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Prothèse	mécanique:		
-  Pas	de	réintervention	
-  Anticoagulation	au	

long	cours	par	AVK	
-  Risque	hémorragique	

et	thrombo-
embolique	majoré	

	

Bioprothèse	:	
-  Évite	l’anticoagulation	

au	long	cours	
-  Dégénérescence	

inévitable	conduisant	à	
une	ré	intervention	

Désir	du	patient	après	
information	éclairée,	âge,	
comorbidités,	antécédents,	
désir	de	grossesse,	
compliance	au	traitement	



ESC	Guidelines	2017	

EN	FAVEUR	D’UNE	PROTHÈSE	MÉCANIQUE	 Class	 Level	
	

Désir	du	patient	et	absence	de	CI	aux	AVK	au	long	cours		
	

I	 C	

Risque	de	dégénérescence	rapide	de	bioprothèse	:	âge	<	40	ans,	
hyperparathyroïdie		
	

I	 C	

Patient	déjà	sous	anticoagulant	pour	une	autre	prothèse	mécanique	
valvulaire.	

IIa	 C	

<	60	ans	en	position	aortique,	<	65	ans	en	position	mitrale.	
	

IIa	 C	

Espérance	de	vie	longue	(>10	ans)	et	chirurgie	redux	potentiellement	à	
haut	risque.	

IIa	 C	

Patient	déjà	sous	anticoagulant	pour	une	autre	cause	:	dysfonction	VG	
sévère,	FA,	ATCD	d’embolies	systémiques,	état	d’hypercoagulabilité.	

IIb	 C	
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EN	FAVEUR	D’UNE	BIOPROTHÈSE	 Class	 Level	
	

Désir	du	patient	après	information	éclairée	
	

I	 C	

Contre-indications	et/ou	impossibilité	à	comprendre	et/ou	à	
suivre	le	traitement	par	AVK	

I	 C	

Réopération	pour		thrombose	de	prothèse	mécanique	malgré	
un	bon	suivi	du	traitement	AVK	

I	 C	

Faible	probabilité	de	chirurgie	redux	ou	chirurgie	redux	
potentiellement	à	bas	risque.	

IIa	 C	

Désir	de	grossesse	
	

IIa	 C	

>	65	ans	en	position	aortique,	>	70	ans	en	position	mitrale.	 IIa	 C	
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Recommandations	pour	l’anticoagulation	des	
patients	porteurs	d’une	PROTHÈSE	MÉCANIQUE	

Class	 Level	
	

AVK	à	vie	;	intérêt	fondamental	de	l’éducation	du	
patient	et	de	l’auto-management	des	INR	

I	 B	

AOD	contre-indiqués	
	

III	 B	

En	cas	d’accident	thromboembolique	sous	AVK	bien	
suivi	avec	INR	adéquat,	indication	à	adjoindre	un	
traitement	par	aspirine	à	faible	dose	(75-100	mg/j)	

IIa	 C	
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Recommandations	pour	l’anticoagulation	des	
patients	porteurs	d’une	PROTHÈSE	MÉCANIQUE	

Class	 Level	
	

En	cas	de	nécessité	d’effectuer	un	relai	anticoagulant	
après	arrêt	des	AVK	(chirurgies	majeures,	à	haut	risque	
hémorragique),	possibilité	d’utiliser	l’héparine	non	
fractionnée	ou	les	HBPM	à	doses	curatives	

I	 C	
	

Figure 8 Main bridging steps for an intervention requiring interruption of oral anticoagulation in a patient with a mechanical prosthesis. Timing
should be individualized according to patient characteristics, actual INR, and the type of intervention (reproduced with permission from Iung and
Rodes-Cabau42). INR = international normalized ratio; IV = intravenous; LMWH = low-molecular-weight heparin; UFH = unfractionated heparin;
VKA = vitamin K antagonist.
aIV UFH may be favoured in patients at high thrombotic risk.

Figure 9 Management of left-sided obstructive mechanical prosthetic thrombosis. IV = intravenous; TOE = transoesophageal echocardiography;
TTE = transthoracic echocardiography; UFH = unfractionated heparin.
aRisk and benefits of both treatments should be individualized. The presence of a first-generation prosthesis is an incentive to surgery.
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	Pour	les	chirurgies	majeures,	à	haut	risque	hémorragique	

INR	<	1.5	pour	
l’intervention	

Pour	les	chirurgies	à	faible	risque	hémorragique	(y	compris	la	
cataracte	et	les	extractions	dentaires)	et	les	procédures	avec	

possibilité	de	contrôler	un	éventuel	saignement	post-
opératoire,	pas	de	nécessité	d’arrêter	le	traitement	par	AVK.	
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Prothèse	mécanique	et	pa5ent	coronarien	
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.11.2.2.4 Combination of oral anticoagulants with antiplatelet drugs
The addition of aspirin with contemporary target INRs has not been
studied in patients without vascular disease.42 Underlying uncertain-
ties on the risk–benefit ratio of the combination of VKA with aspirin
account for discrepancies between different recommenda-
tions.192,193 When added to anticoagulation, antiplatelet agents
decrease thromboembolic risk but increase the risk of major bleed-
ing.194 Therefore they should not be prescribed to all patients with
prosthetic valves but should be reserved for specific indications
according to the analysis of benefit and increased risk of major

bleeding. If used, the lower recommended dose should be prescribed
(e.g. aspirin 75 - 100 mg/day).

Indications for the addition of an antiplatelet agent to oral
anticoagulants are detailed in section 11.2.2.1 (see table of recom-
mendations for indications for antithrombotic therapy in patients
with a prosthetic heart valve or valve repair) and in Figure 7.
The use of prasugrel or ticagrelor as part of triple therapy should
be avoided.37 During triple antithrombotic therapy, close moni-
toring of INR is advised and INR should be kept in the low target
range.

