations of this type of analysis. Echocardiograms were not analysed in a central corelab but

at each institution separately. The definition of RV dysfunction was based on TAPSE and S’
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measurements, despite the limitations of these parameters in the presence of severe TR.
Nevertheless, although normal RV systolic function cannot be determined with certainty when
the values are normal, the presence of a dysfunction is clear when these parameters are altered.
While the extent of TCG is a reflect of the anatomic ERO, TCG might also reflect RV
enlargement and/or dysfunction and tricuspid annular dilatation especially when RV dilatation
contributes significantly to the severity of TR. However, in isolated functional (or atrial) TR,
RV dilatation is not the cause of the disease but rather a late consequence of the regurgitation
(32,33). Actually, TCG in our study remained independently associated with all-cause and
cardiovascular mortality after adjustment for RV dilatation and dysfunction and the relationship
between TCG and basal RV diameter and between TCG and tricuspid annular diameter were
weak (R2=0.17 and 0.19 respectively). We did not include the laminar character of the TR and
the inversion of the hepatic vein flow in the definition of VSTR, contrary to our previous study
(14) because we had some missing data for these parameters and we wanted to propose a simple
definition. In patients with these parameters available (82% for the laminar character of the
flow and 77% for the hepatic vein flow), they were always present in case of TCG> 10mm
(Table 1). We believe that these are both important criteria that should be investigated
systematically for the quantification of TR. Unfortunately, data on aliasing velocity (Va) were
not collected in our database and we cannot multiply the calculated flow rate by Vmax/(Vmax
— Va) to yield the correct regurgitant flow rate. (34) However, to avoid this underestimation,
the ratio of the aliasing velocity to the tricuspid regurgitant jet velocity in our study was
maintained, as recommended, <10 % whenever feasible (92% of patients). (20) Measurement
of the TCG may be challenging after percutaneous tricuspid valve edge-to-edge repair, but this
is also true of the PISA and vena contracta methods, which have never been validated in these
patients. Finally, our results are only valid for patients with isolated functional TR and may not

be applicable to other TR etiologies. Indeed, we chose to study isolated TR to have a
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homogeneous group and evaluate the true impact of the severity of TR on the prognosis, without
interference from other valvular heart diseases, pulmonary hypertension, or left ventricular

dysfunction, which could have affected the outcome and biased the results.

Conclusions

The correlation between the TCG and the EROA is weak and decreases with increasing defect
size due to limitations inherent to the PISA technique. A TCG >10 mm is associated with a
significant increase in all-cause and cardiovascular mortality and should be used to define

VSTR in isolated functional TR.
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FIGURE LEGENDS
Figure 1. Scatter plot representing the relationship between TR EROA and TCG. EROA:

effective regurgitant orifice area, TCG: tricuspid coaptation gap, TR: tricuspid regurgitation.

Figure 2. Kaplan-Meier survival curves of patients with TR, with VSTR defined by an EROA
> 60 mm?2, in three groups (A) and in two groups (B).
EROA: effective regurgitant orifice area, TCG: tricuspid coaptation gap, TR: tricuspid

regurgitation.

Figure 3. Kaplan-Meier survival curves of patients with TR, with VSTR defined by TCG > 10
mm, in three groups (A) and in two groups (B).

TCG: tricuspid coaptation gap, TR: tricuspid regurgitation.

Figure 4. Cox-adjusted survival curves of patients with TR according to the definition of very
severe TR using EROA (B) or TCG (B)
EROA: effective regurgitant orifice area, TCG: tricuspid coaptation gap, TR: tricuspid

regurgitation.

Figure 5. Cox-adjusted curves of freedom from cardiac death for patients with TR according
to the definition of very severe TR using EROA (B) or TCG (B)
EROA: effective regurgitant orifice area, TCG: tricuspid coaptation gap, TR: tricuspid

regurgitation.
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Table 1: Baseline characteristics according to TR severity with very severe TR defined

using coaptation gap>10mm

Moderate to Severe TR Very
Characteristics severe TR (N=290) severe TR | P-Value
(N=212) B (N=104)
Clinical
Age, years 75+ 13 74 £13 7511 0.582
Female gender (%, n) 64.2 (134) 60.3 (175) 58.7 (61) 0.564
Body surface area, m? 1.77 £0.20 1.81+0.21 1.83+0.21 0.060
Hypertension (%, n) 68.4 (145) 59.7 (173) 65.4 (68) 0.122
Diabetes mellitus (%, n) 21.7 (46) 25.2 (73) 21.2 (22) 0.565
Liver cirrhosis (%, n) 2.4 (5) 4.8 (14) 125 (13) 0.001
Charlson index 3.1+£23 29121 32121 0.473
NYHA functional class I11-1V (%, n) 38.7 (82) 39.7 (115) 40.4 (42) 0.953
Right-sided heart failure signs (%, n) 462 (38) 59'3J§172) 86.5(90) 1 | <0.001
Ascites (%, n) 4.2 (9) 8.6(25)* @ 144 (15 * | 0.007
Loop diuretics (%, n) 71.7 (152) 82.1#238) 87.5(91) T 0.001
Daily dose of loop diuretics, mg 165 + 231 164+221  190+231 | 0.623
*
Atrial fibrillation (%, n) 75.9 (161) 81.4’5236) 91.3 (95) 0.004
Biological
Hemoglobin, g/dI 121421 122+20 11.8+20 0.311
Serum creatinine (umol/l) 111+ 73 118 + 95 116 + 68 0.690
Echocardiographic
LV ejection fraction, % 60 +7 59+7 59+7 0.169
LV stroke volume (ml) 66 + 21 62 + 21 63 + 23 0.153
Left atrial area (cm?) 27 £10 29+10* 31+10* 0.004
Right atrial area (cm?) 28+ 10 34 +11 7 42 +13 + <0.001
TR ERO (mm?) 28+ 6 63+26+f @ 111+6071 | <0.001
Laminar TR (%, n) 0(0) 31.4(90) + 100 (104) + | <0.001
Moderate/severe RV dilatation (%, n) 599 (127) 3 é230) 84.6(88)1 | <0.001
TAPSE, mm 19+4 18+5 19+6 0.508
Peak systolic annular velocity S’, cm/s 109127 109+3.2 10.8+3.3 0.967
RV FAC (%) 41 +11 41+ 11 40+ 9 0.572
RV free wall strain (%)** 21+7 -20+7 -22+5 0.173
Tricuspid annulus diameter (mm) 42 + 6 46+ 6 51+ 7% <0.001
TR peak jet velocity (m/s) 2905 2706+  22+£0671 | <0.001
Dilated inferior vena cava (%, n) 59.0 (125) 79.015229) 95.2(99) ¥ | <0.001
Dilated subhepatic veins (%, n) 25.5 (54) 54.1 75157) 100 (104) + | <0.001
Subhepatic vein flow reversal (%, n) 20.3 (43) 462 15134) 100 (104) ¥ | <0.001

Continuous variables are expressed as mean £1 standard deviation and categorical variables are

expressed as percentages and numbers.
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*: p<0.05 versus moderate-to-severe TR
+: p<0.001 versus moderate-to-severe TR
** available for 317/606 patients

Abbreviations: ERO: effective regurgitant orifice; FAC: fractional area change; LV: left ventricular:
NYHA= New York Heart Association; RHF = right heart failure; RV: right ventricular; TAPSE:
tricuspid annular plane systolic excursion; TR: tricuspid regurgitation;
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Table 2: Clinical factors associated with all cause and cardiovascular mortality in
patients with a tricuspid coaptation gap > 10 mm

