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A Nicolas CHANE SONE:  pour ta motivation à toute épreuve, ta gentillesse, ton énergie débordante 

Ğƚ�ƚĂ�ƉĂƐƐŝŽŶ�ĐŽŵŵƵŶŝĐĂƚŝǀĞ�ƉŽƵƌ�ů͛�dK͘� 

A Arthur CHARBONNIER͗� ƉŽƵƌ� ŵ͛ĂǀŽŝƌ� ĨĂŝƚ� ƉƌĞŶĚƌĞ� ϮŬŐ� ƉĞŶĚĂŶƚ� ŵŽŶ� ƐƚĂŐĞ� Ě͛ĠĐŚŽ� ă� ĐŽƵƉ� ĚĞ�
masĐŽƚƚĞƐ�ĂƵ�ĐŚŽĐŽůĂƚ�Ğƚ�ďƵƌŐĞƌƐ͘�KŶ�ƌĠŝŶƐƚĂƵƌĞ�ůĂ�ƚƌĂĚŝƚŝŽŶ�ů͛ĠƚĠ�ƉƌŽĐŚĂŝŶ͘ 

A Nicolas CLEMENTY : pour ton humour décapant et ta stigmatisation permanente. Merci pour tous 

ůĞƐ�ƐƚĂĨĨƐ���'�ĚƵ�ũĞƵĚŝ�ŵĂƚŝŶ͕�ƐǇŵďŽůĞ�ĚĞ�ŵŽŶ�ŝŶƚĞƌŶĂƚ�Ğƚ�ĚĞ�ŐĠŶĠƌĂƚŝŽŶƐ�ĞŶƚŝğƌĞƐ�Ě͛ŝŶƚĞƌŶĞƐ͘�dƵ�ĞƐ�
irremplaçable. PS ͗�ƚƌğƐ�ŚĞƵƌĞƵƐĞ�ĚĞ�ƚ͛ĂǀŽŝƌ�ůĂŵŝŶĠ�ĂƵ�ůĂƐĞƌ�ŐĂŵĞ͕�ĕĂ�ŵĞ�ƚĞŶĂŝƚ�ă�ĐƈƵƌ͘� 

Au Docteur Emmanuelle MERCIER : pour ton humanité, ta bienveillance, et ton accompagnement 

ĚĂŶƐ�ŵĂ�ĚĠĐŽƵǀĞƌƚĞ�ĚƵ�ŵŽŶĚĞ�ĚĞ�ůĂ�ƌĠĂŶŝŵĂƚŝŽŶ͘�:͛Ăŝ�ďĞĂƵĐŽƵƉ�ĂƉƉƌŝƐ�ă�ƚĞƐ�ĐƀƚĠƐ͕�ŵĞƌĐŝ�ŝŶĨŝŶŝŵĞŶƚ͘�� 

Au Docteur Denis GAROT : pour tes connaissances impressionnantes, ta pédagogie et cet humour 

corrosif͘�DĞƌĐŝ�ƉŽƵƌ�ƚŽƵƚ�ĐĞ�ƋƵĞ�ƚƵ�ŵ͛ĂƐ�ĂƉƉƌŝƐ͘� 

Au Professeur MANCINI : pour son aide précieuse en statistiques dans ce travail et sa réactivité malgré 

les nombreuses demandes et les courts délais.   
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Aux cardiologues rencontrés dans mon tour de France de la cardiologie : Marseille, Orléans, Chartres, 

Paris͙ 

Au docteur Mary PHILIP : je ne te remercierai jamais assez de ton aide pour ce travail. Ton parcours 

et ton investissement dans le service sont admirables. Je suis très impressionnée par les idées qui 

fusent dans ton esprit et qui laissent parfois planer un suspens insoutenable à la fin de tes phrases. 

Au Pr AVIEIRINOS : pour vos riches enseignements en échographie mais aussi en histoire ou encore 

ĞŶ�ůŝƚƚĠƌĂƚƵƌĞ͘�:Ğ�ŶĞ�ŵĂŶƋƵĞƌĂŝ�ƉĂƐ�Ě͛ĂůůĞƌ�ĠĐŽƵƚĞƌ�ůĞ�ĐĞƌĨ�ďƌĂŵĞƌ�ĚĂŶƐ�ǀŽƚƌĞ�ďĞůůĞ�ƌĠŐŝŽŶ ! 

A Hanane ͗�ƉŽƵƌ�ƚĂ�ĚŽƵĐĞƵƌ͕�ƚĂ�ĨŽƌĐĞ�ƚƌĂŶƋƵŝůůĞ�Ğƚ�ƚŽƵƚ�ĐĞ�ƋƵĞ�ƚƵ�ŵ͛ĂƐ�ĞŶƐĞŝŐŶĠ͘�dƵ�ĂƐ�ĠƚĠ�ƵŶ�ŵŽĚğůĞ�
ƉŽƵƌ�ŵŽŝ�ĚĞƉƵŝƐ�ůĞƐ�ƉƌĞŵŝĞƌƐ�ũŽƵƌƐ�ĚĞ�ŵŽŶ�ŝŶƚĞƌŶĂƚ͘�:͛Ăŝ�ůĂ�ĐŚĂŶĐĞ�ĂƵũŽƵƌĚ͛ŚƵŝ�ĚĞ�ƚĞ�ĐŽŵƉƚĞƌ�ƉĂƌŵŝ�
mes amies.  

A Angela MALMARE et Sonia MEHLAL : quelle chance pour moi de vous avoir eues comme guides 

ƉĞŶĚĂŶƚ�ƚŽƵƚĞ�ŵĂ�ƉƌĞŵŝğƌĞ�ĂŶŶĠĞ�Ě͛ŝŶƚĞƌŶĂƚ�ă�KƌůĠĂŶƐ�͊��DĞƌĐŝ�ƉŽƵƌ�ǀŽƚƌĞ�ŐĞŶƚŝůůĞƐƐĞ͕�ǀŽƚƌĞ�ƉĂƚŝĞŶĐĞ�
Ğƚ�ƚŽƵƚ�ĐĞ�ƋƵĞ�ǀŽƵƐ�ŵ͛ĂǀĞǌ�ĞŶƐĞŝŐŶĠ͘�DĞƌĐŝ��ŶŐĞůĂ�ĚĞ�ŵ͛ĂǀŽŝƌ�ĨĂŝƚ�ĚĠĐŽƵǀƌŝƌ�ůĂ�ƌĠŐŝŽŶ͕�ũĞ�ƚĞ�ƐŽƵŚĂŝƚe 

ƚŽƵƚ�ůĞ�ďŽŶŚĞƵƌ�ĚƵ�ŵŽŶĚĞ�ĂǀĞĐ�ƚŽŶ�ďĞĂƵ�ƉĞƚŝƚ�DĂƌŝƵƐ�ƋƵĞ�ũ͛Ăŝ�ŚąƚĞ�ĚĞ�ƌĞŶĐŽŶƚƌĞƌ͘ 

Au docteur Khaled RAMOUL : merci pour ta bienveillance et ta pédagogie, merci pour les pizzas en 

garde et pour les cours de rythmo nocturnes au bloc avec Roxane et Charlène.  

��ů͛ĠƋƵŝƉĞ�ŵĠĚŝĐĂůĞ�ĚĞ��ŚĂƌƚƌĞƐ : Dr GORKA, Dr THUAIRE, Dr DUTOIU, Dr MESRAR. A mes cointernes 

ĚĞ�ů͛ĠƉŽƋƵĞ ,ĞůĞŶĞ͕�/ŶǌŽƵĚĚŝŶĞ͕��ŝĂŶĞ͕��ĂĐŚŝƌ͕�,ĞůĂ͕�zĂƐŵŝŶĞ͙ 

 

�Ƶǆ�ĠƋƵŝƉĞƐ�ƉĂƌĂŵĠĚŝĐĂůĞƐ�ĚƵ��,h�Ğƚ�Ě͛ĂŝůůĞƵƌƐ :  

�� ů͛ĠƋƵŝƉĞ�ƉĂƌĂŵĠĚŝĐĂůĞ�Ě͛KƌůĠĂŶƐ͕�ƉŽƵƌ�ǀŽƚƌĞ� ŝŶĚƵůŐĞŶĐĞ�ĚĂŶƐ�ŵĞƐ�ƉƌĞŵŝĞƌƐ�ƉĂƐ�Ě͛ŝŶƚĞƌŶĞ͕�ŵĞƌĐŝ�
pour votre dynamisme, votre bonne humeur et pour toutes les soirées. On remet ça en novembre ! 

Mention spéciale à Pauline et Marine, merci de vous occuper des insectes au ski, on peut toujours 

compter sur vous ! ��ƚƌğƐ�ǀŝƚĞ�ƉŽƵƌ�ĚĞ�ŶŽƵǀĞůůĞƐ�ĂǀĞŶƚƵƌĞƐ�ƚŽƵũŽƵƌƐ�ƉůƵƐ�ƌŽĐĂŵďŽůĞƐƋƵĞƐ͙� 

A Marjorie, toujours un plaisir de te voir à Orléans ou lors de tes escapades tourangelles, hâte de 

ƌĞƚŽƵƌŶĞƌ�ĂƵ�ƌĞƐƚŽ�ůŝďĂŶĂŝƐ�ĚŽŶƚ�ũĞ�Ŷ͛ĂƌƌŝǀĞ�ƉĂƐ�ă�ƌĞƚƌŽƵǀĞƌ�ůĞ�ŶŽŵ͘͘͘ 

��ůĂ�ƚĞĂŵ�ĚƵ�ůĂďŽ�Ě͛ĠĐŚŽ�ĚĞ�ůĂ�dŝŵŽŶĞ : merci pour votre accueil chaleureux et votre sympathie. Merci 

de me donner les clefs pour comprendre vos expressions, peu cher ! 