Figure 7 Antithrombotic therapy in patients with mechanical valve prosthesis undergoing PCI (adapted from the 2017 ESC Focused Update on
Dual Antiplatelet Therapy195). A = aspirin; ABC = age, biomarkers, clinical history; ACS = acute coronary syndrome; C = clopidogrel; mo. =
month(s); O = oral anticoagulation with a vitamin K antagonist; PCI = percutaneous coronary intervention. For more details regarding estimation of
bleeding risk (HAS-BLED and ABC score) see the 2017 ESC Focused Update on Dual Antiplatelet Therapy.195
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7 : iECN 2016 item 334
ANATOMIE CORONAIRE ET CORONAROGRAPHIEKB�

�

 

� Découverte de troubles du rythme ventriculaire. 

� Bilan étiologique d’une insuffisance cardiaque par dysfonction VG systolique. 

� Suspicion d’angor de PRINZMETAL pour test au METHERGIN®. 

 

3-Précautions 
� Vérification de l’hémostase (chez les patients sous AVK), INR souhaité < 2. 
� Arrêt du traitement par biguanides 48 heures avant, reprise 48 heures après l’examen. 
� Hydratation (sérum physiologique) avant la coronarographie si diabète ou insuffisance rénale 

+/- N-acétylcystéine (MUCOMYST®) en cas d’insuffisance rénale. 
 

4-Complications 
� Locales : hématome, pseudo-anévrisme, fistule artério-veineuse, thrombose artérielle (test 

d’Allen avant toute coronarographie radiale). 
� Générales : 

- Artérielles : IDM, AVC, ischémie périphérique, syndrome des emboles de cholestérol. 

- Autres : allergie à l’iode (nécessité d’une préparation antiallergique si ATCD d’allergie à 

l’iode), insuffisance rénale aiguë. 

 

5-Stents 
� Stents nus : 

- Principal risque = la resténose, notamment à 6 mois. 

- Durée minimale de bithérapie anti-agrégante plaquettaire après mise en place : 1 mois. 

� Stents actifs : 
- Recouverts d’une substance antiproliférative (évérolimus pour le stent XIENCE®, 

zotarolimus pour le stent RESOLUTE®…) qui diminue la resténose. 

- Principal risque = la thrombose de stent précoce qui impose une durée minimale de 

bithérapie anti-agrégante plaquettaire plus longue : 6 mois pour les stents actifs de dernière 

génération (voire 3 mois pour certains stents). 

- Il faut noter que les stents actifs de 1ère génération nécessitaient une durée de bithérapie anti-

agrégante plaquettaire plus longue (12 mois). Ces stents ne sont quasiment plus utilisés 

actuellement. 

� Les stents actifs de dernière génération ont clairement pris le pas sur les stents nus et sont 
désormais indiqués en 1ère intention dans l’angor stable et les SCA (ST- et ST+). 
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Recommandations	pour	l’anticoagulation	post-opératoire	des	
patients	après	BIOPROTHÈSE	OU	PLASTIE	MITRALE.	

Cla
ss	

Level	
	

Traitement	anticoagulant	à	vie	si	existence	d’une	autre	
indication	(que	la	bioprothèse/plastie)	à	un	traitement	
anticoagulant	(FA,	MTEV….)	

I	 C	

Après	remplacement	valvulaire	chirurgical	par	une	bioprothèse	
mitrale	ou	tricuspide	:	AVK	pendant	3	mois		

IIa	 C	

Après	plastie	mitrale	ou	tricuspide	chirurgicale	:	AVK	pendant	3	mois		
	

IIa	 C	

Après	remplacement	valvulaire	chirurgical	par	une	bioprothèse	
AORTIQUE	ou	après	intervention	type	Yacoub	ou	Tirone-David	:	
aspirine	à	faible	dose	(75-100	mg)	pendant	3	mois	

IIa	 C	

Après	remplacement	valvulaire	chirurgical	par	une	bioprothèse	
AORTIQUE	:	AVK	pendant	3	mois.	
	

IIb	 C	

Après	TAVI	:	Clopidogrel	+	aspirine	pendant	3	à	6	mois	puis	
monothérapie	anti-agrégante	plaquettaire	par	la	suite	(en	l’absence	
d’autre	indication	à	un	traitement	anticoagulant	au	long	cours).	

IIa	 C	

Après	TAVI	:	monothérapie	anti-agrégante	plaquettaire	seule	si	risque	
de	saignement	élevé.	

IIb	 C	

266

Implantation d’une valve aortique par voie percutanée (TAVI) 

 
Prothèse SAPIEN 

�
 
 

Prothèse CoreValve 

�

 
Procédure de TAVI en salle de cathétérisme 

 

� � �

  

Positionnement de la prothèse Inflation du ballon Largage de la prothèse 
valvulaire 
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Recommandations	pour	l’anticoagulation	des	
patients	valvulaires	en	FA	

Class	 Level	
	

Les	AOD	peuvent	être	considérés	comme	une	alternative	
aux	AVK	chez	les	patients	avec	un	RAc,	une	IM,	une	IA	

IIa	 B	

Les	AOD	peuvent	être	considérés	comme	une	alternative	
aux	AVK,	après	les	3	premiers	mois	d’anticoagulation	post-
opératoire	par	AVK,	chez	les	patients	en	FA	avec	une	
bioprothèse	chirurgicale	ou	un	TAVI.	
	

IIa	
	

C	

Les	AOD	sont	contre-indiqués	chez	les	patients	en	FA	
associée	à	une	sténose	mitrale	modérée	ou	sévère.	

III	 C	

Les	AOD	sont	contre-indiqués	chez	les	patients	porteurs	
d’une	prothèse	mécanique	mitrale	
	

III	 C	



Recommendations for prediction of stroke and
bleeding risk

Recommendations Classa Levelb Ref C

The CHA2DS2-VASc score is 
recommended for stroke risk 
prediction in patients with AF.

I A 368, 371, 
386

Bleeding risk scores should be 
considered in AF patients on oral 

risk factors for major bleeding.
anticoagulation to identify modifiable IIa B

384, 386, 
387, 

389–392

Biomarkers such as high-sensitivity 
troponin and natriuretic peptide 

stroke and bleeding risk in AF 
may be considered to further refine

patients.