All-cause mortality

Cardiovascular mortality

Variable Univariaple b. Multivari_able . Univariaple b. Multivari_able .
analysis Value analysis value analysis Value analysis value
HR (CI[95%]) HR (CI[95%)]) HR (CI[95%]) HR (CI[95%])
Age>75 years 1.55(1.12-2.99) 0.041 |1.47 (0.81-2.84)| 0.202 |1.42 (0.69-2.91)| 0.341 - -
Male sex 2.08 (1.10-3.93)| 0.010 |2.45(1.36-5.17)| 0.004 |1.81 (0.90-3.64)| 0.095 |2.24 (1.08-4.68)| 0.030
NYHA (3-4vs 1-2) |2.64 (1.34-5.23)| 0.005 |2.37 (1.15-4.87)| 0.019 |2.54 (1.20-5.36) | 0.014 |2.25 (1.03-4.88) | 0.042
Right heart failure 1.45 (0.56-3.76) | 0.440 - - 11.21(0.46-3.18)| 0.706 - -
Ascites 1.89 (1.17-4.00)| 0.034 |1.70 (0.75-3.89)| 0.204 | 2.48 (1.14-5.39)| 0.022 |2.21 (1.05-4.99)| 0.041
Charlson comorbidity |2.01 (1.16-4.04)| 0.039 (1.85 (1.07-3.80) | 0.044 |1.51 (0.73-3.14)| 0.269 - -
index>2 (without age)
Atrial fibrillation 1.45 (0.49-4.30)| 0.501 - - |1.18(0.39-3.59)| 0.763 - -
Diuretics dose >125 [2.25 (1.19-4.25) | <0.001 |1.33 (0.62-2.71)| 0.479 | 2.37 (1.17-4.79)| 0.016 [1.56 (0.71-3.38)| 0.263

mg/day

Abbreviations: NYHA= New York Heart Association
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Table 3: Echocardiographic factors associated with all cause and cardiovascular
mortality in patients with a tricuspid coaptation gap > 10 mm

All-cause mortality

Cardiovascular mortality

Variable Univariaple p. Multlvarlgble P. Univariaple b. Multlvarl_able P
analysis analysis analysis analysis
Value Value Value Value
HR (CI[95%]) HR (CI[95%]) HR (CI[95%]) HR (CI[95%])

LVEF 50-60% 1.73(0.92-3.27)| 0.089 | 1.71 (0.90-3.26) | 0.103 | 1.92 (0.95-3.68) | 0.070 | 2.30 (1.09-4.84) | 0.028
Low flow 1.33(0.70-2.51) | 0.387 - - 1.34 (0.66-2.72) | 0.410 - -
LA area>30cm? [1.39 (0.73-2.63) | 0.317 - - 1.17 (0.58-2.37) | 0.664 - -
RA area >30 cm? |1.55 (0.81-2.97)| 0.186 - - |1.70 (0.84-3.47) | 0.142 - -
TR ERO> 60 mm?(0.62 (0.32-1.19) | 0.151 - - 0.56 (0.28-1.14) | 0.110 - -
Moderate/severe |2.46 (1.19-5.08) | 0.015 [1.07 (0.56-2.04) | 0.812 |2.88 (1.39-6.27) | 0.008 | 3.61 (1.60-8.13)| 0.002
RV dilatation
Moderate/severe |1.19 (0.63-2.23) | 0.597 - - |1.41(0.70-2.83)| 0.338 - -
RV dysfunction

Abbreviations: ERO: effective regurgitant orifice; LA: left atrial; LVEF: left ventricular ejection fraction;
RA: right atrial, RV: right ventricular; TR: tricuspid regurgitatio
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Figure 3.
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Functional tricuspid regurgitation (FTR) has a very poor outcome and few patients are referred for
surgery due to the important peri-operative mortality which averages 15% (1). Edge-to-edge
percutaneous repair has been proposed as an alternative to cardiac surgery and preliminary results
showed improvement in patient’s functional status and outcome. However, the feasibility is limited in
patients with advanced FTR disease, i.e. in case of a large gap of leaflet coaptation (2). Levosimendan
is a calcium sensitizer agent which enhances cardiac contractility and has a strong vasodilatation effect.
Levosimendan seems particularly efficient in improving right ventricular (RV) function. The benefit of
repetitive use of levosimendan in chronic heart failure (HF) has been demonstrated (3) but no study
has been conducted in patients with severe FTR. In this preliminary clinical study, we reported the
clinical and echocardiography impacts of repetitive use of levosimendan in HF patients with severe

FTR.

We prospectively included 33 consecutive patients (777 years, 48.5% of women) admitted
for HF with severe FTR (73% graded as massive or torrential, mean EROA=100+56m?). All patients
signed informed consent. Most of the patients were in NYHA class Ill-IV (91%) with a median dose of
furosemide at 250 mg daily [95; 500]. The majority were in chronic atrial fibrillation (92%), 51.5% had
history of cardiac surgery and 42.4% had a pacemaker or defibrillator lead. Surgery was denied by the
Heart Team because of the operative risk (mean Triscore=25+17%) and percutaneous approach was
first excluded because of inappropriate anatomy or imaging. Levosimendan was delivered without
bolus by intravenous perfusion (0.2 y/kg/min over 24 hours) and repeated at least one time after 2 or
3 weeks. The severity of TR was graded according to effective regurgitation orifice area (EROA) using
the PISA (Proximal Isovelocity Surface Area) method (3) by transthoracic echocardiography. Tricuspid
annulus diameter, tricuspid leaflet tenting and coaptation, RV and right atrial (RA) dimensions were
quantified from 4-chamber view and inferior vena cava (IVC) diameter was assessed in subcostal view.

RV function was assessed using TAPSE (tricuspid annular plane systolic excursion).

Levosimendan infusion was repeated 3 times [median, range, 2 to 4 times] with no serious
events reported. After levosimendan infusion, most patients were functionally improved with NYHA in
class Il in 64% (n=21/33). There was a decrease in NT-pro-BNP levels (2960 pg/mL [1473-5023 vs.
1874 pg/ml [800-2872], p=0.03) and total bilirubin (19413 puM/L vs. 12+6 pM/L, p=0.003). Maximum
improvement in EROA (104+56mm? vs. 53+26mm?, p<0.001), TAPSE (14.9+4.7mm vs. 17.4+4.4mm,
p=0.005) and IVC size (29+6mm vs. 26t6mm, p=0.006) were obtained after the first infusion, while

changes in coaptation gap, tricuspid annulus diameter and RA (38+13 cm? vs. 34+12cm?, p=0.001) were
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maximal at the last infusion (Figure). During the follow-up [4 months, 1 to 17] after the last infusion,
edge-to-edge repair became feasible in 6 patients because of improvement in coaptation gap (from
7.3316.2mm to 2.1#3.5mm) and 3 patients were referred for tricuspid valve replacement (n=2
percutaneous and one surgical valve replacements). All patients were functionally improved (in NYHA
I-1l class) but the severity of FTR remained graded as severe in 2 patient following the edge to edge
repair and 2 patients died, one by stroke the day after edge to edge intervention and one by septicemia
8 months after percutaneous valve replacement. In patients without tricuspid intervention (n=24), 10
(41.7%) died after a median period of 15.7 months following the last levosimendan infusion (5 from
septicemia and 5 from heart failure). The remaining patients (n=14) were all in NYHA class | or Il and

the majority had mild to moderate FTR (n=8/14).

This is the first study reporting the impact of repeated use of levosimendan in severe FTR.
Main results showed that levosimendan temporally improves patient’s symptoms, decreases FTR
severity and may improve the feasibility of percutaneous edge to edge repair. The main advantage of
the levosimendan is its long-acting half-life allowing a prolonged inotrope and vasodilator effects
over 2 weeks. The efficacy and safety of the repetitive use in chronic heart failure patients were
assessed in 3 randomized study that showed a reduction in heart failure hospitalizations and a

decrease of the natriuretic peptide concentrations (4). These results are in agreement with the

clinical and biological improvement observed in the present study. However, the mortality remained
high (41.7%, n=10/24). Functional and anatomical changes induced by levosimendan may not be
sustained and should be viewed as a bridge to device therapy. In the present study, edge to edge

repair became feasible for 6 patients due to a reduction of the coaptation gap and FTR severity.

