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INTRODUCTION GENERALE

. Rétrécissement aortique et TAVI

Le rétrécissement aortique, le plus souvent d’origine dégénératif (maladie de Monckeberg),
est la pathologie valvulaire la plus fréquente dans les pays industrialisés, représentant environ
30% des valvulopathies (1). Sa prévalence est de 4-7% apres 85 ans et est en augmentation
constante avec le vieillissement de la population (1). Il s’agit d’'un processus pathologique
actif et multifactoriel dans lequel I'inflammation chronique, le métabolisme lipidique et les
calcifications jouent un réle majeur avec, sur le plan histologique, la présence de |Iésions fibro-
calcifiantes (2,3).

Le rétrécissement aortique est longtemps asymptomatique et est suspecté sur les données de
I’examen clinique avec la présence d’un souffle caractéristique « rude et rapeux » au foyer
aortique irradiant dans les carotides avec abolition du B2 en cas de sténose serrée. Le
diagnostic formel est porté a I’échocardiographie, examen permettant de préciser le caractére
serré du rétrécissement aortique par un gradient moyen transvalvulaire aortique > 40 mmHg
et une surface valvulaire <lcm? (4). L’échocardiographie permet également d’évaluer les
valvulopathies associées, la fonction ventriculaire gauche, I'hypertrophie ventriculaire, la
fonction ventriculaire droite, la présence ou non d’une hypertension artérielle pulmonaire,
parameétres permettant notamment d’évaluer le retentissement de la valvulopathie. Sur le
plan clinique, dés I'apparition de symptomes (dyspnée, angor ou syncope initialement d’effort
puis de repos), le pronostic s’aggrave rapidement en I'absence de prise en charge adaptée

avec un risque de mort subite entre 1 et 4% par an (5) (Figure 1).
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Figure 1 : histoire naturelle du rétrécissement aortique serré a partir de I"apparition des
symptémes en l'absence de remplacement valvulaire aortique chirurgical ou percutané

(adapté de Bohbot et al. (5))

Le remplacement valvulaire aortique chirurgical est le traitement de premiére intention du
rétrécissement aortique serré et symptomatique en classe | des recommandations
européennes (4). Cependant, considérant une population de plus en plus vieillissante, une
nouvelle technique de prise en charge du rétrécissement aortique a été développée ciblant
initialement les patients récusés au traitement de référence, sans alternative thérapeutique
jusqu’alors. Il s’agit du remplacement valvulaire aortique percutané ou Transcatheter Aortic
Valve Implantation (TAVI), avec une premiére implantation réalisée en 2002 par le Pr Alain
Cribier et son équipe au CHU de Rouen (6). Initialement réservée aux patients a risque
chirurgical rédhibitoire, la technique s’est développée avec d’excellents résultats a court,
moyen et long terme permettant I’élargissement des indications a des patients a moindre

risque chirurgical. En effet, les dernieéres recommandations européennes de 2017 proposent
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une extension des indications du TAVI chez les patients de plus de 75 ans en cas d’anatomie
ilio-fémorale favorable aprés décision de la « Heart Team », équipe multidisciplinaire
composée de chirurgiens cardiaques, de cardiologues, de gériatres et d’anesthésistes (4)

(Figure 2).

Cardiologue
interventionnel
Cardiologue
non invasif
Coordinateur*
Anesthésiste Patient
Gériatre
Chirurgien Cardiologue
cardiaque reférent

Figure 2 : composition de la « Heart Team » avec décision a l'issue du staff pluridisciplinaire
de la prise en charge du rétrécissement aortique
* Le coordinateur est la personne en charge sur le plan logistique de I'organisation du bilan

pré-TAVI et de la programmation de la procédure

Depuis plusieurs années, le TAVI s’est largement répandu a travers le monde avec plus de 350
000 implantations réalisées a ce jour et une augmentation de plus 2000% des implantations
entre 2009 et 2015. Une évolution exponentielle des implantations est attendue ces

prochaines années compte tenu de I'extension inéluctable des indications de la technique a
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des patients a moindre risque (7,8). Cependant, malgré les résultats trés favorables de la
technique, le TAVI présente encore des complications, dont certaines sont spécifiques a la
procédure. Les principales complications sont les troubles de conduction avec implantation
de pacemaker, les complications vasculaires au niveau de la voie d’abord, les accidents
vasculaires cérébraux (AVC), les fuites aortiques péri et intra-prothétiques et I'insuffisance
rénale post-procédure. Certaines complications, plus rares mais dramatiques comme la
rupture d’anneau aortique, la perforation ventriculaire et I'occlusion coronaire sont devenues

exceptionnelles mais sont spécifiques a la technique (9-14) (Tableau 1).

Risque chirurgical Elevé Intermédiaire Bas
Sapien Sapien XT/ Sapien 3/ Corevalve-
Corevalve-Evolut R Evolut R-Pro

Implantation de pacemaker 3,8% 8,5/ 25,9% 6,6/ 17,4%
Fibrillation atriale 8,6% 9,1/12,9% 5,0/ 7,7%
Complications vasculaires 11% 7,9/ 6,0% 2,2/ 3,8%
AVC séveres 3,8% 3,2/1,2% 0/ 0,5%
Mortalité 6,6% 3,9/ 2,2% 0,4/ 0,5%
Fuite aortique > grade 2 12,2% 3,7/ 3,5% 0,8/ 4,3%
Insuffisance rénale 4,1% 1,3/1,7% 0,4/ 0,9%
Ré-intervention 4,6% 0,4/ 0,9% 0/0,4%
Saignements majeurs 9,3% 10,4/ 12,2% 3,6/ 2,4%
Occlusion coronaire NK 0,4/ 0,2% 0,2/ 0,9%

Tableau 1 : incidence des complications a 1 mois apres TAVI dans les études randomisées

comparant TAVI et remplacement valvulaire aortique chirurgical chez les patients a haut
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risque (PARTNER (10)), a risque intermédiaire (PARTNER 2 (11) et SURTAVI (12)) et a bas risque

chirurgical (PARTNER 3 (13) et Evolut Low Risk (14))

Depuis le début de I'expérience, I'incidence des complications de la technique a nettement
diminué (tableau 1). En effet, les dernieres études randomisées comparant le TAVI au
remplacement valvulaire aortique chirurgical chez les patients a bas risque chirurgical,
rapportent des résultats désormais en faveur du TAVI. En effet, dans I’étude PARTNER 3 avec
la valve montée sur ballon Edwards Sapien 3 (Edwards Lifesciences LLC, Irvine, CA, USA)
incluant 1000 patients, le TAVI est non seulement non-inférieur mais également supérieur
(analyse pré-spécifiée) a la chirurgie conventionnelle sur un critére composite de mortalité
globale, AVC et ré-hospitalisation a 1 an (13). De méme, I'étude Evolut Low risk comparant le
TAVI avec les valves auto-expansibles Corevalve, Evolut R et Evolut Pro (Medtronic, Inc.,
Minneapolis, Minnesota) au remplacement valvulaire aortique chirurgical chez 468 patients
retrouve également une non-infériorité du TAVI sur un critere composite de déces et AVC
invalidants a 2 ans (14).

La diminution des complications est liée d’'une part a 'amélioration des prothéses valvulaires
et cathéters utilisés lors de la procédure mais également a I'amélioration de I'expérience des
opérateurs et a la meilleure sélection des patients. En effet, une sélection plus rigoureuse des
patients pouvant bénéficier de la technique s’effectue a plusieurs niveaux. Tout d’abord,
I’évaluation des comorbidités, du degré d’autonomie et de la « fragilité » du patient est une
premiere approche majeure de I|'évaluation du risque permettant, grace a l'approche
multidisciplinaire, de distinguer les indications « légitimes » des indications « futiles ». Par
ailleurs, I'analyse précise par I'imagerie en coupe (scanner) des caractéristiques anatomiques

de I'appareil valvulaire aortique et des voies d’abord potentielles (axes ilio-fémoraux, anneau
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aortique, caractére bicuspide ou tricuspide de la valve aortique, calcifications...) permet

I'anticipation d’éventuelles difficultés en amont de la procédure et peut méme, dans certains

cas, faire récuser un patient a la procédure (Figure 3).

Figure 3 : analyse pré-TAVI par scanner avec gating cardiaque et injection de produit de
contraste permettant une évaluation morphologique précise avant la procédure avec
caractére tricuspide ou bicuspide de la valve aortique (A), mesure des diametres minimal,
moyen, maximal, de la surface et du périmetre de I'anneau aortique (B), hauteur des ostia
coronaires (C, D) et évaluation du diameétre, des calcifications et des tortuosités des axes

vasculaires (E).

D’autre part, d’autres éléments morphologiques incluant les données échocardiographiques
(fraction d’éjection ventriculaire gauche, fonction ventriculaire droite, valvulopathies

associées...) participent a I'évaluation globale du profil de risque du patient (15).
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Enfin, certains biomarqueurs peuvent également jouer un réle dans I’évaluation globale du
profil de risque des patients. En effet, certains biomarqueurs ont une valeur pronostique
confirmée dans d’autres pathologies cardiovasculaires comme l'insuffisance cardiaque, la
cardiopathie ischémique et I'embolie pulmonaire (16-18). Ces biomarqueurs pourraient
également trouver leur place dans la stratification du risque des patients porteurs d’une
cardiopathie valvulaire et plus particulierement chez les patients avec rétrécissement
aortique bénéficiant d’'un TAVI (19-21). La mise en évidence de facteurs pronostiques chez les
patients bénéficiant d’'un TAVI est donc primordiale pour déterminer le profil de risque dans
le but d’améliorer les résultats de la technique et d’anticiper les principales complications. De
méme, avec I'extension de la technique aux patients a plus faible risque, par définition non
contre indiqué a la chirurgie, une meilleure stratification du risque permettrait de mieux
sélectionner les « bons » candidats au TAVI. Enfin, la réévaluation de certains facteurs
pronostiques décrits au début de I'expérience de la procédure, est indispensable a I'ére de

I’évolution des pratiques et de I'amélioration des résultats de la technique.
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1. Evolution des pratiques

Depuis les premieres procédures de remplacement valvulaire aortique percutané au milieu
des années 2000, de nombreuses améliorations techniques et procédurales ont eu lieu avec
a I'heure actuelle une simplification de la procédure elle-méme mais également une
simplification du parcours de soins apres la procédure.

Cependant, pour permettre cette simplification de la technique, une planification rigoureuse
en amont de la procédure est indispensable afin d’assurer la faisabilité et la sécurité d’'une
approche minimaliste.

1. Simplification de la procédure

a. Type d’anesthésie

Malgré une premiéere procédure réalisée sous sédation légere et anesthésie locale en 2002
(6), I'expérience initiale du TAVI s’est développée sous anesthésie générale, stratégie encore
utilisée en routine en Amérique du Nord (22). En effet, a la différence de I'anesthésie locale
avec sédation consciente, l|'anesthésie générale permet notamment ['utilisation de
I’échographie transoesophagienne pendant la procédure et pourrait étre associée a une
meilleure stabilité du déploiement de la prothése et a un meilleur confort du patient et de
I'opérateur (23-25). Cependant, I'anesthésie générale est plus invasive et est associée dans
certains centres a un sondage urinaire et a la mise en place d’une voie veineuse centrale et
d’un cathéter artériel. Tous ces gestes augmentent la durée de la procédure et sont
potentiellement associés a un risque d’iatrogénie et notamment a un risque infectieux
potentiel. De plus, certains registres rapportent un risque accru d’instabilité hémodynamique,
une augmentation des infections pulmonaires, une identification tardive des complications,

une augmentation des saignements majeurs et de la durée d'hospitalisation par rapport a la
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sédation consciente (23,26). Ainsi, I'anesthésie locale au niveau de la voie d’abord fémorale
associée a une sédation légere a progressivement supplanté I'anesthésie générale dans la
majorité des centres en France (27). Cette approche moins invasive est réalisable dans la
grande majorité des cas et s’est révélée slre. Dans une méta-analyse récente, les résultats
des deux approches étaient similaires en termes de mortalité, de conversion chirurgicale, de
complications vasculaires et hémorragiques majeures ainsi que d’AVC (26). Cependant, les
besoins en catécholamines et en transfusions étaient moins fréquents chez les patients sous
anesthésie locale, de méme que les durées d'hospitalisation et de séjour en unité de soins
intensifs (26, 28, 29). De plus, la conversion de I'anesthésie locale vers I'anesthésie générale
était nécessaire uniquement chez un faible nombre de patients (environ 6%) en raison de
complications procédurales ou d’instabilité hémodynamique. Un seul essai randomisé a
comparé la désaturation cérébrale entre les deux approches et n'a révélé aucune différence
(29). Aucune donnée issue d’étude randomisée n’est disponible actuellement concernant

I'impact de I'anesthésie sur les événements cliniques.

b. Simplification des abords vasculaires

L'approche minimaliste concernant la voie d’abord principale du TAVI ne peut s’envisager
actuellement qu’en cas d'acces transfémoral. En effet, I'avénement de I'abord transfémoral
« percutané » avec |'apparition de systémes de fermetures dédiés, a supplanté en grande
partie I'abord initialement « chirurgical » depuis 2009 (30-33). Cette évolution des pratiques
est liée en grande partie au meilleur profil des cathéters et a la diminution de la taille des
introducteurs passant de 24 French dans I'expérience initiale du TAVI a 14 French avec les

derniéres générations de prothéses (13, 14, 34) (Figure 4).
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French Catheter Scale 2014
in French units (1 French = 1/3 mm diameter)

c + o o © O O O O O O
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34 32 30 28 26

14 15

24 19 18

2006 2009
Surgical cut-down Fully percutaneous

Figure 4 : diminution de la taille des introducteurs entre 2006 (24 French) et 2014 (14 French)

permettant I'abord transfémoral percutané.

Ainsi, I'abord percutané, considéré comme moins invasif, a été adopté en routine dans la
plupart des centres avec trés peu de complications vasculaires dans les derniéres études (13,
14, 27). Cette approche pourrait également étre associée a une durée d'hospitalisation plus
courte (30). En ce qui concerne les dispositifs de fermeture, les systéemes Prostar et Proglide
(Abbott Vascular Devices, Redwood City, Californie, Etats-Unis) sont couramment utilisés (31).
Enfin, plus que le type de dispositif percutané, la technique percutanée doit étre rigoureuse
pour limiter les complications au site d'accés. En effet, le site de ponction de |'artere fémorale
commune doit étre sélectionné sur le scanner avant la procédure dans une zone sans calcium
et au-dessus de la bifurcation et la ponction est réalisée sous guidage angiographique ou

échographique au centre de la paroi artérielle antérieure (35,36).

Une autre approche permettant de limiter les complications vasculaires est I'utilisation de plus
en plus fréquente de I'accés radial comme voie d’abord controlatérale. En effet, bien que les
complications vasculaires aient considérablement diminué au fil du temps, un tiers de ces

complications surviennent encore au niveau de I'acces fémoral controlatéral (37). La sélection
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d'un acces radial comme voie d’abord secondaire apparait alors séduisante pour réduire les
complications vasculaires et a été décrite précédemment (25). Cependant, dans certains cas,
une approche fémorale en cross-over peut étre nécessaire, en particulier en cas de nécessité
d'implantation d'endoprothése couverte lors de la gestion d’'une complication vasculaire sur
la voie d’abord principale. Dans la littérature, I'approche secondaire radiale dans le TAVI s’est
avérée faisable et s(ire avec une réduction des complications vasculaires lors des interventions

percutanées en général et des procédures TAVI en particulier (35, 38-40).

c. Stimulation sur le guide ventriculaire gauche

Au cours de la procédure TAVI, une stimulation ventriculaire rapide est obligatoire pour les
valves montées sur ballon dans le but de provoquer une hypotension sévere transitoire
nécessaire lors du déploiement de la valve évitant ainsi une embolisation de la prothése. En
routine, une stimulation rapide est effectuée dans le ventricule droit par un acces veineux et
une implantation d’'une sonde de stimulation temporaire (6). Cependant, cette technique peut
étre difficile en cas de variations anatomiques et peut entrainer une exposition accrue aux
rayons X et des complications spécifiques. En effet, la ponction veineuse peut étre associée a
la survenue de complications vasculaires telles qu'un hématome, une fistule artério-veineuse
ou une thrombose. De méme la mise en place de la sonde au niveau du ventricule droit peut
étre associée a un risque de perforation ventriculaire et de tamponnade (41). Récemment,
une stimulation ventriculaire rapide a travers le guide positionné dans le ventricule gauche a
été décrite dans le but de simplifier la procédure en supprimant un accés vasculaire
supplémentaire lors de procédures de valvuloplastie aortique au ballon ou de TAVI (35,36,41)

(Figure 5). Cette nouvelle technique, faisable, slre avec un taux de complications faible et une

19



stimulation stable pourrait réduire le temps de procédure (41). Un essai randomisé comparant

les deux techniques de stimulation a récemment terminé les inclusions (NCT02781896).

Figure 5 : technique de stimulation sur le guide mis en place dans le ventricule gauche. La
stimulation est réalisée a I'aide de pinces crocodiles, la pince noire est raccordée au guide
(anode) et la pince rouge est raccordée a la peau via une aiguille métallique (cathode). Le

stimulateur est réglé en amplitude maximale (36).

d. TAVIsans prédilatation systématique

Lors de I'expérience initiale du TAVI, la prédilatation au ballon était systématique afin de
permettre le passage de la prothese et d’optimiser son déploiement. Cependant, la réalisation
de TAVI sans prédilatation a été évaluée pour la premiére fois en 2011 par Gribe et al. (42) et
s'est avérée réalisable dans des études non randomisées (43, 44). Actuellement, avec les

dispositifs de nouvelle génération ayant un meilleur profil de franchissement, la prédilatation

20



au ballon ne semble pas indispensable avant l'implantation de la prothése et cette approche
en « direct TAVI » a été adoptée par plusieurs centres (45). De plus, la prédilatation pourrait
présenter quelques inconvénients comme un risque accru d’embolisation cérébrale ou la
survenue d’une fuite aortique massive mal tolérée sur le plan hémodynamique (46-49).
Cependant, une prédilatation doit étre parfois envisagée dans les cas d’une sténose aortique
séverement calcifiée avec une surface aortique <0,5 cm2, afin de réduire le risque de sous-
expansion de la prothése et le besoin de post-dilater (44). Ainsi le « direct TAVI » est la
tendance actuelle dans un but de simplification de la procédure avec pour la premiere fois
une non-infériorité démontrée avec la valve auto-expandable (50). Notre équipe avait pour
objectif d’évaluer la faisabilité et I'efficacité du DIRECT TAVI avec la valve de nouvelle

génération Sapien 3 montée sur ballon (51) (NCT NCT02729519).

2. Simplification en post-procédure

Un autre aspect de la simplification de la procédure TAVI concerne le parcours de soins. Cette
simplification du parcours de soins peut se faire selon différentes modalités avec un passage
non systématique en soins intensifs pour certains patients sélectionnés et un

raccourcissement de la durée d’hospitalisation.

a. TAVIsans soins intensifs systématique

Apres la procédure TAVI, une surveillance rapprochée est systématique dans le but de
détecter de facon précoce les complications périprocédurales. Dans de nombreux centres, la
surveillance en soins intensifs est effectuée au moins 12 a 24 heures avant le transfert du
patient dans une unité de soins conventionnelle en I'absence de complications. Récemment,

la réalisation d’un TAVI sans admission systématique en unité de soins intensifs a été évaluée
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et s'est avérée faisable et slre chez certains patients aprés une évaluation rigoureuse et une
surveillance de 2 heures en salle de réveil (52). En effet, I'un des risques a anticiper est le
risque de trouble de conduction retardé. Dans | ‘étude de Toggweiller et al., environ 30% des
patients avec un ECG de base normal et I'absence de trouble conductif apres TAVI pourraient
étre orientés d’emblée vers une unité conventionnelle avec un risque de trouble conductif
retardé nul (53). Ces données sont consistantes avec la littérature avec environ 30% des
patients ayant pu étre orientés vers une unité conventionnelle sans complications (52). Cette
approche s’intégre parfaitement dans la prise en charge minimaliste et une meilleure
stratification du risque pourrait améliorer la sélection des patients pouvant bénéficier de cette

approche.

b. Raccourcissement de la durée d’hospitalisation
Une sortie d’hospitalisation précoce a été évaluée dans la littérature démontrant I'innocuité
de cette approche chez les patients hospitalisés moins de 48 heures (54-56). En effet, la durée
médiane d'hospitalisation était d’un jour dans le groupe « sortie précoce », sans différence en
termes de mortalité, d'accident vasculaire cérébral et de réadmission a 1 mois entre les
groupes « sortie précoce » et « sortie > 48 heures ». Une procédure de TAVI « minimaliste »
avec anesthésie locale, moins de prédilatation au ballon et moins de monitoring invasif,
permettait de prédire une sortie précoce dans cette étude. Ainsi cette approche s’envisage
avant méme la réalisation de la procédure en sélectionnant en amont les patients pouvant
bénéficier de cette approche selon le profil de risque (comorbidités) et la présence ou non
d’un entourage comme précédemment décrit (57). L'équipe du Dr Webb a également
développé un algorithme permettant d’anticiper un raccourcissement de la durée

d’hospitalisation selon des criteres prédéfinis (58). Ainsi avec I’extension prochaine du TAVI
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aux patients a plus faible risque, le raccourcissement de la durée d’hospitalisation reste un
objectif prioritaire, nécessitant une sélection rigoureuse des patients et une réflexion sur les
structures d’aval.

L’évolution des pratiques dans le TAVI intéegre donc une simplification sur le plan de la

procédure elle-méme mais également en post-procédure (Figure 6).

Per procédure Post procédure

Sélection ‘

- <.JZ

Figure 6 : évolution des pratiques avec éléments de simplification de la procédure TAVI elle-
méme (A) (sédation consciente, abord fémoral percutané, abord radial secondaire, absence
de prédilatation systématique et stimulation sur guide ventriculaire gauche), et des suites de

procédure (B) (absence d’hospitalisation systématique en soins intensifs et sortie précoce).

Cette évolution des pratiques a déja été adoptée en routine dans les centres expérimentés
avec un taux de complications faible, un temps de procédure plus court, un meilleur confort
du patient, une réduction des colts et de la charge de travail du personnel. Cependant, une

sélection rigoureuse des patients et une stratification précise du risque de complications sont
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la clé pour assurer la sécurité de cette approche minimaliste. Ainsi I'identification de nouveaux
marqueurs pronostiques cliniques, morphologiques et biologiques ainsi que I'évaluation des
marqueurs pronostiques précédemment décrit a I'ere de I’évolution des pratiques sont

indispensables pour sélectionner les patients pouvant bénéficier d’'une approche minimaliste.

24



1R Marqueurs pronostiques reconnus en pré-procédure TAVI
Depuis les débuts de la technique, de multiples facteurs pronostiques, cliniques et
paracliniques ont été étudiés dans le but de mieux stratifier le risque des patients mais
également afin d’identifier les patients pour lesquels le TAVI serait « futile » (figure 7).
a. Facteurs cliniques

Tout d’abord, des facteurs pronostiques cliniques dés I’évaluation initiale du patient ont été
mis en évidence. En effet, certaines comorbidités comme la présence d’une pathologie
pulmonaire chronique, d’'une insuffisance rénale chronique ou d’une « fragilité », concept plus
récent, sont associées a une surmortalité chez les patients bénéficiant d’un TAVI dans la
littérature (15). En effet, chez les patients porteurs d’'une pathologie pulmonaire chronique
représentant environ 30% des patients dans I’étude de Mok et al. (59), le TAVI était considéré
comme futile dans 40% des cas avec absence d’amélioration sur le plan fonctionnel et
surmortalité a 6 mois. Ces données ont été confirmées a posteriori chez les patients de I'étude
PARTNER (10). Les facteurs pronostiques majeurs de surmortalité dans cette population
étaient une distance de marche réduite lors du test de marche de 6 minutes, une mobilité
réduite et une oxygéno-dépendance (10,15,59). Hormis I'insuffisance respiratoire chronique,
I'insuffisance rénale chronique, présente chez pres de la moitié des patients bénéficiant d’'un
TAVI, a également été démontrée comme étant un facteur pronostique de mortalité dans ce
contexte (60-62). En effet, dans I'’étude d’Allende et al. (63) incluant plus de 2000 patients
bénéficiant d’'un TAVI, la présence d’une insuffisance rénale chronique sévére (débit de
filtration glomérulaire <30 mL/min) était associée a une surmortalité a moyen et long terme.
Les facteurs pronostiques associés a cette insuffisance rénale sévere étaient la présence d’'une

fibrillation atriale et la dialyse avec une mortalité de I'ordre de 40% et 70% a 1 an en post-
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TAVI respectivement, avec notamment un surrisque hémorragique et de décompensation
cardiaque (15,63).

Enfin, la « fragilité » ou « frailty », concept développé en gérontologie, a été démontrée
comme étant un facteur pronostique indépendant de mortalité chez le sujet agé et de la
survenue de complications chez les patients bénéficiant d’'un TAVI (22,64). Cette notion
intégre I’évaluation de plusieurs fonctions simples comme la mobilité, les capacités cognitives
et I’évaluation nutritionnelle avec pour but de donner un reflet de la réserve physiologique en
réponse a un stress spécifique (64). Ainsi, dans la littérature, malgré I'absence de définition
consensuelle d’indice de fragilité, celle-ci a toutefois été démontrée comme étant associée a
une surmortalité post-TAVI, d’autant plus si elle est combinée a d’autres éléments comme les
scores de risque chirurgicaux (65-67). Plus récemment, I'étude FRAILTY-AVR a évalué 7
échelles différentes de fragilité et recommandait I'utilisation d’une échelle simple incluant
une faiblesse des membres inférieurs, une altération des fonctions cognitives, une anémie et
une hypoalbuminémie (68). En effet, cette échelle était la plus fortement associée a une
surmortalité a 1 an chez les patients bénéficiant d’un TAVI ou d’une chirurgie conventionnelle
(68). D’autres parametres cliniques comme un indice de masse corporel extréme ou un
antécédent de cirrhose ont également été démontrés comme étant des facteurs pronostiques
indépendant de mortalité chez ces patients (69,70).

b. Eléments biologiques

Hormis les éléments cliniques, certains facteurs biologiques ont également démontré leur
valeur pronostique en pré-TAVI. En effet, le taux d’hémoglobine avant la procédure est
reconnu comme étant un facteur classique associé a une surmortalité et a une augmentation

de la morbidité aprés TAVI (71). De méme, une hypoalbuminémie, s’intégrant dans un
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contexte de dénutrition a également été rapportée comme prédictive de surmortalité apres
la procédure, mortalité essentiellement d’origine non cardiovasculaire (72).

Plus récemment, le brain natriuretic peptide (BNP) et le NT-proBNP a I'admission ont été
rapportés comme facteurs prédictifs de mortalité dans ce contexte. En effet, lors d’une
surcharge pressive ou volumique, les cellules myocardiques étirées, essentiellement au niveau
du ventricule gauche, sécrétent des peptides natriurétiques sous 2 formes apres clivage du
préproBNP puis du proBNP : le NT-proBNP inactif et le BNP actif. Ces biomarqueurs ont
démontré leur valeur diagnostique et pronostique en contexte d’insuffisance cardiaque
(17,73,74). De plus, ces peptides natriurétiques semblent étre des marqueurs pronostiques
intéressants dans le rétrécissement aortique pour en prédire la sévérité, chez les patients
bénéficiant d’'une chirurgie de remplacement valvulaire aortique et plus particulierement chez
les patients bénéficiant d’un TAVI (75-77). Dans la littérature, les données concernant I'impact
pronostique du BNP et du NT-proBNP dans le TAVI semblent concordantes en faveur d’un
impact pronostique réel du BNP en pré-procédure mais également dans les suites immédiates
de la procédure sur la survenue d’événements a moyen et long termes (77,78). De méme,
Koskinas et son équipe rapportent un impact du NT-proBNP surtout et du BNP d’admission
sur la mortalité a 2 ans apres TAVI, surtout si le taux de peptides natriurétiques ne diminue
pas aprés la procédure (79).

Cependant, de nombreuses limites sont a apporter a ces données. En effet, le BNP et dans une
moindre mesure le NT-proBNP sont directement influencés par d’autres éléments
physiologiques (age, sexe) ou pathologiques sous-jacents (insuffisance rénale, obésité,
cirrhose, choc septique...) avec des seuils variables rendant I’'homogénéisation des données
complexe. De plus, le colt associé aux prélevements répétés de ces biomarqueurs rend
difficile leur utilisation en routine chez les patients bénéficiant d’un TAVI.
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c. Eléments morphologiques

Sur le plan morphologique, des parametres échographiques et scannographiques ont
également été décrits comme facteurs pronostiques indépendants de la survenue
d’évenements chez les patients bénéficiant d’'un TAVI. Tout d’abord, I'altération de la fraction
d’éjection ventriculaire gauche (FEVG) < 40%, fréquente dans cette population de patients
(jusque 46% avec FEVG <50%) (80), est associée a une surmortalité précoce et tardive avec
une surmortalité cardiovasculaire dans les 2 années suivant la mise en place du TAVI (81). Plus
qgue la FEVG, d’autres éléments comme la diminution du volume d’éjection systolique ou la
présence d’un rétrécissement aortique « bas débit » (volume d’éjection systolique indexé <
35 mL/m?), ont été démontrés comme étant associés a une surmortalité au long cours aprés
TAVIindépendamment de la FEVG (82,83). Enfin d’autres paramétres échographiques comme
une hypertension artérielle pulmonaire ou une insuffisance mitrale associées sont également
évoqués comme facteurs pronostiques de mortalité en post-TAVI (84-87).

Sur le plan morphologique, I'importance des calcifications de I'aorte ascendante a également
été rapportée comme prédictive de mortalité chez les patients bénéficiant d’'un TAVI (88). En
effet, cette rigidité de I'aorte modifierait les conditions de charge et serait associée a un risque
accru d’insuffisance cardiaque apres la procédure.

d. Scores de risques

Devant ces multiples facteurs pronostiques mis en évidence, plusieurs scores de risque ont
été développés dans le but de mieux appréhender le profil de risque des patients bénéficiant
d’un TAVI. Tout d’abord, les scores de risque EUROSCORE logistic, EUROSCORE 2 et STS score,
utilisés en routine dans le cadre des chirurgies de remplacement valvulaire aortique et de
pontage coronaire, ont été évalués chez les patients bénéficiant d’un TAVI. Or, ces scores de

risque sont plutot utilisés comme aide a la décision entre chirurgie conventionnelle et TAVI et
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sont peu discriminants en termes d’évaluation du risque de mortalité chez les patients

bénéficiant d’'un TAVI en particulier (89,90). D’autres scores ont donc été proposés

spécifiguement dans la population de patients bénéficiant d’'un TAVI, basés sur les facteurs

prédictifs de mortalité et de qualité de vie altérée post-TAVI issus des registres (91-93). Ces

scores, bien gu’insuffisamment discriminants, permettent d’appréhender le profil de risque

des patients apres évaluation par des critéres simples.