IIb B 380–382, 
387, 393

AF ¼ atrial fibrillation; CHA2DS2-VASc ¼ Congestive Heart failure,
hypertension, Age ≥75 (doubled), Diabetes, Stroke or transient ischaemic
attack or systemic embolism (doubled), Vascular disease, Age 65–74, and Sex
(female).
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

9.2 Stroke prevention
9.2.1 Vitamin K antagonists
Warfarin and other VKAs were the first anticoagulants used in AF
patients. VKA therapy reduces the risk of stroke by two-thirds and
mortality by one-quarter compared with control (aspirin or no ther-
apy).38 VKAs have been used in many patients throughout the world
with good outcomes,394 – 396 and this is reflected in the warfarin
arms of the NOAC trials (see chapter 9.2.2.). The use of VKAs is limited
by the narrow therapeutic interval, necessitating frequent monitoring
and dose adjustments, but VKAs, when delivered with adequate time
in therapeutic range (TTR), are effective for stroke prevention in AF pa-
tients. Clinical parameters can help to identify patients who are likely to
achieve a decent TTR on VKA therapy.397 These have been summar-
ized in the SAMe-TT2R2 score. Patients who fare well on this score,
when treated with a VKA, have on average a higher TTR than patients
who do not fare well on the score.398,399 VKAs are currently the only
treatment with established safety in AF patients with rheumatic mitral
valve disease and/or a mechanical heart valve prosthesis.400

9.2.2 Non-vitamin K antagonist oral anticoagulants
NOACs, including the direct thrombin inhibitor dabigatran and the
factor Xa inhibitors apixaban, edoxaban, and rivaroxaban, are

No

YesMechanical heart valves or moderate or severe
mitral stenosis

Estimate stroke risk based on number of
CHA2DS2-VASc risk factorsa

10b

OAC should be
considered (IIaB)

LAA occluding devices
may be considered in

patients with clear
contra-indications
for OAC (IIbC) NOAC (IA)c VKA (IA)c,d

No antiplatelet or 
anticoagulant

treatment (IIIB)

Oral anticoagulation
indicated

Assess for contra-indications
Correct reversible 
bleeding risk factors

aCongestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes, prior Stroke/TIA/embolus (2 points), Vascular disease, age 65–74 years, female Sex.
bIncludes women without other stroke risk factors. 
cIIaB for women with only one additional stroke risk factor.
dIB for patients with mechanical heart valves or mitral stenosis.

≥2

Figure 8 Stroke prevention in atrial fibrillation.
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- Jamais de souffle de REGURGITATION : toujours PATHOLOGIQUE ! 
• Cas des bioprothèses (chirurgicales ou percutanées) : 

- Bruits de valves non perçus, sauf en position mitrale (ouverture). 
- En position aortique : souffle éjectionnel 1 à 2/6ème fréquent. 
- En position mitrale : pas de roulement diastolique audible. 
- Jamais de souffle de REGURGITATION : toujours PATHOLOGIQUE ! 

• Quant aux plasties mitrales, l’auscultation dépend de la qualité de la réparation. Le plus 
souvent, les anomalies sont minimes (fuite résiduelle). 

 
3-Importance de l’éducation ++++ 
• A renouveler à chaque consultation ++++. 
• Nécessité de prévention de l’endocardite d’Osler (groupe A) ; importance d’un traitement 

par AVK bien suivi… 
• Carnet de surveillance (AVK et prothèse) : type de prothèse implantée, niveau d’anticoagulation 

souhaité ; dernier INR ; caractéristiques de la valve à l’écho-Doppler de référence. 
• Carte de porteur de prothèse cardiaque. 
• Bonne hygiène buccodentaire, prévention de l’endocardite infectieuse (groupe A). 

 
B. SURVEILLANCE PARACLINIQUE 
1-Biologie 
• Tout patient bénéficiant d’un remplacement valvulaire avec mise en place d’une prothèse 

mécanique devra être sous traitement anticoagulant par AVK toute sa vie, nécessitant une 
surveillance régulière de l’INR. 

• INR : au moins mensuel (résultats consignés dans un carnet). 
• L’INR cible dépend de la thrombogénicité de la prothèse et du risque thrombo-embolique du 

patient a tableau ci-dessous. 
 

Potentiel thrombogène 
de la PROTHESE MECANIQUE 

Nombre de facteurs de risque de thrombose 
de prothèse ou d’événements emboliques 

Aucun Au moins 1 FdR 
Faible 

= prothèse à doubles ailettes, 
la plus fréquemment utilisée 

2,5 3 

Moyen 3 3,5 
Elevé (valve de Starr et à disque) 3,5 4 
• Les facteurs de risque (FdR) thrombo-embolique chez les patients porteurs de prothèse 

mécanique sont : 
- Remplacement valvulaire mécanique en position MITRALE ou TRICUSPIDE 
- ATCD d’accident thrombo-embolique artériel (AVC, AIT, ischémie aiguë MI, etc.) 
- FA 
- RM associé (quelle que soit la sévérité) 
- FEVG < 35% 

 

• On rappelle que : 
- Les patients opérés d’un remplacement valvulaire mitral et/ou tricuspide par 

bioprothèse ou ayant bénéficié d’une plastie mitrale et/ou tricuspide doivent bénéficier 
d’une anticoagulation par AVK uniquement pendant 3 mois après la chirurgie, avec un 
INR cible à 2,5. 

Suivi	au	long	cours	des	patients	porteurs	de	prothèse		

-  Evaluation	clinique	et	échographique	(ETT)	à	J30	post-
opératoire	

-  Suivi	annuel	par	le	cardiologue	:	examen	cardiologique,	ECG,	
ETT,	bilan	biologique	(NFS	à	la	recherche	d’une	anémie).	

-  INR	tous	les	mois	si	prothèse	mécanique	(à	transmettre	au	
médecin	traitant	si	anormal).	

-  Suivi	par	le	médecin	traitant	tous	les	3-6	mois	:	examen	
clinique,	suivi	des	INR	±	biologie	complémentaire.	