This is the first pivotal study reporting the effect of levosimendan in the feasibility of edge-to-edge
percutaneous tricuspid repair. The benefit of this strategy needs to be confirmed in a larger sample

size study.
Funding statement: none

Conflict of Interest statement covering: all authors have no conflict of interest to declare

302


https://www.sciencedirect.com/topics/medicine-and-dentistry/natriuretic-factor

Figure 1: Panel A: Changes in EROA (effective regurgitation orifice area), in coaptation gap and in
annulus diameter during the first and the last levosimendan infusion. Panel B showed the
distribution of Functional Tricuspid Regurgitation (FTR) severity at baseline, during and after

levosimendan infusion.
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Pronostic

Overlooked for decades, tricuspid regurgitation (TR)
has attracted much attention recently. TR is a public
health problem; moderate/severe TR is common, especially
in ageing populations, and affects 4% of the population
aged > 75years [1], totalling approximately 1.6 million in
the USA and 3 million in Europe. The literature is consis-
tent, showing that TR is a serious condition, associated with
morbidity (reduction in exercise capacity, heart failure) and
mortality that increase with TR severity [2,3].

Current American College of Cardiology (ACC)/American
Heart Association (AHA) and European Society of Cardiol-
ogy (ESC)/European Association of Cardio-Thoracic Surgery
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Recommendations Class® Level®

Surgery is recommended in symptomatic
patients with isolated severe primary tricuspid I C
regurgitation without severe RV dysfunction.

Surgery should be considered in asymptomatic
or mildly symptomatic patients with isolated
severe primary tricuspid regurgitation and RV
dilation who are appropriate for surgery.

lla C

Recommendations on secondary tricuspid regurgitation

Recommendations COR LOE

In patients with signs and symptoms of right-

sided HF and severe primary TR (stage D),

isolated tricuspid valve surgery can be beneficial 23 B-NR
to reduce symptoms and recurrent

hospitalizations.""*

In patients with signs and symptoms of right-

sided HF and severe isolated secondary TR

attributable to annular dilation (in the absence of
pulmonary hypertension or left-sided disease) 2a

Surgery should be considered in patients with who are poorly reponsive to medical therapy B-NR
severe secondary tricuspid regurgitation (with (stage D), isolated tricuspid valve surgery can be
or without previous left-sided surgery) who are beneficial to reduce symptoms and recurrent
symptomatic or have RV dilation, in the absence lla 8 hospitalizations. " 12 ¢
of severe RV or LV dysfunction and severe
pulmonary vascular disease/hypertension, '8 <% In asymptomatic patients with severe primary TR
(stage C) and progressive RV dilation or systolic ¢-LD
Transcatheter treatment of symptomatic dysfunction, isolated tricuspid valve surgery may >
secondary severe tricuspid regurgitation may be be considered. "%
considered in inoperable patients at a Heart Iib (v
Valve Center with expertise in the treatment of In patients with signs and symptoms of right-
tricuspid valve disease.’ sided HF and severe TR (stage D) who have
undergone previous left-sided valve surgery,
reoperation with isolated tricuspid valve surgery 2h B-NR
may be considered in the absence of severe
pulmonary hypertension or severe RV systolic
dysfunction.! 1" 18
Figure 1. A. Management of tricuspid regurgitation according to 2021 European Society of Cardiology/European Association of Cardio-

Thoracic Surgery guidelines. B. Management of tricuspid regurgitation according to 2020 American College of Cardiology/American Heart
Association guidelines. Reproduced from Vahanian et al. [5] and Otto et al. [4]. COR: class of recommendation; HF: heart failure; LD: limited
data; LOE: level of evidence; LV: left ventricular; NR: non-randomized; RV: right ventricular.

(EACTS) guidelines recommend performing isolated tricus-
pid valve surgery (ITVS) in patients with severe secondary
(and primary) TR (with or without previous left-sided
surgery), who are symptomatic or have right ventricle (RV)
dilatation, in the absence of severe right ventricular (RV)
or left ventricular (LV) dysfunction and severe pulmonary
vascular hypertension (Fig. 1) [4,5].

Contrasting with TR prevalence and the magnitude of the
problem, the majority of patients are treated medically with
diuretics to relieve their symptoms, and a curative surgi-
cal treatment for isolated severe TR is seldom performed
(approximately 120 patients/year in France) [6,7]. ITVS rep-
resents only 8% of all tricuspid valve (TV) surgeries, and a
TV intervention is mostly performed at the same time as
left-sided heart valve surgery. Thus, only 10% of patients
admitted in France with a diagnosis of significant TR are
referred for an intervention [8].

Reluctance to perform an ITVS can be explained on
the one hand, by the limited evidence that TR correction
improves outcomes and the falsely benign reputation of TR,
and on the other hand, by the high (in-hospital) mortality of
ITVS observed in most series (= 10%, remarkably consistent
across the literature) [6,7,9]. There was therefore a criti-
cal need to better assess the determinants of outcome after
TV interventions. For this purpose, we built a large French
multicentre registry, gathering all consecutive patients who
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underwent a non-congenital ITVS on the native valve for
severe TR in 12 tertiary centres during a 11-year period
(2007—2017), representing >40% of all ITVS procedures at
the national level. Among these 466 patients, in-hospital
mortality was 10%, as in other series, but this average
rate hid important disparities. Mortality rate was indeed
markedly variable, and was predicted by the severity of
the preoperative clinical, biological and echocardiographic
presentation, whereas the TR mechanism/aetiology had lim-
ited impact [9]. However, our findings were of limited use
to predict immediate and mid-term results of ITVS at the
individual level, and a risk score model that could support
clinical decisions for cardiologists and cardiac surgeons was
cruelly lacking. It is worth noting that in contrast to aor-
tic or mitral valve surgeries, there is no dedicated Society
of Thoracic Surgeons (STS) risk score model for ITVS, and
the logistic EuroSCORE [10] and EuroSCORE Il [11] were not
designed for ITVS.

TRI-SCORE [12] is a dedicated, simple and accurate
risk score model for ITVS that could guide the clini-
cal decision-making process. TRI-SCORE is based on eight
clinical (age>70years, New York Heart Association func-
tional class -1V, right-sided heart failure signs, daily dose
of furosemide > 125mg), laboratory (glomerular filtration
rate < 30mL/min, elevated total bilirubin) and echocardio-
graphic (LV ejection fraction<60%, moderate/severe RV



A
Risk factors
(final model from multivariate analysis) Scoring
Age > 70 years 1
NYHA functional class Ill-IV 1
Right-sided heart failure signs 2
Daily dose of furosemide > 125mg 2
Glomular filtration rate < 30ml/min 2
Elevated total bilirubin 2
Left ventricular ejection fraction < 60% 1
Moderate / severe right ventricular dysfunction 1
Total 12
B
=2
; 701 65
o
= 60
£
£ 501 48
£
= 401 34
2 30
= 22
£ 904
é 20 194
£ 101 5 B8
E ol 2 o
DT A8 4 B @ 7R B>
Risk score (points)
Figure 2.  Risk score model to predict in-hospital mortality after

isolated tricuspid valve surgery. A. Risk factors and scoring system.
B. Predicted in-hospital mortality rate according to the final risk
score model. Reproduced from Dreyfus et al. [12]. NYHA: New York
Heart Association.