Facteurs
cliniques

Pathologie respiratoire
Insuffisance rénale
chronigue

Fragilité

Fibrillation atriale

Facteurs
biologiques

Pronostic aprés /

TAVI

Facteurs
morphologiques

FEVG altérée

RA bas débit

Calcifications de I'aorte ascendante
Score calcique

Insuffisance mitrale

Hypertension artérielle pulmonaire
Insuffisance mitrale

Hypo albuminémie
Anémie

BNP/ NTproBNP élevé
lroponine

ST2, galectin-3, CA 125

Figure 7 : facteurs pronostiques de mortalité cliniques et paracliniques, reconnus (en rouge)

et discutés ou émergents (en orange), chez les patients bénéficiant d’un TAVI
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IV Marqueurs pronostiques émergents et/ou discutés

1. Biomarqueurs:

a. Latroponine
La troponine est un complexe protéique composant les fibres musculaires des muscles striés
et du myocarde. Elle a été découverte en 1965 par Ebashi et Kodama, lors de travaux de
recherche portant sur les mécanismes de contraction des muscles striés (94,95).
Les sous-unités de la troponine n’ont été découvertes que plusieurs années apres.
Ce complexe protéique est formé par 3 sous-unités protéiques |, C et T (figure 8) (96).

- La troponine C (TnC) est aspécifique et est présente également au niveau du muscle
strié a 'opposé des troponine T et | qui comportent des isoformes spécifiques du
myocarde. La troponine C est responsable de la liaison avec le calcium. Le complexe
formé troponine-calcium se déplace et permet la liaison entre actine et myosine. Du
fait de ce caractére aspécifique, cette sous-unité ne peut étre utilisée pour le
diagnostic de Iésions myocardiques ou « myocardial injury ».

- La Troponine I (Tnl) présente 3 isoformes, spécifiques des muscles squelettiques a
contraction lente ou rapide et du myocarde (c-Tnl). Cette troponine a une fonction
d’inhibition permettant la décontraction musculaire en inhibant la liaison actine-
myosine (le site de liaison actine-myosine est masqué sur 'actine).

- La Troponine T (TnT) est responsable de la liaison avec la tropomyosine. Elle est
présente sous 5 a 12 isoformes pour le muscule squelettique (sTnT) et 4 isoformes

pour le muscle cardiaque (cTnT).
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) Tropomyosine

Troponine T

Troponine |

Troponine C

Figure 8 : interaction entre les 3 sous-unités de troponine au niveau des fibres musculaires. La
troponine C lie le calcium, le troponine | affecte la liaison actine/myosine et la troponine T

interagit avec le tropomyosine.

Ces isoformes cTnT et cTnl se distinguent par une séquence spécifique d’acides aminés et ont
pour utilité de déceler une atteinte myocardique (figures 9 et 10). Elles sont mesurées par

méthode immunoenzymatique spécifique (96,97).

N-terminal Inhibition Régulation Mobile
2-32 32 135 137-148 149-160 163-210

Abbott 24-40 41-49
Singulex 27-41 41-49

Siemens 30-35 41-56 171-210

Figure 9: structure de la troponine | (rectangles bleu clair) et protéines au niveau de la
structure musculaire se liant a chaque région de la troponine | (cercles orange). Marques des
dosages utilisés pour la troponine | ultrasensible avec séquences des acides aminés (adapté

de Adamcova et al. (97))
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N-terminal Domaine central lieur C-terminal
2-67 68-182 183-200 163-210
Roche 125-131 136-147

Figure 10 : structure de la troponine T (rectangles bleu clair) et protéines au niveau de la
structure musculaire se liant a chaque région de la troponine | (cercles orange). Marque du
dosage utilisé pour la troponine T ultrasensible avec séquences des acides aminés (adapté de

Adamcova et al. (97))

L'utilité diagnostique de la troponine cardiaque en tant que marqueur de souffrance
myocardique n’a été mise en évidence dans les études que plus de 30 ans apres sa découverte
avec l'intégration du biomarqueur dans la définition de I'infarctus du myocarde en 2000
(98,99). Plusieurs mécanismes peuvent expliquer une élévation de troponine : une nécrose,
une apoptose, un « stretching » des myocytes avec augmentation de la perméabilité
membranaire et un turnover cellulaire (97).

Dans le cadre d’un syndrome coronarien aigu, la troponine est détectée entre 2 a 4 heures
apres l'atteinte myocardique et fait partie du bilan de routine chez tout patient avec
symptomes évocateurs d’un syndrome coronarien aigu (100).

On distingue les troponines « conventionnelles » et les troponines « hypersensibles » (Hs-cTn)
de derniére génération, plus récemment utilisées. Ces troponines « hypersensibles » se
caractérisent par une précision a 10% pour des valeurs proches et des valeurs du 99°
percentile basses (101,102). Il existe plusieurs dosages de troponine, les plus fréquemment
utilisés étant les dosages Abbott et Roche. Ces troponines de derniére génération permettent

une détection plus importante de leur variation, méme minime, avec toutefois un risque de
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surdétection. En effet, un dosage de troponine « hypersensible » permet de détecter une
élévation de troponine chez le sujet sain dans 50% des cas.

Hormis I'intérét diagnostique de ce biomarqueur, I'intérét pronostique a également été mis
en évidence dans plusieurs situations.

Tout d’abord chez le sujet sain, la troponine pourrait jouer un réle de dépistage dans la
population générale. En effet, une méta-analyse récente incluant plus de 150 000 patients a
mis en évidence un surrisque de mortalité et d’événements cardiovasculaires chez les patients
avec une troponine de base plus élevée (103). De méme, une étude prospective a également
mis en évidence une association entre Hs-cTn et insuffisance cardiaque et déces d’origine
cardiovasculaire chez les patients de plus de 65 ans apres un suivi de 12 ans. Enfin, un lien
entre Hs-cTn et cardiopathie structurelle (hypertrophie et dysfonction ventriculaire gauche) a
également été mis en évidence (104,105).

Hormis chez le sujet sain, I'impact pronostique de la troponine a également été démontré
dans diverses pathologies cardiovasculaires (106,107).

En effet, dans le rétrécissement aortique, la Hs-cTn s'est révélée étre un facteur pronostique
indépendant chez les patients présentant une sténose aortique, indépendamment du
traitement proposé (108). Dans ce contexte, le taux de troponine a été mis en évidence
comme étant associé a I'hypertrophie ventriculaire et au degré de fibrose myocardique sur
des études IRM (107).

De méme, le taux de troponine en pré et post-opératoire est un facteur pronostique
indépendant chez les patients bénéficiant d’un remplacement valvulaire aortique chirurgical
(109, 110). En ce qui concerne le TAVI, les données provenant de petites séries suggérent que
la Hs-cTn pré-procédure pourrait étre un facteur pronostique indépendant de mortalité a 1

mois et 1 an (111,112). De plus, la survenue de lésions myocardiques objectivées par
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I’élévation de la troponine en post-procédure (« myocardial injury ») aprés TAVI est fréquente
(112-114) et peut étre liée a différents facteurs tels que le positionnement de la valve, la
stimulation rapide ou aux embols calcaires (113). L'impact pronostique de la troponine en pré
et post-procédure reste cependant peu clair avec des données contradictoires dans de petites

séries (111-115).

b. Marqueurs de calcifications
D’autres biomarqueurs, reconnus comme facteurs pronostiques dans linsuffisance
cardiaque, émergent chez les patients avec rétrécissement aortique et plus particulierement
chez ceux bénéficiant d’'un TAVI. Parmi ceux-ci, les marqueurs biologiques de calcifications
semblent prometteurs et pourraient étre corrélés a la sévérité de la valvulopathie.
L'ostéoprotégérine est I'un des biomarqueurs de calcification se liant au récepteur activateur
du facteur nucléaire kB inhibant I’ostéoclastogénése avec un role potentiel dans le processus
d’athérogéneése coronaire et une corrélation avec le score calcique coronaire (116). Une seule
étude a évalué la relation entre I'importance des calcifications de la valve aortique et
I'ostéoprotégérine sans lien mis en évidence chez des patients porteurs d’un rétrécissement
aortiqgue modéré ou serré (117). Aucune donnée n’est disponible dans la littérature
concernant le lien entre biomarqueurs de calcifications et score calcique valvulaire chez les
patients bénéficiant d’un TAVI. De méme, aucune donnée n’est disponible en contexte de

TAVI pour la sclérostine, autre marqueur de calcification.

c. Marqueurs de fibrose
Les marqueurs de fibrose sont également étudiés. En effet, le sSt2 (soluble suppression of

tumorigenicity 2), membre de la famille des récepteurs a l'interleukine 1, est un marqueur

s

reconnu du remodelage ventriculaire et est corrélé a la sévérité de la cardiopathie chez les
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patients insuffisants cardiaque. Ce marqueur est également corrélé a l'apparition de
symptoémes chez les patients porteurs d’un rétrécissement aortique et est prédictif de
mortalité chez les patients bénéficiant d’un remplacement valvulaire aortique chirurgical
(118). Dans le TAVI, 3 études ont montré qu’une élévation du sSt2 avant la procédure était
corrélée a la mortalité a 1 an (119-121), sans supériorité par rapport au BNP.

De méme, la galectin-3 est un marqueur reconnu impliqué dans les processus de fibrose,
d’inflammation et de calcifications chez les patients porteurs d’un rétrécissement aortique
(122). Ce marqueur présente une valeur pronostique reconnue dans l'insuffisance cardiaque
et serait également associé a la survenue d’événements a court et long terme chez les
patients bénéficiant d’'un TAVI, surtout s’il est combiné au BNP (123). Cependant les données
sont discordantes, I'équipe de Rheude et al. (124) ayant demontré que la galectin-3 n’était
prédictive d’évenements qu’en cas d’élévation concomitante du carbohydrate antigen 125

(CA 125).

d. Autres biomarqueurs

D’autres mécanismes, comme l'inflammation, pourraient jouer un réle dans le remodelage
ventriculaire post TAVI. En effet, la C reactiv protein (CRP) et le growth differentiation factor
(GDF)-15, marqueurs de I'inflammation, ont été rapportés comme étant corrélés a la survenue
d’événements apreés TAVI dans des séries de petite taille (125).

Le CA 125 est un marqueur tumoral reconnu essentiellement chez les patientes avec tumeur
de I'ovaire. Cependant, en dehors du contexte tumoral, ce marqueur peut étre produit par les
séreuses en réponse a une inflammation et a une stase. En effet, on note une élévation de ce
biomarqueur en cas d’inflammation des séreuses et il est également corrélé a la sévérité de
I'insuffisance cardiaque (126). Ainsi, les taux de CA 125 avant et aprés TAVI sont corrélés a la
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mortalité et a la survenue d’événements chez les patients bénéficiant d’'un TAVI dans de
petites séries (127-129). Plus récemment, I'impact pronostique du CA 125 chez les patients
bénéficiant d’'un TAVI a été démontré avec une meilleure valeur pronostique que le NTproBNP
(124).

Enfin, différents aspects de ’hémostase peuvent étres altérés chez les patients porteurs d’un
rétrécissement aortique. En effet, les forces de cisaillement élevées dans ce contexte a travers
la valve aortique entrainent une altération du facteur von Willebrand, une activation
plaquettaire et une dégranulation plaquettaire (130-132). Tous ces éléments entrainent un
risque accru d’évenements hémorragiques et thromboemboliques, corrélés, lorsqu’ils sont
séveres, a la mortalité chez les patients bénéficiant d’'un TAVI (130). Cependant, la valeur
pronostique de ces éléments n’a pas été démontrée directement hormis pour le facteur von
Willebrand et la prédiction des fuites aortiques significatives en post-procédure (132).

Ainsi, de nombreux biomarqueurs émergent comme facteurs pronostiques potentiels chez les
patients bénéficiant d‘un TAVI. En effet, leur élévation chez les patients porteurs d’un
rétrécissement aortique serré s’explique par différents mécanismes, impliquant la valve
aortique et le myocarde, reflétant ainsi 'importance des calcifications, du stress exercé sur les
myocytes, de I'inflammation chronique, du remodelage et de la fibrose ventriculaire gauche

(Figure 11).
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Figure 11 : différents biomarqueurs et mécanismes principaux impliqués dans leur élévation

chez les patients porteurs d’un rétrécissement aortique

Ces biomarqueurs pourraient ainsi étre corrélés a la sévérité de la maladie et présenter un
intérét pronostique dans ce contexte aidant a la stratification du risque. Cependant, les
données sont contradictoires selon les études et aucune donnée sur de larges cohortes de
patients n’est disponible. De méme, ces outils doivent étre réévalués a lI'ere de la
simplification des procédures et devant les modifications notables du profil de risque des

patients orientés vers un TAVI a I’heure actuelle.
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2. Margueurs pronostiqgues en imagerie : le score calcique

a. Importance des calcifications valvulaire et annulaire aortique

Sur le plan physiopathologique, les mécanismes conduisant au développement des
calcifications valvulaires ne semblent pas encore totalement élucidés. En effet, 3
principaux mécanismes ont été rapportés. Tout d’abord une matrice osseuse serait
présente au niveau de la valve aortique (cellules ostéoides, collagéne et ostéoclastes) dans
environ 20% des cas (133). De plus, une minéralisation active de la valve par des cellules
exprimant des génes ostéogéniques a également été rapportée (134-137) ainsi que
I’accumulation de dép6ots calciques au sein de la valve aortique elle-méme (133,138). Ainsi,
I'importance des calcifications a été démontré comme étant corrélée a la sévérité du
rétrécissement aortique (139,140) et peut parfois permettre de conclure au caractére
serré du rétrécissement aortique dans les cas litigieux (score calcique > 2000 unités

Hounsfield (UH) chez ’homme et 1200 UH chez la femme) (4).

Lors de la planification initiale de la procédure de TAVI, une attention particuliere est
portée aux calcifications de I'anneau et de la valve aortique. En effet, la quantité de
calcifications et leur localisation sont des éléments a prendre en compte afin d’anticiper
d’éventuelles complications. En effet, un minimum de calcifications est requis, nécessaire
a I'impaction de la prothese valvulaire au niveau de la valve aortique. Cependant, des
calcifications massives ou de distribution inhomogene peuvent géner |'expansion de la

prothése et conduire a un résultat imparfait ou a la survenue de complications (141,142).
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b. Evaluation des calcifications : le score calcique d’Agatston

Le score calcique (SC) d’Agatston est une méthode de quantification scannographique des
calcifications de I'appareil valvulaire aortique. Ce score a été décrit pour la premiére fois
en 1990 pour I"évaluation des calcifications coronaires (143) puis adapté pour I'évaluation
de la valve aortique (144,145). Le SC est une méthode d’évaluation des calcifications
simple, fiable et reproductible. En effet, le SC peut étre évalué sur un scanner thoracique
sans injection de produit de contraste synchronisé a I'électrocardiogramme. La région
d’intérét, centrée sur le massif cardiaque, est délimitée de la partie supérieure de la
chambre de chasse ventriculaire gauche au sommet des cusps aortiques avec une
épaisseur de coupes de 3mm. L'analyse du volume est réalisée a lI'aide du logiciel
spécifigue SmartScore 4.0 (General Electric Healthcare, Waukesha, Wisconsin, USA)
permettant une détection automatique de I'ensemble des calcifications du volume acquis
avec un seuil de 130 UH. La délimitation et I’évaluation des calcifications de la zone
d’intérét est réalisée par I'opérateur, avec I'utilisation du score calcique d’Agatston,
exprimé en unités arbitraires, sur les coupes transversales, selon une technique
standardisée (146) (figure 12). Le SC est déterminé en tenant compte de la surface des
calcifications et de leur densité maximale avec un facteur de 1 a 4 appliqué en fonction de
celle-ci. Un facteur 1 est appliqué en cas de densité entre 130 UH et 199 UH, 2 entre 200
UH et 299 UH, 3 entre 300 et 399 UH et 4 si la densité était supérieure ou égale a 400 UH.
Le SC est obtenu en multipliant la surface (en mm?) par le facteur d’ajustement pour
chaque région délimitée sur I'ensemble du volume d’acquisition. Les calcifications

coronaires sont exclues de 'analyse.
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Figure 12 : évaluation du SC sur des coupes de scanner sans injection de produit de
contraste. La premiére étape consiste en une sélection de la zone d’intérét centrée sur la

valve (A) puis les calcifications sont identifiées et sélectionnées (en orange) (B).

¢. Impact pronostique du score calcique chez les patients bénéficiant d’un TAVI

L'importance des calcifications de I'appareil valvulaire aortique est un facteur pronostique
reconnu de mortalité chez les patients porteurs d’un rétrécissement aortique (139,140).
Plus particulierement chez les patients bénéficiant d’un TAVI, le SC valvulaire est un
facteur prédictif de complications, en particulier de la survenue de fuite aortique péri-
prothétique, d'implantation de pacemaker (141,147,148) et de rupture d’anneau aortique
(142). En particulier, I'impact pronostique du SC sur la survenue de fuites aortiques
périprothétiques a été démontré avec la précédente génération de prothéses valvulaires
percutanées (Medtronic CoreValve, Edwards Sapien et Sapien XT) avec une augmentation
associée de la mortalité (149). Concernant la valve de derniére génération Edwards Sapien

3, commercialisée en Europe depuis janvier 2014, le SC n’apparait pas comme étant
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associé a la survenue de fuite aortique dans une seule étude (150). En effet, les
performances de cette prothése, développée dans le but de palier aux différentes limites
de la génération de valve précédente, particulierement avec I'implantation d’une « jupe »
externe, pourrait contrebalancer les effets des calcifications sur I’expansion de la prothése
en limitant I'incidence des fuites aortiques paravalvulaires (150) (figure 13). Aucune
donnée n’est disponible concernant I'impact pronostique des calcifications et plus
précisément du SC avec les valves auto-expansibles de derniere génération ayant pour

principal intérét la possibilité d’une recapture et d’un repositionnement (figure 13).

Figure 13 : valve montée sur ballon de derniére génération Edwards Sapien 3 (a gauche)

et auto-expansible Medtronic Corevalve Evolut R (a droite)

Ainsi, le SC, outil morphologique simple, pourrait étre réalisé lors du scanner pré-TAVI
dont bénéficient tous les patients avant la procédure. Sa valeur pronostique doit étre
réévaluée avec les dernieres générations de prothéses ayant bénéficiées d’améliorations
notables mais également a I'ere de I'évolution des pratiques notamment avec I'absence

de prédilatation systématique.

41



OBIJECTIFS

l. Identifier des marqueurs pronostiques biologiques et morphologiques

Le premier objectif de ce travail était d’identifier des marqueurs pronostiques biologiques et
morphologiques, simples, utilisables en routine chez les patients bénéficiant de la mise en

place d’une valve aortique percutanée.

Deux études ont été réalisées chez deux cohortes distinctes de patients.

La premiere visait a évaluer I'impact pronostique de la troponine en pré et post-procédure

chez les patients bénéficiant d’'un TAVI.

La deuxieme étude évaluait I'impact pronostique du score calcique scannographique,
réalisable en routine sur le scanner systématique en pré-procédure, chez les patients

bénéficiant d’'un TAVI avec 2 générations différentes de prothéses.

En effet, la mise en évidence de facteurs pronostiques supplémentaires pourrait permettre
d’améliorer la stratification du risque des patients et de sélectionner les patients avec un profil

de risque « favorable » a une procédure TAVI a I'ére de I'évolution des pratiques.
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Il. Intégrer ces facteurs pronostiques dans I’évolution des pratiques

Le deuxieme objectif de ce travail était d’évaluer la pertinence de ces facteurs pronostiques
mis en évidence dans la premiére partie du travail de these a I'ere de I'évolution des

pratiques.

En effet, I'étude DIRECTAVI, étude randomisée visant a évaluer l'intérét ou non d’une
prédilatation systématique au cours de la procédure TAVI, a démontré la non-infériorité d’une
procédure de « direct TAVI » (sans prédilatation systématique) chez les patients implantés

d’une valve de derniére génération Edwards Sapien 3 (NCT02729519). Une sous-étude

concernant I'impact pronostique de la troponine et la survenue d’une « myocardial injury »
en post-procédure dans cette population a été réalisée afin de déterminer l'influence de
I’évolution des pratiques sur ce facteur pronostique préalablement mis en évidence. En effet,
I'absence de prédilatation en particulier pourrait réduire le risque d’élévation de troponine

post-procédure, la « myocardial injury », induite lors de cette étape.
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La troponine, marqueur de souffrance myocardique, est un facteur pronostique reconnu dans
le rétrécissement aortique et chez les patients bénéficiant d’un remplacement valvulaire
aortique chirurgical en pré et post-intervention. Cependant, la valeur pronostique de ce
biomarqueur chez les patients bénéficiant d’'un TAVI est controversée. En effet, concernant le
taux de troponine pré-procédure, des données issues de petites séries suggerent son réle en
tant que facteur pronostique dans ce contexte. En effet, la troponine pré-procédure serait
prédictive de mortalité a moyen et long terme et serait en fait un marqueur de sévérité de la
cardiopathie sous-jacente.

L’élévation significative de troponine ou Iésions myocardiques (« myocardial injury ») apres
TAVI est définie par une élévation de troponine > 15 x la limite supérieure de la normale et de
plus de 50% par rapport a la troponine pré-procédure (9). Cette élévation de troponine est
fréquente et concerne entre 30 et 50% des patients bénéficiant d’'un TAVI selon les séries
(111-113). Elle peut étre liée a différents facteurs tels que le positionnement de la valve, la
stimulation rapide ou des micro-embols au niveau des artéres coronaires (113). Cependant,
son impact pronostique reste peu clair et variable selon les séries. Plus récemment, une étude
a déterminé que la survenue de Iésions myocardiques apres TAVI dépendait du type de valve
utilisée mais n’était pas prédictive de mortalité (115).

Ainsi, nous avons, dans ce premier travail, évalué la valeur pronostique de la troponine pré-
et post-procédure dans une large cohorte de patients bénéficiant d’un TAVI sur une période
d’inclusion de 5 ans afin de clarifier I'impact pronostique de ce biomarqueur et d’améliorer la
stratification du risque chez les patients éligibles au TAVI.

Concernant la troponine pré-procédure, nous avons divisé la population globale de 1390
patients en 3 tertiles en fonction du taux de troponine initial. Nous avons ensuite évalué
I'impact, en fonction du tertile, de la troponine pré-procédure sur la mortalité a 30 jours, 1 an
et jusque 3 ans. Nous avons également déterminé les facteurs prédictifs d’élévation de la
troponine pré-procédure.

La survenue de lésions myocardiques a été évaluée en fonction du tertile initial afin de
pondérer |'élévation de la troponine post-procédure en fonction de la troponine pré-
procédure.

Cette étude a permis de confirmer que la troponine pré-procédure était un facteur
pronostique indépendant de mortalité a 30 jours, a 1 an et jusqu’a 3 ans. Les patients avec le

taux de troponine le plus bas (premier tertile) avaient un profil de risque plus favorable (age
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moins élevé, sexe féminin, moins de troubles conductifs et de fibrillation atriale, moins de
coronaropathie et d’atteinte vasculaire périphérique, une meilleure FEVG, moins
d’hypertension artérielle pulmonaire et de plus faibles taux de NT-proBNP) avec par
conséquent des scores de risques moins élevés (STS et Euroscore logistic). Nous avons
également pu déterminer des facteurs prédictifs de troponine pré-procédure élevée (sexe
masculin, arythmie auriculaire, faible débit de filtration glomérulaire et taux de NT-proBNP
élevé en pré-procédure).

Concernant la survenue de Iésions myocardiques aprés TAVI, nous avons pu démontrer pour
la premiere fois que I'impact pronostique sur la mortalité était dépendant de la troponine pré-
procédure. En effet, la survenue de Iésions myocardiques était prédictive de la mortalité a 1
an seulement chez les patients ayant une troponine pré-procédurale normale ou quasi-
normale.

Ce travail nous a donc permis de confirmer d’une part la valeur pronostique de la troponine
pré-procédure a moyen et long terme sur une large population de patients et a apporté des
données nouvelles concernant la valeur pronostique de la survenue de Iésions myocardiques
en fonction de la troponine pré-procédure. Ce biomarqueur pourrait donc étre utilisé en
routine pour une meilleure appréhension du profil du risque des patients bénéficiant d’un

TAVI.
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Prognostic Impact of Pre-Transcatheter and Post-Transcatheter Aortic

Valve Intervention Troponin: A Large Cohort Study

Mariama Akodad, MD;* Marco Spaziano, MD;* Bernard Chevalier, MD; Philippe Garot, MD; Hakim Benamer, MD; Annabelle Dinan-Zannier,
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Background—Biomarkers were advocated as prognostic factors in patients undergoing transcatheter aortic valve intervention,
with contradictory results concerning prognostic impact of troponin. Our aim was to assess the prognostic impact of preprocedural
and postprocedural troponin in transcatheter aortic valve intervention.

Methods and Results—Preprocedural and postprocedural high-sensitivity troponin levels were measured in all patients undergoing
transcatheter aortic valve intervention. Primary end point was 1-year mortality. This study included 1390 patients, with a mean age
of 83.4+6.8 years. Patients were divided into 3 tertiles according to preprocedural troponin values: tertile 1: 0.001 to 0.023 ng/L;
tertile 2: 0.024 to 1.80 pg/L; and T3: 1.81 to 12.1 pg/L. One-year mortality was higher in patients in tertile 2 (hazard ratio, 2.1;
P=0.001) and T3 (hazard ratio, 1.8; P=0.009) compared with those in tertile 1. Myocardial injury was predictive of 1-year mortality
(hazard ratio, 1.7; P=0.01). This effect may be stronger in the tertile 1 subgroup (hazard ratio, 5.1; P=0.03 [P value for interaction:
0.18]).

Conclusions—Elevated preprocedural troponin and myocardial injury are associated with 1-year mortality after transcatheter

aortic valve intervention. (J Am Heart Assoc. 2019;8:e011111. DOI: 10.1161/JAHA.118.011111.)
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Transcatheter aortic valve intervention (TAVI) is an
alternative to surgery in patients with severe aortic
stenosis who are at high surgical risk or in patients for whom
conventional aortic valve replacement is contraindicated.
Indications were recently extended to patients at moderate
surgical risk with Food and Drug Administration approval
when the transfemoral approach is considered feasible after
Heart Team discussion.’ Patient selection and risk stratifica-
tion are key elements for procedural success, but identifying
which individuals benefit the most from the procedure
remains challenging.z'3 In this context, several clinical,
echocardiographic, and biological prognostic factors have
been suggested to predict outcomes.
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Among these, biomarkers were identified as potential
prognostic factors. New generation high-sensitivity troponin T
allows the detection of small increases in troponin levels and
was proven to be an independent prognostic factor in patients
with aortic stenosis.” In addition, preprocedural and postpro-
cedural troponin levels are independent predictors of out-
comes in patients undergoing surgical aortic valve
replacement.”®

With respect to the TAVI procedure, data from small series
suggest that preprocedural high-sensitivity troponin T may be
an independent prognostic factor of 1-month and 1-year
mortality.”®

Furthermore, myocardial injury after TAVI is frequent® '°
and may be related to different factors such as valve
positioning, rapid pacing, or calcium embolism.” The prog-
nostic impact of postprocedural troponin (ie, myocardial
injury) remains unclear, with contradictory data in small
series.®'° More recently, a study determined that myocardial
injury after TAVI depended on the type of device used but was
not predictive of mortality.'’

Taking all of these considerations together, assessing the
prognostic value of preprocedural and postprocedural tro-
ponin in a large prospective cohort of patients may clarify the
prognostic value of these parameters, improve risk stratifica-
tion in patients undergoing TAVI, and ultimately improve
periprocedural management.
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Clinical Perspective

What Is New?

* Preprocedural troponin is an independent predictor of long-
term mortality, as well as myocardial injury in patients with
normal or near-normal preprocedural troponin levels.

What Are the Clinical Implications?

« Systematic troponin assessment is routinely feasible and
may allow better risk stratification in patients undergoing
transcatheter aortic valve intervention.

The aim of this study was to assess the prognostic impact
of preprocedural and postprocedural troponin in a large
cohort of patients undergoing TAVI.

Methods

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Patient Population and Procedure

Preprocedural and postprocedural troponin measurements
were prospectively collected in all patients undergoing TAVI in
our center. We separated the total population in 3 roughly
equal tertiles according to preprocedural troponin to compare
clinical outcomes. We also assessed the impact of troponin
rise (ie, the occurrence of myocardial injury) according to
VARC-2 (Valve Academic Research Consortium) criteria. This
is defined as troponin T elevations >15 times the upper
reference limit of the center’s troponin assay (in our center,
0.014 pg/Lx15=0.21 pg/L) and at least a 50% increase
compared with preprocedural values.'?

A multidisciplinary heart team involving at least 1
interventional cardiologist and 1 cardiac surgeon discussed
all cases, and consensus was achieved regarding therapeutic
strategy. Patients underwent TAVI via the transfemoral,
transaortic, transapical, subclavian, or carotid approach
according to previously described techniques.w'14 All patients
provided informed written consent for the procedure and data
collection, and the local ethics committee approved the study.

Data Collection and Study End Points

High-sensitivity troponin T measurement was performed on
the Cobas 8000/e602 analyzer (Roche Diagnostics) the day
before and the day after the procedure in all included patients.
The 99% upper reference limit for this kit is 0.014 pg/L. The
total imprecision at the 99th percentile is <6.5%. The limit of

detection of this assay is 0.005 pg/L. For patients requiring
revascularization before TAVI, percutaneous coronary inter-
vention (PCl) was performed at least 10 days before the valve
intervention. Clinical and echocardiographic data at baseline
and follow-up were prospectively collected by dedicated
personnel and entered in a local database and national
registries.'®'¢

The primary end point of this study was 1-year mortality.
Secondary end points consisted of 30-day mortality, 3-year
mortality, stroke, myocardial injury, new pacemaker implan-
tation, major vascular complication, paravalvular regurgitation
greater than mild, and acute kidney injury. End points were
defined according to the VARC-2 criteria.'?