��ů͛ĠƋƵŝƉĞ�ĚƵ�ϱème au CHU, merci de votre soutien et de votre bonne humeur malgré les dures et 

longues journées, ne changez pas. A notre équipe de super-secrétaires Marie Pierre, Roselyne et 

sĂůĠƌŝĞ� ƐƵƌ� ůĞƐƋƵĞůůĞƐ� ŽŶ� ƉĞƵƚ� ƚŽƵũŽƵƌƐ� ĐŽŵƉƚĞƌ� Ğƚ� ă� ů͛ŝŶĐƌŽǇĂďůĞ� ƚĞĂŵ� ĚĞ� ďƌĂŶĐĂƌĚŝĞƌƐ : Gérard, 

Kouros, Fred, Anissa et Paul.   

A Alexandra et Céleste, meilleures ARC de tous les temps, toujours un plaisir de passer dans votre 

bureau dont on ne ressort jamais déçu.  

A la team de réanimation médicale de Bretonneau en particulier à Guirec, Lucas, Adrien et Fred pour 

votre bonne humeur, votre indulgence et vos conseils avisés.   
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��ů͛ĠƋƵŝƉĞ�ĚƵ�ůĂďŽ�Ě͛ĠĐŚŽ�ĚƵ��,h : Marie Ange, Lucie, Séverine, Sonia, Dino qui nous manque, Julie et 

�ůŽĚŝĞ͕�Đ͛ĞƐƚ�ƵŶ�ǀƌĂŝ�ƉůĂŝƐŝƌ�ĚĞ�ƚƌĂǀĂŝůůĞƌ�ĂǀĞĐ�ǀŽƵƐ͕�ũ͛Ăŝ vraiment hâte de revenir. PS : ne sous estimez 

ƉůƵƐ�ũĂŵĂŝƐ�ŵĞƐ�ƉĞƌĨŽƌŵĂŶĐĞƐ�ĞŶ�ĠƉƌĞƵǀĞ�Ě͛ĞĨĨŽƌƚ�Ğƚ�ƉĂƌ�ƉŝƚŝĠ�ŵĞƚƚĞǌ�ƵŶ�ƌŝĚĞĂƵ�ĚĞ�ĚŽƵĐŚĞ͘� 

��ů͛ĠƋƵŝƉĞ�Ě͛h^�/�ĚĞ�ũŽƵƌ ͗�ũĞ�ƉŽƵƌƌĂŝƐ�ƚŽƵƐ�ǀŽƵƐ�ĐŝƚĞƌ�ƚĂŶƚ�ũ͛Ăŝ�ƉƌŝƐ�ƉůĂŝƐŝƌ�ă�ƚƌĂǀĂŝůůĞƌ�ĂǀĞĐ�ĐŚĂĐƵŶ�Ğƚ�
chacune : IDE, AS, ASH, cadre.  Dans ma grande bonté je vous pardonne les sévices de fin de semestre 

dernier sauf à Guillaume et Antoine, vous paierez un jour pour tout (ça tŽŵďĞ�ďŝĞŶ͕�ũ͛Ăŝ�Ϯ�ĂŶƐ�ĚĞ�ƉůƵƐ�
pour mettre mes menaces à exécution). 

Et de nuit, merci de rendre les gardes plus agréables ! Merci particulièrement à Laurence, Sandra, 

Margaux et Christelle, quel plaisir de travailler avec vous et quel plaisir surtout de faire des pauses 

tisane à des heures improbables et répétées de la nuit : moment privilégié de transmission...   

A mes cointernes et amis :  

A mon incroyable promo de cointernes tous devenus amis :  

A Charlène, ŵŽŶ�ĐŽƵƉ�ĚĞ�ĐƈƵƌ�ĚĞ�ů͛ŝŶƚĞƌŶĂƚ͕�ƉĞƚŝƚĞ�ĂůƐĂĐŝĞŶŶĞ�ĂƵ�ŐƌĂŶĚ�ĐƈƵƌ͘�DĞƌĐŝ�ƉŽƵƌ�ƚŽŶ�ƐŽƵƚŝĞŶ�
sans faille, ton humour, tes mimiques improbables et ta générosité. Merci pour tes expressions 

farfelues, ton utilisation parfois étrange de la langue française et ta danse des petits doigts. Merci pour 

ůĞƐ�ƐŽŝƌĠĞƐ�ŐĂƐƚƌŽŶŽŵŝƋƵĞƐ�ă�ůĂ�ĚĠĐŽƵǀĞƌƚĞ�ĚĞ�ĐŚĞĨƐ�Ě͛ƈƵǀƌĞ cinématographiques, pour tous les week-

ends passés et ceux à venir. Je suis admirative de ta détermination à toute épreuve et te soutiendrai 

toujours dans tes projets. Merci de nous faire voyager un petit peu chaque jour avec tes « petits-

pains », tes « vintes », ta Rivella® et tes « batônnets de Noël » un peu salés à mon goût. 

 A Marine ĂůŝĂƐ�D��͕�ŵĞƌĐŝ�ƉŽƵƌ�ƚŽƵƐ� ůĞƐ� ĨŽƵƐ�ƌŝƌĞƐ�ĚĞƉƵŝƐ� ůĞƐ�ƉƌĞŵŝĞƌƐ� ũŽƵƌƐ�Ě͛ŝŶƚĞƌŶĂƚ�ă�KƌůĠĂŶƐ͘�
Merci pour ta bonne humeur, ton rire communicatif et toutes ces réflexions improbables de lendemain 

de garde ͗�ĚĞ�ůĂ�ŵƵůĞ�ă�ůĂ�ĐĂƉƐƵůŝƚĞ�ĚĞƐ�ĐĂƉƐƵůĞƐ͙�YƵĞů�ƉůĂŝƐŝƌ�Ě͛ĂǀŽŝƌ�ĠƚĠ�ƚŽŶ�ďŝŶƀŵĞ�ĞŶ�h^�/͘� 

A Mathieu, pour ta simplicité, ton humilité et ta gentillesse. Pour tous les coups de rat aussi que je ne 

ĐŽŵƉƚĞ�ƉůƵƐ�Ğƚ�ƋƵŝ�ŵ͛ŽŶƚ�ƋƵĂŶĚ�ŵġŵĞ�ƚŽƵƐ�ĨĂŝƚ�ƌŝƌĞ͘�DĞƌĐŝ�ƉŽƵƌ�ůĞƐ�ƉĂƌƚŝĞƐ�ĚĞ�dĂĐŽ-chat-bouc-cheese-

ƉŝǌǌĂ�;ŵġŵĞ�ĞŶ�ů͛ĠĐƌŝǀĂŶƚ�ũ͛Ăŝ�ĚƵ�ŵĂů͘͘͘Ϳ͘�:͛Ăŝ�ĂĚŽƌĠ�ƚƌĂǀĂiller avec toi.  

A Ivann͕�ŝů�ĂƵƌĂ�ĨĂůůƵ�ĂƚƚĞŶĚƌĞ�ƚŽƵƚ�ů͛ŝŶƚĞƌŶĂƚ�ƉŽƵƌ�ĞŶĨŝŶ�ƉĂƌƚĂŐĞƌ�ƵŶ�ƐĞŵĞƐƚƌĞ͕�Ğƚ�ƋƵĞů�ƐĞŵĞƐƚƌĞ ! Merci 

ƉŽƵƌ� ƚĂ� ŐĠŶĠƌŽƐŝƚĠ͕� ƉŽƵƌ� ƚĂ� ďƌğǀĞ� ŵĂŝƐ� ƌĠĐƵƌƌĞŶƚĞ� ŵĂƵǀĂŝƐĞ� ŚƵŵĞƵƌ� ƋƵĂŶĚ� ŝů� Ɛ͛ĂŐŝƐƐĂŝƚ� ĚĞ� ŶŽƵƐ�
attendre une minute trente pour aller déjeuner.  Merci pour tous les fous rires, sauf pour la taille 2. 

:͛ĞƐƉğƌĞ�ĂǀŽŝƌ�ĚĞ�ŶŽƵǀĞĂƵ�ů͛ŽĐĐĂƐŝŽŶ�ĚĞ�ƚƌĂǀĂŝůůĞƌ�ĂǀĞĐ�ƚŽŝ ă�ů͛ĂǀĞŶŝƌ.  