dysfunction) variables, which are easy to ascertain, and
capture the impact of TR on the RV, liver and kidneys
(Fig. 2). This risk score model, on a 0—12-point scale,
provided both excellent discrimination (C-index > 0.75) and
calibration, with a predicted mortality rate ranging from
1% for 0 points to 65% for>9 points, irrespective of TR
mechanism/aetiology. Patients with functional/secondary
TR presented with a higher in-hospital mortality rate than
those with organic/primary TR, but the difference was
the result of a worse clinical presentation (higher score),
whereas aetiology/mechanism was not an independent
determinant of outcome after adjustment for clinical pre-
sentation. Half of patients were referred for an intervention
late in the course of the disease, with moderately elevated
(4—6) or severely elevated (> 6) scores, and therefore high
mortality rates. In contrast, low in-hospital and 1-year mor-
tality rates (0—4%) were achieved in patients with a low
score (<3).
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Our results suggest adopting a more proactive approach
to TV interventions, and to intervene earlier in the
course of the disease in patients with severe isolated
TR, irrespective of TR mechanism/aetiology, before the
occurrence of advanced/irreversible consequences, such as
severe RV dilatation/dysfunction, renal and liver failure and
intractable heart failure. In this regard, the ACC/AHA rec-
ommendation to wait for signs and symptoms of right heart
failure and poor response to medical therapy — i.e. diuret-
ics — may lead to a TV intervention being performed in
patients at end-disease stage, with possibly limited benefit
for outcome. Patients with severe TR should be monitored
closely, and intervention considered when the diuretic dose
needs to be increased or in case of progressive RV enlarge-
ment. It is also critical to mention that the approach should
be individualized, and availability of transcatheter tricuspid
valve interventions (TTVIs), as a less-invasive alternative to
surgery, may push for an extension to the number of patients
treated. TTVIs are still at an early stage, with a large number
of percutaneous TV devices currently under development.
TTVIs are mostly a repair (especially edge-to-edge repair),
with promising initial results in the first real-world reg-
istries with patients at high surgical risk [13]. Nevertheless,
unlike mitral valves, many patients are not eligible for a TV
repair strategy, and transcatheter TV replacement could be
a better alternative for these patients. There are several
important differences between the right side and the left
side of the heart favouring TV replacement. First, the TV
anatomy is highly variable. Second, there is no risk of out-
flow tract obstruction on the right side. Third, paravalvular
risk is less of a concern (i.e. no haemolysis). Fourth, durabil-
ity of biological valves is expected to be longer on the right
side.

Ongoing randomized controlled trials (TRILUMINATE Piv-
otal Trial, TRI-FR [14] , CLASP Il TR, TRISCEND Il Pivotal
Trial) aim to evaluate the benefits of transcatheter treat-
ments over medical therapy, and will provide more evidence
regarding the most appropriate timing and type of inter-
vention to improve the outcome of patients with severe
TR (Table 1). The latest ESC/EACTS guidelines — but not
the ACC/AHA guidelines — suggest performance of a tran-
scatheter intervention for symptomatic secondary severe TR
in inoperable patients at a Heart Valve Centre with exper-
tise in the treatment of TV disease (class IIbC) (Fig. 1) [5].
Importantly, TRI-SCORE will also provide a unique tool to
characterize and compare populations enrolled in these tri-
als, evaluating the benefit of TR correction. It is worth
noting that even patients at low risk, as assessed using the
TRI-SCORE, experienced a significant postoperative rate of
major complications (15% for patients with TRI-SCORE =0),
although TRI-SCORE was not designed to predict complica-
tion rates. Whether transcatheter therapies could achieve
lower complication rates (and at least similar procedural
success) should also be carefully assessed.

TRI-SCORE will guide clinical decisions at the bedside
level, and we do hope lead to earlier and wider surgical
or transcatheter interventions in patients with severe TR
before the occurrence of severe/irreversible consequences
that markedly affect prognosis. A TRI-SCORE calculator is
accessible online (http://www.tri-score.com/).



Table 1

All prospective multicentre randomized controlled trials for transcatheter treatment of tricuspid regurgitation.

Trials Inclusion Intervention  Primary outcome Follow-up  Countries  Estimated Study

criteria arm (versus duration partici- start date
best medical (months) pants
treatment)

TRILUMINATE  Severe Percutaneous Composite endpoint: 12 USA; 700 August

Pivotal symptomatic  repair with all-cause mortality, Canada; 2019
TR; high risk ~ Abbott TriClip TV surgery, HF Europe
of TV surgery device hospitalizations and
(heart team) QOL (KCCQ)

TRI-FR Severe Percutaneous Milton Packer 12 France; 300 February
symptomatic  repair with clinical composite Belgium 2021
secondary TR; Abbott TriClip score
high risk of TV device
surgery (heart
team)

CLASP II TR Severe Percutaneous Composite endpoint: 60 USA; 825 December
symptomatic  repair with all-cause mortality, Canada 2019
TR; high risk  Edwards RVAD implantation
of TV surgery PASCAL device or heart transplant,

(heart team) TV surgery, HF
hospitalizations and
QOL (KCCQ)

TRISCEND I Severe Percutaneous TR grade reduction; 12 USA; 775 April 2021

Pivotal symptomatic replacement  major adverse Germany
TR; high risk ~ with Edwards events; composite
of TV surgery EVOQUE endpoint (all-cause
(heart team) device mortality, RVAD

implantation or
heart transplant, TV
surgery, HF
hospitalizations,
KCCQ, NYHA
functional class and
6-minute walk
distance)

HF: heart failure; KCCQ: Kansas City Cardiomyopathy Questionnaire; NYHA: New York Heart Association; QOL: quality of life; RVAD:

right ventricular assist device; TR: tricuspid regurgitation; TV: tricuspid valve.
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Aims Tricuspid regurgitation (TR) is associated with significant morbidity and mortality. Its independent prognostic role
has been repeatedly demonstrated. However, this valvular heart condition is largely undertreated because of the
increased risk of surgical repair. Recently, transcatheter techniques for the treatment of TR have emerged, but their
implications for the clinical endpoints are still unknown.

Methods and The Trifr trial will be a multicentre, controlled, randomized (1:1 ratio), superior, open-label, and parallel-group

results study conducted in 300 patients with severe secondary TR that is considered non-surgical by heart teams.
Inclusion will be possible only after core laboratory review of transthoracic and transoesophageal echocardiog-
raphy and after validation by the clinical eligibility committee. A description of the mechanisms of the TR will be
conducted by the core laboratory. Atrial or ventricular impacts on the severity of the secondary TR will be taken
into account for the randomization. The patients will be followed for 12-month, and the primary outcome will be
the Packer composite clinical endpoint [combining New York Heart Association class, patient global assessment
(PGA), and major cardiovascular events]. It will test the hypothesis that a tricuspid valve percutaneous repair strat-
egy using a clip dedicated to the tricuspid valve is superior to best guideline-directed medical therapy in symptom-
atic patients with severe secondary TR.

Conclusion Trifr will be the first randomized, academic, multicentre study testing the value of percutaneous correction in
patients with severe secondary TR.
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Introduction

Tricuspid regurgitation (TR) is a long-neglected valvular pathology. Its
prevalence is significant and is increasing with the ageing of the popu-
lation."? It is often a consequence of chronic left cardiac pathologies
or atrial fibrillation.? Secondary TR is load-dependent, and recent re-
search has shed light on its pathophysiology and the quantification of
regurgitation as well as on its right heart consequences. TR is mainly
secondary (complicating left heart disease, pulmonary hypertension,
atrial fibrillation, and atrial dilatation) and has a poor prognosis.” The
risk of death or hospitalization has been reported to be high.*® In-
hospital mortality of patients undergoing TV repair or replacement
is substantial with reported rates between 8% and 24%.”® Older age
(= 60 years) and TV replacement instead of repair can further double
the risk for in-hospital death.?

Medical management is suboptimal. Benfari et al’ recently
reported a 5-year survival of 34% and a 10-year survival of only 14%
for patients with severe FTR and HF with reduced ejection fraction
(HFrEF). Surgical correction is recommended in severe symptomatic
TR or when the tricuspid annulus is dilated and the TR is identified
prior to the scheduled left heart valve surgery,”'® but patients are
rarely referred to any surgical technique.!” The literature on the out-
comes of secondary TR treated by surgery (repair or replacement) is
discouraging.'* There is excessive morbidity and mortality related to
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many factors, including comorbidities and the too delayed indication
for repair.'™"? Patients with severe TR often represent a high-risk
surgical population, which relies at least partly on late referral and
advanced heart failure (HF) after left-sided heart surgery.
Importantly, the excess mortality in TR seems to be independent of
pulmonary hypertension and other concomitant clinical parameters,
as recent studies '.;uggest?'14

This justifies dedicated studies and the evaluation of alternative
therapies for correcting TR with low interventional risk."® A clip spe-
cifically designed for the tricuspid valve (Triclip, Abbott Structural,
Santa Clara, CA, USA) has been evaluated in observational studies.
The TRILUMINATE trial included 85 patients with moderate-to-
severe symptomatic TR. The pre-implantation, implantation, and
6-month follow-up data were collected and justified further evalu-
ation."® The Triclip (Abbott Structural, Santa Clara, CA, USA) system
appears to be safe and effective at reducing TR by at least one grade
and has recently received the European Conformity (CE) mark.