Statistical Analysis

Patients were separated into 3 groups based on preprocedu-
ral troponin value. Preprocedural troponin ranged from 0.001
to 12.1 pug/L. Using the 33rd and 66th percentiles of
preprocedural troponin, tertiles had the following ranges:
tertile 1 (T1): 0.001 to 0.023 pg/L; tertile 2 (T2): 0.024 to
1.80 pg/L; and tertile 3 (T3): 1.80 to 12.1 pg/L.

One-year survival data were fitted in a Cox proportional
hazards model and compared in a pairwise fashion for
preprocedural troponin tertiles (ie, T1 versus T2, T1 versus T3,
and T2 versus T3). Crude and adjusted hazard ratios (HRs)
(with 95% Cls) are reported. HRs were adjusted (forward
stepwise likelihood ratio) for procedure date (to account for a
potential learning effect of time) and for baseline character-
istics with a univariate P<0.10 for the outcome of 1-year
mortality. The covariates that met this criterion and were
included in the multivariate model are reported in Table 1. The
1-year model was then extended to 3-year data as an
exploratory analysis.

The effect of myocardial injury was assessed as follows:
first, we added the myocardial injury variable to the above-
mentioned survival model to appreciate its effect. Next, we
assessed for interaction of myocardial injury by preprocedural
troponin tertile. Finally, as an exploratory analysis, we looked
at the HR of myocardial injury in each tertile. Patients who
underwent TAVI via the transapical access were excluded
from these analyses, as the troponin rise might be less
meaningful in that context. Finally, independent predictors of
an elevated preprocedural troponin value were assessed by
means of a multivariate linear regression model.

Continuous data are reported as mean+SD or median
(interquartile range), and categorical variables are reported as
number of patients and percentages. Categorical data were
compared using chi-square test, and continuous data using 1-
way ANOVA or the Kruskal-Wallis test, as appropriate. A P<0.05
was considered significant for adjusted models. Statistical
analyses were performed with SPSS version 23 (IBM Corp).
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Table 1. Univariate and Multivariate Predictors of 1-Year Mortality

Univariate Analysis Multivariate Analysis
P Value P Value

Parameter HR (Crude) HR 95% CI (Adjusted)
Preprocedural troponin tertile

T2vs T1 2.39 <0.001 2.07 1.38-3.12 0.001

T3vs T1 2.32 <0.001 1.76 1.15-2.68 0.009

T3vs T2 0.97 0.52 0.89 0.64-1.21 0.43
Age (per 1-y increment) 1.18 0.006 1.028 1.003-1.053 0.03
Coronary artery disease 1.40 0.03
Peripheral vascular disease 1.47 0.01 1.45 1.07-1.98 0.02
LVEF (per 5% increment) 0.92 <0.001 0.94 0.89-0.98 0.009
Mean aortic gradient (per 5-mm Hg increment) 0.95 0.03
Pulmonary artery systolic pressure (per 5-mm Hg increment) 1.05 0.08
eGFR (per 5-mL/min increment) 0.94 <0.001 0.96 0.93-0.995 0.03
Preprocedural NT-proBNP tertile

T2vs T1 1.64 0.04

T3vs Tl 2.60 <0.001

T3vs T2 1.59 0.01

Values are expressed as mean=+SD or number (percentage) unless otherwise indicated. For pairwise comparisons, the reference category is stated last (ie, for tertile 2 [T2] vs tertile 1 [T1],
the reference category is T1). eGFR indicates estimated glomerular filtration rate estimated by the Modification of Diet in Renal Disease formula; HR, hazard ratio; LVEF, left ventricular

ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; T3, tertile 3.

Results

Between March 2011 and September 2016, 1390 patients
underwent TAVI in our center. The mean patient age was
83.4+6.8 years, 52% were men, and mean Society of
Thoracic Surgeons (STS) and logistic European System for
Cardiac Operative Risk Evaluation (EuroScore) were 5.844.0%
and 17.3+11.0%, respectively. Several baseline characteris-
tics differed significantly between preprocedural troponin
tertiles (Table 2). Patients in T1 (normal or near-normal
troponin) were younger, more likely to be female, had less
conduction disturbances such as atrial fibrillation or previous
pacemaker, were less likely to have undergone previous PCI,
and had less peripheral vascular disease (all P<0.05). With
respect to paraclinical characteristics, patients in T1 had
higher left ventricular ejection fraction and lower pulmonary
artery pressure, better renal function, and lower NT-proBNP
(N-terminal pro-B-type natriuretic peptide) levels (all P<0.05).
Consequently, patients in T1 also had lower STS and logistic
EuroScore (both P<0.001).

The distribution of the transfemoral and nontransfemoral
approaches was similar among tertiles (Table 3). The use of
self-expanding devices differed significantly, with T1 exhibiting
the lowest percentage (T1: 26.3% versus T2: 31.9% versus T3:
35.8%, P=0.008). Device sizes were also significantly different
among tertiles, with patients in T1 receiving smaller valves.

30-Day Clinical Outcomes

Procedural outcomes such as the need for a second device or
annulus rupture were similar between tertiles (Table 3).
Thirty-day mortality was significantly different between ter-
tiles, with patients in T1 displaying a mortality rate less than
half of that in patients in the other tertiles (T1: 3.5% versus T2:
8.3% versus T3: 7.0%, P=0.007) (Table 4). Myocardial injury
occurred significantly less in patients in T3 compared with the
other groups (T1: 66.4% versus T2: 59.7% versus T3: 14.3%,
P<0.001). Other clinical outcomes such as stroke, new
pacemaker implantation, and major vascular complications
were similar between preprocedural troponin tertiles.

Patients in T1 had lower rates of significant paravalvular
leak (grade 2 or more) at 30 days (T1: 5.8% versus T2: 11.5%
versus T3: 8.4%, P=0.01). Finally, acute kidney injury occurred
twice as often in patients in T2 compared with the other
groups (P=0.001).

One-Year Mortality

Median follow-up was 360 days. Mortality at 1 year was 18% in
the overall cohort (Kaplan—Meier estimate). The mortality rate
in T1 was half those of the other tertiles. (T1: 10.0% versus T2:
23.0% versus T3: 21.4%, log-rank P<0.001) (Figure 1). After
multivariable adjustment, an elevated preprocedural troponin
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Table 2. Baseline Characteristics

Variable: | A patients (N=1390) | T1 (n=463) 2 (n=481) 13 (n=446) lue
Age 83.4+6.8 82.2+7.4 83.9+6.2 84.2+6.7 <0.001
Male sex 727 (52.3) 195 (42.1) 262 (54.5) 270 (60.5) <0.001
STS-PROM, % 5.8:+4.0 5.0+3.4 6.2+3.9 6.4+4.6 <0.001
Logistic EuroSCORE, % 17.3+11.0 14.5+8.9 18.7+11.4 18.7+11.9 <0.001
NYHA class 3 or 4 890 (65.3) 287 (62.9) 325 (68.9) 278 (63.9) 0.13
History of syncope 16 (1.5) 4(1.1) 7 (2.0 5(1.5 0.68
Atrial arrhythmia (flutter or fibrillation) 371 (28.0) 96 (21.4) 139 (30.5) 136 (32.2) 0.001
Diabetes mellitus 380 (27.4) 115 (24.8) 132 (27.5) 133 (29.9) 0.23
Hypertension 751 (68.8) 252 (68.7) 266 (69.8) 233 (67.7) 0.83
Dyslipidemia 539 (49.4) 177 (48.2) 197 (51.7) 165 (48.0) 0.52
Active smoker 30 (2.5) 14 (3.5 5(1.2) 11 (3.0 0.09
Previous PPM 208 (15.1) 46 (10.0) 75 (15.9) 87 (19.6) <0.001
Coronary artery disease 525 (41.8) 163 (39.0) 190 (44.0) 172 (42.4) 0.33
Previous PCI 370 (27.2) 102 (22.5) 141 (29.9) 127 (29.1) 0.02
Previous CABG 126 (9.3) 46 (10.1) 45 (9.6) 35 (8.0) 0.54
Previous SAVR 23 (1.7) 7(1.5) 8(1.7) 8 (1.8 0.95
Previous BAV 9 (0.6) 1(0.2) 4(0.8) 4 (0.9 0.34
Previous stroke 122 (8.8) 42 (9.1) 37 (7.7) 43 (9.7) 0.56
Peripheral vascular disease 349 (25.2) 98 (21.3) 138 (28.8) 113 (25.4) 0.03
LVEF, % 541+139 58.0+12.3 52.7+13.9 51.6+14.6 <0.001
LVEF <30% 138 (10.2) 32(7.1) 48 (10.3) 58 (13.4) 0.008
Mean aortic gradient, mm Hg 47.3+£15.7 47.7+£15.7 47.4+£155 46.8+16.0 0.74
AVA, cm? 0.66+0.17 0.67+0.17 0.65+0.16 0.65+0.17 0.06
Pulmonary artery systolic pressure, mm Hg 4574129 42.84+12.0 46.8+13.5 47.3+12.6 <0.001
Pulmonary artery systolic pressure >50 mm Hg 431 (37.4) 104 (28) 154 (38.1) 173 (46.0) <0.001
€GFR, mL/min per 1.73 m? 62.8+23.5 71.0+22.0 59.4+24.3 58.0+21.8 <0.001
€GFR <40 mL/min per 1.73 m? 199 (14.3) 25 (5.4) 85 (17.7) 89 (20.0) <0.001
Dialysis 24 (1.9 0(0) 15 (3.5 9(22) 0.001
Preprocedural NT-proBNP, median (IQR), pg/mL 1764 (760-4079) 817 (356-1815) 2458 (1092-6287) 2698 (1292-5394) <0.001
COPD 251 (18.1) 79 (17.1) 91 (19.0) 81 (18.2) 0.76
BMI, kg/m* 26.6+5.1 26.6+5.3 26.7+5.0 26.5+5.0 0.84
Values are exp as +SD or number (p ge) unless otherwise indicated. BAV indicates balloon aortic valvuloplasty; BMI, body mass index; CABG, coronary artery bypass

graft; COPD, chronic obstructive pulmonary disease; eGFR, filtration rate

class; PCl, p coronary i
Mortality; T1, tertile 1; T2, tertile 2; T3, tertile 3.

ion; PPM, p

level was an independent predictor of 1-year mortality (T2
versus T1: HR, 2.07 [adjusted P=0.001]; T3 versus T1: HR, 1.76
[adjusted P=0.009]), (Table 1). No significant 1-year mortality
differences were observed in T2 and T3 patients (adjusted
P=0.43). The other significant independent predictors of
mortality at 1 year were age, peripheral vascular disease, left
ventricular ejection fraction, and glomerular filtration rate (all
adjusted P<0.05). When using the same variables in an

by the Modification of Diet in Renal Disease formula; EuroSCORE, European System for
Cardiac Operative Risk Evaluation; IQR, interquartile range; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association
+ SAVR, surgical aortic valve replacement; STS-PROM, Society of Thoracic Surgeons Predicted Risk of

exploratory model with 3-year mortality data, results remained
consistent, with patients in T1 still showing significantly lower
mortality than their T2 and T3 counterparts (adjusted P=0.002
and 0.003, respectively) (Figure 1).

In @ model including STS score and logistic EuroScore (as
they integrate most preprocedural variables collected), in
addition to preprocedural troponin tertiles, independent
predictors of 1-year mortality were STS score (HR, 1.08 per
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 Variable T2 (n=481) T3 (n=446) P Value
Approach 0.59
Transfemoral 928 (66.8) 315 (68.0) 317 (65.9) 296 (66.4)
Transapical 62 (4.5) 22 (4.8) 25 (5.2) 15 (3.4)
Other 400 (28.8) 126 (27.2) 139 (28.9) 135 (30.3)
Local anesthesia 768 (63.1) 262 (64.9) 260 (60.9) 246 (63.6) 0.48
Predilatation 675 (48.6) 205 (44.3) 258 (53.6) 212 (47.5) 0.01
Device type 0.004
Balloon-expandable 927 (67.1) 331 (71.5) 326 (68.5) 270 (60.9)
Self-expandable 431 (31.2) 122 (26.3) 146 (30.7) 163 (36.8)
Other 24 (1.7) 10 (2.2 4(0.8) 10 (2.3)
Implanted device size (balloon-expandable) 0.03
23 mm 266 (28.7) 108 (32.6) 86 (26.4) 72 (26.7)
26 mm 421 (45.4) 158 (47.7) 144 (44.2) 119 (44.1)
29 mm 235 (25.4) 64 (19.3) 94 (28.8) 77 (28.5)
Implanted device size (self-expandable) 0.04
23 mm 23 (5.3) 7(5.7) 7 (4.8) 9 (5.5)
26 mm 101 (23.4) 28 (23.0) 30 (20.5) 43 (26.4)
29 mm 209 (48.5) 69 (56.6) 77 (52.7) 63 (38.7)
31 mm 95 (22) 17 (13.9) 32 (21.9) 46 (28.2)
Postdilatation 113 (8.1) 37 (8.0) 43 (8.9 33 (7.4) 0.67
Need for second valve implantation 40 (2.9 9 (2.0 17 (3.6 14 (3.2 0.32
Annulus rupture 13 (0.9) 4 (0.9) 5(1.0) 4 (0.9) 0.96
Conversion to SAVR 20 (1.7) 9(2.3) 8 (2.0) 3(0.8) 0.24
Contrast use, mL 117457 11653 121458 114459 0.18
Fluoroscopy time, min 16.7+8.8 16.4+8.0 17.1+£10.0 16.6+8.4 0.49

Values are expressed as mean=+SD or number (percentage). SAVR indicates surgical aortic valve replacement; T1, tertile 1; T2, tertile 2; T3, tertile 3.

1% STS increase; adjusted P<0.001) and preprocedural
troponin (T2 versus T1: adjusted P<0.001; T3 versus T1:
adjusted P=0.001; T3 versus T2: adjusted P=0.41). Both the
risk score model and the clinical variables model adjusted the
data similarly (—2 log likelihood ratio: 2503.3 and 2496.4,
respectively).

Variables Associated With Elevated
Preprocedural Troponin

Four independent predictors of elevated preprocedural tro-
ponin value were identified by means of multivariate linear
regression: male sex (=0.61 pg/L), atrial arrhythmia (atrial
flutter of fibrillation) (=0.38 pg/L), low glomerular filtration
rate ($=0.06 pg/L per 5 mL/min per 1.73 m? decrement),
and preprocedural NT-proBNP levels (3=0.05 pg/L per
100 pg/mL increment) (all adjusted P<0.01) (Table 5).

Incremental Value of Myocardial Injury

Postprocedural troponin was assessed in patients with
the nontransapical approach. Myocardial injury was an
independent predictor of 1-year mortality in addition to
the other preprocedural variables identified, with an HR of
1.69 (95% Cl, 1.12-2.55; P=0.01). The P value for the
interaction term of myocardial injury by troponin tertile
was not statistically significant (0.18). However, in T1,
patients with myocardial injury had a 1-year mortality
rate more than 4 times higher than patients without
myocardial injury (12.1% versus 2.8%, respectively; HR,
5.11 [adjusted P=0.03]) (Figure 2A). This HR was consid-
erably higher than that of the overall cohort and of the
other tertiles (T2: HR, 1.41; and T3: HR, 1.08) (Figure 2B
and 2C). Patients with previous PCl had a trend for
increased risk of myocardial injury (odds ratio, 1.32;
P=0.065).
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Table 4. Thirty-Day, 1-Year, and 3-Year Outcomes

30-d Outcome Al Patients T1 (n=463) | T2 (n=481) T3 (n=446 | PValue

Death 87 (6.3) 16 (3.5) 40 (8.3) 31 (7.0) 0.007

Stroke 40 (2.9) 12 (2.6) 16 (3.3) 12 (2.7) 0.76

Myocardial injury* 437 (47.2) 204 (66.4) 190 (59.7) 43 (14.3) <0.001

New pacemaker implantation” 225 (19.2) 67 (16.1) 78 (19.6) 80 (22.4) 0.08

Major vascular complication 189 (13.6) 60 (13.0) 78 (16.2) 51 (11.4) 0.09

Paravalvular regurgitation >mild 110 (8.6) 25 (5.8) 50 (11.5) 35 (8.4) 0.01

Acute kidney injury 85 (6.1) 18 (3.9) 45 (9.4) 22 (4.9 0.001

Mean gradient >20 mm Hg 34 (2.8) 133.1) 13 3.2 8 (2.0 0.54

Mean gradient, mm Hg 10.6£5.4 10.6+£5.0 10.9:£6.6 10.1+4.2 0.14

Hospital stay, d 11.0+8.0 11.0+8.0 11.4+8.7 11.6+£10.0 0.58

1-y death 190 (18.0) 36 (10.0) 83 (23.0) 71 (21.4) T1 vs T2: 0.001
T1 vs T3: 0.009
T2 vs T3: 0.43

3-y death’ 241 (38.7) 54 (28.5) 102 (42.6) 85 (47.8) T1 vs T2: 0.002
T1 vs T3: 0.003
T2 vs T3: 0.96

Values are exp as +SD or number (p . T1 indi tertile 1; T2, tertile 2; T3, tertile 3.

*Patients with transapical approach were excluded from this analysis.
*Patients with a previous permanent pacemaker were excluded from this analysis.

‘Kaplan—Meier estimate; adjusted P values (Cox proportional hazards model).

Discussion

This study is the first large prospective registry describing the
impact of both preprocedural and postprocedural high-
sensitivity troponin in patients undergoing TAVI with second-
and third-generation devices. New data on the prognostic

value of troponin in patients implanted with TAVI have
emerged with 3 main findings:

1. Preprocedural

mortality;

troponin was associated with 30-day
mortality and was an independent predictor of 1-year

Cumulative incidence (%)

No. at risk
T
T2
T3

T1vs. T2: p=0.001
T1 vs. T3: p=0.009

:I p=0.96

40- T2 vs. T3: p=0.43
p=0.002
20+
-T3
-T2
-T1
1 12 24 36
Months after procedure
410 226 85 56
423 187 75 50
348 160 35 17

p=0.003

Figure 1. Mortality after transcatheter aortic valve intervention stratified by preprocedural troponin
tertile. T1 indicates tertile 1; T2, tertile 2; T3, tertile 3.
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Table 5. Independent Predictors of Preprocedural Troponin
Value

Multivariate Analysis
Coefficient,
Parameter ng/L 95% Cl P Value
Male sex 0.61 0.36-0.87 <0.001
Atrial arrhythmia 0.38 0.10-0.66 0.009
(flutter or fibrillation)
€GFR (per 5-mL/min 0.06 0.03-0.09 <0.001
per 1.73 m? decrement)
Preprocedural NT-proBNP 0.005 0.003-0.007 | <0.001

(per 100-pg/mL increment)

Values are exp! as +SD or number (p ge) unless otherwise indicated.
eGFR indicates glomerular filtration rate estimated by the Modification of Diet in Renal
Disease formula; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

2. Male sex, atrial fibrillation, low glomerular filtration rate,
and preprocedural NT-proBNP levels were independent
predictors of elevated preprocedural troponin;

3. Myocardial injury (ie, troponin rise) was independently
predictive of 1-year mortality, and its effect may be more
pronounced in patients with normal or near-normal
preprocedural troponin.

Prognostic Impact of Preprocedural Troponin

In our study, preprocedural troponin was a strong predictor of
mortality at 1 month and 1 year and remained a prognostic
factor at 3 years after adjustment for potential confounding
factors.

These results are consistent with several small series
recently published in the literature. Indeed, Frank et al’
reported a series of 107 patients undergoing TAVI where
preprocedural troponin was predictive of short- and long-term
mortality in a population at higher surgical risk than our
cohort of patients. More recently, these data were confirmed
by Kohler et al,® who showed that, in a population of Sapien
XT valve recipients, preprocedural troponin and NT-proBNP
elevation were associated with increased 1-month mortality in
259 patients. Another study of high-sensitivity troponin T
showed the same results in 201 patients implanted with both
self-expandable and balloon-expandable prostheses,'” as well
as the study by Kofler et al.'®

The largest study on biomarkers included 847 patients
undergoing TAVI."® The authors concluded that preprocedural
troponin | was not predictive of 1-year mortality. These
contradictory results may be explained by the use of standard
troponin (not high-sensitivity troponin) in their study.

We confirm here the prognostic value of preprocedural
high-sensitivity troponin in a large cohort of patients and
suggest the first data demonstrating persistent prognostic

value of preprocedural troponin at 3 years. Preprocedural
troponin is a biomarker able to predict 1-year mortality in
patients undergoing TAVI, thus increasing the predictive value
of routine predictors of mortality such as STS score and
EuroScore. An elevated preprocedural troponin level may
warrant closer postprocedural monitoring and follow-up.

Predictors of Elevated Preprocedural Troponin

Elevated baseline troponin levels may indicate myocardial
damage, left ventricular hypertrophy, and advanced stages of
cardiomyopathy, as well as other higher-risk profiles for
clinical outcomes.'”?° In the present study, 4 independent
predictors of preprocedural troponin value were identified:
male sex, atrial arrhythmia, low glomerular filtration rate, and
preprocedural NT-proBNP. A significant impact of PCI on pre-
TAVI troponin values was unlikely as coronary intervention
was performed at least 10 days before the TAVI procedure.
Preprocedural NT-proBNP was found to be an independent
predictor of elevated preprocedural troponin levels in 2
studies,””® reflecting myocyte stretch, neurohormonal activa-
tion, and myocardial hypoxia.21 Chronic kidney failure was
predictive of preprocedural troponin elevation in the study by
Kohler et al® and in a transfemoral series.'” Atrial arrhythmia
and male sex were not correlated with preprocedural elevated
troponin in patients undergoing TAVI in the literature.
However, supraventricular tachycardia was described as
being associated with elevated troponin baseline level and
may be explained by an oxygen supply-demand mismatch
defined as a type 2 myocardial infarction.??

In our study, several modifiable factors were identified as
predictors of preprocedural troponin and may be the target of
treatments with the purpose of improving the prognosis of
patients undergoing TAVI. Indeed, heart failure reflected by
NT-proBNP elevation and atrial arrhythmias may be managed
before the procedure with diuretics and rhythm or heart rate
control before the procedure, as well as renal function
optimization.

Prognostic Impact of Postprocedural Troponin

Myocardial damage during TAVI, resulting in troponin eleva-
tion, could be caused by periprocedural conditions with a
mismatch between myocardial oxygen supply and oxygen
demand.?? Several mechanisms can be responsible for this
mismatch such as balloon valvuloplasty, acute aortic regur-
gitation, microembolism and temporary hypotension during
rapid ventricular pacing, and gradual deployment of the
bioprosthesis.”

In our study, nearly half of the patients had myocardial
injury according to the VARC-2 definition.'? These data are
consistent with recent literature.®'" In the present study,
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Figure 2. A, Mortality after transcatheter aortic valve intervention (TAVI) in tertile 1 (T1) stratified by the presence of myocardial injury. B,
Mortality after TAVI in tertile 2 (T2) stratified by the presence of myocardial injury. C, Mortality after TAVI in tertile 3 (T3) stratified by the

presence of myocardial injury. HR indicates hazard ratio.

myocardial injury was predictive of mortality, and potentially
more so in patients with near-normal preprocedural troponin
(T1). The prognostic impact of myocardial injury was demon-
strated in several studies. In a study including 119 patients,
myocardial injury after TAVI was predictive of 1-month
mortality.”® In a larger cohort including 577 patients,
Koskinas et al*® showed that myocardial injury after TAVI
was strongly associated with 1-month mortality and remained
associated after 2 years. However, contradictory results were
found in the literature. In the study by Kdhler et al® including
259 patients undergoing TAVI, postprocedural elevation of
troponin (at days 3 and 7) was not predictive of 1-year
mortality, while preprocedural troponin was predictive of
survival. However, in this study, the proportion of patients
with transapical approach was high (around one third) in
comparison to our study cohort (4.5%). In a more recent study
including 756 patients undergoing TAVI, myocardial injury
assessed by high-sensitivity troponin T depended on the type
of device used but was not predictive of 1-year mortality.'"
Baseline troponin level was near normal in patients included
in this study and the authors did not evaluate the prognostic
value of myocardial injury according to preprocedural troponin

level. Studies suggesting prognostic impact of myocardial
injury included all patients undergoing TAVI regardless of
access routes, which may explain these contradictory data
compared with the study by Stundl et al'' including 97% of
patients with transfemoral access. Our study included two
thirds of patients with transfemoral access, <56% of patients
with transapical route, and 28.8% of patients with transcarotid
and transaortic access route. The only variable that was
associated with myocardial injury was previous PCI. Although
the P value did not reach statistical significance, these
patients may have a more important atherosclerosis burden
leading to an increased risk of myocardial injury during the
procedure. These data are consistent with an increased risk of
myocardial injury after TAVI in patients with coronary artery
disease as reported in the study by Koskinas et al.?®

Finally, the present study is the first of its kind to suggest
that myocardial injury is more predictive of 1-year mortality in
patients with near-normal preprocedural troponin. It may
appear counterintuitive that troponin elevation in higher-risk
patients (ie, those in T2 or T3) had less impact than in a lower-
risk group. It is plausible, however, that troponin elevation
exerts its effect on mortality upon occurrence, regardless of

DOI: 10.11614JAHA.118.011111

Journal of the American Heart Association 8

HOHMVASHY TYNIOIHO

54



6102 ‘¥ Y2y uo £q 510 speunoleye//:dny woij paprojumoq

Prognostic Impact of Troponin in TAVI Akodad et al

whether this is before or after the procedure. For patients in
T2 and T3, the elevation in troponin has occurred before the
procedure, which placed these patients at increased risk. Any
additional increase in troponin may not have had any further
impact. In comparison, patients in T1 had normal or near-
normal troponin to start. In some, the procedure caused
myocardial injury, increasing their risk of death, similarly to
patients in T2 and T3. Those without myocardial injury had a
1-year mortality rate of 2.8%, whereas all of the other patients
(ie, those with high troponin levels before the procedure and
those who developed high troponin levels after the procedure)
had a mortality rate >10%.

Study Limitations

The first limitation of this study is its single-center design,
which limits the external validity of the findings. However,
troponin measurements were performed on a single analyzer,
which maximized reproducibility and avoided the use of
inaccurate conversion factors to harmonize values from
different centers. Second, only 1 preprocedural and 1
postprocedural troponin measurement were performed. Addi-
tional assays would have allowed for more refined analyses.
However, many patients were discharged early, making
multiple measurements impractical. Another limitation is the
difference in prosthesis type between groups. Indeed, the use
of self-expanding devices was significantly lower in patients in
T1. This may be explained by the fact that, in our center,
patients with lower risk profiles are less likely to receive a
self-expanding valve, because they often present with less
extensive valve calcifications. As there were more women in
T1, device sizes were also significantly different among
tertiles, with patients in T1 receiving smaller valves. However,
these characteristics may not have impacted our findings.
Another limitation was the use of VARC-2 criteria to define
myocardial injury in the entire population. Indeed, this cutoff
for troponin elevation may not be suitable for patients in T2
and T3 who have a higher preprocedural troponin level and
may explain our findings concerning postprocedural troponin
prognostic value, which was observed in patients in T1. The
postprocedural troponin analysis suggesting an effect in T1
only should be considered hypothesis-generating as the P
value for the interaction term was not statistically significant.
However, the HRs differed considerably between tertiles and
the interaction analysis may have been underpowered.

Conclusions

Preprocedural troponin is an independent predictor of long-
term mortality after TAVI. Myocardial injury in patients with
normal or near-normal preprocedural troponin is also a
predictor of long-term events. Troponin assessment is simple

and feasible in routine clinical practice and may improve risk
stratification of patients undergoing TAVI. This may, in turn,
improve patient selection and allow clinicians to better inform
patients and their families about the risks of the procedure as
they strive to reach an informed decision.
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Apres une premiére procédure réalisée avec succes en 2002, le TAVI s’est largement répandu
atravers le monde et s’adresse a des patients avec un profil de risque de moins en moins élevé
(4,6). Cependant, de multiples complications péri-procédure peuvent survenir, dont certaines
sont spécifiques a la technique. Parmi celles-ci, les fuites aortiques para-prothétiques
significatives (> grade 2) étaient observées chez 10 a 20% des patients implantés avec les
valves aortiques percutanées de la précédente génération (Sapien, Sapien XT et Corevalve)
avec une surmortalité a moyen terme chez ces patients (151,152). Dans ce contexte, certains
facteurs pronostiques morphologiques ont été décrits. L'importance des calcifications de la
valve aortique native est un facteur de risque reconnu de la survenue d’une fuite aortique
para prothétique et pourrait étre impliquée dans la survenue de rupture d’anneau aortique
au cours de la procédure (141,142). L'importance de ces calcifications peut étre objectivée de
facon quantitative avec le score calcique d’Agatston. Le score calcique est reconnu comme
étant un facteur pronostique indépendant de la survenue de fuite aortique para-prothétique
avec les valves percutanées Medtronic CoreValve, Edwards Sapien et Sapien XT (141).
Cependant, l'évolution de la technique et du matériel utilisé avec notamment le
développement de prothéses valvulaires de derniere génération, a permis de limiter
I'incidence des complications. Parmi ces complications, on note une diminution drastique des
fuites para-prothétiques par I'adjonction d’une « jupe » externe pour la valve Edwards Sapien
3 (montée sur ballon) et par un meilleur positionnement avec recapture possible avec la valve
Corevalve Evolut R (auto-expansible).

L’objectif de ce travail était donc d’évaluer I'impact pronostique du score calcique d’Agatston
chez les patients bénéficiant de la mise en place d’une valve aortique percutané avec les 2
types de protheses (montée sur ballon et auto-expansible) pour 2 générations distinctes de

valves.
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La premiéere partie de cette étude incluait 118 patients implantés avec la génération de
prothése précédente auto-expansible Medtronic Corevalve et montée sur ballon Edwards
Sapien XT entre mai 2013 et novembre 2014 (groupe 1). La deuxiéme partie de ce travail
incluait, entre septembre 2014 et octobre 2016, 228 patients implantés avec la derniere
génération de prothése auto-expansible Medtronic Corevalve Evolut R et montée sur ballon
Edwards Sapien 3 (groupe 2).

Ces 2 groupes de patients étaient différents en termes de profil de risque avec un Euroscore
Logistic moins élevé, moins d’insuffisance rénale chronique et un score calcique également
moins élevé dans le groupe 2, probablement témoin de ce profil de risque plus bas dans cette
population plus récente.

Ce travail a permis de confirmer la valeur pronostique du score calcique d’Agatston sur la
survenue d’évenements (mortalité toutes causes, événements cardiovasculaires majeurs,
infarctus du myocarde, insuffisance cardiaque, réhospitalisation pour cause cardiaque a 1
mois) et sur la survenue de fuites aortiques significatives chez les patients du groupe 1 quel
gue soit le type de prothése.