A mes brillants amis internistes, pneumologues, réanimateurs, hématologues Maelenn, Pauline, 

Corentin, Benjamin et Elise : merci Ě͛ĂǀŽŝƌ� ƌĞŶĚƵ� ůĞ� ƐĞŵĞƐƚƌĞ� ĚĞ� ƌĠĂ� ŝŶŽƵďůŝĂďůĞ͕� ŵĞƌĐŝ� ƉŽƵƌ� ůĞƐ�
nooooombreux cafés en SDS (on attend toujours Benji qui est en train de réviser ses dossiers). Merci 

à Maelenn alias la critique culinaire : tu es tout sauf réfractaire, à Corentin le joueur de foot et binôme 

de qualité supérieure, à Elise pour ses gâteaux incroyables et tous les fous-ƌŝƌĞƐ�;ƉĂůŵĞ�Ě͛Žƌ�ĚĠĐĞƌŶĠĞ�
au tracé de défibrillateur ĂǀĞĐ�ƚĂƚĂͿ�Ğƚ�ă�WĂƵůŝŶĞ�ŶŽƚƌĞ�ŵĂŵĂŶ�ă�ƚŽƵƐ͘�DĞƌĐŝ�Ě͛ġƚƌĞ�ƚŽƵũŽƵƌƐ�ůă͘ 

A Elise Sancelme͕�ĂŶĞƐƚŚĠƐŝƐƚĞ�Ğƚ�ĨĞŵŵĞ�ĂƵǆ�ŵƵůƚŝƉůĞƐ�ĨĂĐĞƚƚĞƐ͘�:͛ĂĚŵŝƌĞ�ƚŽŶ�ƉĂƌĐŽƵƌƐ�Ğƚ�ůĂ�ƉĞƌƐŽŶŶĞ�
que tu es.  

A Ahmad, partenaire de galère en HC et ami depuis. Merci pour ton énergie débordante, ton amitié 

sincère et ton humour. Je suis bien contente de pouvoir compter sur mon amie Bérénice pour te staffer 

au besoin. 
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A Yassine : pour ta loyauté, ta générosité et ton soutien. Merci pour ton aide précieuse dans ce travail 

Ğƚ�ƉŽƵƌ�ŶĞ�ŵ͛ĂǀŽŝƌ�ũĂŵĂŝƐ�ũƵŐĠĞ�ŵĂůŐƌĠ�ŵĂ�ŐĞƐƚŝŽŶ�ĐŚĂŽƚŝƋƵĞ�ĚĞ�ͨ ů͛ŝŶƚĞƌŶĞƚ ». Tu es un médecin et 

une personne formidable.  

A Claire : pour ce grain de folie qui te rend à la fois unique et indispensable.  

A Sami ͗�ƉŽƵƌ�ƚĂ�ƐŝŵƉůŝĐŝƚĠ͕�ƚĂ�ŐĞŶƚŝůůĞƐƐĞ�Ğƚ�ƚŽŶ�ůĠŐĞŶĚĂŝƌĞ�ƚŝƌ�ă�ů͛ĂǀĞƵŐůĞ͘ 

A Lucile : pour ta force tranquille. 

 

Aux plus vieux, déjà thesés : 

A Amelie͕�ƉŽƵƌ�ƐŽŶ�ĞŶƐĞŝŐŶĞŵĞŶƚ�ĚĞ�ů͛ĞŵƉĂƚŚŝĞ�ƉĞŶĚĂŶƚ�ůĞ�ƚŽƵƌ�ĚĞ�ŵŝŶƵŝƚ�ĞŶ�ŐĂƌĚĞ͘�,ąƚĞ�ĚĞ�ǀĞŶŝƌ�ƚĞ�
voir à Annecy.   

A Roxane, pour ta force de caractère et de travail, ta gentillesse et ton humilité. Merci pour ton 

humour, ton entrain, tous tes précieux conseils et tes prestations musicales en salle de Holter. Tu es 

une femme complète et inspirante.  

A Marie, ƉŽƵƌ�ƚĂ�ďŝĞŶǀĞŝůůĂŶĐĞ͕�ƚŽŶ�ĞŵƉĂƚŚŝĞ�Ğƚ�ƚŽŶ�ŚƵŵŽƵƌ͘�:Ğ�ƚ͛ĂĚŵŝƌĞ�ďĞĂƵĐŽƵƉ�ƉŽƵƌ�ƚŽŶ�ƐĂŶŐ-froid 

malgré ton éternelle poisse. Tu es un modèle. PS ͗�ũ͛ĂĚŽƌĞ�ƚŽŶ�ǀĠůŽ�ƌĠƚƌŽ͘ 

A Thibaut, pour ta gentillesse, tous tes enseignements en garde et toutes les tisanes. Je suis ravie de 

partager mon premier semestre de DJ avec toi.  

A Mickael, pour les horribles gardes ĚĞ�ů͛ĂŶŶĠĞ�ĚĞƌŶŝğƌĞ͕�Ğƚ�ĞŶ�ƉĂƌƚŝĐƵůŝĞƌ�ƉŽƵƌ�ƚŽŶ�ĂŝĚĞ�ƉƌĠĐŝĞƵƐĞ�ĚĂŶƐ�
la gestion de mon hématome spontané. Merci pour ta bonne humeur communicative, RDV en 

novembre.  

A Othmane, pour tes précieux conseils et ta bienveillance lors de mon tout premier semestre. 

A Mathieu Nasarre, Jean-Baptiste et Antonin pour leur disponibilité et leurs conseils en garde ou en 

journée.  

Aux plus jeunes ͗�WŝĞƌƌĞ͕�>ŝƐĂ͕�>ŽƵŝƐĞ͕�<ĞůŝŽ͕��ůĞǆĂŶĚƌĞ͕��ŽŶƐƚĂŶĐĞ͕�ă�ů͛ŝŶƐƵƉƉŽƌƚĂďůĞ�ďŝŶƀŵĞ : Paul et 

Younes. 

A mes cointernes marseillaises Clémence et Gabrielle ; partenaires de galères du CDI.  

^ĂŶƐ�ŽƵďůŝĞƌ� ƚŽƵƐ� ůĞƐ� ĞǆƚĞƌŶĞƐ� ĂǀĞĐ�ƋƵŝ� ũ͛Ăŝ�ƉƵ� ƚƌĂǀĂŝůůĞƌ͕�ŵĞƌĐŝ� ĚĞ�ŶŽƵƐ� ĨĂŝƌĞ� ƌŝƌĞ͕� ĚĞ� ƌĞŶĚƌĞ�ŶŽƚƌĞ�
quotidien plus simple et merci pour votre curiosité au quotidien.  
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A mes amis les plus chers :  

A Ines et Safiya ͗�ƉůƵƐ�ĚĞƐ�ƐƈƵƌƐ�ƋƵĞ�ĚĞƐ�amies, merci pour votre soutien sans faille dans les bons 

comme les mauvais moments, merci pour votre générosité, votre patience, vos valeurs et votre 

ŚƵŵŽƵƌ͘� DĞƌĐŝ� Ě͛ġƚƌĞ� ǀĞŶƵĞƐ� ŵĞ� ǀŽŝƌ� ĚĂŶƐ� ƚŽƵƐ� ůĞƐ� ďůĞĚƐ� ŽƵ� ũ͛Ăŝ� ĂƚƚĞƌƌŝ͕� ĚĠƐŽůĠĞƐ� ĚĞ� ǀŽƵƐ� ĂǀŽŝƌ�
traumatisées parfois (т�ĚƌĂŵĞ�ĚƵ�ĐĞƌĨͿ͘�DĞƌĐŝ�ƉŽƵƌ�ůĞƐ�ŝŶƚĞŶƐĞƐ�ŵŽŵĞŶƚƐ�ĚĞ�ŐġŶĞ�ƐƵƌ�ƚĞƌƌĞ�ŽƵ�ĞŶ�ŵĞƌ͘�
Merci pour tous les week-ends, les voyages passés et ceux à venir. Partout, votre amitié est un repère.   

A Imen : pour ta fraicheur, ta simplicité et tes valeurs. Au plaisir de te recroiser en congrès sous une 

ŝĚĞŶƚŝƚĠ�ŽƵ�ƵŶĞ�ĂƵƚƌĞ͙ 

A Mariam, Wassila et Michel, mes amis du tiers-monde depuis plus de dix ans : depuis nos échanges 

ĚĞ�ůŝǀƌĞ�ĞŶĨĂŶƚƐ�ƉŽƵƌ�tĂƐƐŝůĂ͕�ĚĞƉƵŝƐ�ůĂ�ƐĞĐŽŶĚĞ�ƉŽƵƌ�DĂƌŝĂŵ�Ğƚ�ĚĞƉƵŝƐ�ůĂ�ďŝďůŝŽƚŚğƋƵĞ�ƉŽƵƌ�DŝĐŚĞů͙������������
Je suis fière du parcours de chacun et de pouvoir vous compter parmi mes amis. Merci pour votre 

humanité, votre gentillesse et votre soutien. Hâte de partager avec vous de nouveaux moments de 

vie. 

A Ines AR ͗�ƉŽƵƌ�ƚĂ�ƐŝŶĐĠƌŝƚĠ͕�ƚĂ�ĚĠƚĞƌŵŝŶĂƚŝŽŶ�Ğƚ�ƚŽŶ�ŚƵŵŽƵƌ͘�:͛ĂĚŵŝƌĞ�ůĂ�ǀŽůŽŶƚĠ�Ğƚ�ůĂ�ƚĠŶĂĐŝƚĠ�ƋƵŝ�ƚĞ�
caractérisent.  

A Adrien : pour ta simplicité, tes valeurs, ton humilité et ton amitié sincère. Je suis très heureuse que 

tu aies trouvé ton équilibre en si bonne compagnie. A Christina également, je suis triste de ne pas vous 

ǀŽŝƌ�ĐĞ�ƐŽŝƌ�ŵĂŝƐ�ĐĞ�Ŷ͛ĞƐƚ�ƋƵĞ�ƉĂƌƚŝĞ�ƌĞŵŝƐĞ͘ 

A Solène : ma danseuse préférée, tu brilles à travers le monde et tu as eu raison de suivre tes rêves. 

Tu es un exemple de détermination.  