-  Consultation	ORL	et	dentiste	tous	les	6	mois.		
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ETO : volumineuse végétation aortique* 

* 
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..11.2.2.5 Interruption of anticoagulant therapy for planned invasive
procedures
Anticoagulation during non-cardiac surgery requires careful manage-
ment based on risk assessment.196 It is recommended not to inter-
rupt oral anticoagulation for most minor surgical procedures
(including dental extraction, cataract removal) and those procedures
where bleeding is easily controlled.197 Major surgical procedures
require an INR <1.5. In patients with a mechanical prosthesis, oral
anticoagulant therapy should be stopped before surgery and bridging
using heparin is recommended.196 UFH remains the only approved
heparin treatment in patients with mechanical prostheses; intrave-
nous administration should be favoured over the subcutaneous
route. The use of subcutaneous LMWH, although off-label, is an
alternative to UFH for bridging. When LMWHs are used they should
be administered twice a day using therapeutic doses, adapted to
body weight and renal function and, if possible, with monitoring of
anti-Xa activity with a target of 0.5–1.0 U/mL. Fondaparinux should
not be used for bridging in patients with mechanical prosthesis.
Practical modalities of anticoagulation bridging are detailed in Figure 8.

If required, after a careful risk–benefit assessment, combined
aspirin therapy should be discontinued 1 week before a non-cardiac
procedure.

Oral anticoagulation can be continued at modified doses in the
majority of patients who undergo cardiac catheterization, in particu-
lar using the radial approach. In patients who require transseptal cath-
eterization for valvular interventions, direct LV puncture or
pericardial drainage, oral anticoagulants should be stopped and bridg-
ing anticoagulation administered.171

In patients who have a subtherapeutic INR during routine monitor-
ing, bridging with UFH or preferably LMWH in an outpatient setting
is indicated until a therapeutic INR value is reached.

11.2.3 Management of valve thrombosis

Obstructive valve thrombosis should be suspected promptly in any
patient with any type of prosthetic valve who presents with recent
dyspnoea or an embolic event. The diagnosis should be confirmed by
TTE and TOE, cinefluoroscopy or CT scan if promptly available.169,170

The management of mechanical prosthetic valve thrombosis is
high risk, whatever the option taken. Surgery is high risk because it is
most often performed under emergency conditions and is a reinter-
vention. On the other hand, fibrinolysis carries risks of bleeding, sys-
temic embolism and recurrent thrombosis that are higher than after
surgery.198

Emergency valve replacement is recommended for obstructive
prosthetic valve thrombosis in critically ill patients without a contrain-
dication to surgery (see table of recommendations in section 11.2.3
for management of prosthetic dysfunction and Figure 9).

Management of non-obstructive mechanical prosthetic valve
thrombosis depends mainly on the occurrence of a thromboembolic
event and the size of the thrombus (Figure 10). Surgery should be
considered for a large (>10 mm) non-obstructive prosthetic valve
thrombus complicated by embolism or which persists despite opti-
mal anticoagulation.199 Fibrinolysis may be considered if surgery is at
high risk but carries a risk of bleeding and thromboembolism.

Valve thrombosis occurs mainly in mechanical prostheses.
However, cases of thrombosis of bioprostheses have been reported

after surgery or transcatheter valve implantation.200,201 Subclinical
thrombosis of bioprostheses may be more frequent when assessed
by cardiac CT,202 and subclinical thrombosis of TAVI prostheses can
be associated with a moderate increase in transprosthetic gradients,
but the clinical consequences are unknown.203

Anticoagulation using a VKA and/or UFH is the first-line treatment
of bioprosthetic valve thrombosis.

Management of prosthetic valve dysfunction

Recommendations Classa Levelb

Mechanical prosthetic thrombosis

Urgent or emergency valve replacement is recom-
mended for obstructive thrombosis in critically ill
patients without serious comorbidity.

I C

Fibrinolysis (using recombinant tissue plasminogen
activator 10 mg bolus þ 90 mg in 90 min with UFH or
streptokinase 1 500 000 U in 60 min without UFH)
should be considered when surgery is not available or
is very high risk or for thrombosis of right-sided
prostheses.

IIa C

Surgery should be considered for large (>10 mm)
non-obstructive prosthetic thrombus complicated by
embolism.

IIa C

Bioprosthetic thrombosis

Anticoagulation using a VKA and/or UFH is recom-
mended in bioprosthetic valve thrombosis before con-
sidering reintervention.

I C

Haemolysis and paravalvular leak

Reoperation is recommended if paravalvular leak is
related to endocarditis or causes haemolysis requiring
repeated blood transfusions or leading to severe
symptoms.

I C

Transcatheter closure may be considered for para-
valvular leaks with clinically significant regurgitation in
surgical high-risk patients (Heart Team decision).

IIb C

Bioprosthetic failure

Reoperation is recommended in symptomatic patients
with a significant increase in transprosthetic gradient
(after exclusion of valve thrombosis) or severe
regurgitation.

I C

Reoperation should be considered in asymptomatic
patients with significant prosthetic dysfunction if reop-
eration is at low risk.

IIa C

Transcatheter valve-in-valve implantation in the aortic
position should be considered by the Heart Team
depending on the risk of reoperation and the type and
size of prosthesis.

IIa C

UFH = unfractionated heparin; VKA = vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
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Ø  Pa-ente	de	89	ans	
Ø  RVM	BIOLOGIQUE	EPIC	29	pour	IM	sévère	dégénéra-ve	sur	anneau	

mitral	sévèrement	calcifié	de	façon	circonféren-elle	1	an	plus	tôt		

Ø  PM	post-opératoire	

Ø  Pas	d’autre	ATCD	ou	FDRCV	
Ø  OAP	
Ø  ECG:	TSV	110/min	

Ø  ETT/ETO:	fuite	péri-prothé-que	
Ø  PET-SCAN:	pas	d’argument	pour	une	endocardite	
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Ø  Nombre	limité	de	procédures	réalisées	

Ø  Peu	d’études	/	plutôt	des	cas	rapportés	
Ø  Registre	Français	en	cours	

 

Hascoet	S	et	al,	ACVD,	2017	



Thrombose	obstruc5ve		

de	prothèse	mécanique	

Figure 8 Main bridging steps for an intervention requiring interruption of oral anticoagulation in a patient with a mechanical prosthesis. Timing
should be individualized according to patient characteristics, actual INR, and the type of intervention (reproduced with permission from Iung and
Rodes-Cabau42). INR = international normalized ratio; IV = intravenous; LMWH = low-molecular-weight heparin; UFH = unfractionated heparin;
VKA = vitamin K antagonist.
aIV UFH may be favoured in patients at high thrombotic risk.