Concernant le groupe 2, le score calcique n’était plus prédictif d’événements majeurs avec les
nouvelles générations de prothése. En effet, leurs performances semblent contrebalancer
I'effet péjoratif du score calcique sur les évenements cliniques. En revanche, le score calcique
gardait une valeur pronostique concernant la survenue de fuites aortiques para-prothétiques
avec la valve auto-expansible.

Ainsi, cette deuxieme étude, réalisée en parallele de la premiére étude, a permis de préciser
I'impact pronostique du score calcique avec différents types de prothéses de générations

successives. Ainsi, le score calcique, perdant sa valeur pronostique avec les derniéres
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générations de prothéses, pourrait devenir désuet dans I’évaluation du profil de risque des

patients hormis chez les patients implantés avec les valves auto-expansibles.
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Prognostic Impact of Calcium Score after
Transcatheter Aortic Valve Implantation Performed
With New Generation Prosthesis

Laurent Schmutz, MD", Nicolas Nagot, MD, PhDY, Bernard Albat, MD, PhD¢,
Guillaume Cayla, MD, PhD", and Florence Leclercq, MD, PhD"#

®

Mariama Akodad, MD*, Benoit Lattuca, MD", Audrey Agullo, MD?, Jean-Christophe Macia, MD*,
Thomas Gandet, MD¢, Grégory Marin?, Anais lemmi, MD*, Héléne Vernhet, MD, PhD¢,

Calcium score (CS) is a well-known prognostic factor after transcatheter aortic valve im-
plantation (TAVI) performed with first generation prosthesis but few data are available
concerning new generation valves. The aim of this study was to evaluate if CS remains a
prognostic factor after Sapien 3 and Evolut R valves implantation. Agatston CS was evalu-
ated on multislice computed tomography before TAVI in 346 patients implanted with Sapien
XT (n=61), CoreValve (n=57) devices, (group 1, n =118), and with new generation Sapien
3 (n=147), Evolut R (n = 81) prosthesis, (group 2, n = 228). Major adverse cardiovascular
events and aortic regurgitation (AR) were evaluated at 1 month. The 2 groups were similar
at baseline except for logistic Euroscore (20.1% in group 1 vs 15.0 % in group 2; p = 0.001),
chronic renal failure (44.1% vs 37.2% respectively, p =0.007) and preprocedural CS
(4,092 2,176 vs 3,682 £ 2,109 respectively, p = 0.022). In group 1, 28 patients (23.7%) had
adverse clinical events vs 21 (9.2%) in group 2 (p <0.01). In multivariate analysis, a higher
CS was predictive of adverse events in group 1 (5,785 + 3,285 vs 3,565 + 1,331 p <0.0001)
but not in group 2 (p = 0.28). A higher CS was associated with AR in group 1 (6,234 + 2711
vs 3,429 £ 1,505; p <0.001) and in patients implanted with an Evolut R device from
group 2 (4,085 £ 3,645 vs 2,551 £ 1,356; p =0.01). In conclusion, CS appears as an
important prognostic factor of major events after TAVI with first generation valves but
not with new generation devices. CS remains associated with AR only with new genera-

tion self-expandable Evolut R devices. © 2018 Elsevier Inc. All rights reserved. (Am J

Cardiol 2018;121:1225-1230)

Transcatheter aortic valve implantation (TAVI) was intro-
duced in 2002 by Cribier et al. to treat high surgical risk
patients or those who are contraindicated to surgery.'” With
the first generation TAVI devices, moderate or severe aortic
regurgitation (AR) were observed in 10% to 20% of pa-
tients and were associated with midterm mortality after
procedure.™* The amount of native aortic valve calcifica-
tions is a well-recognized risk factor of AR after TAVI*® and
may be involved in annulus rupture.” Agatston calcium score
(CS) is a method of calcium burden quantification using
multislice computed tomography (MSCT) described for the
first time in 1990 for coronary arteries evaluation® and then
adapted for aortic valve assessment.”'” CS is a known inde-
pendent prognostic factor of AR in patients implanted with
CoreValve, Sapien, and Sapien XT devices.!' The last gen-
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eration devices, Sapien 3 and Evolut R, received approval for
use respectively in January 2014 and in June 2015. They were
developed to address main issues encountered with previ-
ous generation valves, particularly concerning access site
complications with a lower profile and AR with an external
skirt for the Sapien 3 prosthesis and a retrievability of the
Evolut R device. Incidence of AR dramatically decreased with
around 3.5% of moderate AR and no severe AR reported with
both devices in recent reports.'>'* However, few data are avail-
able concerning the prognostic impact of CS with new
generation devices. We aimed to assess the prognostic value
of preprocedural CS for major adverse events occurring after
new generation Sapien 3 and Evolut R valves implantation
in comparison with previous generation valves.

Methods

This prospective monocentric observational study in-
cluded all consecutive patients who underwent TAVI in
Montpellier University Hospital, France. Two groups of pa-
tients were compared depending on the generation of valve.
Patients included between November 2013 and May 2014 were
implanted with a first generation valve (group 1): the balloon-
expandable Sapien XT (Edwards Sapien XT, Edwards
Lifesciences LLC, Irvine, CA) bovine pericardial device or
the self-expandable CoreValve porcine pericardial valve
(Medtronic, Inc., Minneapolis, MN). Patients included between

www.ajconline.org
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September 2014 and October 2016 were implanted with new
generation valves from both companies (group 2): the balloon-
expandable Sapien 3 device or the self-expandable CoreValve
Evolut R valve. Patients with valve-in-valve procedures were
excluded.

A systematic preintervention electrocardiogram-gated,
noncontrast and contrast-enhanced MSCT (General Electric
LightSpeed VCT) was systematically performed within 2
weeks before the procedure in all patients for valve and vas-
cular access evaluation before TAVI and stored for
postprocessing and calcium scoring. The region of interest
was selected from the upper part of left ventricular outflow
tract to the leaflets tips, with 3 mm thickness slices. Calci-
fications were automatically detected by the software with
a detection cutoff from 130 Hounsfield Unit (HU). Evalua-
tion of aortic valve calcifications was then performed, using
the Agatston CS SmartScore 4.0 software (General Electric
Healthcare, Waukesha, WI) on transverse view in a standard-
ized technique.”"

Valve size was selected according to manufacturer’s rec-
ommendation after determination of annulus area, perimeter,
and mean diameter of the virtual ring on MSCT. All the pa-
tients underwent TAVI procedure under general anesthesia
and the transfemoral access was performed through a surgi-
cal cut down as previously described.'>'® Alternative access
sites were considered only in case of unsuitable iliofemoral
anatomy. Predilatation of the native aortic valve was per-
formed according to operator’s choice. The optimal position
of the valve was checked by fluoroscopy and a rapid pacing
(160 to 200 beats/min) was triggered during the implanta-
tion of balloon-expandable devices as previously described.'”
A final control was performed by aortography and transtho-
racic echocardiography.

The primary endpoint was a composite criterion includ-
ing all-cause mortality, major cardiac and cerebrovascular
events including stroke, myocardial infarction, heart failure,
or rehospitalization for cardiac causes occurring within the
first month after the procedure according to Valve Aca-
demic Research Consortium-2 criteria.'® The secondary
endpoint included postprocedural AR > grade 2. Quantifica-
tion of AR was performed using transthoracic
echocardiography before discharge and classified as none, mild
(grade 1), moderate (grade 2), and severe (grade 3) with com-
bined criteria as recommended for native valves.”

Data on patient baseline characteristics, procedural details,
and in-hospital outcomes were collected from medical records.
One month follow-up was obtained by phone questionnaire.
All patients were given full study information and consents
were collected to data analysis. No additional testing or bio-
logical samples were specifically required for the study as
MSCT used to evaluate CS was performed for all patients
before TAVI. The protocol was approved by the local ethics
committee and the institutional regulatory authorities, and con-
ducted according to the principles of the Declaration of
Helsinki.

Patients” characteristics were presented using mean + SD
for continuous variables and frequencies and proportions for
categorical variables. Groups (primary endpoint vs no primary
endpoint) were compared using the Wilcoxon-Mann-Whitney
test for continuous variables and the chi-square or Fisher’s
exact test for categorical ones. To determine the relative im-

portance of the covariates on the occurrence of outcomes, a
multivariate analysis using logistic regression was per-
formed. A backward selection of the variables was used, with
an alpha-to-exit set at 0.10. Odds ratio (OR) and their 95%
confidence intervals were calculated. The goodness-of-fit of
the models was assessed using the Hosmer and Lemeshow
chi-square test. Furthermore, to analyze the prognostic value
of calcium score on the occurrence of outcomes, a sensibil-
ity analysis was conducted through receiver operating
characteristic (ROC) curves, and the best prognostic value
was determined by the Youden method. Statistical analysis
was performed using SAS, v.9, statistical software (SAS In-
stitute, Cary, NC). A p value <0.05 was used for statistical
significance.

Results

A total of 346 patients were included in this study: 118
in group 1 (n= 61 Sapien XT, n =57 CoreValve) and 228 in
group 2 (n= 147 Sapien 3, n =81 Evolut R).

Main baseline characteristics did not significantly differ
between the 2 groups except for logistic Euroscore and chronic
renal failure (Table 1). The transfemoral access was the main
access route and all procedural characteristics are presented
in Table 1. Calcium scores for each type of valve are sum-
marized in Supplementary Data.

Table 1
Baseline and procedural characteristics in the two study groups*'
Variables Corevalve and Sapien 3 and p
Sapien XT Evolut R
valves (n=118) valves (n=228)
Mean Age (years) 832164 838163 0.30
‘Women 66.0 (56.0%) 131 (57.4%) 0.8
Euroscore 1 (mean + SD) 20.1+11.4 15.0+9.6 <0.001
Euroscore 2 (mean £ SD) NA 4.1£28 NA
Mean body mass index 26654 259148 0.16
(kg/m?)
Chronic renal failure 52.0 (44.1%) 74 (32.4%) 0.007
Hypertension 89.0 (75.4%) 155 (67.9%) 0.1
Dyslipidaemia 35.0 (29.7%) 63 (27.6%) 0.64

Diabetes mellitus 34.0 (28.8%) 65 (28.5%) 0.89

Coronary artery disease 59.0 (50.0%) 102 (44.7%) 0.3
Peripheral arterial disease 14.0 (11.9%) 28 (12.3%) 0.94
NYHA 23 60.0 (50.9%) 138.0 (60.5%) 0.07
Mean aortic valve gradient 489+ 16.1 463+ 14.6 0.10
(mm Hg)
Mean LVEF (%) 51.9+12.6 5294107 0.49
Main access site 0.49
TransFemoral 108 (91.5%) 214 (93.9%)
Transcarotid 1 (0.9%) 12 (5.3%)
Subclavian 9 (7.6%) 1(0.4%)
Transaortic 0(0%) 1(0.4%)
Valve size (mm) 0.18
23 mm 31(26.3%) 59 (29.2%)
26 mm 48 (40.7%) 92 (40.3%)
29 mm 37(31.4%) 51(25.3%)
31 mm 2(1.7%) 0 (0%)
Mean Calcium Score 4092 £2177 3683 £2110 0.022
(Hounsfield Unit)

* NYHA = New-York heart association.
"LVEF = Left ventricular ejection fraction.
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Table 2
Comparison of the incidence of primary-endpoint and secondary endpoints
between the two study groups according to the VARC-2 definition*

Variables Corevalve and Sapien 3 and p
Sapien XT Evolut R
valves (n=118)  valves (n=228)

Primary endpoint 28 (23.73%) 21(9.2%) <0.01
All-cause mortality 8(9.4%) 7 (3.1%) 0.10
Stroke 2 (1.8%) 4(1.8%) 0.99
Myocardial infarction 0(0%) 0 (0%) NA
Heart failure (NYHA > 3) 15 (12.71%) 9 (3.9%) <0.01
Rehospitalisation for 14 (11.9%) 52.2%) <0.01

cardiac cause

Secondary endpoints
Conduction disorders 55 (53.4%) 79 (34.6%) <0.01
Aortic regurgitation = 2 27 (22.9%) 19 (8.3%) <0.01
Pacemaker implantation 12 (11.7%) 35 (15.4%) 0.32

* NYHA = New- York heart association.

At first month, the primary endpoint occurred in 28 pa-
tients (23.7%) from group 1 versus 21 patients (9.2%) from
group 2 (p <0.01) (Table 2). In group 1, 4 patients (3.4%) died
during the index hospitalization, 3 patients (2.5%) died from
annulus rupture, and 1 patient (0.9%) died from prosthesis
migration. During the follow-up, 4 patients (3.4%) died due
to heart failure, 3 (2.5%) of them presented a severe AR and
1 (0.9%) of them presented a moderate AR. In group 2, 3 pa-
tients (1.3 %) died during hospitalization, 1 patient died from
septic shock, and 2 patients died from heart failure. During
follow-up, 4 patients (1.8 %) died from heart failure with no
severe AR.

Incidence of post procedural AR > grade 2 was signifi-
cantly higher in group 1 versus group 2 (p <0.01) (Figure 1,
Table 2). Correlation between major adverse cardiac events
and calcium score in the 2 groups is represented in Table 3.

In group 1, CS was strongly associated with the occur-
rence of the primary endpoint (p <0.0001) and with the
occurrence of AR (3,429 £ 1,505 HU for no AR or AR grade

Sapien3

Evolut R

1 v§ 6,234 £ 2,711 HU for AR grade 2 or 3; p <0.01). A cutoff
value of CS >6,000 HU was identified as having the best pre-
dictive value, with 82% positive predictive value and 86%
negative predictive value. The area under the ROC curve with
a CS >6,000 HU was 0.72 (interquartile range 95% 0.61 to
0.84, p=10.0002) (Figure 2).

In multivariate analysis, a CS >6,000 HU was associated
with an increased risk of occurrence of the primary end-
point (OR = 106.0, 95% confidence interval = 15.5 to 727.6,
p <0.01) and rehospitalization (OR = 23.24 [2.39 to 100.07]
p <0.0001). The type of device implanted was not predic-
tive of the primary endpoint (p = 0.48) or occurrence of AR
(p=0.21).

In group 2, CS did not differ significantly between pa-
tients with or without the occurrence of the primary endpoint.
Nevertheless, the ROC curve analysis showed that the nega-
tive predictive value was 94% for a CS <3,000 HU (Figure 2).

Similarly, CS was not associated with the occurrence of
AR in the subgroup of patients implanted with a Sapien 3
device (4,663 £3,057 HU for no AR or AR grade 1 vs
4,176 £2,149 HU for AR grade 2 or 3; p=0.9).

Discussion

This study provides new data on prognostic value of CS
in TAVI with 3 main findings: (1) CS was an independent
predictor of major outcomes after TAVI with first genera-
tion devices with a CS cutoff >6000 HU to predict outcomes,
(2) CS was not predictive of major outcomes after TAVI with
new generation valves, and (3) CS remains predictive of
AR > grade 2 with Evolut R device.

Aortic cusp calcium is required for device anchoring during
TAVI. However, extensive calcific deposits may lead to sig-
nificant AR, life-threatening complications such as annulus
rupture or coronary obstruction and may increase incidence
of postdilation.”” In our study, a higher CS was not only pre-
dictive of AR but also of major events with first generation
devices. Leber et al. already demonstrated that severe aortic
valve calcium correlated with 1 month major adverse cardiac
events and with 1 year mortality after CoreValve implantation.?!

SapienXT

593

Corevalve

=
se
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mNone ®Mild AR (grade1) = Moderate AR (grade2) ®Severe AR (grade 3)

Figure 1. Severity of AR after TAVI according to the type of prosthesis.
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Table 3
Predictors of 1-month outcomes in the two study groups in univariate analysi:

Corevalve and Sapien XT valves (n= 118)

Sapien 3 and Evolut R valves (n = 228)

Variables Outcomes No outcomes OR (95% CI) P Qutcomes No outcomes OR (95% CI) P
(n=28) (n=90) (n=21) (n=188)

Mean age (years) 84.5+4.8 82.8+6.8 1.05 (0.97-1.13) 022 838+55 83.8+6.6 1(0.93-1.07) 0.74
Women 15 (54%) S1(57%)  0.88 (0.38-2.07) 0.77 12 (57%) 106 (56%)  1.03 (0.41-2.65) 0.95
EuroScore 1 (mean £SD) 249+£11.5 186+ 109 1.05 (1.01-1.08) 0.004 16.7+122 15.2+£95 1.01 (0.97-1.06) 0.88
Mean BMI (kg/m?) 24.2+4.0 273+£55 0.88 (0.80-0.97) 0.01 249+47 259447 0.96 (0.86-1.07) 0.52
Chronic kidney failure 16 (57%) 36 (40%) 2.0 (0.85-4.72) 0.11 8 (38%) 56 (30%)  1.7(0.31-9.72) 0.25
Hypertension 23 (82%) 66(73%)  1.67 (0.57-4.89) 0.35 14 (67%) 124 (66%)  1.03 (0.39-2.68) 0.95
Dyslipidaemia 12 (43%) 23(26%) 218 (0.90-5.29) 0.08 7 (33%) 50(27%)  1.38 (0.53-3.62) 0.51
Diabetes mellitus 6 (21%) 28 (31%) 0.60 (0.22-1.65) 0.33 6 (29%) 55 (29%) 0.97 (0.36-2.62) 0.95
Coronary artery disease 15 (54%) 44(49%)  1.21 (0.52-2.82) 0.67 12 (57%) 81(43%) 176 (0.71-4.38) 0.2
Peripheral arterial disease 3 (11%) 11(12%)  0.96 (0.24-3.76) 0.82 4 (19%) 24 (13%)  1.61 (0.5-5.18)  0.49
NYHA >3 17 (61%) 43 (48%)  1.69 (0.71-4.01) 023 16 (76%) 105 (57%)  2.41 (0.85-6.85) 0.09
Mean aortic valve gradient (mm Hg) 489+ 189 489+153 1.01 (0.98-1.05) 0.99 42.6+13.3 46.4+14.7 0.98 (0.95-1.02) 0.27
Mean LVEF (%) 49.7£128 52601256  0.98 (0.95-1.02) 0.28 525+9.5 52.8+10.9 1(0.95-1.04) 0.55
Mean calcium score 5875+£3285 3565+ 1331 1.72(1.32-2.24) <0.001 3139+1464 3815+2172 0.83 (0.62-1.06) 0.28
Corevalve 18 (64%) 39(43%) 235 (0.98-5.66) 0.056 NA NA NA NA
Femoral access 25 (89%) 83(92%) 0.60 (0.14-2.59) 0.79 19 (90%) 175 (93%) 0.71 (018-4.73) 0.66

Odds-ratio for a calcium score increase of 1000.
* BMI = body mass index.

" CS = calcium score.

¥ LVEF = Left ventricular ejection fraction.

¥ NYHA = New-York heart association.
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Figure 2. ROC curves with CS in the 2 study groups. ROC curves with a CS cutoff >6,000 to predict major events in the group 1 (A), and a CS cutoft <3000

to predict major events in the group 2 (B).

A CS cutoff has never been described to predict outcomes.
In our study, a CS >6,000 strongly predicted adverse events
in patients implanted with first generation valves allowing a
risk stratification.

An external skirt was added to Sapien 3 valve to reduce
paravalvular regurgitations and to ensure a better anchoring.”
Our results are consistent with a recent meta-analysis

comparing Sapien XT with Sapien 3 devices, demonstrat-
ing a reduction in significant AR, bleeding, and major vascular
complications with this new generation device.” However,
only 1 recent work studied the association between aortic valve
calcification and AR after Sapien 3 valve implantation. Kong
et al.” compared 3 generations of balloon-expandable devices
(Sapien, Sapien XT, and Sapien 3) in 272 patients and
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demonstrated that Agatston CS was an independent factor of
significant AR with Sapien and Sapien XT but not with Sapien
3 device suggesting that improvements in Sapien 3 design
may counterbalance effects of aortic valve calcifications on
valve expansion. Our findings may consolidate this hypoth-
esis showing no significant correlation between CS and AR
but also between CS and major events with the Sapien 3
device, highlighting the absence of prognostic value of CS
with new generation balloon-expandable devices.

Moreover, technical improvements of the self-expandable
Evolut R valve allowed reduction of AR by an optimal valve
positioning with possible recapture'*** as well as reduction
of vascular complications by a lower profile delivery system
without external sheath."*** Even if correlation between cal-
cifications and AR was demonstrated with first generation
CoreValve devices.”™” our study suggests that CS was not
predictive of outcomes with new generation self-expandable
valves. The main hypothesis is that anchoring of self-
expandable prosthesis may be reduced by importance of
calcifications regarding to the lower radial force compared
with balloon-expandable devices. Thus, a higher rate of cal-
cifications may result in an increased risk of AR despite
improvements in this new generation device, but without prog-
nostic impact on major cardiovascular and cerebrovascular
events,

In our study, CS using Agatston score was higher in pa-
tients implanted with first generation devices probably due
to a higher risk profile. Indeed, a shift from higher to lower
risk profile of patients implanted with TAVI devices is sug-
gested in daily practice and in recent studies with a Logistic
Euroscore around 15%.>* Thus, lower events rates occurred
in the group 2, regarding to the learning curve, lower risk pa-
tients, and next generation valves. Taken all these
considerations together, improvements in devices and in op-
erator’s experience leading to an important decrease in
complications, may explain the lack of evidence of strongly
associated predictive factors of major events,

Finally, this study has to be considered in light of some
limitations. First, the studied population is relatively small
with a low incidence of adverse events with new generation
valves, due to devices improvements, increased operators’ ex-
perience, and lower risk patients. Moreover, statistic evaluation
of the study remains limited to evaluate precisely predictive
factors in all study subgroups. Another limitation concerns
the different surgical risk between patients in the 2 study
groups with a potential bias, but results of this study may not
be explained only by these differences with no correlation
of risk profile with AR. Finally, AR =2 was not predictive
of major events in patients implanted with Evolut R prob-
ably due to the insufficient population size implanted with
the device.

In conclusion, although severe aortic valve calcium was
an important prognostic factor after TAVI performed with first
generation valves, CS does not predict severe adverse out-
comes with new generation valves. CS remains a prognostic
factor of significant AR with new generation self-expandable
valves.
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Devant I'amélioration drastique des résultats de la technique, le TAVI s’adresse de nos jours a
des patients avec un profil de risque de plus en plus favorable avec de meilleurs résultats dans
ces populations. De plus, I’évolution du matériel et de I'expérience des opérateurs a conduit
de facon inéluctable vers une évolution des pratiques avec une simplification de la procédure
a plusieurs niveaux. Cette simplification de la procédure conduisant a la réalisation de TAVI
« minimaliste » s’accompagne d’une réduction de la durée de la procédure, de suites de
procédure simplifiées avec une sortie précoce et pourrait diminuer I'incidence de certaines
complications (36). Parmi ces éléments de simplification, I'implantation de la prothése sans
prédilatation systématique, considérée comme une étape obligatoire dans les débuts de la
technique, pourrait réduire l'incidence de certaines complications spécifiques a la
prédilatation. En effet, la prédilatation serait associée a un risque accru d’embols systémiques
et de fuites aortiques massives (46-49). Seulement quelques études observationnelles ont
montré la faisabilité de I'implantation « directe » de la prothése. Une seule étude randomisée
récente a démontré la non-inferiorité d’une stratégie de direct TAVI en comparaison a une
prédilatation systématique en termes de succés de la prothése (« device success ») avec la
valve auto-expansible Medtronic Corevalve (50). Aucune donnée randomisée n’est disponible
avec la valve montée sur ballon de derniére génération Edwards Sapien 3.

L’objectif de cette étude était donc de comparer les résultats d’une stratégie de « direct TAVI »
en comparaison a une prédilatation systématique, chez les patients implantés d’une valve
Edwards Sapien 3, en termes de « device success » défini selon les criteres VARC-2 a 72 heures
(absence de mortalité per-procédure, bon positionnement de la prothese et absence de
missmatch significatif).

Cette étude incluant 236 patients a démontré la non infériorité d’une stratégie de « direct
TAVI » dans cette population de patients.
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Ainsi, les résultats de cette étude, en faveur de I’évolution des pratiques, nous ont conduit a
réévaluer les marqueurs pronostiques précédemment mis en évidence (troponine pré et post-
procédure et le score calcique scannographique). En effet, I’étape suivante a été d’une part
d’évaluer I'impact pronostique de la troponine pré et post-procédure, dans cette population
de patients, et d’autres part d’évaluer le role de la prédilatation sur I’élévation de troponine
post-procédure ou « myocardial injury » (publication 4). Enfin, I'impact pronostique du score
calcique dans cette population est également en cours d’évaluation, de méme que son impact

pronostique en fonction de la stratégie réalisée.
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ABSTRACT

Background: Randomized studies are lacking comparing transcatheter aortic valve
replacement (TAVR) without balloon aortic valvuloplasty (BAV) to the conventional technique
of TAVR with BAV.

Objectives: The aim of the study was to evaluate device success of TAVR using new-generation
balloon-expandable prostheses with or without BAV.

Methods: DIRECTAVI was an open-label non-inferiority study that randomized patients
undergoing TAVR using the Edwards SAPIEN 3 valve with or without prior balloon
valvuloplasty. The primary endpoint was the device success rate according to the VARC-2
criteria which was evaluated with a 7% non-inferiority margin. The secondary endpoint
included procedural and 30-day adverse events.

Results: Device success was recorded for 184 of 236 included patients (78.0%). The rate of
device success in the direct implantation group (n=97, 80.2%) was non-inferior to the BAV
group (n=87, 75.7%) (mean difference 4.5%; 95% Cl: -4.4%—-13.4%; p=0.02 for non-inferiority).
No severe patient-prosthesis mismatch or severe aortic regurgitation occurred in any group.
In the direct implantation group, 7 patients (5.8%) required BAV to cross the valve. Adverse
events were mainly related to pacemaker implantation (20.9% with BAV group vs. 19.0% with
direct implantation; p=0.7). No significant difference was found between the 2 strategies in
duration of procedure, contrast volume, radiation exposure or rates of post-dilatation.
Conclusions: Direct TAVR without prior BAV was non-inferior to conventional strategy using
BAV with new-generation balloon-expandable valves but without procedure simplification.
BAV was needed to cross the valve in a few patients, suggesting a need for upstream selection
based on patient anatomy.

CONDENSED ABSTRACT

In this randomized trial including 236 patients, direct transcatheter aortic valve replacement
(TAVR) with the new-generation balloon-expandable SAPIEN 3 valve was non-inferior to the
conventional technique with prior valvuloplasty considering device success rate (mean
difference 4.5%; 95% Cl: -4.4% to 13.4%; p-value=0.02 for non-inferiority) and safety of the
procedure. However, direct implantation strategy did not simplify TAVR regarding procedural
times, contrast volume, radiation doses or rates of post dilatation, which were similar
between the 2 groups. In some patients (5.8%), direct implantation was not possible or not
attempted suggesting that upstream selection based on patient anatomy is necessary.

Key words: Transcatheter aortic valve replacement; Balloon aortic valvuloplasty; Direct
implantation; Device success, Randomized clinical trial

ABBREVIATIONS LIST

AVA: Aortic valve area; AVAi: AVA indexed to body surface area; BAV: balloon aortic
valvuloplasty; BMI: Body Mass Index; DW-MRI: Diffusion weight magnetic nuclear imaging;
DMSC: Data monitoring and safety committee; DIRECTAVI: direct transcatheter aortic valve
implantation; MACCE: major adverse cardiac and cerebral events; MSCT: Multislice computed
tomography; MDT: multidisciplinary heart team; PPM: prosthesis—patient mismatch; TAVR:
Transcatheter aortic valve replacement; THV: Transcatheter heart valve; VARC: Valve
academic research consortium

Trial registration: Clinicaltrials.gov identifier: NCT02729519; July 15, 2016
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Introduction

Balloon aortic valvuloplasty (BAV) is typically considered a mandatory step in the
transcatheter aortic valve replacement (TAVR) procedure both to facilitate implantation of
the transcatheter heart valve (THV) and to reduce the radial counterforce for optimal device
expansion (1). However, BAV has been shown to be associated with specific complications
including annular rupture, massive aortic regurgitation, destabilization of hemodynamic
status related to rapid pacing, or possible cerebral embolization (2-5). Hence, avoiding BAV
prior to TAVR is an attractive option that may also simplify the procedure. New-generation
balloon-expandable THV are associated with low profile and orientable delivery systems
which facilitate valve crossing. These systems have been associated with high TAVR success
rates without prior dilatation of the native valve in observational studies and registries (6-9).
However, such studies are prone to bias and while the recent randomized DIRECT study
showed the feasibility of direct implantation of self-expandable THV (10), no randomized data
are currently available concerning the safety and efficacy of this strategy using new-
generation balloon-expandable THV.

The aim of the current study was to demonstrate non-inferiority of TAVR without BAV to TAVR

with prior BAV on device success rates with the SAPIEN 3 balloon-expandable THV.

Methods

Study design

DIRECTAVI was a prospective, randomized, single-center, open-label trial using the third-
generation balloon-expandable Edwards SAPIEN 3 THV. We hypothesized that TAVR without

prior BAV of the aortic valve (test arm; direct implantation group) would be non-inferior to
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conventional practice using systematic prior valvuloplasty of the aortic valve (control arm;
BAV group).

The study protocol was approved by an independent ethics committee before study initiation
(Comité de Protection des Personnes Sud Méditerranée, Montpellier, France, ID RCB : 2015-
A01823-46) and all patients provided oral and written informed consent. The trial was
conducted according to the World Medical Association Declaration of Helsinki and was
registered with ClinicalTrials.gov (NCT02729519).

Patient population

From May 2016 to May 2018, 236 consecutive patients undergoing TAVR via transfemoral or
trans-carotid approaches were enrolled in the study. Patients were confirmed to be eligible
for TAVR by a multidisciplinary heart team including at least an interventional cardiologist, a
cardiothoracic surgeon and an anesthetist. The complete list of inclusion and exclusion criteria

is provided in Online Table 1 and was previously published in the study design paper (11). All

patients referred for TAVR at our center who met the inclusion criteria were included and
randomized between the 2 strategies after checking of the eligibility criteria and collection of
the informed consent. Random allocation sequences were computer-generated by an
independent statistician in a 1:1 ratio with permuted blocs of 4 and 6. The flowchart of the
study is shown in Figure 1.