A Fanny : pour ta gentillesse et ta force. dƵ�ĂƐ�ƚŽƵƚ�ĐĞ�ƋƵ͛ŝů�ĨĂƵƚ�ƉŽƵƌ�ƐƵƌŵŽŶƚĞƌ�ƚŽƵƐ�ůĞƐ�ŽďƐƚĂĐůĞƐ͘ 

A Yasmine, Céline et Stefan : ma team de co-externes de gastro, aucun souvenir du stage mais des 

innombrables fou-ƌŝƌĞƐ�Ğƚ�ĚĞƐ�EĂŐŽǇĂ�ă�Ɛ͛ĞŶ�ƌĞŶĚƌĞ�ŵĂůĂĚĞ�ŽƵŝ͙�KŶ�ƌĞŵĞƚ�ĕĂ�ǀŝƚĞ͘ 

 

A ceux qui comptent le plus, ƋƵ͛ŽŶ�ŶĞ�ĐŚŽŝƐŝƚ�ƉĂƐ�ŵĂŝƐ�ƋƵĞ�ũĞ�ŶĞ�ĐŚĂŶŐĞƌĂŝ�ƉŽƵƌ�ƌŝĞŶ�ĂƵ�ŵŽŶĚĞ�:  

A ma mère, incontestablement la femme la plus courageuse, la plus patiente et la plus forte qui soit. 

Merci pour tout ce que tu as toujours fait pour nous, merci de rendre le quotidien de chacun lumineux. 

Merci pout ton soutien depuis toujours, merci de supporter ma mauvaise humeur quand je suis 

ƐƚƌĞƐƐĠĞ͘�:Ğ�ƚĞ�ĚŽŝƐ�ƚŽƵƚ͘�:͛ĞƐƉğƌĞ�ƉŽƵǀŽŝƌ�ƚĞ�ƌĞŶĚƌĞ�ĚĂŶƐ�ŵĂ�ǀŝĞ�ŶĞ�serait-ce ƋƵ͛ƵŶ�ĚŝǆŝğŵĞ�ĚĞ�ĐĞ�ƋƵĞ�
ƚƵ�ŵ͛ĂƐ�ĚŽŶŶĠ͘ 

A mon père͕�ƉŽƵƌ�ĂǀŽŝƌ�ƚŽƵũŽƵƌƐ�ĐƌƵ�ĞŶ�ŵŽŝ͕�ƉŽƵƌ�ŵ͛ĂǀŽŝƌ�ƉŽƵƐƐĠĞ�ă�ƚŽƵũŽƵƌƐ�ĚŽŶŶĞƌ�ůĞ�ŵĞŝůůĞƵƌ�ĚĞ�
moi-ŵġŵĞ͘�WŽƵƌ�ƚĂ�ďŝĞŶǀĞŝůůĂŶĐĞ͕�ƚĞƐ�ƐĂĐƌŝĨŝĐĞƐ͕�ůĞƐ�ǀĂůĞƵƌƐ�ƋƵĞ�ǀŽƵƐ�ŵ͛ĂǀĞǌ�ŝŶĐƵůƋƵĠ�ĚĂŶƐ�ůĞ�ƐƉŽƌƚ͕�ůĞ�
ƚƌĂǀĂŝů�ŽƵ�ůĂ�ǀŝĞ͘�WŽƵƌ�ŵ͛ĂǀŽŝƌ�ƐĞƌǀŝ�ĚĞ�ŵŽĚğůĞ͘�DĞƌĐŝ͘ 

A Imad, ƋƵŝ�Ă�ƚŽƵũŽƵƌƐ�ĠƚĠ�ƵŶ�ŵŽĚğůĞ�Ě͛ŝŶĚĠƉĞŶĚĂŶĐĞ et sur qui on peut pourtant toujours compter. 

A Sofiane, qui est la personne la plus généreuse que je connaisse. Je peux toujours compter sur toi. 
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A Hana, ŵĂ�ƉĞƚŝƚĞ�ƐƈƵƌ�Ğƚ�ŵĞŝůůĞƵƌĞ�ĂŵŝĞ ; probablement la personne qui me connait le mieux. Merci 

ƉŽƵƌ� ƚĂ�ŐĞŶƚŝůůĞƐƐĞ�Ğƚ� ƚĂ�ƉĂƚŝĞŶĐĞ�ƐĂŶƐ� ůŝŵŝƚĞ͘�DĞƌĐŝ�ƉĂƌƚŝĐƵůŝğƌĞŵĞŶƚ�Ě͛ĂǀŽŝƌ� ƐƵƉƉŽƌƚĠ�ĐĞƐ�ĚĞƌŶŝĞƌƐ�
ŵŽŝƐ�ƐĂŶƐ�ƚƌŽƉ�ƌĞĐŚŝŐŶĞƌ͕�Ě͛ĂǀŽŝƌ�ĠƚĠ�ŵŽŶ�hďĞƌ�ă�DĂƌƐĞŝůůĞ�Ğƚ�Ě͛ĂǀŽŝƌ�ƚŽƵũŽƵƌƐ�ƚƌŽƵǀĠ� ůĞƐ�ŵĞŝůůĞurs 

adoucissants. Je te revaudrai ça. 

A Rayane, mon petit frère devenu plus grand que moi͕�ůĞ�ƉůƵƐ�ďĞĂƵ�ĐĂĚĞĂƵ�ƋƵĞ�ŵĞƐ�ƉĂƌĞŶƚƐ�ŵ͛ĂŝĞŶƚ�
fait. Je serai toujours fière de toi.  
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RESUME  

Comparaison des critères de Duke, ESC 2015, ISCVID 2023 et ESC 2023 pour le 

diagnostic des endocardites sur TAVI. 

Contexte : /¶HQGRFDUGLWH�LQIHFWLHXVH�VXU�7$9,�HVW�XQH�SDWKRORJLH�UDUH�PDLV�JUDYH�DVVRFLpH�j�

un pronostic effroyable et dont le diagnostic constitue un véritable challenge. Les classifications 

ESC 2015, ISCVID 2023 et la récente classification ESC 2023 Q¶RQW�j�FH�MRXU�SDV�pWp�FRPSDUpHV�

j�O¶KLVWRULTXH�FODVVLILFDWLRQ�GH�'XNH�SRXU�OH�GLDJQRVWLF�GHV�HQGRFDUGLWHV�VXU�7$9,� 

Objectifs : 

/¶REMHFWLI�GH� FHWWH�pWXGH�pWDLW�GH�FRPSDUHU� OD�YDOHXU�GLDJQRVWLTXH�GHV�FULWqUHV�GH�'XNH��GHV�

critères ESC 2015, des critères ISCVID 2023 et des critères ESC 2023 pour le diagnostic des 

endocardites sur TAVI. 

Les objectifs secondaires étaient i : de déterminer quels critères augmentaient la précision 

diagnostique de chaque classification, et ii : de rapporter la mortalité hospitalière et la mortalité 

à un an des patients avec endocardite sur TAVI. 

 

Matériel et méthodes : De janvier 2015 à mai 2022, 92 patients ont été inclus 

rétrospectivement dans 2 centres français, incluant 82 endocardites certaines et 10 exclues 

G¶DSUqV�OH�FRQVHQVXV�G¶H[SHUWV��*ROG�VWDQGDUG�� 

Résultats : La sensibilité diagnostique de la classification de Duke pour le diagnostic des 

endocardites sur TAVI était de 65% (IC 95% : 53 à 75%) et la spécificité était de 100% (IC 

95% �� ��� j� ������� /HV� FULWqUHV� (6&� ����� RQW� SHUPLV� G¶DXJPHQWHU� VLJQLILFDWLYHPHQW� OD�

sensibilité de 65 à 73% (IC 95% : 62 à 82%) avec une faible diminution de spécificité de 100 à 

90% (IC 95% : 55 à 100%). La classification ISCVID 2023 a permis une augmentation 

significative de la sensibilité diagnostique comparativement à la classification de Duke de 65% 

à 76% (IC 95% : 65 à 84%) avec une diminution de spécificité de 100 à 90% (IC 95% : 55 à 

100%). Enfin, la classification ESC 2023 a permis une augmentation significative de la 

sensibilité diagnostique comparativement à la classification de Duke de 65% à 77% (IC 95% : 

66 à 85%) avec une diminution de spécificité de 100 à 90% (IC 95% : 55 à 100%). ,O�Q¶\�DYDLW�

pas de différence statistiquement significative entre les classifications ESC et ISCVID ni entre 

les classifications ESC 2015 et 2023. Le TEP-scanner au 18F-FDG a permis la reclassification 

FRUUHFWH�GH����SDWLHQWV�������HW�OH�VFDQQHU�FDUGLDTXH�D�SHUPLV�GH�UHFWLILHU�OH�GLDJQRVWLF�G¶XQ�

patient (1%). /¶DMRXW� GH� OD� VSRQG\ORGLVFLWH� FRPPH� FULWqUH� PLQHXU� GDQV� OHV� UpFHQWHV�

recommandations européennes ESC 2023, a permis de reclasser correctement un patient (1%). 
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La mortalité hospitalière était de 21% chez les patients avec endocardite certaine et de 10% en 

FDV�G¶HQGRFDUGLWH�H[FOXH��S �������/D�PRUWDOLWp�j�XQ�DQ�pWDLW�GH�����FKH]� OHV�SDWLHQWV�DYHF�

endocardite sur TAVI certaine. 