Patients with secondary TR are heart failure (HF) patients. They
are often hospitalized and complain of HF symptoms. In several trials,
clinical composite scores have been more sensitive than conventional
approaches in discerning the presence or absence of a true treatment
effect.'”'® Therefore, a clinical composite score, which combines
changes in the New York Heart Association (NYHA) class and the
global assessment together with the information provided from the



occurrence of major clinical events, appears clinically meaningful. The
use of these scores could correctly distinguish active therapy from
placebo, and Packer'”"® provided convincing demonstrations that
could avoid some misleading conclusions.

In the Trifr trial, we seek to demonstrate, over a period of
12 months after randomization, that, on the Packer composite clinical
endpoint (CCS) [combining NYHA class, patient global assessment
(PGA), and major cardiovascular events], the tricuspid valve percu-
taneous repair strategy is superior to best (optimized) medical treat-
ment (BMT) in symptomatic patients with severe secondary TR.

Methods

Trifr will be a multicentre, controlled, randomized (1:1 ratio), superior,
open-label, and parallel-group study. It is an academic study, sponsored
by the French Ministry for solidarity and Health (PHRC). It tests, in 300
patients considered nonsurgical by the local heart team, the beneficial ef-
fect of an intervention (a clip on the tricuspid valve) in addition to opti-
mized medical management. This is an academic sponsored study
(French Ministry for Health) with the support of Abbott Structural (Santa
Clara, CA, USA), which is supplying the devices.

The flow chart of the trial is displayed in Figure 1.

Patients will be recruited for the study if symptomatic with a diagnosis
of secondary severe TR [Carpentier Type llIB (restrictive) and/or | (tri-
cuspid annulus dilation)] under medical management and stable for at
least 30 days.

Inclusion and exclusion criteria are provided in detail in Tables 1 and 2.
Patients with left ventricular (LV) dysfunction (LVEF <35%) will be
excluded. End-stage renal failure (except if long-standing dialysis is already
being performed), severe hepatic insufficiency [disruption of liver metab-
olism associated with coagulation disorders (factor V < 50%)], stroke or
acute coronary syndrome in the previous 3-months, uncontrolled

TRI

Patients have to be discussed || Core-Lab and dedicated
in the locale heart team committee validation

Start and first inclusions in January 2021

Inclusion as soon as possible and
treatment and standardized monitoring

precapillary pulmonary hypertension (right catheterization required)
(systolic pulmonary pressure >60 mmHg), any other treatment like pace-
maker, Mitraclip should have been implanted at least 3-month before any
inclusion in Tri.fr. Patients have to be clinically stable. Inclusion in TRLFr
cannot be applied in an emergency setting.

Factors that affect the capacity for guiding the clips implantation are
part of the exclusion criteria. For instance, it is the case for mechanical
prosthesis in the left heart.

The goal is to test on TR management; the clinical eligibility committee
(independent committee with every week meetings) has to be extremely
consistent in ensuring that patients’ prognosis is driven by the TR and no
other cardiac or extra-cardiac condition. The TR severity, the quality of
the echocardiographic assessment, and the feasibility of the clipping have
to be validated before any randomization (independent echocardiographic
core lab, CIC-IT 1414, Iso9001, Rennes, France).

Patients will be completely informed and will be required to sign the
informed consent form. This study will be conducted following the
‘Good Clinical Practice’ guidelines of the Declaration of Helsinki and was
approved by the National Ethical Committees of every participating
centre (35RC18_8851_TRLFR). This study is registered at clinicaltrials.-
gov (identifier NCT 04646811).

An electronic case report form (e-CRF) will be made available, and the
data entry will be completed at the centres through a WEB interface
(Clinsight software, Ennov, Paris 75, France).

® Before any inclusion, standardized transthoracic (TTE) and transoeso-
phageal (TEE) will have to be performed and validated by the core la-
boratory (CIC-IT, CHU Rennes) to confirm the grade of the TR and
the suitability of the anatomy for clip implantation (Figures 2 and 3).

® Afterwards, the eligibility committee will validate the clinical relevance
of the inclusion based on the clinical, pharmacological, and biological
predefined parameters. This will be based on the data collected in the
e-CRF and on an interview of the local investigator by the committee
members (web-conference organized every Wednesday evening).

Corelab for inclusion, 6 and 12
month follow-up echos

I + medico-economic study I

Figure | Flow chart of Trifr.
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Table I The inclusion criteria

- Symptomatic secondary (at least) severe TR [Carpentier Type IlIB (restrictive) and/or | (tricuspid annulus dilation)] stable for at least 30 days

- TR characterized before implantation by at least one of the following criteria (Figure 2):

® Regurgitation volume greater than 45 mL/beat

o Surface of the regurgitant orifice greater than 40 mm?

® Vena contracta > 7 mm

o Gap between leaflets < 7mm

- NYHA functional Class II-IV without cirrhosis and/or ascites

- Signs of heart failure in the previous 12 months with or without hospitalization

- Stable optimized medical and/or interventional treatment for at least 30 days (validated by the eligibility committee meeting every week).

- Ineligible for corrective action on the valve by a surgical approach after a specialized multidisciplinary consultation (‘heart team’) including at least a car-
dio-thoracic surgeon, an interventional cardiologist, an imaging-cardiologist and an anaesthesiologist.

- Signature on the informed consent form.

Table 2 Exclusion criteria

- Patients treated with Mitraclip or other percutaneous approaches to the mitral valve in the past 3 months

- Any prior tricuspid valve procedure that would interfere with placement of the Triclip (Abbott Structural, Santa Clara, CA, USA) device

- Tricuspid valve leaflet anatomy may preclude clip implantation, proper clip positioning on the leaflets or sufficient reduction in TR. These may include:

o Tricuspid valve anatomy not evaluable by TTE and TEE

o Active endocarditis

® Evidence of calcification in the grasping area

o Evidence of stenosis (mean pressure gradient > 5 mmHg or surface area <1 cm?)

® Presence of a severe coaptation defect (>10 mm) of the tricuspid leaflets

o Severe leaflet defect(s) preventing proper device placement

o Epstein anomaly—identified by having a normal annulus position while the valve leaflets are attached to the walls and septum of the right ventricle

- Myocardial infarction or coronary bypass surgery in the past 3 months

- Left ventricular ejection fraction <35%

- Cardiac resynchronization therapy for less than 3 months and patients having a TR that is clearly related to the right ventricular lead positioning

- Cardioversion for less than 6 weeks

- Life expectancy irrespective of valvular heart disease <1year (due to comorbidities)

- Other scheduled cardiac surgery (including registration with a cardiac transplant list)

- Coronary angioplasty in the preceding month

- Current infection requiring a prescription of antibiotics

- End-stage renal failure (except if long-standing dialysis is already being performed)

- Severe hepatic insufficiency [disruption of liver metabolism associated with coagulation disorders (factor V < 50%)]

- Stroke in the previous 3-month

- Uncontrolled pre-capillary pulmonary hypertension (right catheterization required) (systolic pulmonary pressure > 60 mmHg)

- Mechanical prosthetic valve in the left heart

- Pacemaker lead or ICD lead that would prevent appropriate placement of the Triclip (Abbott Structural, Santa Clara, CA, USA)

- Nitinol allergy

- Contraindication, allergy or hypersensitivity to dual antiplatelet and anticoagulant therapy

- Ongoing infection requiring antibiotic therapy

- Evidence of intra-vascular or intra-cardiac thrombus

- Patients who are included in another research protocol

- Protected person [adults legally protected (under judicial protection, guardianship or supervision), person deprived of their liberty, pregnant woman,
lactating woman, minors]

- Absence of coverage by a social security system
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Figure 2 Quantification of tricuspid regurgitation in five grades.