Procedure

All TAVR implantation procedures were performed with the Edwards SAPIEN 3 THV (Edwards
Lifesciences, Irvine, CA, USA). For all patients, both vascular access and aortic valve were
evaluated before the procedure by multislice computerized tomographic angiography (MSCT)
of the entire aorta using vascular windows settings. The prosthesis size (23, 26 or 29 mm) and

the vascular access were left to the discretion of the operating team. Transfemoral access was
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the first choice when possible. All TAVR procedures were performed in the same hybrid room
(in Montpellier University Hospital), by 6 independent medical teams.

The procedure has been previously detailed (11). Briefly, most TAVR were performed under
general anesthesia using mild low profile 14—-16 French delivery systems and almost exclusive
surgical vascular access with a preclosing technique as previously described (12). For the
control group, BAV was performed with a 20-, 23- or 25-mm diameter balloon according to
the manufacturer's recommendations depending on the annular diameter measured with
MSCT. Clopidogrel 75 mg and aspirin 75 mg were administrated to all patients following TAVR
except those with indication of long-term anticoagulant therapy who received only aspirin 75
mg in addition to anticoagulant therapy.

Follow-up

Baseline characteristics, clinical and procedural information were collected at the time of
randomization (11). Patients were scheduled to undergo clinical evaluation at 72 hours and at
1-month follow-up.

Study endpoints

The primary endpoint was the device success rate at 72 hours post TAVR according to the
VARC-2 criteria (13). This composite endpoint was defined as 1) absence of immediate
procedural mortality (intra-procedural events resulting in immediate or subsequent death <72
hours post-procedure (13) 2) correct positioning of a single THV into the proper anatomical
location and 3) no moderate or severe prosthesis—patient mismatch (PPM) and mean aortic
valve gradient <20 mm Hg or peak velocity <3 m/s, and no moderate or severe prosthetic valve
regurgitation. Echocardiography assessments used the VARC-2 recommendations. Aortic
valve regurgitation was quantitatively assessed (mild, moderate, severe). Aortic valve area
(AVA after TAVR) was calculated using the continuity equation. AVA was indexed to body
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surface area (AVAi) and PPM was defined as non significant for AVAi >0.85 cm?/m?, moderate
for AVAi 20.65cm?/m? to <0.85 cm?/m?, and severe for AVAI <0.65 cm?/m?2. For patients with
body mass index (BMI) =230 kg/m?, moderate PPM was defined as AVAi <0.70 cm?/m? and
severe PPM as AVAIi <0.60 cm?/m?. We also evaluated device success without including PPM
in reference to the VARC 1 criteria (14). Secondary endpoints included procedural outcomes
(length of procedure, radiation exposure, contrast volume), post-dilatation rate,
hospitalization length and clinical events: all-cause mortality, stroke, major bleeding, acute
kidney injury (stage 2 and 3), and pacemaker implantation at 1-month follow-up (VARC-2
criteria) (13).

Sample size

The study was designed to evaluate non-inferiority. Based on recent studies and registries, we
assumed a procedural success rate of 95% in the control group. Using a non-inferiority
threshold of 7%, a power of 80% and a 5% significance level, 240 patients would be necessary
to demonstrate non-inferiority of TAVR without predilatation to conventional procedures. All
analyses were performed according to the intention-to-treat principle, with the inclusion of
all randomized patients according to the original group allocation.

Statistical analyses

Patients’ characteristics are presented with proportions for categorical variables and as mean
+ standard deviation and median (interquartile range) for quantitative variables.
Characteristics were compared between the test and the control group with the Student t-
test or the Mann-Whiney U-test for continuous variables, and with Chi square or Fisher exact
test for categorical variables. Non-inferiority was assessed by the one-sided Farrington-
Manning confidence limit for the risk method. For secondary end points, superiority analysis
was used with the appropriate statistical test (either Wilcoxon-Mann-Whitney for quantitative
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variables, or Fisher or Chi-square tests for qualitative variables). Statistical analyses were

performed using SAS 9.1 software (SAS Institute, Cary, North Carolina).

Results

Study population

Between May 2016 and May 2018, a total of 236 patients were enrolled in the study, 115
patients in the BAV group and 121 in the direct implantation group (Figure 1). Baseline

characteristics of the population are shown in Table 1. Transfemoral access was used for the

majority of patients (n=212; 89.8%), while a transcarotid approach was chosen for cases of
unsuitable iliofemoral anatomy (n=24; 10.2%). BAV was necessary in seven patients (5.8%)
allocated to direct implantation due to failure to cross the valve (n=3) or to a medical decision
and anticipation of technical difficulties related to challenging anatomy with severe aortic
stenosis and bulky calcification (n=4).

Primary endpoint: device success

Device success according to the VARC-2 criteria at 72 hours follow-up was obtained for 184
patients (78.0%). The device success rate in the direct implantation group (n=97, 80.2%) was
non-inferior to the BAV group (n=87, 75.7%) (mean difference 4.5; 95% Cl : -4.4% to 13.4%;
p=0.02 for non-inferiority, Figure 2). The components of the primary end point (Table 2,

Central illustration) were not significantly different between the 2 groups. No severe aortic

regurgitation or severe PPM was observed in the population and all patients had correct
positioning of a single valve. Excluding PPM evaluation and using the VARC-1 criteria, the
device success rate at 72 hours was 95.3% (n=225) without significant difference between the
BAV and direct-implantation groups: 94.7% (n=109) and 95.9% (n=116) respectively; mean
difference -0.74; 95% Cl: -5.1% to 3.5%, p=0.0008 for non-inferiority.
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Secondary endpoints (Table 3, Online Figure 1)

No significant difference was observed for any endpoint including mortality and post
dilatation rate. The most common event was pacemaker implantation. There was a trend
towards lower rates of major vascular complications and acute renal failure in the direct
implantation group. No life-threatening bleeding occurred in any group. No patient had severe
aortic regurgitation at follow-up.
Discussion
In this prospective, randomized study of an all-comers population of patients with severe
aortic stenosis, we found that: 1) direct TAVR with new-generation balloon-expandable
SAPIEN 3 valves is non-inferior to conventional procedures using systematic BAV on
standardized device success rate (VARC-2); 2) safety of direct TAVR was similar to conventional
procedures without significant differences in procedural adverse events, particularly aortic
regurgitation or pacemaker rates; 3) procedural times, contrast volume and radiation doses
were not statistically different between the 2 strategies; 4) overall use of post-dilatation was
low and not higher in the direct strategy group; and 5) in a small number of patients with
challenging anatomy, the direct implantation was not possible.
Device success

Improved prosthesis expansion following balloon pre-dilatation during TAVR may in
theory reduce the risk of underexpansion of the THV and the need for post dilatation.
However, the radial force provided by new-generation TAVR devices, particularly balloon-
expandable valves, provided adequate expansion of the prosthesis in most cases (7,15,16).
BAV may be helpful for annular sizing and to evaluate the risk of coronary occlusion in case of
low sinus height, but with the use of MSCT for detailed assessment of the aortic native valve,
optimal selection of patients is possible before the procedure, reducing the need for BAV
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during TAVR. The strategy of direct implantation has been suggested to facilitate the
procedure with more stable position of the THV in the native annulus during expansion of the
device (17). Although recent reports have shown that direct valve implantation without BAV
is feasible with high success rates, these studies were mainly historical comparison and non-
randomized (9,15,16). Recently, the randomized DIRECT study evaluated 171 patients who
underwent TAVR with different generation of self-expandable Corevalve THV and showed that
direct implantation was non-inferior to pre-dilatation on device success rates (10). To our
knowledge, our study is the first prospective randomized trial powered to investigate non-
inferiority of direct TAVR using a new generation of balloon-expandable valves and using the
standardized international VARC-2 definition (13). Device success rates in our study were

similar to those in the DIRECT trial, which supports the credibility of the results.

Safety and complications

The main component of device failure in our study was PPM, but notably no severe
PPM was observed. These results are in accordance with other recent reports with new-
generation THV (17,18). That these recent studies show lower rates than earlier and large
randomized studies (19,20) is probably due to advances in TAVR technology. No severe aortic
regurgitation was reported and moderate aortic regurgitation was rare. In observational
studies (9,16), the rate of paravalvular regurgitation after device implantation has been
reported to be lower with direct implantation than with prior BAV, an observation attributed
to less accurate implantation in the aortic annulus in cases of fractured and separated
commissures. Our randomized study did not confirm these results. One explanation may be
that significant aortic regurgitation has become a rare event with increasing operator

experience and the use of new-generation THV. Furthermore, while a high correlation
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between the volume of calcification and the severity of paravalvular leaks has been previously
demonstrated (22), the higher rate of aortic regurgitation associated with BAV may have been

related to more complex anatomies selected for this strategy in the observational studies (21).

Secondary endpoints

In contrast to prior observational studies (6-9), our randomized comparison found no
beneficial effect of the direct implantation for duration of procedure, contrast volume,
radiation doses, or hospitalization duration. In observational studies, implantation strategy is
usually left to the operator’s discretion and patients were selected for suitability for direct
implantation (less aortic calcification, favorable femoral and aortic anatomy) as previously
showed in the SOURCE 3 registry (21). Contrast injection is not necessary during BAV and
radiation doses were probably mostly related to vascular approach difficulties or to the

stability of the THV in the native annulus during deployment.

Post-dilatation rates

We found very limited need for post dilatation, with rates consistent with those in prior
observational studies and registries using balloon-expandable THV (15,16,23). Notably, the
post-dilatation rate was similar in the 2 groups, in contrast to the DIRECT trial (10) which
showed a 2-fold increase in the need for post-dilatation in the direct implantation group. As
post dilatation appears to be not necessary in most patients after balloon expandable THYV, it
might be used only for patients with a greater degree of calcifications as reported in the recent
EASE-IT TF registry (24).
Failure of valve crossing

The failure of crossing the valve in the direct implantation group was low in our study.

An infrequent, but possible need for bailout BAV when TAVI was initially planned without
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preimplantation BAV has been reported from an observational study (25). No crossing failure
was reported in the DIRECT study (10), which was probably due to the exclusion of patients
with complex anatomies such as very calcified or bicuspid valves. Tight valve calcification or
bicuspid valve but also aortic anatomy (i.e horizontal arch and/or femoral tortuosities) may
indicate crossing difficulties. Failure rates can be expected to decrease in future as teams
gather experience and device improve, facilitating valve crossings.
Study limitations

A first limitation of this analysis is the relatively small sample size. However, the
statistical power was sufficient to demonstrate non-inferiority, the primary objective. A
second limitation is related to the use of post dilatation without a formalized indication in the

study protocol, instead left to the discretion of the interventional cardiologist.

In conclusion, the DIRECTAVI trial, the first randomized study comparing direct implantation
of a third-generation balloon-expandable THV to routine use of prior BAV, found the direct
implantation to be non-inferior in terms of device success rate. There was no difference in
rates of adverse events or post dilatation. No benefit was found for simplification of the
procedure. BAV was required to cross the valve in a small number of patients, suggesting that

selection based on patient anatomy is necessary for the strategy.

Clinical Perspectives
Medical Knowledge, Competency in Patient Care and Procedural Skills
TAVR without prior BAV is commonly performed, especially with balloon-expandable THV, but

BAV remains a possibility in challenging cases. The efficacy and safety of direct implantation
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demonstrated in this study using new-generation balloon-expandable THV may be reassuring

for extension of the strategy.

Translational Outlook

The low but relevant failure rate of the direct strategy underlines the need for criteria for
selection of patients who need prior BAV, particularly regarding valvular and aortic anatomy.
Specific evaluation of patients with greater degree of calcification or bicuspid valve may be

particularly relevant considering future extension of TAVR to larger and younger populations.
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FIGURES TITLE AND LEGEND

Central illustration: Study design and main results
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Green bars represent device success rates in each group and red bans represent the rate of

implantation failure and its different components.

TAVR indicates Transcatheter Aortic Valve Replacement and AR, Aortic Regurgitation
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Figure 1: Flow chart of the DIRECTAVI study
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Caption:

Three hundred ninety patients were screened and 140 not meeting the inclusion criteria were
excluded, mainly related to use of a self- expandable THV. Among the 240 patients randomly
assigned, 16 patients were excluded due to protocol violation or death before TAVR.

TAVR: Transcatheter aortic valve replacement; THV: Transcatheter heart valve
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Figure 2: Primary endpoint: Procedural success at 72 hours according to the VARC-2 criteria

(non-inferiority analysis)
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Caption:

No difference in device success rate was observed between the 2 strategies of pre-dilatation
and direct implantation (non-inferiority threshold of 7%, mean difference = 4.5%, 95% CI -
4.4% to 13.4%). Immediate device success was defined, according to the VARC-2 criteria, as
absence of immediate procedural mortality AND correct positioning of a single prosthetic
heart valve into the proper anatomical location AND intended performance of the prosthetic
heart valve (no prosthesis—patient mismatch and mean aortic valve gradient <20 mm Hg or
peak velocity <3 m/s), AND no moderate or severe prosthetic valve regurgitation.

VARC: Valve Academic Research Consortium
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Table 1: Baseline characteristics of the population

Pre-dilatation Direct implantation

group group
(n=115) (n=121)

Female 45 (39.1) 45 (37.2)
Age, median (years) 83 (79-87) 83 (78-87)
Body mass index, median (kg/m?) 26 (24.3-29.2) 26.6 (24.5-29.6)
Diabetes mellitus 41 (35.7) 45 (37.2)
Previous PCl 48 (41.7) 53 (43.8)
Previous CABG 6(5.2) 7 (5.8)
Previous BAV 10 (8.7) 12 (9.9)
Cerebrovascular disease 5(4.4) 4 (3.3)
Peripheral vascular disease 13 (11.3) 12 (9.9)
COPD 8 (7.0) 20 (16.5)
Atrial fibrillation 31(27.0) 48 (39.7)
Permanent pacemaker 15 (13.1) 14 (11.6)
Pulmonary hypertension 2(1.7) 2(1.7)
Creatinine (umol/L) 102 (82.0-126.0) 104 (84-131)
Hypertension 81(70.4) 74 (61.2)
Euroscore 1 10 (7-14) 10 (7-14)
Euroscore 2 3(2-4) 2.3(2-3.8)
NYHA class

1,1l 54 (47.0) 58 (47.9)

I, IV 61 (53.1) 63 (52.1)
LVEF, % 60 (50-60) 60 (50-60)
Aortic valve area, cm? 0.7 (0.6-0.9) 0.8 (0.6-0.9)
Mean aortic valve gradient, mmHg 46 (40-55) 49.5 (40-58)

Values are median or n (%);

* BAV: balloon aortic valvuloplasty; t CABG, coronary artery bypass graft; ¥ COPD: chronic
obstructive pulmonary disease; § NYHA: New York Heart Association; ? PCl: percutaneous
coronary intervention
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Table 2: Primary endpoints at 72 hours follow-up

Total population
(n=236)

Pre-dilatation
group (n=115)

Direct
implantation
group (n=121)

Absolute
difference

Device success at 72h

Procedural mortality

Correct performance of the valve
Moderate PPM
Severe PPM

Aortic valve gradient > 20mmHg or
Peak velocity > 3m/s

Moderate AR

Severe AR

Second valve

Post dilatation

Secondary migration

Improper positioning

184 (78%)
2 (0.8%)

41 (17.4%)
0
3 (1.3%)

14 (5.9%)

o O O o o

87 (75.7%)
0

22 (19.1%)
0
2 (1.7%)

6 (5.2%)

o O O o o

97 (80.2%)
2 (1.7%)

19 (15.7%)
0
1(0.8%)

8 (6.6%)

o O O o o

4.5 (-4.4 to 13.4)

3.4(-13.1t0 6.2
-0.9 (-3.8 to 1.9)

1.4 (-4.6 to 7.4)

*AR: aortic regurgitation; T: PPM: prosthesis-patient mismatch

89



Table 3: Secondary outcomes

Total population Pre- Direct P
(n=236) dilatation implantation value
group group (n=121) #
(n=115)

Procedural outcomes
Need of post dilatation, n (%) 4(1.7) 2(1.7) 2(1.7) 1.00
Contrast volume (mL), mean + SD 79.01+£31.4 78.2 £29.3 79.7 £33.3 0.97
Procedure length (min), mean + SD 53.06+18.4 54.2+18.2 52.0+18.7 0.31
Radiation (cgrays/cmz), mean £ SD 3907+3385 3730+3487 40733293 0.24
Hospitalization duration (days) 5.0+2.7 5.243.0 494+2.2 0.90
1-month adverse events, n (%) 60 (25.4) 29 (25.2) 31 (25.6) 0.94
All-cause mortality, n (%) 4(1.7) 0(0) 4(3.2) 0.24
Stroke, n (%) 3(1.3) 1(0.9) 2 (1.7) 0.99
Major vascular complications, n (%) 7 (3) 6 (5.2) 1(0.8) 0.06
Major bleeding, n (%) 8(3.4) 3(2.6) 5(4.1) 0.70
Transfusion, n (%) 4(1.7) 2(1.7 2(1.7) 1.00
Acute kidney injury, n (%) 5(2.1) 1(0.9) 4(3.3) 0.37
Pacemaker implantation, n (%) 47 (19.9) 24 (20.9) 23 (19.01) 0.72
Heart failure, n (%) 3(1.3) 0(0) 3(2.5) 0.24
Aortic regurgitation, n (%)

- None (grade 0), n (%) 144 (61.5) * 75 (65.2) 69 (58.0) ** 0.20

- Mild (grade 1), n (%) 76 (32.5) 34 (29.5) 42 (35.3) 0.90

- Moderate (grade 2), n (%) 14 (6) 6 (5.2) 8 (6.6) 0.90

- Severe (grade 3), n (%) 0(0) 0(0) 0(0) NA

*Data available for 234 patients
** Data available for 119 patients

# Superiority analysis using the appropriate statistical test (either Wilcoxon-Mann-Whitney

for quantitative variables, or Fisher or Chi-square tests for qualitative variables)
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Publication 4 (en attente de soumission): Impact of prior Balloon Valvuloplasty vs Direct
Transcatheter Aortic Valve Replacement on myocardial injury: Insight from the DIRECTAVI

trial

Akodad M, Marin G., Cayla G., Macia J-C., Gandet T., Delseny D., Chettouh M., Lattuca B.,
Robert P., Schmutz L., Robert G., Levy G., Targosz F., Maupas E., Nagot N., Albat B., Roubille F,

Leclercq F.,
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La valeur pronostique de la troponine pré et post-procédure est suggérée par plusieurs études
observationnelles avec néanmoins des données contradictoires (110-115). Dans le premier
chapitre de ce travail de these, la troponine pré-procédure a été démontrée comme facteur
prédictif indépendant de mortalité a 1 mois et jusque 3 ans aprés la procédure dans une large
population de patients. La troponine post-procédure était également prédictive de mortalité
a moyen et long terme chez les patients ayant une troponine pré-procédure normale ou
presque normale. Certains facteurs prédictifs de troponine pré-procédure élevée ont été mis
en évidence dans la littérature et dans les données précédemment décrites dans ce travail.
Ces facteurs sont essentiellement liés aux comorbidités du patient et cette élévation de la
troponine chronique est en fait un reflet de la sévérité de la cardiopathie (111,112).
Concernant I’élévation de la troponine post-procédure, les facteurs prédictifs suggérés dans
la littérature sont essentiellement des facteurs liés a la procédure elle-méme. En effet, la
durée de la stimulation rapide, une hypotension sévére pendant la procédure ou la
prédilatation au ballon ont été mis en cause (113). Or, la prédilatation avant I'implantation de
la prothése, systématique dans les débuts de I'expérience TAVI est de moins en moins réalisée
actuellement, a I’ére de la simplification des procédures TAVI.

Une seule étude randomisée publiée a ce jour a démontré la non-infériorité d’une stratégie
de « direct TAVI » en comparaison a une prédilatation systématique avec la valve auto-
expansible Medtronic corevalve. Notre équipe a réalisé I'étude DIRECTAVI démontrant

également la non-infériorité d’une stratégie de « direct TAVI » avec la valve Edwards Sapien

Une seule étude observationnelle avec la valve auto-expansible Medtronic corevalve
suggérait que I'implantation de la prothése sans prédilatation pourrait diminuer I'importance

de I"élévation de la troponine et l'incidence de la « myocardial injury » apres la procédure
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(153). L'objectif de cette étude était donc d’évaluer dans la population de I'’étude randomisée
DIRECTAVI, d’une part la valeur pronostique de la troponine pré et post-procédure et d’autre
part I'impact de la prédilatation sur la survenue de la « myocardial injury » ou élévation
significative de troponine post-procédure. L’hypothése de départ étant que la prédilatation
par plusieurs mécanismes comme de micro-embols, la stimulation rapide ventriculaire et
I’hypotension induite favoriserait la « myocardial injury ». Dans cette étude ancillaire de
I’essai DIRECTAVI incluant 211 patients, la troponine pré-procédure n’était pas associée a la
survenue d’évenements a 1 mois. En revanche la « myocardial injury », présente chez 20%
des patients en post-procédure, était prédictive d’évéenements majeurs a 1 mois. La
réalisation d’une prédilatation était associée significativement a la survenue de
« myocardial injury » avec un risque multiplié par 2,8 par rapport a la stratégie de « direct
TAVI ».

Ainsi, I'absence de prédilatation avant lI'implantation de la prothése, s’intégrant dans
I’évolution des pratiques, est associée a une diminution de la troponine post-procédure et de
la « myocardial injury ». De méme, la « myocardial injury » reste associée a un pronostique
péjoratif chez les patients bénéficiant d’'un TAVI. A noter que la troponine pré-procédure
n’était pas associée au pronostique, soit par manque de puissance dans cette population de

taille relativement faible, soit par manque de suivi au long cours.
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ABSTRACT

Background: Myocardial injury, defined by significant troponin elevation, was described as a
predictive factor of short and long term mortality after transcatheter aortic valve implantation
and may be increased by balloon aortic valvuloplasty (BAV).

Objectives: The aim of the study was to evaluate the impact of BAV on myocardial injury after
TAVR using new-generation balloon-expandable prostheses.

Methods: the DIRECTAVI trial, an open-label randomized study, demonstrated non-inferiority
of TAVR performed without predilatation (direct TAVR group) in comparison with systematic
predilatation (BAV group) in patients undergoing TAVR with the Edwards SAPIEN 3 valve. High-
sensitive troponin assessment was performed in all patients before and after the procedure.
The incidence of myocardial injury defined by troponin elevation > 15 upper limit reference
after the procedure was the main endpoint. Secondary endpoints were adverse events at 1-
month follow-up according to VARC-2 criteria.

Results: Pre and post-procedure troponin were available in 211 of the 236 patients (89.4%)
included in this study (104 (90.4%) in the BAV group and 107 (88.4%) in the direct TAVR group).
Baseline characteristics were comparable between both groups. Mean age was 82 y+ 6.7 and
145 were male (61.4%). Myocardial injury occurred in 42 patients (19.9%), 13 (12.2%) in the
direct TAVR group and 29 (27.9%) in the BAV group, p=0.004. Myocardial injury increased by
2.8-fold in the BAV group in comparison to the direct TAVR group (OR 2.8 IC 95% 1.4-5.8).
Myocardial injury was associated with 1-month outcomes (p=0.03).

Conclusions: Predilatation significantly increased myocardial injury in patients undergoing
TAVR with new-generation balloon-expandable valves. Myocardial injury was associated with

1-month outcomes.
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ABBREVIATIONS LIST

BAV: balloon aortic valvuloplasty

DIRECTAVI: direct transcatheter aortic valve implantation
Hs-TnT: hypersensitive troponin T

MSCT: Multislice computed tomography

TAVR: Transcatheter aortic valve replacement

URL: Upper reference limit

VARC: Valve academic research consortium
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Introduction

Systematic prior balloon aortic valvuloplasty (BAV) before device implantation was considered
as the standard of care in the initial transcatheter aortic valve replacement (TAVR) experience
to allow insertion and optimal expansion of the prosthesis (1). However, regarding significant
improvements in devices profile and increased operators’ experience, this step is not
systematically performed nowadays (2-7). This strategy of direct TAVR has been shown to be
feasible in observational studies and more recently in a randomized study with the Corevalve
self-expandable device (8). Moreover, BAV may be associated with specific complications as
annulus rupture, severe aortic regurgitation and cerebral embolization (2, 9-11). On the other
hand, rapid pacing, required for BAV, may increase myocardial injury and induce left ventricle
(LV) dysfunction after TAVR, particularly in patients with previous LV dysfunction (12,13).
Likewise, myocardial injury, defined as troponin elevation> 15 upper reference limit (URL), is
a well-known prognostic factor of mortality in patients undergoing TAVR (14-16). Several
factors as rapid pacing duration, hypotension, embolization and prosthesis positioning may
induce myocardial injury. Only one observational study evaluated the impact of predilatation
on post-procedure myocardial injury showing a significant decrease in myocardial injury in
patients without BAV before self-expandable Medtronic Corevalve implantation (17).
Moreover, in this study, this significant troponin elevation after the procedure was associated
with poorer prognosis. The DIRECTAVI trial (NCT02729519), a randomized trial comparing
direct TAVR versus predilatation with Edwards Sapien 3 recently conducted by our team
showed a non-inferiority of the direct TAVR strategy on device success.

The aim of this study was to evaluate the impact of BAV on myocardial injury in patients

included in the DIRECTAVI trial.
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Methods

Study design

The DIRECTAVI was a prospective, randomized, single-center, open-label trial using the third-
generation balloon-expandable Edwards SAPIEN 3 device (Edwards Lifesciences, Irvine, CA,
USA). The main hypothesis was the non-inferiority of direct TAVR in comparison to systematic
BAV before prosthesis implantation. The study protocol was approved by an independent
ethics committee (Comité de Protection des Personnes Sud Méditerranée, Montpellier,
France, ID RCB: 2015-A01823-46) and all patients provided written informed consent. The trial
was conducted according to the World Medical Association Declaration of Helsinki and was
registered in ClinicalTrials.gov (NCT02729519) as described elsewhere (18).

Patient population

From May 2016 to May 2018, 236 consecutive patients undergoing TAVR via transfemoral or
trans-carotid approaches were enrolled in the DIRECTAVI trial after heart team decision.
Inclusion and exclusion criteria were previously published in the study design paper. All
patients were randomized between the 2 strategies as previously described (18), figure 1.
Procedure

All TAVR procedures were performed with the Edwards SAPIEN 3 device after careful
evaluation of vascular access and native aortic valve by multislice computerized tomographic
angiography (MSCT) of the entire aorta. The prosthesis size and the vascular access were left
to the discretion of the operators’ with a transfemoral default strategy. TAVR procedure was
performed under general anesthesia and surgical vascular access as previously described (19).
In the BAV group, balloon diameter was selected according to the manufacturer's
recommendations depending on the annular diameter measured with MSCT.

Data collection and follow-up
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Baseline characteristics, clinical, biological and procedural data were collected at the time of
randomization (18). Pre- and post-procedure troponin measurements were prospectively
collected. Patient with either missing pre-or post-procedure troponin were excluded from the
analysis. High-sensitivity troponin T measurement was performed on the Cobas 8000/e602
analyser (Roche Diagnostics, Meylan, France) the day before and the day after the procedure.
The 99% upper reference limit (URL) for this kit is 0.014 pg/L. For patients requiring
revascularization, percutaneous coronary intervention was performed at least 1 week before
TAVR. Clinical follow-up was performed at 72 hours and 1-month.

Study endpoints

The primary endpoint was the incidence of myocardial injury depending on the group of
patients (direct implantation versus BAV). Myocardial injury was defined according to VARC-
2 recommendations as troponin T elevation >15 URL and at least 50% increase compared to
pre-procedure value (20). Mean post-procedure troponin in both groups was also evaluated.
Prognostic impact of pre-and post-procedure troponin on 1-month outcomes (myocardial
infarction, stroke, cardiovascular death, pacemaker implantation, heart failure) was also
evaluated. Predictive factors of myocardial injury were studied.

Statistical analyses

Patients’ characteristics are presented with proportions for categorical variables and as mean
tstandard deviation and median (interquartile range) for quantitative variables.
Characteristics were compared between both group with the Student t-test or the Mann-
Whiney U-test for continuous variables, and with Chi square or Fisher exact test for categorical
variables. The occurrence of myocardial injury was included in the Cox survival model and
assessed individually for each pre-procedural troponin tertile. Statistical analyses were
performed using SAS 9.1 software (SAS Institute, Cary, North Carolina).
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Results

Study population

Between May 2016 and May 2018, a total of 236 patients were enrolled in the DIRECTAVI trial
study, 115 patients in the predilatation group and 121 in the direct implantation group. Mean
age was 82yt 6.7, mean euroscore 2 was 3.8+ 4.2% and 145 (61.4%) were male. Baseline
characteristics of population are shown in Table 1.

Pre-and post-procedure troponin were available in 211 patients (89.4%), 104 (90.4%) in the
BAV group and 107 (88.4%) in the direct TAVR group (Figure 1). Pre-procedure troponin, C-
reactiv protein, hemoglobin and creatinine were not statistically different between both
groups (Table 1). Post-procedure hemoglobin was similar between both groups (11.8 g/dL (11-
12.9) in the predilatation group versus 11.9 g/dL (10.8-12.8) in the direct TAVR group), p=0.9.
Post-procedure creatinine was similar between both groups (90 umol/L (70-110) in the BAV
group versus 91 umol/L (70-115) in the direct TAVR group), p=0.6.

Device success was obtained for 184 patients (78.0%). Direct TAVR was non-inferior to
predilatation regarding to device success, 80.2% versus 75.7%, respectively, p= 0.02 for non-
inferiority.

Primary endpoint

Myocardial injury occurred in 42 patients (19.9%), 13 (12.2%) in the direct TAVR group and 29

(27.9%) in the BAV group, p= 0.004, figure 2 and figure 3. Predilatation increased by 2.8 the

risk of myocardial injury in comparison to direct implantation group (OR 2.8 IC 95% 1.4-5.8).
Mean troponin value after TAVR procedure was 124.9 +81.4 ng/L in the direct TAVR group
versus 170.4+ 127.7 ng/L in the BAV group, p= 0.007. The mean increase in hs-TnT after the

procedure was 4.4-fold, 3.8-fold in the direct TAVR group and 5-fold in the BAV group.
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Secondary endpoints

No significant difference was observed regarding to outcomes between BAV and direct TAVR
groups at 1-month follow-up (Table 2).

Preprocedural troponin was not predictive of 1-month outcomes, regardless the group of
patients (p=0.4). Conversely Myocardial injury was significantly associated with 1-month
outcomes, p=0.03.

Predictors of myocardial injury

In multivariate analysis, only BAV was predictive of myocardial injury. No pre-procedural
characteristics were predictive of myocardial injury even in case of previous coronary disease.