 

Conclusion ��/¶LPDJHULH�PXOWLPRGDOH��SDUWLFXOLqUHPHQW�JUkFH�DX�7(3-scanner et au scanner 

FDUGLDTXH�� HVW� OD� SLHUUH� DQJXODLUH� GX� GLDJQRVWLF� GH� O¶HQGRFDUGLWH� VXU� 7$9,��&HWWH� DSSURFKH�

explique la meilleure sensibilité diagnostique des classifications ESC 2015 et ISCVID 2023 

pour le diagnostic des endocardites infectieuses sur TAVI. 

 

Mots-clés : valve aortique percutanée (TAVI), endocardite infectieuse, imagerie nucléaire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 

 

 

ABSTRACT 

Comparison between Duke, ESC 2015, ISCVID 2023 and ESC 2023 criteria for the 

diagnosis of TAVR-related infective endocarditis. 

 Background: TAVR infectious endocarditis (IE) is a rare but severe disease associated with a 

poor prognosis. TAVR-IE diagnosis is challenging, and benefits of the ESC 2015 criteria, the 

new ISCVID 2023 criteria and the recently published ESC 2023 criteria have not been 

compared with the conventional Duke criteria. 

Objectives:  The primary objective was to compare the diagnostic value of Duke criteria, 2015 

modified-ESC criteria, ISCVID 2023 and ESC 2023 criteria for the diagnosis of TAVR-IE. 

The secondary objectives were i: to determine which criteria increase the diagnostic accuracy 

of each classification, and ii: to assess in-hospital and 1-year mortality of TAVR-IE. 

 

Methods: From January 2015 to May 2022, 92 patients with suspected TAVR-IE were 

retrospectively included in 2 French centers, including 82 definite and 10 rejected TAVR-IE, 

as defined by an expert Consensus. 

Results: The Duke classification provided a sensitivity of 65% (95% IC: 53% to 75%) and a 

specificity of 100% (95% IC: 69% to 100%) for the diagnosis of TAVR-IE. The ESC 2015 

classification increased the sensitivity of Duke criteria from 65% to 73% (95% IC: 62% to 82%) 

with a statistically significant difference (p=0,016) but decreased its specificity from 100% to 

90% (95% IC: 55% to 100%). ISCVID 2023 increased the sensitivity of Duke criteria from 

65% to 76% (95%IC: 65% to 84%; p=0,004) but decreased its specificity from 100% to 90% 

(95% IC: 55% to 100%). ESC 2023 increased the sensitivity of Duke criteria from 65% to 77% 

(95%IC:  66% to 85%) but decreased its specificity from 100% to 90% (95% IC: 55% to 100%). 

There was no significant difference between ESC 2015 and ISCVID criteria in terms of 

sensitivity nor specificity, neither between ESC 2015 and ESC 2023 criteria.  
18F-FDG-PET/CT resulted in a correct reclassification of 10 patients (11%) and cardiac-gated 

CT in 1 patient (1%). Adding spondylodiscitis as a minor criterion in ESC 2023 criteria resulted 

in a correct reclassification in 1 patient (1%). In-hospital mortality was 21% in definite IE group 

compared with 10% in rejected IE group (p=0,68). One-year mortality in definite TAVR-IE 

group was 38%. 
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Conclusion:  A multimodality imaging approach (especially with the use of18F-FDG-PET/CT 

and cardiac-gated CT) is the cornerstone of TAVR-IE diagnosis and explains the greater 

sensitivity of ESC (2015 and 2023) and ISCVID criteria compared to Duke criteria.  

Key words: transaortic valve replacement, infective endocarditis, nuclear imaging. 
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ABBREVIATIONS 

BEV: balloon-expandable valve 

BMI: Body Mass Index 

CTA: computed tomography angiography 

ESC: European Society of Cardiology 

EuroSCORE: European System for Cardiac Operative Risk Evaluation 

18F-FDG: 18F-fluorodeoxyglucose 

HACEK: Haemophilus species, Aggregatibacter aphrophilus, Cardiobacterium hominis, Eikenella 

corrodens, Kingella kingae 

IE : infective endocarditis 

IFA: immunofluorescence assay 

ISCVID: Society for Cardiovascular Infectious Diseases 

MDCTA: multidetector computed tomography angiography  

PCR: polymerase chain reaction 

PET: Positron emission tomography  

PVE: prosthetic heart valve endocarditis 

SAVR: surgical aortic valve replacement 

SUV: Standardized Uptake Value 

TAVR: transaortic valve replacement 

TEE Transesophageal echocardiography  

TTE Transthoracic echocardiography 
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INTRODUCTION   

Infectious endocarditis (IE) is an infectious disease of the endocardium (especially cardiac 

valves) associated with a very poor prognosis. Annual incidence reported is up to 10/100000 in 

general population and mortality is up to 30% at 30 days (1). Epidemiology has gradually 

changed with the increasing use of implantable cardiac devices and valvular prostheses; the 

latter being increasingly implanted by percutaneous access in an ageing population.  

In elderly people, aortic stenosis is the most common valvular lesion (2). Since it was developed 

E\�3U��$ODLQ�&ULELHU¶V�WHDP�LQ�������5RXHQ��)UDQFH���WKH�WUDQVDRUWLF�YDOYH�UHSODFHPHQW��7$95��

therapy has revolutionized the management of these patients with severe aortic stenosis who 

were not candidates for surgery or at high risk for per and post-operative complications(3).  

Despite numerous technical advances, one of the TAVR complication may be IE. Although IE 

is a rare complication of TAVR (4-10), it is associated with a very poor prognosis (4-8,10-14). 

In a recent meta-analysis, Del Val et al related an incidence of TAVR-related IE varying from 

0,3 to 2,0 per 100 person-years (8), these rates being similar to surgical aortic valve replacement 

(SAVR)-related IE prevalence (14) (15). 

TAVR-related IE (TAVR-IE) is therefore associated with very high mortality rates (16-64% 

in-hospital mortality, 27-75% 1-year mortality)(8). Poor prognosis can be partly explained by 

the fact that TAVR was initially only indicated in patients with high surgical risk. TAVR-IE is 

thus a serious disease in a vulnerable population with comorbid medical conditions. However, 

indications of TAVR have progressively been extended to a younger and lower-risk population 

(3), potentially modifying the epidemiology, prognosis and management of TAVR-IE. 

TAVR-IE is a challenging diagnosis as clinical presentation is frequently atypical, blood 

cultures being frequently negative and transesophageal echocardiography (TEE) being most of 

the time inconclusive (4). Indeed, Salaun et al. reported inconclusive echocardiographic 

findings in more than 40% of patients whereas leaflet thickening and increased residual 

transvalvular mean gradient were identified in 70% and 80% of definite TAVR-IE cases, 
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respectively (16). It contributes to explain the low accuracy of Duke criteria for TAVR-IE. 

Since 2015, 18F-FDG-PET/CT and cardiac-gated CTA have been added as major criteria in the 

ESC 2015 infectious endocarditis guidelines and several studies showed a significant 

improvement in the PVE diagnosis accuracy (8, 17-19). Cardiac-gated CTA is known for its 

accuracy for detection of perivalvular infection and 18F-FDG-PET/CT for bringing metabolic 

data and detecting extracardiac complications (18). Therefore, multimodality imaging approach 

appears to be the cornerstone of TAVR-IE.  

Recently, new IE criteria have been published by the Society for Cardiovascular Infectious 

Diseases (ISCVID) including new microbiological diagnostic techniques, new imaging criteria 

and a new surgical criterion (intra-operative inspection) (20). 

Finally, the European Society of Cardiology has recently published in late August 2023 a 

modified diagnostic classification (compared to ESC 2015) adding new minor criterion and 

some changes in major criteria (notably about imaging techniques).  

To our knowledge, all these classifications had never been compared, especially in TAVR-IE.  

The aim of this multicentric retrospective study was to compare the diagnostic value of Duke 

criteria, 2015-modified ESC criteria, ISCVID 2023 criteria and ESC 2023 for the diagnosis of 

TAVR-IE. The secondary objectives were to determine which criteria increased the diagnostic 

accuracy of each classification and to assess in-hospital and 1-year mortality of TAVR-IE.  
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METHODS 

Population 

From January 2015 to May 2022, all consecutive adults admitted in two French hospital centers 

(La Timone Academic Hospital of Marseille and Academic Hospital of Tours) for suspected 

TAVR-IE were retrospectively included. Data were collected using local computer patient 

record. We collected baseline data (sex, age, Body Mass Index, main comorbidities, and risk 

scores: EuroSCORE and Charlson comorbidity index), TAVR related data (date, indication, 

access, type of prosthesis, main complications, etc.), clinical, biological and microbiological 

data. Were also detailed echocardiographic, 18F-FDG-PET/CT and cardiac-gated CT data. 

VARC-2 definitions were used to relate outcomes (21). IE-related complications and morbi-

mortality under treatment and during follow-up (such as emboli, heart failure, in-hospital and 

one-year mortality) were collected.  