The eligibility committee will be particularly attentive about accepting
patients where the TR is supposed to be the main driver of symptoms
and prognosis. Additionally, people with a life expectancy <12 months
were excluded.

The primary objective is to determine, over a period of 12 months after
randomization, that, on the Packer composite clinical endpoint (CCS)
[combining NYHA class, patient global assessment (PGA), and major car-
diovascular events (all-cause mortality, cardiovascular mortality, tricuspid
valve surgery, heart failure hospitalizations, cardiovascular and non-
cardiovascular hospitalizations)], whether a tricuspid valve percutaneous
repair strategy with a clip for the tricuspid valve is superior to best (opti-
mized) medical treatment (BMT) in symptomatic patients with severe
secondary TR. The Packer clinical composite score is a three-level
ordered categorical endpoint, with each randomized patient being classi-
fied as improved, unchanged, or worse, depending on the clinical re-
sponse over the follow-up period and at the endpoint of 12 months."®

This endpoint has been used previously. Basically, the primary end
point of the study is a HF clinical composite response. Using this end
point, we classify patients into one of three response groups at 12 months
after randomization: worsened, unchanged, or improved. Patients are
judged to be worsened if they die, are hospitalized (at any time during the
12months) because of or associated with worsening HF, demonstrate
worsening in NYHA functional class at their 12-month visit, or reported
moderately or markedly worse heart failure symptoms compared to be-
fore randomization (Patient Global Assessment) when ask at the 12-
month follow-up. Patients are judged to be improved if they have not
worsened and have demonstrated improvement in NYHA functional
class at 12 months and/or report moderately or markedly improved heart
failure symptoms at the 12-month follow-up. Patients who are not wors-
ened or improved are classified as unchanged. Hospitalizations contrib-
uted to the end point if the independent Adverse Event Advisory/
Endpoint Committee verify their relatedness to HF. Because asymptom-
atic patients (NYHA functional Class |) were included in the study and
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their NYHA status cannot improve, the percent of patients worsened is
used to compare the efficacy of the clip between study groups.
The secondary objectives are:

(1) To determine, over a period of 12 months after randomization,
whether individual parameters included in the composite endpoint
[all-cause mortality, cardiovascular mortality, tricuspid valve sur-
gery, heart failure hospitalizations, cardiovascular and non-
cardiovascular hospitalizations, NYHA and quality of life (Qol),
walking distance] were improved by a tricuspid valve percutaneous
repair strategy vs. best (optimized) medical treatment (BMT) in
symptomatic patients with at least severe secondary TR.

To determine, at 6 and 12 months, whether a significant improve-
ment in the ‘interventional group’ occurred for

® The severity of the TR (the quantification of TR will be made in
a centralized core laboratory according to five grades); (Figure 2,
Table 3)'%%°

The echocardiographic parameters (right ventricular function,
right heart size, haemodynamic parameters such as cardiac
output);

The cardiac magnetic resonance imaging parameters (right ven-
tricular function, volumes); a dedicated sub-analysis of the cardiac
magnetic resonance images on the right heart are planned for
chamber quantification, chamber functions, and quantification of
the regurgitation.

The biological parameters (liver and renal functions, natriuretic

peptides).

@

(3) To test the safety profile of the clip for the tricuspid valve repair
procedure (including occurrence of tricuspid stenos, clip ‘detach-
ment, vascular complications. . .")

To test the impact of the mechanism of TR (atrial dilatation versus

tethering) on the response to treatment.
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Figure 3 Key images (mandatory) that imagers will have to record when screening and following patients for Trifr. A, anterior; P, posterior;
S, septal; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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Table3 Summary of the main outcome measures in Triluminate pivotal trial and in Tri.fr

Primary outcome measurements:

1. Triluminate pivotal trial (ClinicalTrials.gov Identifier: NCT03904147) Hierarchical composite of number of participants with all-cause mortality or num-
ber of participants with tricuspid valve surgery, rate of heart failure hospitalizations, and assessment of quality-of-life improvement using the KCCQ
(Time Frame: 12 months)

2. Trifr (ClinicalTrials.gov Identifier: NCT04646811) Milton Packer clinical composite score (Time Frame: 12 months) Milton Packer clinical composite
score classifies each patient into 1 of 3 categories (improved, worsened, unchanged), and is determined aggregating evaluation functional using NYHA
class, quality of life score using patient global assessment and number of major cardiovascular events

Four main secondary outcome measurements for Triluminate Pivotal Trial:

1. Change in TR from severe to moderate or less (Time Frame: 30 days)

2. Freedom from major adverse events (MAE) occurring after procedure attempt (Time Frame: 30 days)

3. Change in quality of life as assessed by Kansas City Cardiomyopathy Questionnaire (KCCQ) Score (Time Frame: 12 months)

KCCQ score ranges from 0 to 100, with 100 representing the least burden of symptoms

4. Change in 6 minute walk test (6MWT) (Time Frame: 12 months)

For Trifr

1. Number of participants with all-cause mortality (Time Frame: 12 months)

2. Number of participants with tricuspid valve surgery (Time Frame: 12 months)

3. Rate of heart failure hospitalizations (Time Frame: 12 months)

4. Assessment of quality of life improvement (Time Frame: 0 and 12 months)

Nb: Kansas City Cardiomyopathy Questionnaire score (KCCQ) The responses are categorized under 3 subscales (symptom burden, physical limitation
and quality of life) with a range of possible subscale scores from 0 to 100, with 100 representing the least burden of symptoms. The total KCCQ score

represents the mean of the three subscale scores

(5) To conduct a medico-economic evaluation (cost-utility study) com-
paring the two strategies (‘Clip for the tricuspid valve’ group vs.
‘BMT’) on the dual dimension of efficiency and costs at 12 months
for the last 150 patients included up to 24 months and the first 150
ones included, with data collected from the French National

Healthcare Insurance.

Participants will be randomly assigned through an automated web-
based system ina 1:1 ratio:

® to undergo either implantation of a clip for the tricuspid valve in add-
ition to best medical therapy,
® or best medical therapy (BMT) alone.

A permuted block randomization scheme will be used with stratifica-
tion according to the clinical site and TR aetiology (three classes: torren-
tial regurgitation, severe regurgitation with a predominantly dilated right
atria, or severe regurgitation with a predominantly dilated right ventricle).

Crossover from the assigned treatment is prohibited before the 12-
month assessment. Table 3 is providing a comparison of the main objec-
tives of triFr and of an ongoing American study on the same subject
(Triluminate pivotal trial sponsored by Abbott).

This methodology thus takes into account the different phenotypes of
TR and potentially their distinct response to treatments (medical or med-
ical 4 interventional).

The logistics of this study are described in Table 4 and Figure 1:

® A screening visit Visit 1: inclusion/exclusion criteria; written informed
consent; echocardiography measurements and a recording for the
core laboratory (Corelab).

The patient is then discussed by the local heart team. If there is consen-
sus, the images are sent to Corelab, the e-CRF is fulfilled, and the patient
is discussed with the eligibility committee.
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® An inclusion visit: Visit 2: randomization; medical history and a complete
physical examination,

® An intervention visit: Visit 3: Triclip™™" implantation; optimization of medic-
al therapy,

® And follow-up visits (Visits 4-6 at 3, 6, and 12 months: complete physic-
al examination).

To conduct the medico-economic study, after the first 12 months of
follow-up, the EQ5D-5 L questionnaire will be administered at 18 months
and 24 months by phone call to assess the health-related quality of life of
the first 150 patients included.