Figure 9 Management of left-sided obstructive mechanical prosthetic thrombosis. IV = intravenous; TOE = transoesophageal echocardiography;
TTE = transthoracic echocardiography; UFH = unfractionated heparin.
aRisk and benefits of both treatments should be individualized. The presence of a first-generation prosthesis is an incentive to surgery.
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ETO 3D retrouvant l’ailette 

bloquée en position fermée (*) 

Pièce anapath 
retrouvant un thrombus(*) 
sur la prothèse mécanique  



Thrombose	non	obstruc5ve		

de	prothèse	mécanique	

Figure 10 Management of left-sided non-obstructive mechanical prosthetic thrombosis. TE = thromboembolism; TOE = transoesophageal echo-
cardiography; TTE = transthoracic echocardiography.
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..11.2.2.5 Interruption of anticoagulant therapy for planned invasive
procedures
Anticoagulation during non-cardiac surgery requires careful manage-
ment based on risk assessment.196 It is recommended not to inter-
rupt oral anticoagulation for most minor surgical procedures
(including dental extraction, cataract removal) and those procedures
where bleeding is easily controlled.197 Major surgical procedures
require an INR <1.5. In patients with a mechanical prosthesis, oral
anticoagulant therapy should be stopped before surgery and bridging
using heparin is recommended.196 UFH remains the only approved
heparin treatment in patients with mechanical prostheses; intrave-
nous administration should be favoured over the subcutaneous
route. The use of subcutaneous LMWH, although off-label, is an
alternative to UFH for bridging. When LMWHs are used they should
be administered twice a day using therapeutic doses, adapted to
body weight and renal function and, if possible, with monitoring of
anti-Xa activity with a target of 0.5–1.0 U/mL. Fondaparinux should
not be used for bridging in patients with mechanical prosthesis.
Practical modalities of anticoagulation bridging are detailed in Figure 8.

If required, after a careful risk–benefit assessment, combined
aspirin therapy should be discontinued 1 week before a non-cardiac
procedure.

Oral anticoagulation can be continued at modified doses in the
majority of patients who undergo cardiac catheterization, in particu-
lar using the radial approach. In patients who require transseptal cath-
eterization for valvular interventions, direct LV puncture or
pericardial drainage, oral anticoagulants should be stopped and bridg-
ing anticoagulation administered.171

In patients who have a subtherapeutic INR during routine monitor-
ing, bridging with UFH or preferably LMWH in an outpatient setting
is indicated until a therapeutic INR value is reached.

11.2.3 Management of valve thrombosis

Obstructive valve thrombosis should be suspected promptly in any
patient with any type of prosthetic valve who presents with recent
dyspnoea or an embolic event. The diagnosis should be confirmed by
TTE and TOE, cinefluoroscopy or CT scan if promptly available.169,170

The management of mechanical prosthetic valve thrombosis is
high risk, whatever the option taken. Surgery is high risk because it is
most often performed under emergency conditions and is a reinter-
vention. On the other hand, fibrinolysis carries risks of bleeding, sys-
temic embolism and recurrent thrombosis that are higher than after
surgery.198

Emergency valve replacement is recommended for obstructive
prosthetic valve thrombosis in critically ill patients without a contrain-
dication to surgery (see table of recommendations in section 11.2.3
for management of prosthetic dysfunction and Figure 9).

Management of non-obstructive mechanical prosthetic valve
thrombosis depends mainly on the occurrence of a thromboembolic
event and the size of the thrombus (Figure 10). Surgery should be
considered for a large (>10 mm) non-obstructive prosthetic valve
thrombus complicated by embolism or which persists despite opti-
mal anticoagulation.199 Fibrinolysis may be considered if surgery is at
high risk but carries a risk of bleeding and thromboembolism.

Valve thrombosis occurs mainly in mechanical prostheses.
However, cases of thrombosis of bioprostheses have been reported

after surgery or transcatheter valve implantation.200,201 Subclinical
thrombosis of bioprostheses may be more frequent when assessed
by cardiac CT,202 and subclinical thrombosis of TAVI prostheses can
be associated with a moderate increase in transprosthetic gradients,
but the clinical consequences are unknown.203

Anticoagulation using a VKA and/or UFH is the first-line treatment
of bioprosthetic valve thrombosis.

Management of prosthetic valve dysfunction

Recommendations Classa Levelb

Mechanical prosthetic thrombosis

Urgent or emergency valve replacement is recom-
mended for obstructive thrombosis in critically ill
patients without serious comorbidity.

I C

Fibrinolysis (using recombinant tissue plasminogen
activator 10 mg bolus þ 90 mg in 90 min with UFH or
streptokinase 1 500 000 U in 60 min without UFH)
should be considered when surgery is not available or
is very high risk or for thrombosis of right-sided
prostheses.

IIa C

Surgery should be considered for large (>10 mm)
non-obstructive prosthetic thrombus complicated by
embolism.

IIa C

Bioprosthetic thrombosis

Anticoagulation using a VKA and/or UFH is recom-
mended in bioprosthetic valve thrombosis before con-
sidering reintervention.

I C

Haemolysis and paravalvular leak

Reoperation is recommended if paravalvular leak is
related to endocarditis or causes haemolysis requiring
repeated blood transfusions or leading to severe
symptoms.

I C

Transcatheter closure may be considered for para-
valvular leaks with clinically significant regurgitation in
surgical high-risk patients (Heart Team decision).

IIb C

Bioprosthetic failure

Reoperation is recommended in symptomatic patients
with a significant increase in transprosthetic gradient
(after exclusion of valve thrombosis) or severe
regurgitation.