 

3DWLHQWV¶ classification 

All patients were scored by using the 4 following classifications: Duke criteria, 2015 ESC 

criteria, ISCVID 2023 criteria and ESC 2023 criteria. The Gold Standard diagnosis (either 

rejected or definite TAVI-IE) was defined as an expert consensus of the Endocarditis Team 

established three months after admission, and based on data obtained during follow-up, 

including results of clinical, microbiological, and repeated imaging, visual and pathologic 

evaluation of explanted prostheses, and molecular biology techniques. The Endocarditis Team, 

as defined in the ESC Guidelines (22), includes in a Heart Valve Center specialists with direct 

involvement in IE diagnostic and therapeutic processes (involving at least a cardiologist, a 

cardiothoracic surgeon, an infectious disease specialist, and a cardiac radiologist and nuclear 

medicine physician). 
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Microbiology 

Microbiological data were recorded including blood cultures, serological tests, explanted 

tissues cultures (when surgery was done) and molecular analysis. According to Duke and ESC 

2015 criteria (4) (22), a major microbiological criterion is defined by: 

- detection of typical microorganisms consistent with IE from two separate blood cultures 

(Viridans streptococci, Streptococcus gallolyticus, HACEK group, Staphylococcus aureus 

or community-acquired Enterococci) 

- or micro-organisms consistent with IE from persistently positive blood cultures (�2 positive 

EORRG�FXOWXUHV�RI�EORRG�VDPSOHV�GUDZQ�!���K�DSDUW�RU�DOO�RI���RU�D�PDMRULW\�RI����VHSDUDWH�

cultures of blood with first and last samples drawn �1 h apart) 

- or single positive blood culture for Coxiella burnetii or phase 1 IgG antibody titer >1:800. 

A minor microbiological criterion is defined by positive blood culture that does not meet a 

major criterion. 

The ISCVID 2023 criteria (20) removed requirements for timing and separate venipunctures 

for blood cultures and added typical pathogens:  

- S. lugdunensis, E. faecalis, all Streptococci except S. pneumoniae and S. pyogenes, 

Granulicatella spp, Abiotrophia spp and Gemella spp.  

- DQG� RUJDQLVPV� WR� EH� FRQVLGHUHG� ³W\SLFDO´� ,(� SDWKRJHQV� LQ� WKH� VHWWLQJ� RI� LQWUDFDUGLDF�

prosthetic material: coagulase negative Staphylococci, Corynebacterium striatum, C. 

jeikeium, Serratia marcescens, Pseudomonas aeruginosa, Cutibacterium acnes, 

nontuberculous mycobacteria, and Candida spp.   

Furthermore, this classification added new major criteria for fastidious pathogens:  

- PCR or amplicon/metagenomic sequencing identifies C. burnetii, Bartonella spp or T. 

whipplei from blood or 

- IFA �1:800 for IgG antibodies identifies B. henselae or B. quintana.  
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Compared to Duke and ESC 2015 criteria, the ESC 2023 criteria added Enterococcus faecalis 

as a typical micro-organism. 

Imaging 

-Echocardiography: Transthoracic echocardiography (TTE) and transesophageal 

echocardiography (TEE) whenever possible were performed in all included patient. In all 

classifications, a positive echocardiogram was defined by the presence of at least one of the 

following lesions characteristic of IE (according to ESC and AHA guidelines for IE (4) (23) 

(24): vegetation, abscess, pseudoaneurysm, intracardiac fistula, valvular perforation or 

aneurysm, new partial dehiscence of prosthetic valve. In addition to these characteristic lesions, 

were appreciated TAVR leaflets thickening, left ventricular systolic and diastolic function, 

valvular function (including mean transvalvular gradient) and paravalvular aortic 

regurgitations.  

-Cardiac-gated CT:  Scans were performed either with retrospective ECG-gating or a dedicated 

CT acquisition protocol with ECG-gating tailored to the imaging of prosthetic heart valves to 

provide optimal image quality at minimal radiation exposure. Whenever possible, cardiac-gated 

CT was combined with a full body CT to detect possible embolic complications. A positive 

cardiac-gated CT was defined according to ESC 2015 guidelines by the presence of 

paravalvular lesions whereas ISCVID 2023 and ESC 2023 classifications extended the 

definition to the echocardiographic findings (such as valvular vegetation). Cardiac-gated CT 

counted as a major criterion in both classifications.  

-18F-FDG PET/CT:  Patients fasted for 12 hours before 18F-FDG PET/CT to limit 

physiological myocardial 18F-FDG uptake. PET Computed Tomography was performed on the 

latest generation equipment (General Electric) taking cardiac movements into account (ECG 

synchronization) and providing a 2 millimeters spatial resolution. Imaging began 60 minutes 

after 18F-FDG injection, in patients lying and resting, by a low dose CT to correct attenuation 

(120 kV, 80 mA), with no administration of iodinated contrast agents. Body PET acquisition 
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was then performed, from cranial vertex to mid-thigh, in a 3D-mode, for a period of 2 minutes 

by bed position. A valvular prosthesis uptake was defined as a major criterion according to ESC 

2015 and ISCVID criteria when the TAVR was implanted for more than 3 months and 

corresponded to a minor criterion if the TAVR was implanted for less than 3 months according 

to ISCVID criteria. ESC 2023 criteria removed this distinction with a valvular uptake counting 

as a major criterion regardless of the delay to surgery.  

The valvular uptake assessment was visual for all patients (described as intense, moderate, or 

weak) and quantitative with calculation of SUV max when this data was provided. A whole-

body acquisition was performed to detect silent embolic events and septic metastases defined 

as extracardiac abnormal uptakes (minor criterion in both ESC and ISCVID criteria). 

Surgery 

In ISCVID 2023 criteria, a surgical criterion (intraoperative inspection) has been added as a 

major criterion in the absence of a major criterion by cardiac imaging or histopathology. 

Differences between each classification are summarized in Table 1. 

Definition of primary and secondary objectives and endpoints 

The primary objective was to assess the diagnostic value of Duke criteria, ESC 2015 criteria, 

ISCVID 2023 criteria and ESC 2023 criteria in the diagnosis of TAVR-IE with sensitivity and 

specificity of each classification defined as primary endpoints. The secondary objectives were:  

- to determine the criteria increasing the diagnostic accuracy of each classification, in other 

words which FULWHULD�HQDEOH�UHFODVVLILFDWLRQ�RI�SDWLHQWV�IURP�³SRVVLEOH´�WR�³GHILQLWH´�,(� 

- to assess in-hospital and 1-year mortality of TAVR-IE.   
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Statistical analysis   

7R�GHVFULEH�WKH�VDPSOH��ZH�XVHG�PHDQ���VWDQGDUG�GHYLDWLRQ�RU�PHGLDQ�>UDQJH@�IRU�FRQWLQXRXV�

YDULDEOHV�DQG�FRXQWV�����IRU�FDWHJRULFDO�RQHV��7KH�DVVRFLDWLRQ�ZLWK�ILQDO�GLDJQRVLV�RI�,(��RU�

RWKHU�ELQDU\�YDULDEOHV��ZDV�WHVWHG�XVLQJ�0DQQ�:KLWQH\�WHVW�IRU�FRQWLQXRXV�YDULDEOHV�DQG�ሆð�RU�

)LVKHU
V�H[DFW�WHVW�IRU�FDWHJRULFDO�RQHV��7KH�VHQVLWLYLW\��VSHFLILFLW\�DQG�DFFXUDF\�RI�WKH�FULWHULD�

evaluated, and their 95% confidence intervals were estimated using epiR package for R 4.3.1 

software (The R Foundation for Statistical Computing Platform, Vienna, Austria). Mc Nemar 

test was used to compare different criteria. Survival curves were plotted using the Kaplan-Meier 

method and compared using log-rank test. For all two-sided analyses, a p <0.05 was considered 

statistically significant. 
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RESULTS 

Baseline characteristics 

Among the 92 patients with suspected TAVR-IE, 82 had definite IE and 10 had rejected IE, as 

defined by an expert consensus of Endocarditis Team after 3-months follow-up as Gold 

Standard. Based on Duke criteria, 53/92 patients (58%) had the diagnosis of definite TAVR-

IE, 61/92 patients (66%) according to ESC 2015 criteria, 63/92 patients (68%) following 

ISCVID classification and 64/92 patients (69%) according to ESC 2023 criteria. These data are 

summarized in the flowchart of the study (Figure 1).  

 

Baseline characteristics are reported in Table 2. Median age was 80 (range: 65 to 97) years, and 

68% were male. Thirty-seven per cent had a pacemaker, 9% had an history of valvular surgery 

and 10% had an history of IE. The median Charlson comorbidity index was 6 (range 3 to 13).  

Eighty-five per cent of patients had fever at hospital admission (88% in definite TAVR-IE 

group versus 60% in rejected TAVR-IE group, p=0,042). Twenty-eight per cent of patients had 

at least an embolism before antibiotic therapy (32% in definite TAVR-IE group versus 0% in 

���SDWLHQWV�ZLWK�VXVSHFWHG�7$95 �UHODWHG�,(

���GHILQLWH�,( ���SRVVLEOH�,( ��UHMHFWHG
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rejected TAVR-IE group, p=0.029), of which 11% were stroke. Blood cultures were negative 

in 10% of cases (5% in TAVR-IE group).  The most frequent identified pathogens in definite 

IE group were Enterococcus species (35%), Gastro-intestinal Streptococci (18%), Oral 

Streptococci (13%) and Coagulase negative Staphylococcus (13%) as shown in Figure 2. Most 

of the time, the source of bacteriemia was unidentified (57% of cases), a gastro-intestinal cause 

was identified in 22% of definite TAVR-IE patients as represented in Figure 3 (supplementary 

data). Of note, 54% of TAVR-IE were healthcare associated infections.   
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  Table 2 Baseline characteristics 
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Imaging findings 

-Echocardiography: All patients underwent TTE and 89% (82/92) underwent TEE. In definite 

TAVR-IE group, 24% of TTE and 52% of TEE respectively were positive. A vegetation was 

found in 47% of definite TAVR-IE group, a peri-annular abscess was found in 18% of cases 

and a fistula in 2%. Neither pseudoaneurysm nor severe aortic regurgitation were described. 