Procedures

Triclip™™ (Abbott Structural, Santa
Clara, CA, USA) implantation

The percutaneous installation procedure of the tricuspid valve ™™
clip is carried out in a catheterization room that has a level of
asepsis equivalent to an operating room with a nearby recovery
hall (also called interventional cardiology rooms or so-called hy-
brid rooms). The procedure is carried out by a multidisciplinary
team involving practitioners who have benefitted from the specif-
ic training and is typically comprised of two operators, including
at least one interventional cardiologist and a cardiologist special-
izing in echocardiography. The typical operating protocol is as
follows:

® The patient is under general anaesthesia;

® A femoral venous catheter is placed, and then the clip and its re-
lease system are positioned in the atrium and right ventricle;

® The clip is set up with the heartbeat under radioscopic control
and echocardiographic (TOE) monitoring' (biplane mid and deep
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transoesophageal images at 45°/135°, transgastric en face view of
the tricuspid valve (50°) (Figures 3)

Depending on the degree of residual tricuspid leakage after the
first clip is installed, a second or third clip may be positioned.
Clipping should treat the main regurgitation, usually starting by
grasping the septal-anterior leaflets and, if required, the residual
gap between the posterior and septal leaflets should be treated.

Given the implantation of prosthetic material, patients will benefit
from thromboprophylaxis treatment, such as that currently pre-
scribed and usual in this framework in common practice.

After the procedure for the implantation of the clip for the tricuspid
valve™ system (triclip"™), patients benefitted from medical manage-
ment optimized according to the state of the art for the treatment of
symptomatic secondary TR. This is presented below as part of the de-
scription of the treatment for the conventional strategy.

Optimized medical treatment or
guideline-directed medical therapy
In accordance with the recommendations of the European Society of
Cardiology,2%%* guideline-directed medical therapy (GDMT) consists
mainly of drug management, taking into account contraindications or
particular intolerances, diuretics, and an aldosterone antagonist.
Mandatory in patients with left ventricular ejection fraction < 40%,
but not for others, a stable and maximal dosage of beta-blockers and
conversion enzyme inhibitor (ACE-inhibitors) (or an angiotensin 2
receptor antagonist in the case of ACE-inhibitor intolerance), or of
sacubitril-valsartan. Stability is defined as the absence of an increase
of more than 100% or a decrease of less than 50% of the dose in the
previous month.

Acute cardiac decompensations are symptomatically treated
according to the recommendations (mainly oral or parenteral diuret-
ic agents according to their severity).

Statistics
This trial is designed to determine whether a device (TRI-CLIP im-
plantation) is better than optimized medical treatment of patients
with at least severe TR who are not suitable for surgery. This study is
a prospective, multicentre, controlled, randomized (1:1 ratio), super-
ior, open-label, and parallel-group study.

Statistical software used for the analysis will be SAS version 9.4
(SAS Institute, Cary, NC, USA).

Description of planned statistical methods

Planned number of persons to be enrolled in the study and planned
number of persons in each centre with statistical justification
Considering that our primary endpoint is ordinal with three levels,
300 patients would provide 90% power to show that the device is su-
perior to the standard-of-care, with a one-sided 0.025 alpha level and
the following assumptions: proportions of improved, unchanged, or
worse (0.05, 0.45, 0.5) in the ‘standard-of-care’ group and (0.15, 0.5,
0.35) in the ‘device’ group. This hypothesis is based on a French regis-
try, the existing literature and Triluminate.*2*

Planned degree of statistical significance
Statistical tests for the primary outcome will be carried out with a
one-sided 0.025% level of significance (P <0.025).
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Discussion

Secondary TR has a high prevalence and is associated with marked
clinical limitations.>**?¢ lts management remains a major clinical chal-
lenge and justifies the proposal of a randomized study evaluating new
approaches to transcatheter valve repair. In fact, evidence for cor-
recting secondary TR is lacking. The Triluminate study brought en-
thusiasm but was not designed to demonstrate the clinical benefit of
a strategy based on GDMT plus correction of the regurgitation using
a percutaneous approach.'® The 1-year results are encouraging com-
pared to surgical surveys reporting an overall hospital mortality of
~8.8%.117728 Most patients are unsuitable for surgery, and some
patients remain highly symptomatic and have a poor prognosis des-
pite optimized medical management.?”

Therefore, it seems necessary to conduct a study to evaluate the
contribution of a clip manufactured specifically for the tricuspid valve
(T ﬁclipTM, Abbott Structural, Santa Clara, CA, USA) compared to
GDMT in patients who are unsuitable for surgically isolated correction
of the TR. It will be necessary to demonstrate its impact on major car-
diac events and on the patient’s clinical status and quality of life. Specific
analyses of the echocardiographic and subclinical benefits of percutan-
eous treatment vs. GDMT will be performed. Best understanding of
right heart adaptability and remodelling after clipping the TR will be
looked at. The consequences of the clipping will be studied thanks to
echocardiographic and cardiac magnetic resonance sub-studies. A lot
remains to be known.

Imaging of the secondary TR

TR is often clinically unsuspected, and cardiac auscultation is rarely
typical.*® Thus, in routine practice, its diagnosis mostly depends on
echocardiography.®' Judging anatomy and severity of TR by echocar-
diography has often proven difficult. The anatomy is complex and in
addition to surgical classifications,’” a recent echocardiographic clas-
sification has been proposed.* This is requiring a standardized and
optimized TEE recording in mid-, deep-oesophagus but also using the
‘en-face’ transgastric view of the tricuspid valve. The biplane trans -
oesophageal and the transgastric view are mandatory and should
provide an optimal visualization of the leaflets (all the |eaflets) and the
gap(s). Echocardiographic methods of quantifying TR are based pri-
marily on the vena contracta (2D and better 3D) and the regurgitant
orifice area calculation.**** Considering transthoracic echocardiog-
raphy, based on the complex anatomy of the tricuspid valve and the
presence of at least 3 leaflets, 3D modality (or at least bi-plan) for
evaluating valve morphology and function might have a significant im-
pact on the accuracy of TR characterization. The effective regurgitant
orifice area (EROA) is a fundamental but complex measurement per-
formed mainly without any angle-correction. The ability to average
the measurement made in two orthogonal views is a must for Trifr
(Figure 2). As a matter of fact, the functional nature of the TR is
requiring to take into account the non-hemispheric mature of the
PISA, like the vena contracta is not a circle. Vena contracta, in an at-
tempt to quantitate the severity of TR, has been advocated using
2D.%¢ The vena contracta is the smallest high-velocity region of the
flow jet on the atrial side of the tricuspid orifice [a vena contracta
width > 7.0mm is considered to indicate severe TR (Figure 2)].">*°
The volumetric approach for quantifying the regurgitant volume and
regurgitant fraction (RF) provides also key complementary



information. Hepatic vein flow reversal, triangular dense regurgitant
jet and the gap between leaflets (assessed on several windows to get
the largest one) have to be reported.®” This multi-parametric method
have significant limitations, but it helps to apply a pragmatic approach
based on five grades of TR that can be measured pre- and post-clip
implantation (even if it is much harder after the clip positioning if sev-
eral regurgitant jet remain).?

Therefore, imagers have to be concerned and well-trained for get-
ting the views and images that make possible the understanding, the
planification of the treatment and the quantification of the regurgita-
tion.*® Imagers should have sufficient skills to obtain the best images
with standardized settings (particularly colour Doppler). These set-
tings are important for longitudinal studies and comparisons of the
regurgitation from one evaluation to the next. Imagers should try
their best to obtain 2D and 3D images of the right heart (Figure 2).*’
Considering all of the limits (including respiratory changes) related to
the precise quantification of TR in different patients and in different
clinical conditions, we have to combine all of the parameters and cen-
tralize the analysis of the TR grading (Corelab).”” *' Also, imagers
should have a clinical impact and should evaluate only patients who
have been treated for being as much as possible euvolemic. Over the
individual follow-up, TR quantification may vary due to RV plasticity
and changes in size and shape. Changing the anatomy will affect the
TR characterization. Additionally, the impact of treatment on remod-
elling of the right atrium and ventricle will have to be considered.
Trifr was thus designed to record a large set of echocardiographic
but also cardiac magnetic resonance images.