I C

Reoperation should be considered in asymptomatic
patients with significant prosthetic dysfunction if reop-
eration is at low risk.

IIa C

Transcatheter valve-in-valve implantation in the aortic
position should be considered by the Heart Team
depending on the risk of reoperation and the type and
size of prosthesis.

IIa C

UFH = unfractionated heparin; VKA = vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
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Une	ques5on	bientôt	très	fréquente	

� De	plus	en	plus	de	bioprothèses	
�  Implantés	chez	des	patients	de	plus	en	plus	jeunes	
� Donc	de	plus	en	plus	de	dégénérescences	de	
bioprothèses	

� Chez	des	patients	qui	vont	vivre	de	plus	en	plus	
longtemps	

� Avec	de	plus	en	plus	de	comorbidités	
� Et	la	possibilité	du	TAVI…..(ou	de	la	chirurgie	redux	!)		
	



Pourquoi	de	plus	en	plus	de	

bioprothèses	implantées?	

� Moins	RAA,	plus	de	valvulopathies	dégénératives	++	
	
� Meilleure	durabilité	des	bioprothèses		

�  TAVI	valve	in	valve	en	perspective,	moins	effrayant	qu’une	
chirurgie	redux	chez	l’octogénaire	(à	tort	ou	à	raison	?)	

	
� Moins	d’AVK	chez	les	sujets	âgés	



Mohr	FW	et	al.	Nat.	Rev.	Cardiol.	2014	



89%	des	RVAo	par	BIOPROTHESE	en	2014	





Mme	J.L.	

�  Patiente	de	81	ans,	excellent	état	cognitif	
�  ATCD	de	RVAo	chirurgical	par	une	bioprothèse	aortique	MitroFlow	n°19	

en	2009	pour	sténose	aortique	serrée.		
�  Endocardite	à	Streptocoque	en	mars	2015,	avec	une	porte	d’entrée	digestive	

probable	sur	maladie	de	Crohn.		
�  Hospitalisée	pour	IC	à	répétition	pour	dégénérescence	post	

endocarditique	d’une	bioprothèse	aortique	Mitroflow	n°19	implantée	
en	2009.	Cette	dégénérescence	est	fortement	sténosante	et	fuyante	(gradient	
moyen	65mmHg,	Vmax	5m/sec,	surface	0.5cm²),	avec	une	fuite	moyenne	
(grade	¾),	FEVG	normale,	HTAP	à	60	mmHg	



Mme	J.L.	

�  Comorbidités	:	
ü  81	ans	
ü  atteinte	cutanée	thoracique		post	radique	(radiothérapie	en	1980	puis	en	

1988	pour	carcinome	mammaire	bilatéral)	
ü  insuffisance	rénale	chronique	sévère	(clairance	24	ml/min)	
ü  atteinte	vestibulaire	secondaire	au	traitement	par	Aminoside	dont	elle	

garde	une	grande	instabilité	à	la	marche.	
ü  EFR	(avril	2016):	trouble	ventilatoire	obstructif	modéré	stable	depuis	2015,	

VEMS	1.31l	soit	63%,	Tiffeneau	86%.		
ü  Maladie	de	Crohn	avec	atteinte	iléo	colique	et	anale	actuellement	sous	

Metothrexate.	
�  Coronarographie:	normale	;	axes	vasculaires	non	athéromateux	peu	tortueux	

et	de	bon	diamètre.		
�  	Scanner	cardiaque	(décembre	2015	–	mesures	validées	par	le	Dr	

Sablayrolles)	:	anneau	aortique	17	x	18mm,	surface	2.6cm².	Distance	anneau	–	
ostia	coronaire	gauche	9.6mm	;	anneau	–	coronaire	droite	10.5mm.		

�  	Euroscore	1	:	31%	(avril	2016).		



Quand	parle-t-on	de		

dégénérescence	structurelle	

sévère	de	bioprothèse	?	

A.  Cusps	fines	et	gradient	moyen	à	30	mmHg	
B.  Cusps	calcifiées,	IA	¾,	gradient	moyen	35	mmHg	
C.  Déchirure	d’une	cusp,	pas	de	végétation,	IA	4/4	
D.  Cusps	calcifiées,	gradient	moyen	à	50	mmHg	
E.  Déchirure	d’une	cusp,	présence	d’une	végétation,	IA	4/4	
	



Quand	parle-t-on	de		

dégénérescence	structurelle	

sévère	de	bioprothèse	?	

A.  Cusps	fines	et	gradient	moyen	à	30	mmHg			
 è mismatch	pa5ent/prothèse	

A.  Cusps	calcifiées,	IA	¾,	gradient	moyen	35	mmHg	
B.  Déchirure	d’une	cusp,	pas	de	végétation,	IA	4/4	
C.  Cusps	calcifiées,	gradient	moyen	à	50	mmHg	
D.  Déchirure	d’une	cusp,	présence	d’une	végétation,	IA	4/4	

	è endocardite	infectieuse	
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•  Atteinte	morphologique	intrinsèque	permanente	de	la	valve	:	
-  Usure	
-  Déchirure	
-  Prolapsus	d’une	cusp	
-  Calcifications	
-  Fibrose	

•  Entrainant	une	dégénérescence	ou	une	dysfonction	de	la	prothèse	
pouvant	se	manifestant	hémodynamiquement	par	une	sténose	ou	
une	régurgitation	intra-prothétique.	

	

Dégénérescence	structurelle		

de	bioprothèse	

�  Dégénérescence	structurelle	de	bioprothèse	sévère	hémodynamiquement	si		:	

ü  Gradient	moyen	transprothé5que	≥	40	mmHg	

ü  Augmentation	du	gradient	moyen	transprothétique	≥	20	mmHg	par	

rapport	au	baseline.	

ü  Fuite	aor5que	intra-prothé5que	sévère	;	nouvelle	ou	aggrava5on	d’une	fuite	
intra-prothé5que	(>2+/4+)	par	rapport	au	baseline.	