The median transvalvular gradient in this group was 18 mmHg (range 4 to 44) versus 9 mmHg 

(range 5 to 13) in the rejected IE group, p value <0,001. A leaflet thickening was noticed in 

28% of definite TAVR-IE group. 

-Cardiac-gated CT: Among patients with definite TAVR-IE, 32 patients (39%) underwent 

cardiac-CT. Three CT (3/32=9%) showed a peri-annular complication, 10 CT showed a 

vegetation (10/32=31%) and one of them showed a fistula. Among the 2 patients (20%) who 

underwent a cardiac CT in rejected TAVR-IE group, one was positive for a differential 

diagnosis by showing a TAVR thrombosis. 

-18F-FDG-PET/CT:  18F-FDG-PET/CT was performed in 69 patients of the cohort (75%): 68% 

among those with definite TAVR-IE (56 patients) and 70% in rejected TAVR-IE group (7 

patients). Six PET/CT were uninterpretable, 5 because insufficient myocardial suppression 

(ketogenic diet not respected) and one related to artefacts induced by patient movement.  Thirty 

per cent of PET were positive more than 3 months after TAVR in definite IE group (28 patients) 

and one was positive in rejected IE group (10%). Before 3 months, 18F-FDG-PET/CT was 

reported positive in 4 patients in TAVR-IE group (5%) and 1 patient in rejected TAVR-IE 

group (10%). Extracardiac PET/CT uptake was noticed in 9 patients (11%). Median delay 

between initiation of antibiotic therapy and 18F-FDG-PET/CT was 12 (range 1 to 56) days.  
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IE management (Table 3) 

Following the decision of the Endocarditis team, among the 82 patients of definite TAVR-IE 

group, 14 were treated by prolonged antibiotic therapy (17%). This decision was justified by 

the occurrence of associated extracardiac localization such as spondylodiscitis, arthritis, etc. or 

the presence of an untreated infectious source of bacteriemia. Three patients benefited from 

percutaneous pacemaker explantation. Thirty-seven patients (45%) had a surgical indication 

whereas only 3 patients (4%) underwent surgery.  

 

Table 3: Outcomes under treatment and follow-up 
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Incidence of primary endpoint (Figure 4a, Central illustration) 

The Duke classification provided a sensitivity of 65% (95% IC: 53% to 75%) and a specificity 

of 100% (95% IC: 69% to 100%) for the diagnosis of TAVR-IE. The positive predictive value 

was 100% (95% IC: 93% to 100%) and the negative predictive value was 26% (95% IC: 13% 

to 42%). Finally, 68% of patients were correctly classified (IC 95%: 58% to 78%) using Duke 

criteria.  

The ESC 2015 classification increased the sensitivity of Duke criteria from 65% to 73% (95% 

IC: 62% to 82%) with a statistically significant difference (p=0,016) but decreased its 

specificity from 100% to 90% (95% IC: 55% to 100%). The positive predictive value with ESC 

2015 criteria was 98% (95% IC: 91 to 100%) and the negative predictive value was 29% (95% 

IC: 14 To 48%). Overall, 75% (95% IC: 65% to 83%) of patients were correctly classified using 

ESC 2015 criteria.   

The ISCVID 2023 classification increased the sensitivity of Duke criteria from 65% to 76% 

(95%IC: 65% to 84%), p=0,004 and decreased its specificity from 100% to 90% (95% IC: 55% 

to 100%) with a positive predictive value of 98% (95% IC: 91% to 100%) and a negative 

predictive value of 31% (95%IC: 15% to 51%). Seventy-seven per cent of patients (95% IC: 

67% to 85%) were correctly classified using ISCVID 2023 criteria.  

At last, the ESC 2023 classification increased the sensitivity of Duke criteria from 65% to 77% 

(95%IC: 66% to 85%), p=0,002 and decreased its specificity from 100% to 90% (95% IC: 55% 

to 100%) with a positive predictive value of 98% (95% IC: 92% to 100%) and a negative 

predictive value of 32% (95%IC: 16% to 52%). Seventy-eight per cent of patients (95% IC: 

68% to 86%) were correctly classified using ESC 2023 criteria.  

There was nor significant difference between ESC 2015 and ISCVID criteria neither between 

ESC 2015 and ESC 2023 criteria.  
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Criteria influencing the classification 

Overall, 13 patients (14%) were reclassified, as detailed in Figure 4b. 18F-FDG-PET/CT helped 

to reclassify 8 patients from the Duke possible TAVR-IE group to ESC 2015 definite TAVI-IE 

group by adding a major criterion. Among these 8 reclassified patients, one was a false positive 

and 7 were correctly reclassified. 18F-FDG-PET/CT helped in the reclassification of 2 additional 

patients from ESC 2015-excluded IE group to ISCVID possible IE by adding a minor criterion. 

One of them was a false negative. Two patients were reclassified from ESC 2015 possible 

TAVR-IE to ISCVID definite TAVR-IE by adding a minor criterion with positive PET/CT <3 

months for one and a major criterion with positive CT in the other (presence of a vegetation). 

Finally, the addition of spondylodiscitis as a minor criterion in ESC 2023 criteria resulted in a 

correct reclassification from ISCVID possible TAVR-IE to ESC 2023 definite TAVR-IE in one 

patient. To sum up, PET/CT resulted in a correct reclassification of 10 patients (11%) and 

cardiac-CT in 1 patient (1%).  Further details are summarized in Table 4a, 4b, 4c, 4d in 

Supplementary data. 
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Mortality under treatment and follow up (Table 3) 

In-hospital mortality was 21% in definite IE group compared with 10% in rejected IE group 

(p=0,68). One-year mortality in definite TAVR-IE group was 38% (Figure 5) and average 

survival time was 15 months. Interestingly, one-year mortality in patients who received 

prolonged antibiotic therapy was 21% compared with 41% in patients classically treated 

(p=0,109) (Figure 6). Lost of follow-up patients are represented by censored data on curves. 
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DISCUSSION 

Main results of our study are:  

- ESC (both 2015 and 2023) and ISCVID criteria significantly increased Duke criteria 

sensitivity, without major decrease in specificity. No significant difference was found 

between ESC and ISCVID criteria. 

- 18F-FDG-PET/CT resulted in a correct reclassification of 10 patients (11%) and cardiac-CT 

in 1 patient (1%). 

- A very poor prognosis of TAVR-IE with a 21% in-hospital mortality and 38% 1-year 

mortality. 
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1) Primary endpoint 

Higher diagnostic accuracy of ESC 2015 criteria compared with Duke criteria for PVE in term 

of sensibility had already been proved in several studies (17) (25) (26). In one of the biggest 

PVE meta-analysis published, Mahmood et al. reported an improvement in IE diagnostic 

accuracy with a sensitivity of 80,5% and a specificity of 73,1% (26).  However, TAVR patients 

are under-represented in PVE studies and scarce data available concern only small cohorts (27).       

As reported in many studies, TAVR-IE represents a real diagnostic challenge. Indeed, 

echocardiographic findings usually reported in IE are less common in TAVR-IE (18) (19) (16). 

Similarly, in our study, only 24% of TTE and 52% of TEE respectively were positive. Those 

results can be explained by a particularly high incidence of perivalvular complications in PVE 

and especially TAVR-IE. As described by Panagides et al. in a large cohort of TAVR-IE (12), 

the rate of peri-annular abscess in our cohort was 18%. Moreover, the TAVR metallic structure 

and the frequent calcifications around the native valve may impair the visualization of small 

vegetations. Interestingly, leaflets thickening was described in 28% of patients with definite 

TAVR-IE. Del Val et al. reported even higher ratios with 70% of definite TAVR-IE cases 

having leaflet thickening (8). Moreover, a higher transvalvular gradient in definite TAVR-IE 

group compared with excluded TAVR-IE group was reported as described in several studies 

(8) (16).We may discuss adding these parameters to the diagnosis criteria for TAVR-IE.  

Our study confirms the superiority of the ESC 2015 classification compared to Duke 

classification and also shows the superiority of ISCVID criteria and ESC 2023 criteria versus 

Duke criteria for the diagnosis of TAVR-IE. It is to our knowledge the first study assessing the 

diagnostic value of these new classifications (ISCVID 2023 and ESC 2023) in TAVR-IE. 

However, there was no statistically significant difference between ESC 2015, ESC 2023 and 

ISCVID criteria. This is probably related to the fact that the improvement in diagnostic acuity 
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is mainly due to PET/CT and cardiac-gated CT which were both already present in the ESC 

2015 classification. 

2) Secondary objective 1 

In our study, improvement in diagnostic accuracy of both ESC and ISCVID criteria was mainly 

driven by the positivity of 18F-FDG-PET/CT. 

Although, 18F-FDG-PET/CT appropriately impact diagnostic classification, there were both 

false negative and false positive cases. Moreover, 6 PET/CT were uninterpretable. In previous 

studies, false negative cases were linked to prior administration of antibiotic therapy and 

elevated blood glucose concentration. On the contrary, false positive were often the result of 

inadequate patient preparation or recent cardiac procedures  (18). This last hypothesis is 

controversial. Indeed, if some studies showed a frequent uptake surrounding the noninfective 

surgical prosthethic annular rings, especially in the first three months after surgery (28) (29), a 

more recent study did not find same results on noninfected TAVR (30). There was only one 

early false positive case in our study. Thus, is PET/CT a key of TAVR-IE diagnostic including 

early TAVR-IE. 