Conclusion

This TRI-FR study will be the first randomized, academic, trial testing the
efficacy of a percutaneous correction of TR in symptomatic patients.
These patients will have a precise centralized quantification of TR as
well as heart function at inclusion and during the follow-up. Additionally,
the Milton Packer composite endpoint will provide information regard-
ing the functional benefit for the patient as well as information about the
risk of death or hospitalization for any cardiovascular reason.

Conflict of interest: Abbott is providing the implanted device, but
the study is academic, independent and financed by the French
Minister for Health (PHRC-N).
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ricuspid regurgitation (TR) is an heteroge-

neous condition, mostly of functional etiol-

ogy secondary to
pulmonary hypertension." The literature is fairly
consistent in showing that TR is associated with an
increased risk of death or heart failure that increases
with TR severity.” The prevalence of moderate or se-
vere TR in the population has been shown to be as
high as 0.55%, similar to that of aortic stenosis." Cur-
rent guidelines recommend performing
tricuspid valve surgery in patients with severe TR
who are symptomatic in the absence of severe right
ventricular (RV) dysfunction or severe pulmonary
vascular hypertension,*® but contrasting with the
prevalence, TR is often left untreated, and most TR
interventions are performed at the time of left-sided
surgery.®’ Transcatheter tricuspid valve interven-
tions are emerging, and if proven to be safe and effi-
cient, they may offer a less invasive alternative to
surgery to cure a larger number of individuals with
severe TR. One critical element will be the timing of
the intervention and whether performing any inter-
vention at an advanced disease stage should be
considered as futile.

left-sided disease or

isolated
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age 77 years, 49% women) who underwent a tricuspid
transcatheter edge-to-edge repair (T-TEER) for severe
TR at 2 high-volume German academic centers be-
tween 2016 and 2020 and more specifically evaluate
the impact of the cardio-hepatic syndrome (CHS),
defined as an elevation of at least 2 of 3 cholestasis
laboratory parameters (bilirubin, alkaline phospha-
tase, gamma-glutamyltransferase). Most patients
enrolled in this cohort were referred at an advanced
disease stage; they were severely symptomatic (89%
New York Heart Association [NYHA] functional class
1II/1V), were often in atrial fibrillation (87%), and
received a high dose of furosemide (81 + 96 mg). TR
was massive or torrential in 30% and significant RV
dysfunction was observed in 47%. The procedure was
successful (moderate or lessresidual TR) in 86%, and 1-
year mortality rate and 1-year readmission rate for
heart failure were 24% and 17%, respectively. Impor-
tantly, procedural results were sustained over time,
and a significant functional improvement was also
observed. CHS was observed in 45% of the population
and was associated with a higher degree of TR,
impairment of right and left systolic function, lower 6-
minute walk distance, higher doses of diuretics, and a
trend toward a more severe NYHA functional class.
They also presented more often with a permanent
pacemaker. Patients with CHS experienced higher 1-
year rates of mortality and of heart failure read-
mission compared with those with no CHS (mortality:
34% Vs 16%; P < 0.01; and heart failure readmission:
23% Vs 12%; P < 0.01), and their worse outcome per-
sisted in multivariate analysis (in addition to NYHA
functional class, creatinine, TR severity, and proce-
dural results). Nevertheless, a functional improve-
ment was observed irrespective of the presence of CHS,
and laboratory parametersimproved during follow-up.

Notwithstanding its important methodological
limitations (retrospective observational study, limited

https://doi.org/10.1016/j.jcin.2021.11.014
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FIGURE 1 Important Prognostic Parameters to Consider Before a Tricuspid Valve Intervention
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and incomplete follow-up, absence of centralized
evaluation of both clinical events and echocardio-
graphic parameters), this study illustrates the impact
of late presentation and of adverse cardiac and
noncardiac consequences including liver impairment
on the outcomes of patients with severe TR. These
results are fully in line with prior studies including our
own showing that the poor outcome observed after
tricuspid valve surgery is mainly driven by the
advanced disease stage at the time of the interven-
tion.”' Therefore, in order to achieve the best
outcome, a tricuspid valve intervention should be
performed early in the course of the disease before the
occurrence of severe symptoms, severe heart failure
and requirement of high dose of furosemide, severe
RV dilatation and dysfunction, and kidney insuffi-
ciency (Figure 1). The prognostic accuracy of inte-
grating these parameters into the TRI-SCORE has been
recently demonstrated." It is critical to underline that
neither The Society of Thoracic Surgeons score nor the
EuroSCORE (European System for Cardiac Operative
Risk Evaluation) I or II was designed to predict the
mortality of tricuspid valve interventions. Two pa-
rameters deserve special comment. First, the prog-
nostic impact of RV systolic pulmonary pressure
(RVSP) as measured using Doppler echocardiography
is inconsistent across the published reports. The most
plausible explanation is its inaccurate value (RVSP

underestimation) when TR is laminar. In a recent
study, patients with discordance between echocar-
diographic (normal) and invasive (elevated) mea-
surements of RVSP experienced a worse outcome after
T-TEER."” Second, the Model for End-Stage Liver
Disease score, used to stratify patients awaiting liver
transplantation, has also been shown to predict mor-
tality related to isolated tricuspid valve surgery."* The
MELD score relies on 3 variables that reflect liver and
renal function (international normalized ratio, total
bilirubin, and creatinine). However, its validity may
be altered, as most patients referred for T-TEER are in
atrial fibrillation and receiving oral anticoagulation,
which affects the international normalized ratio.
What are the next steps? First, it is critical to close
the loop and to formally demonstrate that TR is not a
bystander of the worse outcome observed in patients
with TR, but rather that TR correction improves
outcome. Ongoing randomized controlled trials (ie,
TRILUMINATE Pivotal trial [Clinical Trial to Evaluate
Cardiovascular Outcomes In Patients Treated With
the Tricuspid Valve Repair System Pivotal], TRI-FR
[Evaluation of Tricuspid Valve Percutaneous Repair
System in the Treatment of Severe Secondary
Tricuspid Disorders] trial, CLASP II TR [Edwards
PASCAL Transcatheter Valve Repair System Pivotal
Clinical Trial] TRISCEND II Pivotal trial [Edwards
EVOQUE Transcatheter Tricuspid Valve Replacement:
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Pivotal Clinical Investigation of Safety and Clinical
Efficacy Using a Novel Device]) will provide more
evidence in this regard. Second, 2 critical parameters
should be considered into the equation: the timing of
the intervention and the type of intervention per-
formed. In order to achieve an optimal outcome and
maximize its potential benefit, the tricuspid valve
intervention should be performed early in the course
of the disease. Discrepancies in trial findings may be
the result of differences in the characteristics of the
populations enrolled and of the disease stage. Such
differences are possibly responsible of the divergent
results of COAPT (Cardiovascular Outcomes Assess-
ment of the MitraClip Percutaneous Therapy for Heart
Failure Patients With Functional Mitral Regurgita-
tion) and MITRA-FR (Multicentre Study of Percuta-
neous Mitral Valve Repair MitraClip Device in
Patients With Severe Secondary Mitral Regurgitation)
trials.'*'> A precise characterization of the pop-
ulations enrolled in trials and of disease stage as
measured, for example, by the TRI-SCORE, will be of
paramount importance. Type of intervention, repair,
or replacement, either performed surgically or
through a transcatheter approach, may also affect the
outcome. Anatomic considerations may lead to
enrollment of patients with the more advanced dis-
ease in replacement trials precluding demonstration
of the benefit of the intervention. On the other hand,
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enrollment of patients with severely dilated tricuspid
annuli and large coaptation gaps in T-TEER trials may
lead to suboptimal procedural results with significant
residual TR, also precluding the demonstration of the
benefit of intervention.

In summary and in the interim of the publication of
ongoing randomized controlled trials comparing
transcatheter intervention to medical management,
the present study adds to the body of evidence
showing that clinical presentation and cardiac and
noncardiac consequences of TR are the main de-
terminants of outcome of patients with severe TR
referred for intervention. Therefore, if one aims to
achieve the best outcomes, intervention should be
performed sooner rather than later in the course of
the disease.
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