Procedural length or post-dilatation were not predictive of myocardial injury.
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Discussion
This study, including patients from the prospective randomized DIRECTAVI study, evaluated
for the first time the impact of predilatation on myocardial injury with 3 main findings:

1) Myocardial injury remains frequent, occurring in around 20% of patients after TAVR

2) BAV was associated with a 3-fold increased risk of myocardial injury in comparison to

direct device implantation

3) Myocardial injury was predictive of outcomes at 1-month follow-up
Incidence of myocardial injury after TAVR
In the literature, myocardial injury after TAVR was found to occur in 30-50% of cases (14-16).
Indeed, in the largest cohort published assessing incidence and prognostic impact of
myocardial injury on more than 1300 patients undergoing TAVR, the incidence of myocardial
injury was around 50% (16). In our study, myocardial injury occurred in around 1/5 of patients,
less frequently than in the literature. Moreover, mean increase in hs-TnT after the procedure
was 4.4-fold, less than the 7-fold previously described in the literature (14, 21-23). This
difference may be explained by 1/ our more recent population of patients, probably at lower
risk profile especially younger, 2/ undergoing TAVR procedure with the last generation of
devices 3/ increasing of experience of operators with shorter procedures. Indeed, myocardial
injury during TAVR may be induced by peri-procedural conditions with a mismatch between
myocardial oxygen supply and oxygen demand (24). Among the factors involved in the
occurrence of myocardial injury, BAV but also acute aortic regurgitation, micro-embolism and
temporary hypotension during rapid ventricular pacing were advocated (14, 17). In the current
TAVR era, with the evolution of the technique and of operators’ experience, valve positioning

may be more precise and procedural length shortened with less haemodynamic impairments
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(25). Taken all these considerations together, incidence of myocardial injury may decrease
over the years with growing experience in the field.

Impact of predilatation on myocardial injury

New generation TAVR devices with lower sheath system profile and improved radial force
provide adequate expansion in the majority of cases (2-7). Thus, systematic BAV before device
implantation may not be a mandatory step in current TAVR era, particularly with balloon-
expandable prosthesis. Moreover, as BAV may be associated with specific complications
involving aortic regurgitation, systemic embolism and annulus rupture, avoiding BAV may be
of interest (3,4,17,18). Indeed, a study showed that cerebral micro embolism during TAVR,
assessed by transcranial doppler, occurred both during predilatation and prosthesis
implantation (10). In the other hand, rapid pacing, performed during BAV with a hypotensive
effect, may induce myocardial injury, ventricular arrhythmias and LV dysfunction (12, 13).
Moreover, in the literature, rapid pacing was associated with negative effects on
microcirculation (26). Thus, rapid pacing, performed twice in case of balloon-expandable
device implantation after BAV, may be reduced to once during device implantation in case of
direct TAVR. Only one observational study evaluated the impact of predilatation on
myocardial injury. In this study including 164 patients, authors found that direct implantation
of self-expandable Corevalve device was associated less myocardial injury (17). The authors
also demonstrated a prognostic impact of myocardial injury on 1-month and 1-year outcomes.
Taken all these considerations together, direct TAVR, feasible and safe, appears as a seducing
option in the aim to simplify TAVR procedure in the “minimalist TAVR” era and to reduce

myocardial injury (27,28).
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Myocardial injury and prognostic impact
In the present study, myocardial injury was predictive of 1-month outcomes. This is consistent
with the literature. Indeed, the prognostic impact of myocardial injury was demonstrated in
several studies with increased risk of 1-month and 2-years mortality (14,15,29). In a more
recent study with a large cohort of patients, myocardial injury was associated with long-term
mortality only in patients with near-normal pre-procedural troponin (16). Our study confirms
for the first time the prognostic impact of myocardial injury in a randomized study. Indeed,
previous studies were mainly historical comparison and non-randomized and upstream
selection of patients with more favorable anatomies for direct implantation cannot be
excluded. Finally, our study showed that avoiding myocardial injury may improve patient’s
prognosis.
Study limitations

A first limitation of this study is the relatively small sample size. However, the statistical
power was sufficient to demonstrate the prognostic impact of myocardial injury but not the
prognostic value of pre-procedure troponin. The second limitation was the lack of long-term
follow-up. The third limitation was the use of VARC-2 criteria to define myocardial injury.
Indeed, this cut-off for troponin elevation may not be suitable for all patients, particularly in
those with elevated pre-procedure troponin.
In conclusion, this ancillary study of the DIRECTAV!I trial is the first randomized study assessing
the impact of predilatation on myocardial injury. Direct implantation significantly reduced
myocardial injury in patients undergoing TAVR with the last generation of balloon-expandable
Edwards Sapien 3 devices. Moreover, myocardial injury was associated with adverse
outcomes at 1-month. Thus, direct TAVR is feasible, safe and reduces myocardial injury hence

a potential positive impact on early outcomes.
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Figures

Figure 1: Flow chart of the DIRECTAVI study and of the myocardial injury sub study
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Caption: Among the 240 patients randomly assigned in the DIRECTAVI trial, pre- and post-

procedure troponin were available in 211 patients (89.4%), 104 (90.4%) in the BAV group and

107 (88.4%) in the direct TAVR group.
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Figure 2: Pre and post procedure troponin according to the group of patients (predilation
and Direct TAVR)

] 1

1024 1
< 5124
E 256 4 aall
m m————
S 128+ —r— oz i
» —t
= 64
£ —yrr N
[ = 32 q b
° r
2 18] T i
o
|
- 84

4 T T T T
o & e &
> > > >
> > ) >
[ ) ) °
) © < )
° < ° s
ol R %, | R
4 o 4
Q Lo} ) o
& ? < Q
) & K\ 4@
~ 3 v
S~ ~ A \s
N\ b\\‘b & A
)
4 Q @
4 Q‘ 0\‘ o\ﬂe

Caption: Mean pre procedure troponin level was similar between both groups, (p=0.3). Mean

post procedure troponin level was significantly higher in the BAV group in comparison to the

direct TAVR group, p=0.007.
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Figure 3: Primary endpoint: Myocardial injury according to the VARC-2 criteria in BAV and

direct TAVI groups
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Caption: Myocardial injury was significantly more frequent in the BAV group in comparison

to the direct TAVR group, p=0.004
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Table 1: Baseline characteristics of the population

Pre-dilatation

Direct implantation

group group
(n=115) (n=121)

Female 45 (39.1) 45 (37.2)
Age, median (years) 83 (79-87) 83 (78-87)
Body mass index, median (kg/m?) 26 (24.3-29.2) 26.6 (24.5-29.6)
Diabetes mellitus 41 (35.7) 45 (37.2)
Previous PCl 48 (41.7) 53 (43.8)
Previous CABG 6(5.2) 7 (5.8)
Previous BAV 10 (8.7) 12 (9.9)
Cerebrovascular disease 5(4.4) 4 (3.3)
Peripheral vascular disease 13 (11.3) 12 (9.9)
COPD 8 (7.0) 20 (16.5)
Atrial fibrillation 31(27.0) 48 (39.7)
Permanent pacemaker 15 (13.1) 14 (11.6)
Pulmonary hypertension 2(1.7) 2(1.7)

Creatinine (umol/L)
Hemoglobin (g/Dl)
C-reactiv protein (Ul)
Troponin (ng/L)
Hypertension
Euroscore 1
Euroscore 2
NYHA class

[,

", v
LVEF, %
Aortic valve area, cm®

Mean aortic valve gradient, mmHg

102 (82.0-126.0)
12.5 (11.8-13.7)
3(1-7)

27.5 (17-40)

81 (70.4)

10 (7-14)

3(2-4)

54 (47.0)
61 (53.1)
60 (50-60)
0.7 (0.6-0.9)
46 (40-55)

104 (84-131)
12.3 (11.4-13.4)
3(1-8)

25.0 (18-42)

74 (61.2)

10 (7-14)
2.3(2-3.8)

58 (47.9)

63 (52.1)

60 (50-60)
0.8 (0.6-0.9)
49.5 (40-58)

Values are median or n (%);

* BAV: balloon aortic valvuloplasty; t CABG, coronary artery bypass graft; ¥ COPD: chronic
obstructive pulmonary disease; § NYHA: New York Heart Association; ? PCl: percutaneous

coronary intervention
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Table 2: Outcomes at 1-month follow-up according to the group of patients

Total population  Pre-dilatation Direct P
(n=236) group implantation value
(n=115) group (n=121) #
Total adverse events, n (%) 60 (25.4) 29 (25.2) 31(25.6) 0.94
All-cause mortality, n (%) 4(1.7) 0(0) 4(3.2) 0.24
Stroke, n (%) 3(1.3) 1(0.9) 2 (1.7) 0.99
Major vascular complications, n (%) 7 (3) 6 (5.2) 1(0.8) 0.06
Major bleeding, n (%) 8(3.4) 3(2.6) 5(4.1) 0.70
Transfusion, n (%) 4(1.7) 2(1.7 2(1.7) 1.00
Acute kidney injury, n (%) 5(2.1) 1(0.9) 4(3.3) 0.37
Pacemaker implantation, n (%) 47 (19.9) 24 (20.9) 23 (19.01) 0.72
Heart failure, n (%) 3(1.3) 0(0) 3(2.5) 0.24
Aortic regurgitation, n (%)
- None (grade 0), n (%) 144 (61.5) * 75 (65.2) 69 (58.0) ** 0.20
- Mild (grade 1), n (%) 76 (32.5) 34 (29.5) 42 (35.3) 0.90
- Moderate (grade 2), n (%) 14 (6) 6 (5.2) 8 (6.6) 0.90
- Severe (grade 3), n (%) 0(0) 0(0) 0(0) NA

*Data available for 234 patients
** Data available for 119 patients

# Superiority analysis using the appropriate statistical test (either Wilcoxon-Mann-Whitney

for quantitative variables, or Fisher or Chi-square tests for qualitative variables)
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DISCUSSION GENERALE

Le TAVI représente une véritable révolution dans la prise en charge du rétrécissement
aortique. Initialement réservé aux patients inopérables ou a trés haut risque opératoire, la
technique s’étend peu a peu a des populations a moindre risque en raison des améliorations
du matériel et de I'expérience des équipes avec une réduction drastique des complications.
Cette extension des indications a des patients avec des profils de risque plus favorables
s’accompagne d’une évolution des pratiques qui tend vers la simplification de la procédure a
chaque étape et également a celle du parcours de soins en post-procédure. Cependant, la
sélection rigoureuse des patients pouvant bénéficier de la technique et une meilleure
appréhension de leur profil de risque permettent d’anticiper les potentielles complications et
d’adapter leur prise en charge. Les évaluations clinique et échographique, bien que
nécessaires, sont insuffisantes pour permettre une stratification précise du risque de ces
patients. Ainsi, d’autres éléments, facilement accessible comme certains biomarqueurs ou des
éléments d’imagerie comme le score calcique scannographique apparaissent comme
complémentaires pour I’évaluation de ce profil de risque.

Dans le premier chapitre de cette thése, nous avons confirmé la valeur pronostique de 2

éléments, accessibles en routine chez les patients bénéficiant d’un TAVI, la troponine et le
score calcique. La troponine, biomarqueur ayant démontré sa valeur pronostique dans
plusieurs pathologies cardiovasculaires dont le rétrécissement aortique (107-109), nous
paraissait étre I'un des biomarqueurs clés a étudier chez les patients bénéficiant d’'un TAVI. En
effet, dans la littérature, la valeur pronostique d’une élévation de la troponine pré-procédure
d’une part et de la troponine post-procédure d’autre part, de mécanismes différents, sont
discutés. L’élévation de la troponine pré-procédure est liée a la sévérité de la cardiopathie

sous-jacente avec plusieurs facteurs favorisants en lien avec les comorbidités du patient (111-
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113). Sa valeur pronostique a moyen et long terme a été évoquée dans plusieurs séries
incluant des effectifs faibles (111,112). Dans notre étude, nous avons pu confirmer la valeur
pronostique de la troponine en pré-procédure sur la mortalité a 1 mois, 1 an et pour la
premiére fois jusque 3 ans. De plus, quatre prédicteurs indépendants d’une élévation de
troponine pré-procédure ont été identifiés : le sexe masculin, I'arythmie auriculaire, le faible
débit de filtration glomérulaire et le NT-proBNP pré-procédure élevé. Certains de ces éléments
refletent la sévérité du terrain sous-jacent et de la cardiopathie elle-méme (hypertrophie et
remodelage ventriculaire gauche). Ainsi la troponine pré-procédure est un facteur
pronostique chez les patients bénéficiant d’'un TAVI et devrait étre prise en compte dans
I’évaluation du profil du risque des I’'admission sans pour autant pouvoir modifier ce marqueur
de risque.

Le mécanisme d’élévation de troponine post-procédure est différent. En effet, la survenue de
Iésions myocardiques au décours du TAVI, entrainant une élévation de la troponine, pourrait
étre causée par des conditions périprocédurales délétéres avec un déséquilibre entre I'apport
et la demande en oxygéne du myocarde (113). Plusieurs mécanismes peuvent étre
responsables de cette discordance, comme une valvuloplastie au ballon, une régurgitation
aortique aigué, une micro-embolie et une hypotension induite pendant la stimulation
ventriculaire rapide et le déploiement de la prothése (113,153). L'impact pronostique de la
« myocardial injury » en post-TAVI est plus discuté dans la littérature avec des résultats
contradictoires (112-115). Dans notre étude, prés de la moitié des patients avaient des Iésions
myocardiques selon la définition du VARC-2 (9). Ces données sont en accord avec la littérature
récente (113-115). De plus, la survenue de lésions myocardiques était prédictive de mortalité
uniquement chez les patients ayant une troponine pré-procédurale normale ou quasi-

normale. Ces données contradictoires pourraient étre expliquées pas le fait que dans notre
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étude, seuls les patients avec voie d’abord transfémorale et transcarotide ont été analysés
avec exclusion des patients avec une voie d’abord transpicale.

De plus, I'impact pronostique de la troponine post-procédure a été étudié en fonction de la
troponine pré-procédure, pour la premiére fois dans la littérature. Ainsi la mise en évidence
de lI'impact pronostique de la troponine post-procédure dans ce travail initial confirme
certaines données de la littérature dans une large population de patients. De plus, cette
élévation de troponine post-procédure étant liée a des facteurs procéduraux essentiellement,
la mise en évidence des facteurs prédictifs de cette élévation de troponine pendant la
procédure nous semble indispensable. En effet, I'identification de ces facteurs permettrait
potentiellement de les moduler et ainsi de limiter I'incidence de la « myocardial injury » dans
le but d’améliorer le pronostique chez ces patients.

Dans le deuxiéme volet de ce premier chapitre, nous avons évalué I'impact pronostique du
score calcique en fonction du type et de la génération de prothése. En effet, la sévérité des
calcifications peut conduire a I'apparition de fuites para-valvulaires significatives, de rupture
d’anneau ou d’obstruction coronaire et pourrait augmenter l'incidence de la post-dilatation
(141,142). Cet impact pronostique sur la survenue de fuites aortiques para-prothétiques et
d’évenements a 1 mois et 1 an a été démontré avec les deux types de valves de la précédente
génération (154,155). Nous avons pu, dans ce travail confirmer d’une part que le score
calcique était prédictif d’évenements a 1 mois avec les deux types de valves de la précédente
génération et d’autre part que le score calcique perdait sa valeur pronostique avec les valves
de derniére génération hormis pour la survenue de fuites aortiques significatives avec la valve
auto-expansible. Ces résultats sont concordants avec les données de la littérature pour la
valve Edwards Sapien 3 en termes de survenue de fuites para-prothétiques (150), aucune
donnée n’étant disponible avec la valve auto-expansible de derniére génération. Ceci pourrait

117



étre lié au meilleur positionnement des prothéses mais également a leurs améliorations
techniques. Cependant, bien que le score calcique soit un outil simple et utilisable en routine
sans nécessité d’examen complémentaire autre que le scanner systématique pré-TAVI, il s’agit
d’un élément imparfait de I’évaluation des calcifications. De plus, son impact en fonction de
la stratégie utilisée a I’ére de la simplification du TAVI est inconnu. Ces questions en suspens

ouvrent les perspectives vers plusieurs travaux dans ce domaine.

Dans le deuxieme chapitre de ce travail de thése, nous avons souhaité évaluer I'impact d’une

prédilatation systématique ou d’une stratégie d’implantation direct de la prothése (« direct
TAVI »), élément de simplification de la procédure TAVI s’intégrant dans I'évolution des
pratiques. Nous avons donc conduit un essai randomisé comparant ces 2 stratégies avec la
valve de derniére génération Edwards Sapien 3, I'étude DIRECTAVI (51). En effet, malgré la
réalisation en routine de cette stratégie de « direct TAVI », aucune donnée issue d’études
randomisées n’est disponible a ce jour avec cette prothese. Une seule étude randomisée a
démontré la non-infériorité du « direct TAVI » avec la valve Medtronic Corevalve. Les résultats
de notre étude ont démontré une non-infériorité du « direct TAVI » par rapport a la
prédilatation systématique au ballon (50). Cette étude randomisée évalue de fagcon concréte
I"'un des éléments clés de I'évolution des pratiques dans le cadre du TAVI, a savoir I'absence
de prédilatation systématique. Nous avons donc prévu de réaliser deux sous-études visant a
évaluer les facteurs pronostiques étudiés dans le premier chapitre de ce travail de thése en
fonction de la stratégie utilisée. La premiere sous-étude vise a réévaluer I'impact de la
troponine pré et post-procédure dans cette population récente et surtout d’évaluer I'impact
d’une prédilatation, facteur incriminé dans la littérature, sur la survenue de Ilésions

myocardique (« myocardial injury ») aprés TAVI. Dans cette sous-étude, la troponine pré-
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procédure n’était pas prédictive d’évenements a 1 mois alors que la survenue d’une
« myocardial injury » I’était. Nous avons également pu démontrer pour la premiére fois que
la prédilatation était associée de facon significative (risque multiplié par 3) a la survenue de
« myocardial injury » par rapport a une stratégie de « direct TAVI ». Ces résultats sont en
faveur de I'absence de prédilatation systématique avec les valves de derniere génération
montées sur ballon. En effet, I'incidence des lésions myocardiques, facteur pronostique
reconnu dans la littérature pourrait étre diminuée a I’ére de I’évolution des pratiques.

La deuxieme sous-étude concernant I'impact pronostique du score calcique en fonction de la

stratégie utilisée (prédilatation systématique ou « direct TAVI ») est en cours.

CONCLUSION

L'utilisation de biomarqueurs et de marqueurs morphologiques comme le score calcique
scannographique semble faisable en routine et peut s’intégrer dans I’évaluation globale du
profil de risque du patient bénéficiant d’un TAVI. En particulier, la troponine pré-procédure
apparait comme un facteur pronostique corrélé aux comorbidités du patient et a la sévérité
de la cardiopathie sous-jacente. De méme, la troponine post-procédure, facteur pronostique
d’évenements a moyen et long terme, semble étre modifiable par des éléments procéduraux.
Ainsi, la simplification de la procédure et notamment I'absence de prédilatation pourrait avoir
un impact favorable avec la diminution des |ésions myocardiques induites. De méme, le score
calcique, facteur pronostique d’événements avec les valves de la précédente génération,
semble perdre sa valeur pronostique avec I'avénement des nouvelles protheses et doit étre

réévalué a I’ere de I'évolution des pratiques.
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PERSPECTIVES

Ce travail de thése a ouvert le champ sur plusieurs perspectives s’intégrant dans les suites de
ce projet.

Perspective 1 : sous-étude DIRECTAVI sur I'impact pronostique du score calcique en fonction
de la stratégie utilisée

Le score calcique d’Agatston est un facteur pronostique reconnu de la survenue d’évenements
et de fuites aortiques chez les patients bénéficiant d’'un TAVI avec la précédente génération
de protheses (154,155). L’amélioration notable de I'expérience des opérateurs avec un
meilleur positionnement des prothéses et les améliorations du matériel avec des éléments
limitant le risque de fuites para-prothétiques comme la jupe externe ou la possibilité de
recapture de la prothése ont contrebalancé la valeur pronostique du score calcique.
Cependant, aucune donnée n’est disponible concernant I'impact pronostique du score
calcique en fonction de la stratégie utilisée, prédilatation ou « direct TAVI ». Cette sous étude
de I'essai randomisée DIRECTAVI vise a évaluer I'impact pronostique du score calcique en

fonction de la stratégie utilisée avec la valve Edwards Sapien 3.

Perspective 2 : corrélation score calcique d’Agatston et biomarqueurs de calcifications

Le score calcique d’Agatston est un outil simple, réalisable en routine sans nécessité d’autres
examens que le scanner réalisé lors du bilan pré-TAVI. Cependant, il s’agit d’un outil imparfait
pour I"évaluation des calcifications valvulaires. Certains biomarqueurs de calcifications la
sclérostine et I'ostéoprotégérine, obtenus par simple prélevement sanguin, pourraient
permettre une évaluation plus précise de ces calcifications valvulaires. Une seule étude a
évalué la relation entre l'importance des calcifications de la valve aortique et

I’ostéoprotégérine sans lien mis en évidence chez des patients porteurs d’un rétrécissement
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aortique modéré ou serré. Aucune donnée n’est disponible dans une population uniquement
de rétrécissement aortique serré et a fortiori a I’ere du TAVI.

Un projet évaluant la corrélation entre le score calcique d’Agatston et ces marqueurs chez les
patients bénéficiant d’'un TAVI va débuter prochainement au CHU de Montpellier. Ceci
permettrait d’évaluer de fagon simple I'importance des calcifications chez les patients avec
rétrécissement aortique serré par simple prélevement sanguin. Cette approche pourrait
permettre dans un deuxiéme temps d’évaluer I'impact pronostique de ces biomarqueurs chez
les patients implantés d’un TAVI et d’ainsi mieux appréhender leur profil de risque et

d’anticiper les complications potentielles.
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Annexes :

Annexe 1 :

Feasibility and Safety of Transcatheter Aortic Valve

Implantation Performed Without Intensive Care Unit

Admission

Florence Leclercq, MD, PhD™*, Anais Ilemmi, MD", Benoit Lattuca, MD*, Jean-Christophe Macia, MD?,
Richard Gervasoni, MD", Francois Roubille, MD, PhD", Thomas Gandet, MD", Laurent Schmutz, MD",
Mariama Akodad, MD", Audrey Agullo, MD", Marine Verges, MD", Erika Nogue, MD",
Gregory Marin, MDY, Nicolas Nagot, MDY, Francois Rivalland, MD¢, Nicolas Durrleman, MD",

Gabriel Robert, MD#, Delphine Delseny, MD", Bernard Albat, MD, PhD", and
Guillaume Cayla, MD, PhD*

Admission to the intensive care unit (ICU) is a standard of care after transcatheter aortic
valve implantation (TAVI); however, the improvement of the procedure and the need to
minimize the unnecessary use of medical resources call into question this strategy. We
evaluated prospectively 177 consecutive patients who underwent TAVI. Low-risk patients,
admitted to conventional cardiology units, had stable clinical state, transfemoral access, no
right bundle branch block, permanent pacing with a self-expandable valve, and no
complication occurring during the procedure. High-risk patients included all the others
transferred to ICU. In-hospital events were the primary end point (Valve Academic
Research Consortium 2 criteria). The mean age of patients was 83.5 £ 6.5 years, and the
mean logistic EuroSCORE was 14.6 + 9.7%. The balloon-expandable SAPIEN 3 valve was
mainly used (n = 148; 83.6%), mostly with transfemoral access (n = 167; 94.4%). Among
the 61 patients (34.5%) included in the low-risk group, only 1 (1.6%) had a minor compli-
cation (negative predictive value 98.4%, 95% confidence interval [CI] 0.91 to 0.99).
Conversely, 31 patients (26.7%) from the high-risk group had clinical events (positive
predictive value 26.7%, 95% CI 0.19 to 0.35), mainly conductive disorders requiring pace-
maker (n = 26; 14.7%). In multivariate analysis, right bundle branch block (odds ratio [OR]
14.1, 95% CI 3.5 to 56.3), use of the self-expandable valve without a pacemaker (OR 5.5,
95% CI 2 to 16.3), vitamin K antagonist treatment (OR 3.8, 95% CI 1.1 to 12.6), and female
gender (OR 2.6, 95% CI 1.003 to 6.9) were preprocedural predictive factors of adverse
events. In conclusion, our results suggested that TAVI can be performed safely without ICU
admission in selected patients. This strategy may optimize efficiency and cost-effectiveness
of procedures. © 2016 Elsevier Inc. All rights reserved. (Am J Cardiol 2016;m:m—m)

Transcatheter aortic valve implantation (TAVI) is now the
standard of care for inoperable patients with severe symp-
tomatic aortic stenosis and an accepted alternative to surgery
for high-risk patients.' —° TAVIis less invasive and associated
with fewer complications than the traditional approach
for aortic valve replacement through median sternotomy
and cardiopulmonary bypass.”* However, TAVI is an
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interventional technique with specific postoperative compli-
cations related to the procedure itself but also to multiple co-
morbidities of the patients. These complications were stan-
dardized and defined by the Valve Academic Research
Consortium (VARC-2), updated in 2013.” With the
improvement in operator experience and valve technology,
combined with better screening and trend to include lower risk
patients, contemporary studies have shown a dramatic
decrease of in-hospital complications after TAVL®'"""
Recent reports showed the possibility to decrease hospital
length of stay in selected patients with subsequent decrease of
procedural costs.”'*"'®" Although there are currently no
specific guidelines concerning immediate medical care after
TAVI, admission to intensive care unit (ICU) with monitoring
has been regarded as an essential step for the patients after the
procedure. However, both the improvement of the results of
the procedure and the risk of overload of the ICU associated
with the development of TAVI call into question this sys-
tematic strategy. The objective of this prospective cohort
study was to evaluate feasibility and safety of TAVI per-
formed without subsequent ICU admission in patients
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carefully selected using simple clinical, electrocardiographic
(ECG), and echocardiographic selection criteria.

Methods

Between December 2014 and July 2015, all consecutive
patients who underwent TAVI in our center were included
in a monocentric prospective study. Exclusion criteria
included valve-in-valve procedures and transaortic or
transapical approaches. The procedures were performed in
the catheterization laboratory using the new-generation
balloon-expandable Edwards SAPIEN 3 bovine pericardial
device (Edwards Lifesciences, Irvine, California) or the self-
expandable CoreValve porcine pericardial device (Med-
tronic, Inc., Minneapolis, Minnesota). All patients had se-
vere symptomatic aortic stenosis secondary to degenerative
disease confirmed by transthoracic echocardiography (TTE)
(mean gradient >40 mm Hg and/or valve area <1 sz) and
were not candidates for surgical aortic valve replacement
according to guidelines and after internal discussions about
the therapeutic options within the multidisciplinary heart
team.” The choice of the valve was left to the decision of the
interventional cardiologist. The self-expandable valve was
usually preferred in small aortic annulus considering the
good hemodynamic performances of this prosthesis or to
avoid balloon inflation in case of high risk of annulus
rupture (mechanical compression of a “vulnerable area” by
calcifications). Patients were divided into 2 groups (low or
high risk) according to the presence or absence of risk
factors of severe in-hospital complications requiring
admission to ICU.™""*~"* Preprocedural and postprocedural
simple clinical, ECG, and TTE selection criteria (Table 1)
were recorded prospectively. Of note, the use of self-
expandable prosthesis in patients without previous pace-
maker and the occurrence of any new conductive disorder
during the procedure, including PR interval >200 ms, QRS
>120 ms, QRS widening >10 ms, or complete atrioven-
tricular block (AVB) were considered as high-risk criteria.
For patients included in the low-risk group, clinical events
were collected with monitoring during 2 hours after the
procedure in an anesthesia recovery room, and then, when
no complications occurred, they were admitted to the con-
ventional cardiology unit (CCU) for standard medical care
without monitoring. Patients included in the high-risk group
were transferred to the ICU for at least 24 hours. The ICU in
our center is a 16-bed unit with a full-time staff composed of
6 certified physicians and 1/3 nurse per patient ratio. The
ICU allowed ECG monitoring and hemodynamic support, if
necessary, and only noninvasive ventilation assistance. The
CCU is a standard cardiology unit with 1/15 nurse per pa-
tient ratio (1/30 during the night) and no ECG monitoring.
Importantly, the final clinical decision to transfer the patient
to ICU was left to the physician (cardiologist or anesthetist),
even if it concerned a “low-risk™ patient according to our
predetermined criteria. During hospital stay, ECG was
recorded daily. TTE was performed at the admission to ICU
in the high-risk group and before hospital discharge in all
patients. Permanent pacing requirements were considered
according to European Society of Cardiology (ESC)
guidelines 2013."7 Briefly, in case of high-degree or com-
plete AVB, permanent pacemakers were most of the time

The American Journal of Cardiology (www.ajconline.org)

Table 1
High versus low-risk groups of patients according to the predefined criteria

Low-risk  High-risk
group group

Before procedure

Preexisting pulmonary disease with oxygen z +
dependence.