ü  ETT	de	référence	à	J30	post-opératoire.	
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Defini5on	

of	Structural	valve	degenera5on	

�  Severe	haemodynamic	SVD	(any	of	the	following)	:		
ü Mean	transprosthe5c	gradient	≥	40	mmHg	

ü Mean	transprosthe5c	gradient	≥	20	mmHg	change	from	baseline		

ü  Severe	intra-prosthe5c	aor5c	regurgita5on,	new	or	worsening	
(>2+/4+)	from	baseline	

�  Morphological	SVD	(any	of	the	following):	
ü  Leaflet	integrity	abnormality	(i.e.	torn	or	flail	causing	

intra-frame	regurgitation)	
ü  Leaflet	structure	abnormality	(i.e.	pathological	

thickening	and/or	calcification	causing	valvular	
stenosis	or	central	regurgitation)	

ü  Leaflet	function	abnormality	(i.e.	impaired	mobility	
resulting	in	stenosis	and/or	central	regurgitation)	

ü  Strut/frame	abnormality	(i.e.	fracture)		



IM	intra-prothétique	



Dégénérescence	sténosante	de	
bioprothèse	mitrale	

MAINTENANT	 IL	Y	A	3	ANS	

Nécessité	d’un	suivi	
cardiologique	annuel	avec	

une	ETT	annuelle	





Toggweiler et al. (51) showed a 3.4% incidence of
SVD at 5-year follow-up in a cohort of 88 patients who
had received a balloon-expandable Edwards Sapien
valve. Moderate AR, stenosis, or combined AR and
stenosis occurred in 1 patient each, and no patient
required reintervention. Barbanti et al. (52) reported a
5-year experience with the CoreValve system and
found 5 cases (1.4%) of SVD, with 2 patients requiring
reintervention (valve-in-valve) because of symptom-
atic aortic stenosis at 4 and 4.6 years post-TAVR. In
addition, 10 patients (2.8%) showed late mild steno-
sis, with a mean transaortic gradient ranging from 20
to 40 mm Hg (Figure 4).

Ten-year follow-up data on TAVR are scarce. Dvir
(18) reported a study totaling 378 patients followed
for up to 10 years. The valves included were Cribier-
Edwards (14%), Edwards Sapien (50%), and Edwards
Sapien XT (36%). A total of 35 cases of SVD were
identified: approximately two-thirds presented with
intraprosthetic AR and one-third with valvular ste-
nosis or mixed disease. Based on these findings, the
estimated SVD rate at 8 years was approximately
50%. However, the definition of SVD in this study
used a fixed cutoff value of a mean transaortic
gradient >20 mm Hg and did not take hemodynamic
changes over time into account, which may have
overestimated the real incidence of SVD. Also, the
evaluation of intraprosthetic versus paravalvular
leaks (very frequent in the TAVR population, partic-
ularly with first-generation devices) may be chal-
lenging with TTE and cannot exclude the inclusion of
paravalvular leak cases interpreted as SVD. Further-
more, with the first generations of transcatheter
valves, a significant proportion (>50%) of patients
demonstrated at least mild AR on the discharge
echocardiogram. Finally, it must be considered that
only <10% of the initial study group was available for
analysis beyond 5 years. Eltchaninoff (19) presented
the results of 239 patients with a follow-up beyond 5
years. SVD was defined as a mean transvalvular
gradient >20 mm Hg, in combination with an increase
of at least 10 mm Hg from the 30-day echocardiogra-
phy or AR grade 3 or 4. Only 4 patients (1.67%) met
these criteria for SVD. Once again, the variability in
criteria to define SVD highlight the importance of
standardized definitions. More recently, Testa (53)
presented the results from 2,343 patients treated in
13 Italian centers with up to 9 years of follow-up. The
investigators found 3 patients with severe SVD that
led to death, and 12 patients with prosthesis-related
clinical events leading to a new hospitalization for
heart failure (treated with valve-in-valve procedures
[n ¼ 8 patients], SAVR [n ¼ 2], and medical treatment
[n ¼ 2]).

FACTORS ASSOCIATED WITH

BIOPROSTHESIS DETERIORATION

SURGICAL BIOPROSTHESES. The main factors asso-
ciated with SVD following SAVR can be divided into
3 groups: factors directly related to the patient, car-
diovascular risk/comorbid conditions, and factors
related to the valve (Table 4) (54–56). Among the
factors directly related to the patient, age at the time
of valve implantation has been 1 of the most impor-
tant factors determining bioprosthesis durability
across most studies. The rate of SVD at 10-year follow-
up is usually <10% in elderly patients, whereas it
rises to 20% to 30% in patients <40 years of age
(42,45,57). The cumulative risk of reoperation sec-
ondary to SVD according to age is shown in Table 5.
Larger body surface area has been associated with
accelerated SVD, potentially explained by greater
hemodynamic stress and a lower tolerance to the
effects of stenosis or regurgitation (55). Male sex was

TABLE 4 Predictors of SVD (Aortic Bioprosthesis)

Patient-related factors

Age HR: 0.97; 95% CI: 0.96–0.98; p < 0.01 (54)

Cardiovascular risk and comorbid factors

Smoking HR: 2.58; 95% CI: 1.85–3.60; p < 0.001 (54)

BMI (per m2) HR: 1.84; 95% CI: 1.08–3.16; p ¼ 0.026 (54)

Diabetes mellitus p ¼ 0.020 (56)

Dyslipidemia OR: 3.9; p ¼ 0.011 (56)

Renal insufficiency HR: 1.1; 95% CI: 1.03–1.16; p ¼ 0.047 (55)

Valve-related factors

Persistent LVH HR: 2.38; 95% CI: 1.61–3.51; p < 0.001 (54)

Prosthesis size HR: 0.82; 95% CI: 0.70–0.98; p ¼ 0.010 (54)

PPM HR: 1.79; 95% CI: 1.11–2.87; p ¼ 0.017 (54)

BMI ¼ body mass index; CI ¼ confidence interval; DM ¼ diabetes mellitus; HR ¼ hazard ratio; LVH ¼ left ven-
tricular hypertrophy; OR ¼ odds ratio; PPM ¼ prosthesis patient mismatch; SVD ¼ structural valve deterioration.