$V�RXU�VWXG\�ZDV�UHWURVSHFWLYH�DQG�IROORZHG�³UHDO-OLIH´�FRQGLWLRQV��VHYHUDO�SDWLHQWV�KDG�QHLWKHU�

PET/CT nor cardiac-gated CT. In fact, the hemodynamic or cognitive conditions of these fragile 

patients did not always allow them to be transported.  

Improvement in the sensitivity of ESC and ISCVID classifications would perhaps have been 

better with more cardiac-gated CT performed. Indeed, in several studies, cardiac CT proved its 

high diagnostic accuracy especially for the perivalvular lesions detection. In a systematic 

review, Gomes showed that if added to standard diagnostic work-up of suspected IE, an overall 

sensitivity of 100% and specificity of 83% for prosthetic valve endocarditis (18).  
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3) Secondary objective 2  

As in all previous studies, in-hospital and one-year mortality were very high in our study. 

Moreover, despite formal surgical indication in almost half of the patients with definite TAVR-

IE, only a few of them underwent surgery. These results are consistent with those found in 

different studies where surgery was performed in about 20% of cases (ranging from 3,8% to 

31,3%)  (10) (19) (22). 

Two possible explanations for those finding are: 

- on the one hand: the high surgical risk of TAVR patients, especially the first patients of the 

FRKRUW�EHIRUH�7$95�LQGLFDWLRQ¶V�H[WHQVLRQ�WR�\RXQJHU�DQG�KHDOWKLHU�SDWLHQWV�� 

- on the other hand: potential surgical difficulties related to VWHQW�IUDPH¶V�UHPRYDO��ZKLFK�LV�

frequently adherent to the aorta. 

Moreover, the role and place of cardiac surgery in TAVR-IE remains uncertain. Whereas AHA 

guidelines recommend surgery for all cases of PVE (23), the ESC 2015 and 2023 guidelines 

recommend surgery in same indications as native valve endocarditis (ie. heart failure, 

uncontrolled infection or in prevention of systemic embolism) (4) (22). However, recent ESC 

guidelines specify that the surgical decision in TAVR-IE should be individualized and 

discussed in Heart Team and that surgery may be recommended in case of local extension (in 

the absence of a prohibitive surgical risk). 

In most previous studies, cardiac surgery was not associated with improved outcomes (8) (19). 

In a large retrospective cohort including 205 patients with TAVR-IE, Zakhour et al. failed to 

show a benefit of surgery in in-hospital death. Conversely, in a retrospective study about more 

than 2 000 patients with left-sided IE, Ragnarsson proved that surgery was associated with 

lower mortality irrespective of age (31).  Similarly, surgery in TAVR-IE (with local extension) 

was associated to better outcomes in Panagides study (12).  

However, we can expect a major change in the TAVR-IE epidemiology as the indications for 

TAVR expand (3), with patients potentially younger and at lower surgical risk more likely to 
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underwent surgery. Thus, more precise guidelines will be required to define the place of cardiac 

surgery in those patients. 

Interestingly, in our study, outcomes seemed to be improved in TAVR-IE patients treated by 

prolonged antibiotic therapy. Indeed, we found a 21% versus 38% one-year mortality 

respectively in patients treated by prolonged antibiotic therapy compared to those treated 

conventionally, without reaching statistical significance. Considering benefit-risk balance, and 

especially risk of bacterial resistance emergence, furthers larger studies are needed to 

investigate this crucial point. 

 

4) Study limitations 

The major criticism of the present study is the choice of the gold standard which was the expert 

consensus at three months after IE hospitalization. Indeed, gold standard includes all clinical 

and paraclinical data which form the basis of Duke, ESC (2015 and 2023) and ISCVID criteria. 

Moreover, given the retrospective nature of the study, the expert reviewers were not blinded to 

the PET/CT.  

Finally, the most formal criteria which is the histopathological assessing was obtained in a very 

small proportion of patients. However, such a gold standard has already been used in previous 

studies (17) (32) and no better alternative was available.  

$QRWKHU�OLPLWDWLRQ�LV�WKH�LQFOXVLRQ�RI�³ROG´�FDVHV�ZKHQ�3(7�&7�DQG�FDUGLDF-gated CT were not 

systematically performed, and radiologists were less experienced. Indeed, assessment of 

PET/CT uptake was mainly visual in our study whereas several studies reported that the uptake 

distribution rather than the intensity only should be used as a diagnostic criterion of IE (18).  

Furthermore, for our primary outcome, we combined possible and excluded endocarditis, which 

may have increased specificity. However, this is consistent with real-life practices. 

 

 



42 

 

 

CONCLUSION  

 

ESC 2015, ESC 2023 DQG� ,6&9,'� FULWHULD� LPSURYHG� 'XNH� FULWHULD¶V� VHQVLELOLW\� IRU� WKH�

diagnosis of TAVR-IE without significant decrease in specificity. Multimodality imaging is the 

cornerstone of TAVR-IE diagnosis, especially with the use of 18F-FDG-PET/CT and cardiac-

gated CT.  

The exponential increase in the number of TAVR, with gradual expansion of indications, 

suggests that the incidence of TAVR-IE will rise, raising the diagnostic and therapeutic stakes 

even higher. Thus, PET/CT and cardiac-gated CT should probably be performed systematically 

in each TAVR-IE suspicion and patients be referred to expert centers with endocarditis teams.  
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SUPPLEMENTARY DATA  
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Inès BOUFOULA  
50 pages ± 7 tableaux ± 7 figures 
 
Résumé :  
 
Contexte : /¶HQGRFDUGLWH� LQIHFWLHXVH� VXU� 7$9,� HVW� XQH� SDWKRORJLH� UDUH� PDLV� JUDYH� DVVRFLpH� j� XQ� SURQRVWLF�
effroyable et dont le diagnostic constitue un véritable challenge. La classification ESC 2015 et les récentes 
classifications ISCVID 2023 et ESC 2023 Q¶RQW�j�FH�MRXU�SDV�pWp�FRPSDUpHV�j�O¶KLVWRULTXH�FODVVLILFDWLRQ�GH�'XNH�
pour le diagnostic des endocardites sur TAVI. 
Objectifs : /¶REMHFWLI�GH�FHWWH�pWXGH�pWDLW�GH�FRPSDUHU�OD�YDOHXU�GLDJQRVWLTXH�GHV�FULWqUHV�GH�'XNH��GHV�FULWqUHV�
ESC 2015, des critères ISCVID 2023 et des critères ESC 2023 pour le diagnostic des endocardites sur TAVI. Les 
objectifs secondaires étaient i : de déterminer quels critères augmentaient la précision diagnostique de chaque 
classification, et ii : de rapporter la mortalité hospitalière et la mortalité à un an des patients avec endocardite sur 
TAVI. 
Matériel et méthodes : De janvier 2015 à mai 2022, 92 patients ont été inclus rétrospectivement dans 2 centres 
IUDQoDLV��LQFOXDQW����HQGRFDUGLWHV�FHUWDLQHV�HW����H[FOXHV�G¶DSUqV�OH�FRQVHQVXV�G¶H[SHUWV� 
Résultats : La sensibilité diagnostique de la classification de Duke pour le diagnostic des endocardites sur TAVI 
était de 65% (IC 95% : 53 à 75%) et la spécificité était de 100% (IC 95% : 69 à 100%). Les critères ESC 2015 ont 
SHUPLV�G¶DXJPHQWHU�VLJQLILFDWLYHPHQW�OD�Vensibilité de 65 à 73% (IC 95% : 62 à 82%) avec une faible diminution 
de spécificité de 100 à 90% (IC 95% : 55 à 100%). La classification ISCVID 2023 a permis une augmentation 
significative de la sensibilité diagnostique comparativement à la classification de Duke de 65% à 76% (IC 95% : 
65 à 84%) avec une diminution de spécificité de 100 à 90% (IC 95% : 55 à 100%). Enfin, la classification ESC 
2023 a permis une augmentation significative de la sensibilité diagnostique comparativement à la classification de 
Duke de 65% à 77% (IC 95% : 66 à 85%) avec une diminution de spécificité de 100 à 90% (IC 95% : 55 à 100%). 
,O�Q¶\�DYDLW�pas de différence statistiquement significative entre les classifications ESC et ISCVID ni entre les 
classifications ESC 2015 et 2023. Le TEP-scanner au 18F-FDG a permis la reclassification correcte de 10 patients 
������HW�OH�VFDQQHU�FDUGLDTXH�D�SHUPLV�GH�UHFWLILHU�OH�GLDJQRVWLF�G¶XQ�SDWLHQW�������/¶DMRXW�GH�OD�VSRQG\ORGLVFLWH�
comme critère mineur dans les récentes recommandations européennes ESC 2023, a permis de reclasser 
correctement un patient (1%). 
La mortalité hospitalière était de 21% chez les patients avec endocardite certaine et de 10% chez ceux avec 
endocardite exclue (p=0,68). La mortalité à un an était de 38% chez les patients avec endocardite sur TAVI 
certaine. 
Conclusion ��/¶LPDJHULH�PXOWLPRGDOH�HVW�OD�SLHUUH�DQJXODLUH�GX�GLDJQRVWLF�GH�O¶HQGRFDUGLWH�VXU�7$9,�� 
Mots-clés : valve aortique percutanée (TAVI), endocardite infectieuse, imagerie nucléaire. 
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