Permanent pace-maker for patients with + -
CoreValve

Hemodynamic state Stable Unstable

Complete right bundle branch block (QRS - e
width >120 ms)

Left ventricular ejection fraction > 40% # -

Systolic arterial pulmonary pressure * =
< 60 mmHg (according to Euroscore
definition)

Transfemoral approach

During and 2 hours after procedure

Hemodynamic state Stable Unstable

Thrombotic/embolic complications - +

Minor or major vascular complication = +
(according to VARC 2 definitions)

New conductive disorder S +

New atrial or ventricular arrhythmia -

Good positioning of the prosthesis and Aortic + -
regurgitation <2

Medical decision < +

2 =

implanted between the first and the fifth day. In case of
persistent new left (LBBB) or right bundle branch block
(RBBB), an electrophysiological study was performed
between day 2 and day 5, and permanent pacing was
considered when His ventricle interval was >60 ms. A
combination of clopidogrel 75 mg and aspirin 75 mg was
introduced in all patients after the procedure except in those
with an indication of vitamin K antagonists (VKAs) or
direct oral anticoagulant therapy who had only aspirin
75 mg. The primary end point of the study included in-
hospital events considered as requiring ICU admission,
with reference to the VARC-2 criteria’ (Table 2). Medical
decision to secondarily transfer a patient initially admitted in
the CCU to the ICU was considered as an event regardless
of the reason of the transfer. Our objective was firstly to
validate the safety of the strategy of TAVI performed
without subsequent admission to ICU (negative predictive
value [NPV]). Incidence of major adverse events was also
evaluated in the 2 groups (positive predictive value), and
predictive factors of in-hospital complications requiring ICU
admission were assessed to validate our triage strategy. We
also evaluated incidence of minor complications (not
requiring ICU admission) and duration of hospitalization in
the 2 groups of patients. Adverse events were also compared
between the 2 implanted prostheses. Patients’ characteristics
are presented using mean and SD for continuous variables
and frequencies and proportions for categorical variables.
Groups (high vs low risk) were compared using a Student
t test or Mann-Whitney Wilcoxon rank test for continuous
variables, depending on the normality of each variable’s
distribution as attested by a Shapiro-Wilk test and chi-
square or Fisher exact test for categorical ones. To deter-
mine the relative importance of the preprocedural and
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Table 2
Clinical end-points in the 2 groups of patients

Complications Clinical events considered

Death Death from any cause
Hemodynamic Mean arterial pressure <65 mm Hg inquiring
instability volume replacement or vasopressors
Acute pulmonary edema
Major, life threatening ~ Loss of hemoglobin level of at least 3.0 g/dL
or fatal bleeding with hypovolemic shock
Transfusion of 2 or more blood units
Major and minor Vascular dissection
vascular Vascular rupture
complications Surgical or endovascular or percutaneous
intervention/repair
Stroke Transient ischemic attack or stroke of any cause
Pacemaker requiring All new conduction defect requiring permanent
or transient pacemaker implantation
Ischemic symptoms or ECG suggestive of
ischemia with elevation of cardiac biomarkers
(peak value exceeding 15x as the upper
reference limit for troponin)
Oligoanuria between 12h and 24h
Anuria for > 12h
Increase in serum creatinine of more than
200% compared with baseline

Acute myocardial
infarction < 72 hours

Acute kidney injury
(Stage 2 or 3
according to
RANKIN
classification)

Pericardial effusion

Secondary Transfer to
intensive care unit

Requiring medical intervention
Any medical reason (physician decision)

periprocedural covariates on the occurrence of major com-
plications (VARC-2 criteria), a multivariate analysis using
logistic regression was performed. A stepwise selection of
the variables was then used, with an alpha-to-enter and
alpha-to-exit, respectively, set at 0.15 and 0.05. Odds ratios
(ORs) and their 95% confidence intervals (CIs) were
calculated along with p values. The significance of adding or
removing a variable from the logistic model was determined
by the maximum likelihood ratio test. The goodness-of-fit of
the models was assessed using the Hosmer and Lemeshow
chi-square test. Statistical bilateral significance threshold
was set at 5%. Statistical analyses were performed using
SAS, version 9.1 (SAS Institute, Cary, North Carolina).

Results

The study enrolled 177 patients, 61 (34.5%) were clas-
sified in the low-risk group and 116 (65.5%) in the high-
risk group according to the predefined criteria. Except for
the risk factors in the criteria defining low- versus high-risk
groups in our study, the clinical characteristics between the
groups of patients only differed by the logistic EuroSCORE
(p = 0.011; Table 3). Most TAVIs were performed under
general anesthesia with orotracheal intubation (n = 170,
96.1%) and with transfemoral approach (n = 167, 94%).
We did not usually use echocardiography for position or
deployment of the valve. The SAPIEN 3 prosthesis was
mainly used (n = 148, 83.6%). Surgical access was
exclusive in our center. Considering their clinical pre-
procedural characteristics, 76 patients (42.9%) were
directly assigned to the high-risk group and transferred to
ICU regardless of the course of the procedure (Figure 1).

The 3 main reasons were left ventricular ejection fraction
<40% (n = 31), CoreValve implantation without previous
pacemaker (n = 25), and complete RBBB (n = 14). During
and until 2 hours after the procedure, 40 additional patients
(22.6%) converted from low- to high-risk group because of
occurrence of predefined complications requiring ICU
transfer, mainly new conductive disturbance (n = 34, 85%).
Among the 116 patients of the high-risk group, 73 (62.9%)
developed at least 1 conductive disorder during the proce-
dure (p <0.001; Table 4). We observed 8 patients who did
not have any complication or high-risk criteria but who
were nevertheless transferred to ICU after decision of the
cardiologist or the anesthetist owing to frailty (Figure 1).
Postprocedural outcome of the population is presented in
Table 5. According to our study end points, 32 patients
(18.1%) experienced >1 clinical events, mostly represented
by conduction disturbances requiring permanent or tran-
sient pacing (n = 26; 14.7%). Major vascular complications
or bleeding were observed in 2 patients (1.1%). One patient
died because of major bleeding. All these events occurred
exclusively in patients admitted to ICU and included in the
high-risk group. No major complication occurred in the
low-risk group. Only 1 patient developed a noncompressive
pericardial effusion (<10 mm on TTE) and not defined as a
significant event in our predefined criteria. According to
medical decision, the patient was transferred to ICU and
could go back to CCU 12 hours later. Considering these
results, the NPV of our decision-making criteria was 98.4%
(95% CI1 0.91 to 0.99) with a sensitivity of 96.9% (95% CI
0.84 to 0.99), whereas the positive predictive value was
26.7% (95% CI 0.19 to 0.36) with a specificity of 41.4%
(95% CI 0.32 to 0.49). Minor complications, not included
in our end point criteria, had favorable evolution and did
not require secondary transfer to ICU. Manual compression
controlled by Doppler was required for minor vascular
events (low-risk group: n = 4; 1.6% and high-risk group:
n = 15; 1.3%, p = 0.12). aortic regurgitation occurred,
respectively in 43 (24.3%) and 16 (9%) patients of the low-
and high-risk group (p = 0.58). Although the risk level did
not significantly influence the length of hospital stay in our
study (Table 3), patients who developed a complication
stayed longer than patients who did not (5.4 + 3.6 vs
3.7 £ 1.8 days, respectively; p <0.001). Some patients of
the high-risk group developed at least 1 mild or transient
conductive disorder (mostly LBBB) during monitoring in
the ICU that did not require pacing (n = 20; 11.3%). The
predictive factors of complications requiring ICU are pre-
sented in Table 6. In multivariate analysis, use of the self-
expandable valve without a pacemaker (OR 5.5, 95% CI 2
to 16.3), RBBB (OR 14.1, 95% CI 3.5 to 56.3), VKA
treatment (OR 3.8, 95% CI 1.1 to 12.6), and female gender
(OR 2.6, 95% CI 1.003 to 6.9) were preprocedural pre-
dictive factors of in-hospital adverse events, whereas peri-
procedural occurrence of LBBB (OR 8.8, 95% CI 2.7 to
28.8) and complete AVB (OR 19.7,95% CI 5 to 77.3) were
highly predictive of complications during ICU stay
(p <0.001). As expected, prevalence of permanent pace-
maker requirement was higher with the self-expandable
CoreValve compared with the balloon-expandable
SAPIEN 3 valve (n = 11, 44% vs n = 15, 11.8%,
respectively; p <0.0001).
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Table 3
Baseline and procedural characteristics of the 2 groups of patients
Variables Total population Low risk group High risk group P value
(n=177) (34%, n=61) (66%, n=116)
Age (years) 83.5 +/- 6.9 84.2 +/-6.3 83.1 +/-7.1 0.312
Male gender 87 (49.2%) 29 (47.5%) 58 (50%) 0.756
Body Mass Index (kg/m?) 26.3 +/- 6.1 26.3 +/-4.5 26.3 +/- 6.9 0.362
Euroscore 11 (%) 53 +4+/-42 43 +/-24 59 +/-48 0.028
Logistic Euroscore (%) 14.6 +/- 9.7 12.2 +/-6.3 15.9 +/- 10.9 0.011
Hypertension 114 (64.4%) 42 (68.9%) 72 (62.1%) 0.370
Diabetes mellitus 49 (27.7%) 19 (31.2%) 30 (25.9%) 0.455
Active smoker 3 (1.7%) 1 (1.6%) 2 (1.7%) 1.000
Pulmonary disease with O2 dependence 9 (5.1%) 0 9 (7.8%) 0.026
Systolic PAP > 60mmHg 10 (5.7%) 0 10 (8.6%) 0.018
Coronary artery disease 87 (49.2%) 29 (47.5%) 58 (50%) 0.755
Peripheral artery disease 14 (7.9%) 4 (6.6%) 10 (8.6%) 0.629
Atrial fibrillation 50 (28.3%) 13 (21.3%) 37 (31.9%) 0.137
Cirrhosis 6 (3.4%) 2 (3.3%) 4 (3.5%) 1.000
NYHA 0.099
I 16 (9.4%) 4 (6.8%) 12 (10.7%) -
1 46 (26.9%) 19 (32.2%) 27 (24.1%) -
111 87 (50.9%) 33 (55.9%) 54 (48.2%) -
v 22 (12.9%) 3(5.1%) 19 (17.0%) -
ECG
First degree AVB 24 (13.6%) 9 (14.8%) 15 (12.9%) 0.736
Complete LBBB 13 (7.3%) 5(8.2%) 8 (6.9%) 0.767
Complete RBBB 14 (7.9%) 0 14 (12.1%) 0.005
Treatment
Vitamin K antagonists 20 (11.3%) 3 (4.9%) 17 (14.7%) 0.052
Dual antiplatelet (aspirin + clopidogrel) 46 (26.0%) 16 (26.2%) 30 (25.9%) 0.958
Direct oral anticoagulants 7 (4.0%) 2 (3.3%) 5 (4.3%) 1.000
Dual antiplatelet + Vitamin K antagonists 16 (9.0%) 5 (8.2%) 11 (9.5%) 0.777
Left ventricular ejection fraction <0.001
< 30% 2 (6.8%) 0 12 (10.3%) -
30-40% 19 (10.7%) 0 19 (16.4%) -
>40% 146 (82.3%) 61 (100%) 85 (73.3%) -
Pacemaker 25 (14.1%) 12 (19.7%) 13 (11.2%) 0.124
Creatinine clearance (mL/min) 50.2 +/- 19.6 50.0 +/- 18.2 50.3 +/- 204 0.936
Hemoglobin (g/dL) 12.3 +/- 1.6 123 +/- 1.7 123 4+/- 1.6 0.833
CRP (g/) 10.7 +/- 209 10.8 +/- 22.7 10.7 +/- 20.0 0.651
Anesthesia
General 170 (96.1%) 59 (96.7%) 111 (95.7%) -
Local 7 (3.9%) 2 (3.3%) 5(4.3%) -
Procedure length (hours) 1.37 +/- 0.44 1.31 +/- 0.34 1.41 +/- 0.49 0.295
Access 0.058
Right transfemoral 44 (24.9%) 17 (27.9%) 27 (23.3%) -
Left transfemoral 123 (69.5%) 44 (72.1%) 79 (68.1%) -
Subclavian 0 0 0 -
Transcarotid 10 (5.7%) 0 10 (8.6%) -
Prosthesis 0.010

Edwards SAPIEN 3
Medtronic CoreValve

148 (83.6%)
29 (16.4%)

57 (93.4%)
4 (6.6%)

91 (78.5%) -
25 (21.6%) -

Discussion

The main results of this study were as follows: (1) TAVI
may be performed safely without subsequent ICU admission
using simple patient and procedural selection criteria; (2)
postprocedural complications included mainly conductive
disorders with a very low rate of major vascular and
bleeding events; (3) the main predictive factors of compli-
cations in our study included preprocedural RBBB, self-
expandable prosthesis implantation, use of VKA therapy,

and conductive disorders occurring during the procedure;
(4) this new “minimalist” strategy avoided ICU admission
for 1/3 of our patients.

The improvement of the technique including the use of
new low-profile devices, combined with the increase of
operator experience and the precise screening of patients,
has decreased complications of TAVL®''~'*™¥ In-hospital
adverse events observed currently with both self- and
balloon-expandable prostheses included mainly complete
AVB requiring permanent pacing or vascular and bleeding
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Figure 1. Orientation of the patients in the ICU or CCU according to the triage strategy.

Table 4
Preprocedural and periprocedural events observed in the population

Variables

Total population High-risk group P value
(nl77) (n=116)
Before procedure
Pulmonary disease with O2 dependence 9 (5.1%) 9 (7.8%) 0.03
CoreValve prosthesis without pacemaker 25 (14.1%) 25 (21.6%) <0.005
Complete right bundle branch block 14 (7.9%) 14 (12.1%) 0.004
Left ventricular ejection fraction < 40% 31 (17.5%) 31 (26.7%) <0.005
Systolic pulmonary arterial pressure > 60mmHg 10 (5.6%) 10 (8.6%) 0.018
During Procedure
Unstable hemodynamic 5 (2.8%) 5 (4.3%) 0.17
Mean arterial pressure < 65mmHg + vasopressors 4 (2.3%) 4 (3.4%) 0.299
Mean arterial pressure < 65mmHg + volume replacement 1 (0.6%) 1(0.9%) 0.545
Vascular complications 6 (3.4%) 6 (5.2%) 0.55
Vascular rupture necessity surgery 2 (1.1%) 2 (1.7%) 0.545
Hematoma with manual compression 4 (2.3%) 4 (3.4%) 0.552
Second prosthesis 1 (0.6%) 1 (0.9%) 1
Stroke 1 (0.6%) 1 (0.9%) 1
New conductive disorder 73 (41.2%) 73 (62.9%) <.000001
Complete atrio ventricular block 26 (14.7%) 26 (22.4%) <.001
Complete left bundle branch block 49 (27.7%) 49 (42.2%) <.001
Complete right bundle branch block 3 (1.7%) 3(2.6%) 0.55
First degree atrio ventricular block 15 (8.5%) 15 (12.9%) 0.003
Pericardial effusion requiring medical intervention 1 (0.6%) 1 (0.9%) 1
Aortic regurgitation > grade 2 or pericardial effusion on echocardiography 4 (2.3%) 4 (3.4%) 0.299
Supraventricular arthythmia 1 (0.6%) 1 (0.9%) 1
Ventricular arrhythmia 1 (0.6%) 1 (0.9%) 1
Transfert on medical decision 8 (4.5%) 8 (6.9%) -

events.”'' "> Noncardiovascular mortality (sepsis or

renal failure) may also explain mortality particularly in
inoperable patients. All these adverse events warranted

ICU admission after the procedure. In our study including
mainly patients undergoing TAVI with the SAPIEN 3
prosthesis, clinical adverse events occurred in 18.1% of our
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Table 5
In-hospital complications observed in the total population and in the 2 groups of patients
Variables Total population Low risk group High risk P value
(n=177) (n=61) group (n=116)
Death from any cause 1 (0.6%) 0 1 (0.9%) 1
Unstable hemodynamic 1 (0.6%) 0 1 (0.9%) 1
Volume replacement 0 0 0 -
Vasopressors 0 0 0 -
Acute pulmonary oedema 1 (0.6%) 0 1 (0.9%) -
Major bleeding 1(0.6%) 0 1 (0.9%) 1
Major vascular complications 1 (0.6%) 0 1 (0.9%) 1
Vascular rupture with surgery 1 (0.6%) 0 1 (0.9%) -
Stroke 1(0.6%) 0 1(0.9%) 1
Conductive disorder requiring pacemaker 26 (14.7%) 0 26 (22.4%) <.001
Myocardial infarction 0 0 0 -
Acute kidney injury (stage 2 or 3 according to Rankin classification) 3 (1.7%) 0 3(2.5%) 0.55
Pericardial effusion requiring medical intervention 2 (1.1%) 0 2 (1.7%) 0.54
Secondary transfer to intensive care unit 1 (0.6%) 1 (1.6%) 0 -
Table 6
Predictors of in-hospital complications in univariate and multivariate analysis
Variables Total population  Complication(s) ~ No complication P value OR [95% CI] P value multivariate
(n=177) (n=32) (n=145)
Female gender 90 (50.8%) 22 (68.7%) 68 (46.9%) 0.025 2.6 [1-6.9] 0.04
Logistic Euroscore (%) 14.6 +/-9.7 17.6 +/- 14.7 139 +/- 8.2 0.554 - -
Medical history
Atrial fibrillation 50 (28.3%) 11 (34.4%) 39 (26.9%) 0.4 - -
NYHA class 0.09 - -
I 16 (9.4%) 4 (12.9%%) 12 (8.6%) -
i 46 (26.9%) 4 (12.9%) 42 (30%) -
I 87 (50.9%) 16 (51.6%) 71 (50.7%) -
v 22 (12.8%) 7 (22.6%) 15 (10.7%) -
ECG before procedure
Complete left bundle branch block 13 (7.3%) 1(3.1) 12 (8.3%) 047 - -
Complete right bundle branch block 14 (7.9%) 9 (28.1%) 5 (3.4%) <.0001 14.1 [3.5-56.3] 0.0002
Vitamin k antagonist treatment 20 (11.3%) 7 (21.9%) 13 (8.9%) 0.058 4.5 [1.1-12.6] 0.03
No pacemaker with CoreValve 25 (14.1%) 13 (40.6%) 12 (8.3%) <.0001 5.5 [2-16.3] 0.001
Procedure length (hours) 1.37 +/- 0.44 1.48 +/- 0.47 1.35 +/- 0.44 0.08 - -
New conductive disorder during procedure
First degree atrio ventricular block 15 (8.5%) 5 (15.6%) 10 (6.9%) 0.15 - -
Complete right bundle branch block 3 (1.7%) 1 (3.1%) 2 (1.4%) 0.45 125 [2-77.6] 0.007
Complete left bundle branch block 49 (27.7%) 17 (53.1%) 32 (22%) <.0001 8.8 [2.7-28.8] <.0001
Complete atrioventricular block 26 (14.7%) 19 (59.4) 7 (4.8%) <.0001 19.7 [5-77.3] <.0001

patients and only in the high-risk group. According to pre-
vious data, these adverse events were mainly related to high
conductive disorders requiring permanent pacing (n = 26,
14.7%), and as expected, these conductive disorders were
more frequent with the self-expandable prosthesis.®'"*" The
rate of other adverse events was low, particularly major
vascular events or bleeding (n = 2, 1.1%). The use of new-
generation prosthesis with low-size sheaths (14Fr to 16Fr)
may have contributed to the low rate of bleeding in our
study. The open surgical access exclusively used in our
center is also associated with a low rate of vascular com-
plications and bleeding.”’** The low rate of other post-
procedural complications is concordant with that recently
reported with the new generation of prosthesis SAPIEN 3
and CoreValve.*'” Surgical risk scores, such as the logistic

EuroSCORE and Society of Thoracic Surgeons score, are
commonly used to identify high-risk or “inoperable” pa-
tients but appear to be poor predictors of immediate
outcome of patients after TAVL**** Prediction of high
degree of conductive disturbances is particularly important,
considering the possibility of abrupt occurrence. In most
studies, the main predictors of pacemaker implantation were
preexisting conducting disturbances and particularly RBBB
or QRS duration >150 ms.” *’ Considering these main
predictors of immediate adverse events requiring close
medical observation and monitoring, we developed a pro-
tocol of ICU admission. As previously reported, we did not
consider EuroSCORE as a risk factor of immediate adverse
events, and our results warranted this choice. To increase the
NPV of our strategy, we used “hard” ECG and vascular
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criteria to exclude patients from CCU (Table 1). Occurrence
of any conductive disturbance during the procedure,
expecting first-degree AVB, was therefore highly predictive
of complications (p <0.001). Considering the risk of heart
block associated with the self-expanding CoreValve,'''#
only patients with previous permanent pacemaker were
included in the low-risk group with this device. Finally, at
any time, the ultimate decision to transfer the patient to the
ICU depended on the physician (cardiologist or anesthetist).
Therefore, 8 frail patients without high-risk criteria were
anyway admitted to the ICU but did not develop any
complication. As previously reported, left ventricular ejec-
tion fraction appears to be a weak predictive criterion of
events in our study (p = 0.09), and women have more
complications after TAVI than men, as after any invasive
intervention.'*'*!?** Although we observed a tendency
toward more VKA therapy in the high-risk group (p =
0.052), the relation between adverse events and VKA is
surprising while majority of complications were conductive
disturbances and not vascular or bleeding events. Conduc-
tive disturbances requiring a pacemaker, occurring more
frequently in these patients, may be partially explained by
association with atrial fibrillation, the main indication of
VKA in our patients, which can be associated with masked
sinus dysfunction or AVB. Considering our selection
criteria, patients admitted to CCU (1/3 of the cohort) can be
managed safely without any major complication, and
therefore, the NPV of this triage strategy was very high
(98.4%), with only 1 minor complication in the low-risk
group. Previous reports showed that the vast majority of
intraoperative events that are diagnosed and/or treated after
TAVI occurred before the patient was transferred to the
ICU.*?7 Our results indicated that patients with uneventful
recovery until 2 hours after the procedure have no risk of
subsequent significant adverse events. Recent reports
showed that early discharge after TAVI is feasible and safe
in patients selected by clinical judgment, concerning also
almost 1/3 of patients.' ' This strategy is cost-effective in
comparison to the conventional approach.” Patients
considered for early discharge in these studies were selected
with criteria close to ours and may probably be partly
concerned by the procedure of TAVI without ICU.
Considering the rapid development of TAVI with the future
trend to extend its indications to lower risk population,” an
increased number of patients admitted to ICU after the
procedure may be a crucial problem, particularly in high-
volume centers because the number of critical care beds is
limited.” Although recent data showed the need to optimize
ICU triage for patients who will truly benefit, identification
of risk of immediate cardiac events requiring ICU after
TAVI may also be particularly relevant.’’ The monocentric
design of the study is the first limitation and does not allow
to extend these results to all centers. Our selection criteria
were defined arbitrarily according to previous data evalu-
ating risks factors of immediate outcome after TAVL
However, this pragmatic strategy may be improved, and a
randomized trial may be useful to validate our selection
criteria. Frailty measurement may also be added to improve
patient assessment.

In conclusion, on the basis of single-center experience,
this study suggests that TAVI can be performed safely

without ICU admission in at least 1/3 of selected patients.
According to simple clinical, ECG, and echocardiographic
criteria evaluated before, during, and until 2 hours after the
procedure, it is possible to identify a “low-risk” group of
patients for whom ICU admission seems to be unnecessary.
Combined with the possibility of early discharge, this
“minimalist” approach of TAVI may optimize efficiency
and cost-effectiveness of the procedure and may be evalu-
ated in a multicenter medical and economic study.
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Background

Transcatheter aortic valve implantation (TAVI) is now
the standard of care for patients with inoperable severe
symptomatic aortic stenosis and an accepted alternative
to surgery for high-risk patients [1-6]. The improvement
in operator experience and valve technology, combined
with better screening and inclusion of lower-risk pa-
tients, have resulted in dramatically decreased in-
hospital complications after TAVI procedures. However,
despite a high procedure success rate (>95%), TAVI has
remained associated with complications directly related
to the technique (stroke, aortic regurgitation, vascular
access bleeding) or to comorbidities frequently associ-
ated with aortic valve disease in older and frail patients
[3-6]. Reducing periprocedural complications is thereby
the key for the future use of TAVI in lower-risk patients.
Balloon aortic valvuloplasty (BAV) has been considered
as a mandatory step in the TAVI procedure both to fa-
cilitate the implantation of the transcatheter heart valve
(THV) and to reduce the radial counterforce for optimal
device expansion. However, BAV has been shown to
carry specific complications and risks [7, 8]. With the
development of a new generation of balloon-expandable
THVs, associated with low profile and orientable deliv-
ery system, the crossing of the valve is facilitated. While
both balloon dilatation and the need for post dilatation
have been considered to increase the risk of cerebral
embolization, avoiding BAV prior to TAVI is attractive
and may simplify the procedure [9-12]. Only few non-
randomized studies have shown that direct implantation
of the THV is feasible [10, 13, 14], but there are cur-
rently no randomized data concerning the safety and ef-
ficacy of TAVI performed with new-generation balloon-
expandable THVs without prior dilatation of the aortic
valve.

DIRECTAVI is the first randomized controlled trial
that will evaluate the efficacy and safety of direct im-
plantation of a balloon-expandable new-generation pros-
thesis, the Edwards SAPIEN 3 THV.

Methods/design

DIRECTAVI is a prospective, randomized, monocentric,
open-label trial that aims to test the hypothesis that
TAVI performed without predilatation (test arm) and
using the new-generation balloon-expandable Edwards
SAPIEN 3 THYV is associated with a better net clinical
benefit in comparison to procedures performed with
predilatation (control arm). The trial has an intentional
noninferiority design concerning the primary endpoint.
From an ethical standpoint, a sham procedure in the no-
dilatation control arm could not be countenanced. The
study is conducted in the academic University Hospital
of Montpellier, France. The study flow chart is presented
in Fig. 1.
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Fig. 1 Flow chart of the study. BAV balloon aortic valvuloplasty, MDT
multidisciplinary heart team, MACCE major adverse cardiovascular
and cerebral events

Patient population and procedure

The study population consists of 240 patients who will
have TAVI via a transvascular or transthoracic approach.
Patients should be deemed eligible for TAVI by a multi-
disciplinary team including at least an interventional car-
diologist, a cardiothoracic surgeon and an anesthetist.
All the procedures performed with the third-generation
balloon-expandable Edwards SAPIEN 3 THV (Edwards
Lifesciences, Irvine, CA, USA) will be considered for in-
clusion in the study. The SAPIEN 3 THYV system is a
new generation of balloon-expandable THVs which in-
corporates various new features to facilitate implantation
and minimize vascular injury, stroke, suboptimal posi-
tioning, and paravalvular regurgitation [15]. The pros-
thesis size (23, 26 or 29 mm) and the access route
(transfemoral, transcarotid, subclavian or transaortic) are
left to the discretion of the operating team. For all pa-
tients, both vascular access and aortic valve apparatus
are evaluated before the procedure with multislice com-
puterized tomographic angiography (MSCT) of the
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entire aorta using vascular windows settings. The trans-
femoral access is the first choice when possible.

Main procedures are done under mild sedation and
local anesthesia in our center. Low-profile 14 to 16
French delivery systems are used in all patients with an
almost exclusive surgical vascular access. For femoral or
carotid access, we use a surgical “preclose technique” in
order to avoid arterial cross-clamping and the purse-
string effect [16]. For the control group, BAV will be
performed with a balloon of 18, 20 or 22 mm diameter
according to the THV size. All patients will receive
0.5 mg/kg heparin at the time of introducing the femoral
sheath to achieve an activated clotting time of >250 s.
All TAVI procedures are performed in the same site by
six medical teams comprising at least one interventional
cardiologist and a cardiac surgeon, assisted by one nurse
for valve-crimping, a nurse who assists the anesthetist
and a technician from the catheterization laboratory. A
combination of clopidogrel 75 mg and aspirin 75 mg is
introduced in all patients after the procedure except in
those with an indication for vitamin k antagonists or
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direct anticoagulant therapy who had only aspirin
75 mg. The vitamin K antagonists or direct orally ad-
ministered anticoagulants are always stopped at least
2 days before the procedure and usually reintroduced
1 day later.

Study design

Inclusion/exclusion criteria

According to the inclusion and exclusion criteria sum-
marized in Table 1, the study investigators will confirm
patient eligibility. All patients who are referred for TAVI
in our center and who meet the inclusion criteria will be
successively included and randomized. After verification
of the eligibility criteria and obtaining informed consent,
the patients will be randomized by an investigator to re-
ceive either BAV or direct implantation of the valve. For
this purpose, the investigator will connect to the secure
and dedicated CLINSIGHT website (CS Online) with his
username and personal password. The random alloca-
tion sequences will be computer-generated by an

Table 1 Eligibility criteria for the transcatheter aortic valve implantation without prior balloon dilatation (DIRECTAVI) study

Criteria

Definition

Inclusion criteria
Patients aged 218 years
Severe aortic valve stenosis
Symptoms suggestive of severe aortic stenosis
Contraindication for open heart surgery or excessive surgical risk
TAVI using the balloon-expandable SAPIEN 3 valve
Vascular access
Exclusion criteria
Preexisting aortic prosthesis
Transapical access
BAV® performed for less than 1 week
Recent myocardial infarction
Left ventricular or atrial thrombus
Significant mitral or tricuspid regurgitation
Recent cerebrovascular event
Carotid or vertebral arterial narrowing
Active internal bleeding
Thrombocytopenia
Lack of written informed consent
Severe mental disorder, drug/alcohol addiction
Life expectancy <1 year

Participation in another drug or device study

High probability of nonadherence to the follow-up

Pregnancy

Mean gradient 240 mmHg or aortic valve area <1 cm? on TTE®
Dyspnea, heart failure, angina, syncope

Decision of the multidisciplinary heart team
Transfemoral, transcarotid, transaortic or subclavian access
“Valve in valve” technique

Within the last 3 months

TTE evaluation

>grade Il on TTE

Within the last 3 months

Stenosis >80% (Doppler or CT scan)
Platelet count <50,000/mm?®

Specialized evaluation

Any study that would jeopardize

the appropriate analysis of study endpoints

Social, psychological or medical requirement reason

*TTE transthoracic echocardiography, “BAV balloon aortic valvulopl: (Tc
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independent statistician using a 1:1 ratio and permuted
blocks of 4 and 6.

Data collection and follow-up (see Fig. 2)

Baseline data collected from enrolled patients will in-
clude demographics, past medical history, previous car-
diac investigations and current medication. Patients will
undergo transthoracic echocardiography at baseline, post
procedure and at 1-month follow-up. Prospective moni-
toring of adverse and clinical events starts at
randomization and continues until 1 month. All major
adverse cardiovascular and cerebrovascular events
(MACCE) and other serious adverse events will be re-
corded in the electronic Case Record Form and reported
to the coordinating center within 3 days of first identifi-
cation. On receipt of notification of any adverse or clin-
ical event, the coordinating center will request
additional details, specific to the nature of the event.
These episodes will be carefully monitored by the
trial coordinator and will be part of the information
provided at regular intervals to the Clinical Events
and Data Monitoring and Ethics Committees. The
Clinical Events Committee will be blinded to treat-
ment and will consider each MACCE or adverse
event reported and ratify occurrence of an endpoint
according to the study definitions.
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This 1-month visit is part of the routine practice after
TAVI. A consultation appointment will be given to pa-
tients when they will be discharged from the hospital,
and a dedicated research assistant will call the patients
who did not attend on the day after their missed visit. In
case of inability for the patient to come, the research as-
sistant and/or investigator will contact the patient GP or
cardiologist to obtain some clinical information on the
patient. All concomitant care or interventions are per-
mitted during the study follow-up.

Study endpoints

The primary endpoint, assessing efficacy and safety of
the procedure, consists of immediate procedural success
defined as the absence of immediate procedural mortal-
ity and correct positioning of a single prosthetic heart
valve into the proper anatomical location and intended
performance of the prosthetic heart valve (no prosthesis-
patient mismatch and mean aortic valve gradient
<20 mmHg or peak velocity <3 m/s), and no moderate
or severe prosthetic valve regurgitation [17].

According to Valve Academic Research Consortium
(VARC-2) criteria immediate procedural mortality is de-
fined to capture intraprocedural events that result in im-
mediate or consequent death <72 h post procedure [17].

Secondary endpoints include cardiovascular and all-
cause mortality, procedure outcomes (length of procedure,

Post Close-out
TIMEPOINT™ | J-30t0 J-1 Jo g3 | Hespial | g month follow-up
ENROLMENT:
Eligibility screen X%
Informed consent X
Allocation X
INTERVENTIONS:
TAVI X
ASSESSMENTS:
baseline variables
Echocardiography X X X X
£66 X X X X X
X X X X
o
Clinical data (main X
outcome)
Clinical data X
(secondary outcome)
Fig. 2 The transcatheter aortic valve implantation without prior balloon dilatation (DIRECTAVI) trial
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incidence of post dilatation, radiation exposure, contrast
volume injection), and adverse events (VARC-2 criteria) at
30-day follow-up. Adverse events considered included
life-threatening/major/minor bleeding, vascular access
complications, acute kidney failure (RANKIN classifica-
tion stage 2 or 3), pacemaker implantation, neurological
events or new hospitalization for cardiac causes. We will
also evaluate duration of hospital stay, echocardiography
data (transvalvular gradients, aortic regurgitation quantifi-
cation, left ventricular systolic and diastolic parameters).
All the definitions used are in accordance with the VARC-
2 guidelines [17].

Potential biases and prevention

Our study is prone to a number of biases. Since the inves-
tigator cannot be blinded during the study, the measure-
ments of the primary outcome components will be made
by an independent and blinded cardiologist as follows:

e Absence of immediate procedural mortality: death of
the patient during or within 24 h of the procedure

e Correct positioning of a single prosthetic heart valve
into the proper anatomical location in the aortic ring

e No prosthesis-patient mismatch (conformity be-
tween the size of the prosthesis and the size of the
annulus ring) and mean aortic valve gradient
<20 mmHg or peak velocity <3 m/s), and no moder-
ate or severe prosthetic valve regurgitation. This
evaluation using echography and Doppler at 24 and
72 h post procedure will be made by the blinded
cardiologist. A potential selection bias will be mini-
mized by the enrollment of all consecutive patients
who meet the eligibility criteria

Ancillary study

An ancillary substudy will enroll 50 patients (25 in each
arm) and will be dedicated to evaluate ischemic cerebral
events with diffusion-weighted magnetic resonance im-
aging (DW-MRI) of the brain performed before and after
(within 3 days) the TAVI procedure (between days 2 and
5). All consecutive included patients will be proposed to
participate in this ancillary study, and all those agreeing
to participate will be enrolled until completion of the
sample size. MRI will be interpreted by two experienced
radiologists blinded to the timing of the imaging and the
neurological status of the patient.

Ethics

The Regional Ethics Committee has approved the trial
(Comité de Protection des Personnes Sud Méditerranée,
Montpellier, France) and all patients will provide oral
and written informed consent. The trial is conducted ac-
cording to the World Medical Association Declaration
of Helsinki and will conform to the ICMJE
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Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals.
The trial has a Steering Committee, an independent
Event Adjudication Committee, and an external Inde-
pendent Data Monitoring and Safety Committee
(DMSC) (registered number: 2015-A01824-45). The
DMSC is composed of an interventional cardiologist, a
cardiac surgeon, a neurologist, and a statistician. The
trial is registered at ClinicalTrials.gov (NCT02729519).

Statistical consideration

Sample size determination

No randomized trials have evaluated the efficiency and
safety of direct implantation of THVs without prior BAV.
The only randomized study is ongoing and concerns the
self-expandable MEDTRONIC CoreValve THV [18]. Ac-
cording to SOURCE, FRANCE 2 AND PARTNER 2 stud-
ies [2, 3, 6], we assume a procedural success rate of 95% in
the control group. Using a noninferiority threshold of 7%,
a power of 80% and 5% significance level, 240 patients
must be included to conclude that TAVI without predila-
tation is noninferior to conventional TAVL

Statistical analysis

A detailed plan of analysis will be elaborated and final-
ized before the database is frozen (i.e., after completion
of the data management). After verification that patients’
characteristics are clinically similar between study arms,
the noninferiority of the HFNC device will be assessed
by the one-sided Farrington-Manning confidence limit
for the risk method using the noninferiority margin of
7%. The noninferiority will be declared if the success
rate of the intervention arm (no prior dilatation) will be
at most 7% higher than the success rate of the control
(prior dilatation) arm. The main analysis will be based
on an intention-to-treat analysis whereby all patients
randomized in their original arm will be included in the
analysis. Given that the primary outcome will be mea-
sured during the patient hospitalization, we do not ex-
pect any loss to follow-up nor any missing data for the
primary outcome. However, any such missing data will
be dealt with according to standard approaches, depend-
ing on the nature of the missing data [19].

This approach is, therefore, equivalent to the per-
protocol analysis recommended for noninferiority trials.
Fisher, chi-square and Wilcoxon-Mann-Whitney tests
will be used as appropriate to compare secondary out-
comes between groups with a superiority approach.

Protocol violations will be reviewed case by case by
the investigators to decide whether the patients can re-
main in the study and in the analyses. For the secondary
outcomes, the data of patients who will withdraw or
drop out from the study will be retained in the analyses
until the time that they leave the study. Statistical
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significance will be set at 0.05. Statistical analyses will be
carried out with SAS (SAS Institute, Cary, NC, USA).
The final report will follow the Consolidated Standards
of Reporting Trials (CONSORT) 2010 guidelines and
the consort extensions for nonpharmaceutical drugs and
for equivalence studies.

Study management

The DIRECTAVI study is planned to be a randomized
open-label trial, conducted and sponsored by the Uni-
versity Hospital of Montpellier (France). Funding has
been obtained from Edwards Lifesciences. An Executive
Committee composed of experienced clinical investiga-
tors will provide trial leadership. A Clinical Events Com-
mittee, blinded to the assignment strategy, will
adjudicate all clinical events and a DMSC in operation.
The committee will comprise physicians who are pro-
vided with all the data from medical records necessary
to perform optimal adjudication. The study conforms to
the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 guidelines (see Add-
itional file 1).

Discussion

Before deployment of the THV, current medical practice
requires right ventricular rapid-burst pacing (rates >180/
min) with induction of a functional cardiac arrest for up
to 30 s for BAV. This step is thought to be necessary to
predilate the native aortic valve and to facilitate an ac-
curate positioning of the valve. BAV is an established
palliative procedure for patients with aortic stenosis that
has been shown to have numerous detrimental effects
[7, 8, 20]: (1) the functional cardiac arrest induced by
rapid pacing needed to stabilize the balloon during infla-
tion leads to transient coronary, cerebral, and renal is-
chemia. In patients with impaired left ventricular
ejection fraction, prolonged cardiac depression after
rapid pacing may result in hemodynamic failure, (2)
causing intraleaflet fractures within calcified nodular de-
posits of the valve, BAV has been identified as a poten-
tial source of embolization of thrombotic and valvular
material, (3) due to the displacement of a bulky calcified
native valve over a coronary ostium, BAV may increase
the risk for coronary obstruction with subsequent myo-
cardial infarction, (4) the local trauma in the left ven-
tricular outflow tract caused by BAV may contribute to
conduction disturbances and to permanent pacemaker
implantation after TAVI, (5) BAV may induce massive
acute aortic regurgitation inducing hemodynamic in-
stability that may require urgent THV placement, (6)
with mechanical compression of a “vulnerable area” by
calcification, high-pressure BAV may induce annulus
rupture, one of the most dramatic and life-threatening
complication after TAVI.
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A better prosthesis expansion with balloon predilata-
tion, particularly for patients allocated to the self-
expandable THV, may in theory reduce the risk of under
expansion of the valve and the need for post dilatation.
However, the radial force provided by the TAVI device
itself is obviously sufficient to guarantee a good expan-
sion in most cases [10, 21]. Lastly, using with contrast
injection, BAV may be a help to annular sizing and to
evaluate the risk of coronary occlusion in case of lower
sinus height. However, with the use MSCT for detailed
assessment of the native aortic valve, optimal selection
of patients is usually obtained. Conversely, there are po-
tential advantages of avoiding balloon predilatation dur-
ing TAVI. Firstly, the procedure can be simpler and
shorter which can carry advantages particularly in older
and frail patients. The radiation dose and the contrast
volume are significantly reduced [10, 13, 14]. Reduction
in complications associated with BAV (embolization, an-
nulus rupture, conductive disturbances, acute aortic re-
gurgitation) may also be considered [10, 13].

Although recent reports have shown that direct im-
plantation of the valve without balloon predilatation is
feasible and yields high success rates, such studies were
nonrandomized, registry-type and with relatively small
sample sizes [10, 13, 14]. A pilot study was for the first
time reported in 2011 by Griibe et al, evaluating the
feasibility and safety of TAVI without balloon predilata-
tion in 60 consecutive patients using the self-expanding
Medtronic CoreValve prosthesis. The patients were pro-
spectively enrolled in 13 international centers. Technical
success rate was 96.7% and post dilatation was required
in 16.7% of the patients. In-hospital major events were
similar as with the current standard reported approach
of TAVI with predilatation. There was no valve
embolization. New permanent pacing was needed in
11.7% (7 of 60) of patients [10]. In a monocentric study,
Fiorina et al. evaluated 55 consecutive TAVIs performed
without predilatation using the self-expandable Core-
Valve THV. Compared to 45 TAVIs with predilatation
performed the previous year, direct TAVI appears feas-
ible and safe regardless of the presence of a bulky calci-
fied aortic valve or the valve size implanted. Device
success was higher in direct TAVI, mostly driven by a
lower incidence of paravalvular leak [13]. In a retrospect-
ive study, Mollmann et al. evaluated 26 consecutive pa-
tients undergoing transfemoral TAVI with the Edwards
SAPIEN XT prosthesis without predilatation and com-
pared with 30 patients treated previously with predilata-
tion. The procedure was successfully performed in all 26
patients, irrespective of the valve area and the extent of
calcification. Post dilatation was required in three pa-
tients due to aortic regurgitation >grade 2, and can re-
duced regurgitation < grade 2 in all cases. Radiation
dose and amount of contrast dye were significantly
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reduced in comparison with the predilatation group. No
periprocedural neurological adverse events occurred.
Mortality at 30 days was 0% [14]. The procedure appears
safe and feasible even with self-expanding THVs which
are able to “dilate” the stenotic aortic valve through the
radial forces of the self-expanding nitinol frame. Post
dilatation is, however, frequently required with this de-
vice [13, 21]. Chan et al. reported two cases in which
balloon predilatation was not performed initially during
TAVI but eventually required to facilitate device crossing
and implantation. They illustrated the importance of
case selection and drew attention to the potential limita-
tion in performing TAVI without balloon predilatation
which is not always feasible [22]. More recently, a meta-
analysis of 18 studies incorporating 2443 patients
showed that no balloon predilatation prior to TAVI was
safe and feasible and associated with fewer complications
and short-term mortality in selected patients, especially
using the self-expandable valve [23].

Direct comparative studies of patients receiving TAVI,
with or without prior BAV, with new-generation devices
are lacking. In a recent nonrandomized study, Bijuklic et
al. reported a significantly higher volume of cerebral is-
chemic lesions on cerebral magnetic resonance imaging
(MRI) after implantation of a balloon-expandable aortic
valve without prior BAV. The authors speculated that
predilatation leads to plaque fragmentation which can
reduce the risk of embolization and the size of pieces
that embolize during stent implantation. In that study,
however, most patients undergoing TAVI with the Ed-
wards SAPIEN 3 THV had no BAV and they were
compared with a historical control group of patients
who received either an Edwards SAPIEN XT or an
Edwards SAPIEN 3 [18]. No difference in MACCE
was also reported by Pagnesi et al. in a cohort of 517
patients undergoing transfemoral TAVI with various
generation devices with or without pre-BAV but the
rate of post dilatation was increased in the group
without prior valvuloplasty [24]. We recently pre-
sented in a pilot study the rate of embolic stroke
evaluated with MRI in 46 consecutive patients under-
going TAVI with the balloon-expandable EDWARDS
SAPIEN 3 THV with or without balloon predilatation.
Our results did not show significant differences in
cerebral ischemic lesions between the two groups and
the new lesions were mainly lacunar [25].

The ongoing SIMPLIFy study randomizes 110 patients
with LVEF <35% to TAVI without BAV (experimental
group) or TAVI with BAV (control group) with the safe
expandable Medtronic Corevalve THV [26]. The pri-
mary composite efficacy endpoint will include all-
cause mortality, stroke, nonfatal myocardial infarction,
acute kidney injury, or pacemaker implantation at 30-
day follow-up.

Page 7 of 9

Although this study will be implemented in a single
hospital, which may limit the generalization of the find-
ings, the design of the DIRECTAVI trial is unique in that
no randomized comparisons have been made between
TAVI performed with or without predilatation of the
aortic valve using the third-generation SAPIEN 3 THV.
While direct implantation of the THV is probably asso-
ciated with reduction of procedure duration and radi-
ation exposure, we do not know if this technique will be
associated with net clinical benefits. Of particular con-
cern is the possible increase of risk of stroke associated
with direct implantation of the THV [18, 24]. Feasibility
of the technique (noninferiority study) has also to be
demonstrated. Simplifying the procedure and reducing
complications of TAVI is challenging considering the fu-
ture extension of the procedure to intermediate and
low-risk patients [27]. Finally, the findings of DIREC-
TAVI will help to define the optimum strategy of the
TAVI procedure and will facilitate evidence-based guide-
lines on the controversial issue of whether to predilate
or not predilate the valve before implanting the THV.

Trial status
This study has been recruiting patients since May 2016.
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Since its introduction in 2002, TAVI has evolved dramatically and is now standard of
care for intermediate risk patients when the femoral approach can be implemented
safely. The development of innovative transcatheter heart valves (THVs) and refinement
of technical skills have contributed to the decrease in complication rates associated
with TAVI4. Increased experience, smaller sheaths, rigorous pre-procedural planning
and improved vascular closing techniques have resulted in markedly lower rates of
vascular complications. The next step is the simplification of the procedure, which
should contribute to a further decrease in complications, and also reduce procedural
time, hospital stay as well as staff workload and costs. Moving to conscious sedation,
no predilatation, no temporary pace maker and use of the radial approach as the
contralateral approach are all instrumental in achieving this ultimate refinement.

Keywords: TAVI, simplification, mini i p

y pace maker, hospital stay duration

INTRODUCTION

Since the first successful procedure was carried out in 2002 (1), transcatheter aortic valve
implantation (TAVI) has gradually been established as an alternative to conventional surgery in
patients with severe aortic stenosis contra-indicated to surgery or at high surgical risk (2). In 2017,
during the last ESC meeting, TAVI indications were extended to intermediate risk patients when
the transfemoral approach (TFA) is feasible (3).

Improvements in technique, devices, operator’s experience, and patient selection have
contributed to a dramatic decrease in procedural complications, thus allowing further technical
simplification at every step of the procedure (4-9). In this paper, our aim is to describe how to
simplify the technique at each stage of the procedure in order to turn it into a “PCI-like” procedure
and to discuss how this may improve TAVI outcomes.

PRE-PROCEDURAL EVALUATION AND PROCEDURAL SETTING

Patient clinical and anatomical criteria may influence per- and post- procedural outcomes.
Therefore, a truly minimalist approach should be considered only when femoral access is possible.
Recently, Barbalios et al. compared minimalist TAVI performed in the catheterization laboratory to
standard TAVI performed in the hybrid room demonstrating shorter procedure and intensive care
unit time, as well as reduced hospitalization duration and costs in the minimalist approach group
without differences in terms of short- and long-term survival (10).
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Multislice CT (MSCT) is instrumental in procedural
simplification. Image quality and optimal analysis are therefore
crucial for anticipating the potential difficulty of the procedure
as well as for optimal valve selection and working view. The role
of MSCT has also been central in allowing a shift from general
anesthesia to conscious sedation by obviating the need for
transesophageal echocardiography (TOE) during the procedure.
MSCT became the gold standard for evaluation of the aortic root
in our center in 2009.

The use of the TRA for preprocedural evaluation of the
coronary arteries is also part of the simplification process. It helps
not only to reduce the risk of vascular complications related to the
screening phase, but also to assess femoral access by performing
a selective bilateral iliac injection using a long multipurpose
catheter. Recently, screening of coronary artery disease and ad
hoc percutaneous coronary intervention (PCI) during TAVI has
been described by Barbanti et al. showing to be feasible without
increased periprocedural complications (11).

A minimalist approach can be performed in routine
practice with two operators, two nurses and an anesthesiologist
(Figure 1). A cardiac surgeon and an echocardiographist are not
mandatory in the room but should be available.

FROM GENERAL ANESTHESIA TO
CONSCIOUS SEDATION

Although the first in-man TAVI cases in Rouen were initially
performed on conscious sedation (1), the procedure was
commonly carried out under general anesthesia between 2002
and 2008 in Europe. It remains standard practice in the majority
of cases in North America (12). However, it was Alain Cribier’s
idea that TAVI should be a “PCI- like” procedure. Potential
advantages of general anesthesia are patient’s procedural comfort,
possibility of using TOE and rapid conversion to surgery when
complications occur (13-15). Conversely, many issues are related
to general anesthesia such as hemodynamic instability, higher
need for inotropic drugs, higher risk of bleeding, increased
risk of pulmonary infection, extubation difficulty or delay in
patients with chronic pulmonary disease, late complication
identification such as stroke or aortic complications and finally,
longer procedural duration, hospital stay, higher staff workload,
and global costs (16-18). In the France 2 and the France
TAVI registries, the adoption of local anesthesia with conscious
sedation has progressively increased from 30% in 2010 to 70%
in 2017 (15, 19). In a recent meta-analysis, outcomes of both
approaches were similar with respect to in-hospital mortality,
conversion to open-heart surgery, major vascular complications,
acute kidney failure and stroke (17). Cross-over to general
anesthesia was observed in only 6%. Conversely, catecholamine
requirement and transfusion were less frequent in patients on
conscious sedation, and duration of intensive care unit and

Abbreviations: BAV, balloon aortic valvuloplasty; CCU, conventional cardiology
unit; ICU, intensive care unit; LV, left ventricle; MP, multipurpose; MSCT,
multislice CT; PCI, percutaneous coronary intervention; TAVI, transcatheter
aortic valve impl. ion; TFA, tr | approach; TOE, transesophagal
echocardiography; TRA, transradial approach.
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global hospital stay was also shorter (17, 20, 21). No difference
concerning neurocognitive outcomes was highlighted between
both approaches (21).

Data from registries demonstrated the feasibility, safety, and
cost-effectiveness of local anesthesia with conscious sedation
in comparison to general anesthesia, with potential advantages
in terms of bleeding and hospitalization length. It has been
adopted as the default approach in our center since April
2009.

FROM SURGICAL CUT DOWN TO
PERCUTANEOUS ACCESS

Initially, TAVI procedures were performed exclusively via
surgical cut down (1). Over the past decade, sheath diameter has
been gradually reduced to 14-16 French with the last generation
percutaneous heart valves (Figure 2). TFA is currently the default
access route, with superior outcomes than transapical route and
other transvascular approaches as carotid, aortic, axillary, and
caval-aortic. Alternative transvascular routes may be considered
anly in case of unsuitable femoral access (22).

Percutaneous closure has been progressively adopted in
routine practice in most centers for TF TAVI procedures (23).
Indeed, even though the surgical approach has been reported
to be associated with a low rate of vascular complications
and to provide a more direct control of haemostasis (24),
percutaneous closure is a less invasive technique and may
result in shorter hospital stay (25). With the refinement of
the TAVI procedure, better patient preprocedural screening,
increased operator experience, and device improvement, the
percutaneous approach has become more simple, less time
consuming, thus allowing a reduction in staff workload. The
Prostar technique was introduced in our center in 2009 and
we moved progressively to Proglide (Abbott Vascular Devices,
Redwood City, CA, United States) preclosing in 2015-2016 (26)
because this technique was simpler and less costly. In 2016, a
lower risk of vascular complications was reported with the use
of 2 Proglide devices in comparison with Prostar (27). New
collagen-based closure devices were recently described in TAVI
procedure as the MANTA closure device with similar results than
suture based closure devices (28).

In addition to the selection of the most appropriate
percutaneous device, the percutancous technique should be
rigorous in order to limit access site complications. Indeed, the
common femoral artery puncture site should be carefully selected
on the CT-scan or angiography before the procedure. During the
procedure, puncture should be performed under angiographic
or ultra-sound guidance at the center of the anterior arterial
wall (29). Percutaneous closure devices should be subsequently
deployed as previously described (30).

Thus, percutaneous transfemoral access is as safe as the
surgical approach and feasible in the majority of cases with
a very high rate of success after the learning phase. Most
vascular complications can be managed percutaneously. It is an
essential component of TAVI’s simplification process allowing
early discharge.
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FIGURE 1 | Equipment and procedural set-up for a “minimalist” TAVI procedure.
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FROM CONTRALATERAL FEMORAL
ACCESS TO RADIAL ACCESS

Although vascular complications dramatically decreased in
parallel with enhanced operator experience, availability of low
profile sheaths and better patient selection, 25-30% of these
complications occurred at the contralateral femoral access site,
(9). Therefore, using the TRA as a secondary access appears to
be very promising (29-31). We have been using this approach
since 2016 and have observed a 50% reduction in vascular
complications. The radial artery (right or left) is punctured and a
40 cm 6 Fr hydrophilic sheath with a side port for blood pressure
measurement is subsequently inserted through the radial artery.
A 125 4 or 5 Fr multipurpose (MP) catheter is advanced over
a standard 0.35 guide wire to the common iliac artery in order
to obtain a reference image and guide the puncture. After the
puncture, the MP catheter is retrieved and a pig-tail is advanced

Frontiers in Cardiovascular Medicine | www.frontiersin.org

in the ascending aorta via the 0.35 guide wire to perform
aortography before and after TAVI. At the end of the procedure,
prior to access closure, the MP catheter is re-advanced to the
common femoral artery in order to check the final result of the
closure (29). In cases of vascular complication, a long 120 cm 5 Fr
catheter (Optimed, Germany) can be positioned in the common
femoral artery to perform femoral artery balloon inflation or
stent implantation. In rare cases where a covered stent is needed,
a larger balloon can be used through the Optimed catheter in
order to close temporarily the iliac or femoral artery, while a
cross-over femoral approach is implemented (29). Indeed, in
our practice, even if the radial secondary access is our default
approach, the controlateral femoral access should be available
immediately in case of failure or emergent need of cross-over.
Therefore, by reducing contralateral vascular complications
and simplifying the procedure, TRA will probably follow
the predominant tendency observed in other interventional
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cardiology settings and become the gold standard contralateral
approach for TAVIL.

FROM VENOUS STIMULATION TO LV
GUIDE WIRE PACING

During balloon valvuloplasty (BAV) or balloon expandable TAVI
procedures, rapid ventricular pacing is mandatory. Traditionally,
rapid pacing is performed through a venous access with
temporary pacemaker implantation (1). However, this technique
may be challenging in anatomic variations and may lead
to increased X-ray exposure and complications (32) such as
hematoma, arterio-venous fistula, thrombosis or right ventricle
perforation. Recently, rapid ventricular pacing through the
left ventricle guide wire has been described as a way of
simplifying the procedure by eliminating the need for additional
vascular access during TAVI (33). This approach was adopted
in 2016 in our center. Briefly, a 22G needle is inserted
subcutaneously near the femoral sheath. Alligator clips are
then connected to the left ventricle guide wire (negative clip)
and to the needle (positive clip) following insertion of the
delivery system close to the aortic valve. The rapid pacing
is then tested using maximal output and minimal sensitivity
(Figure 3). Valve implantation is then carried out under rapid
pacing. In the presence of high-degree conduction disturbance,
stimulation can be performed with this technique while a
temporary pacemaker is inserted through a venous access, more
frequently through brachial vein access to limit femoral vascular
complications.

This new technique has been shown to be feasible and safe,
allowing stable stimulation with a low rate of complications and
a potential reduction in procedural time. A randomized trial
comparing left ventricle guide wire rapid pacing to conventional
pacing (Easy TAVI) is ongoing in France (NCT02781896).

VALVE IMPLANTATION WITHOUT
PREDILATION

In the early days of TAVI, BAV was considered a mandatory
step. However BAV have been shown to be associated
with a higher risk of cerebral embolization, and severe
acute aortic regurgitation may occur after predilatation in
up to 3% of cases. TAVI without BAV was evaluated for
the first time in 2011 by Griibe et al. (34) and was
shown to be feasible in non-randomized studies (35, 36).

TABLE 1 | Current outcomes of early discharge after TAVI.

TAVI: Simplification Is the Ultimate Sophistication

Currently, improvements in new generation devices including
paravalvular skirts, the ability of repositioning of the valve,
lower profile of delivery system, and of the prosthesis provide
more favorable outcomes (22). Therefore, BAV seems no
longer essential during TAVI procedures, and consequently,
TAVI without predilation is routinely implemented in many
centers.

We moved progressively to this approach between 2012
and 2015 in our center. Today, more than 90% of cases
are performed without predilatation. Only very complex
anatomies or highly calcified valves are predilated before
valve deployment (5-10%). Post dilatation is performed
mainly after self-expandable valve deployment in the presence
of significant paravalvular leak or transvalvular gradient
(10-15%).

Thus, avoiding balloon predilatation may reduce
complication rates, decrease the need for permanent pace-
maker and reduce procedural time. A large randomized
trial (37) with the Sapien 3 valve is on-going in France
(NCT02729519).

FIGURE 3 | From left to right and up to down: Alligator clips with negative clip
(black) and positive clip (red). After insertion of Sheath, a 22G needle is
inserted subcutaneously through the skin, close to the femoral sheath and the
positive clip is connected to the needle while the negative clip is connected to
the guidewire. Setting of the temporary pacemaker with maximal output and
minimal sensitivity. Pacing efficacy at 180 beats per minute with the LV wire

and drop in blood pressure.

Study Patients Early discharge, n (%)  Timing of early discharge ~ 30-days mortality, n (%) Rehospitalization within 30-days, n (%)
Durand et al. (40) 337 121(36) Within 3 days 0(0) 4(3.3)

Noad et al. (41) 120 26 (21.7) Same/next day 0(0) 1(3.84)

Serletis-Bizios et 130 76 (59) Within 3 days 1(1.3 3(3.94)

al. (42)

Lauck et al. (43) 393 150(38.2) Within 2 days 1(0.7) 12(8)
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POST-PROCEDURE MANAGEMENT:

From Intensive Care Unit (ICU) to
Conventional Cardiology Unit (CCU)

After TAVI, systematic close monitoring with special attention
to hemodynamic and cardiac rhythm is mandatory to allow
early detection of periprocedural complications. In many
centers, monitoring is performed for at least 12 to 24h
in the ICU before transferring the patient to a CCU after
clinical and paraclinical status re-assessment. Recently, TAVI
without subsequent ICU admission has been evaluated and
has been shown to be feasible and safe in selected patients
after rigorous preprocedural and postprocedural evaluation
(38). Indeed, this new strategy adopted in our center in
2017 may obviate ICU admission in up to one third of
cases and should be considered a part of the “minimalist”
approach.

Short Hospitalization

Early discharge was evaluated in the literature demonstrating
safety in patients with hospitalization duration shorter than 48 h
(39). Indeed, the median length of hospitalization was 1 day
in the early discharge group with no differences between early
discharge and discharge after 48 h in terms of 1-month mortality,
stroke and readmission. A “minimalistic” TAVI procedure with
local anesthesia, no predilatation, urinary catheter avoidance
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and early removal of temporary pacemaker was predictive
of early discharge in this study. Current outcomes of early
discharge after TAVI are summarized in Table 1. Shortening
hospital stay is also an essential component of the TAVI
simplification process with a potential reduction in procedural
costs and need for rehabilitation but may be studied in large
studies to ensure safety without increased risk of outcomes or
readmission.

CONCLUSION

TAVI simplification has already been adopted in routine practice
in experienced centers, resulting in a low rate of complications,
shorter procedural time, improved patient comfort, as well as
decreased costs and staff workload. However, rigorous patient
selection, and risk stratification are key factors in ensuring
successful “PCI-like” procedures. On-going randomized trials
may confirm preliminary results, thus leading to a “simple” but
not “simpler” procedure in the near future with lower profile
devices.
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Résumé

La prise en charge du rétrécissement aortique a connu une véritable révolution avec
I'avénement du remplacement valvulaire aortique percutané (TAVI). Cette technique,
s’adressant initialement a des patients a haut risque chirurgical, a été étendue a des patients
a moindre risque du fait de I'amélioration des résultats et s’est accompagnée, au fil des
années, d’une simplification de la procédure. Cependant, la sélection rigoureuse des patients
en amont de la procédure reste la clé du succes de cette technique. Les facteurs cliniques et
échographiques sont insuffisants pour permettre une évaluation précise du profil de risque.
Certains biomarqueurs et les calcifications de la valve aortique, permettraient d’améliorer la
stratification du risque. L'objectif de ce travail était d’évaluer la valeur pronostique de la
troponine et du score calcique valvulaire dans le TAVI a I'ére de I’évolution des pratiques

Le premier chapitre de cette thése a permis de confirmer la valeur pronostique de la troponine

en pré et post-procédure TAVI et celle du score calcique avec les valves de la précédente

génération. Le deuxieme chapitre de ce travail a permis de mettre en évidence I'impact de la

prédilatation sur I’élévation de troponine post-procédure avec un role pronostique potentiel.

Abstract: Biological and morphological prognostic markers in the era of TAVI simplification
Management of aortic stenosis was revolutionized by the advent of transcatheter aortic valve
replacement (TAVI). This technique, initially targeting patients at high surgical risk, was
extended to lower risk patients regarding to improved outcomes and was accompanied, over
the years, by a simplification at each step of the procedure. However, the careful selection of
patients upstream of the procedure remains the key to success. Clinical and echographic
factors are not sufficient to allow an accurate assessment of their risk profile. Thus,
biomarkers and aortic valve calcifications evaluation may improve risk profile stratification.
The objective of this thesis was to evaluate the prognostic value of troponin and aortic valve
calcium score in patients undergoing TAVI in the era of TAVI simplification

The first chapter of this thesis confirmed the prognostic value of pre- and post-procedure

troponin (myocardial injury) in patients undergoing TAVI and of calcium score with previous
generation prosthesis.

The second chapter highlighted the impact of predilatation on this post-procedure troponin

elevation with a potential prognostic impact.
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