TABLE 5 Cumulative Risk of Reoperation Due to SVD by Age Group: Competing
Risk Estimates

Probability (%) 20-Yr 25-Yr 30-Yr 35-Yr 40-Yr 45-Yr 50-Yr 55-Yr 60-Yr

5 6.9 6.9 7.0 7.5 7.8 8.3 8.7 9.1 9.2

10 7.8 8.4 9.0 9.2 9.6 9.9 10.3 11.1 11.6

15 9.1 9.2 9.9 10.0 10.7 11.4 13.1 14.0 14.8

20 9.9 10.0 10.7 11.4 13.1 14.0 14.8 15.1 16.3

25 10.4 11.1 12.5 13.9 14.2 14.9 15.5 16.7 17.8

30 11.2 13.1 14.0 14.8 15.1 16.3 16.9 17.9 18.6

35 13.1 14.0 14.8 15.3 16.3 17.3 18.0 18.6 21.2

40 14.0 14.8 15.3 16.3 17.3 18.0 18.6 21.2 23.4

45 14.8 15.3 16.3 17.3 18.0 18.6 21.2 23.4 —

50 15.1 16.3 16.9 17.9 18.6 21.0 23.4 — —

Values are the number of years a patient could expect to be free from reoperation for structural valve deteri-
oration (SVD), depending on age at implantation. Adapted with permission from Bourguignon et al. (16).
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SVD, whereas porcine valves have a tendency to
develop leaflet tear with regurgitation (27). Also,
stented valves tend to develop stenosis, whereas AR
appears to be the main mechanism of valve failure in
the stentless valves (7). Some examples of SVD are
shown in Figure 2.

Several mechanisms have been identified in the
pathogenesis of SVD. Bioprosthetic leaflet tissue is
fixed in glutaraldehyde to cross-link and mask anti-
gens, avoiding immune system rejection of the
xenograft and making the bioprosthesis

“immunologically inert.” Free aldehyde groups
resulting from this treatment, along with phospho-
lipids and calcium ions in the circulation, result in a
passive process of calcification (28). Hypercalcemia,
hyperphosphatemia, and increased leaflet mechanical
stress are among the main mechanisms leading to
mineralization, thickening, and disruption of valve
leaflet tissues. Hence, diseases or conditions lead-
ing to dysregulation of phosphocalcic metabolism
(renal failure, hyperparathyroidism) or to increased
mechanical stress on valve leaflets (arterial

TABLE 2 Studies on Surgical Bioprosthesis Durability

First Author, Year (Ref. #) Valve Type N
Mean Follow-Up

(yrs)
SVD Requiring

Reintervention, n (%)
Freedom From

SVD (%)

Jamieson et al., 2005 (37) Carpentier-Edwards SAV 1,823 8 ! 5 132 (7.2) 15 yrs: 74.9 ! 2.3
18 yrs: 64.0 ! 3.6

David et al., 2007 (38) St Jude Medical Toronto 357 8 ! 3 49 (13.7),
4 were inoperable

10 yrs: 86 ! 3
12 yrs: 69 ! 4

Yankah et al., 2008 (39) Mitroflow 1,513 4 ! 0.12 64 (4.2) 20 yrs: 62.3 ! 5.0

Mykén and Bech-Hansen,
2009 (40)

St Jude Medical Biocor 1,518 6 ! 5 77 (5) 20 yrs: 61.1 ! 8.5

David et al., 2010 (41) Hancock II 1,134 12 87 (7.6),
13 were inoperable

5 yrs: 99.7 ! 0.2
10 yrs: 97.6 ! 0.6
15 yrs: 86.6 ! 1.8
20 yrs: 63.4 ! 4.2

Forcillo et al., 2013 (42) Carpentier-Edwards 2,405 6 ! 9 91 (3.7); 2 refused
redo surgery

5 yrs: 98.0 ! 0.2
10 yrs: 96 ! 1
20 yrs: 67 ! 4

Bach and Kon, 2014 (43) Freestyle 725 8 34 (4.6) 10 yrs: 96.4 ! 1.4
15 yrs: 85.1 ! 4.9

Bourguignon et al., 2015 (16) Carpentier- Edwards Perimount 373 9 ! 6 78 (20) 10 yrs: 86.8 ! 2.5
15 yrs: 66.8 ! 4.2
20 yrs: 37.2 ! 5.4

Guenzinger et al., 2015 (44) St Jude Medical Biocor 455 8 ! 6 37 (8.1); 13 were inoperable
or refused surgery

5 yrs: 97.9 ! 0.8
10 yrs: 92.1 ! 1.7
15 yrs: 84.8 ! 3.0
20 yrs: 67.0 ! 7.3

Johnston et al., 2015 (45) Carpentier Edwards Perimount 12,569 6 155 reoperated; 268 SVD
without reoperation (3.3)

NR

Christ et al., 2015 (11) St. Jude Medical Toronto 50 14 ! 6 24 (48) 5 yrs: 97.7 ! 2.2
10 yrs: 76.0 ! 6.7
15 yrs: 44.1 ! 8.9

Repossini et al., 2016 (46) Freedom Solo 565 7 ! 4 23 (4) 10 yrs: 90.8

NR ¼ not reported; SAV ¼ supra-annular valve; SVD ¼ structural valve deterioration.

TABLE 3 Studies on Transcatheter Valve Durability

First Author (Ref. #) Valve Type N Follow-Up (Yrs)
SVD Requiring

Reintervention (n) SVD (%)

Mack et al. (48) Edwards SAPIEN 179 5 0 0

Kapadia et al. (49) Edwards SAPIEN 348 5 0 0

Toggweiler et al. (51) Cribier-Edwards/Edwards SAPIEN 88 5 0 3.4

Barbanti et al. (52) CoreValve 343 5 2 (redo TAVR) 1.4

Dvir et al. (18) Cribier-Edwards/Edwards SAPIEN/Edwards SAPIEN XT 378 6–10 NR w50

Eltchaninoff et al. (19) Cribier-Edwards/Edwards SAPIEN/Edwards SAPIEN XT 239 5–9 1 (redo TAVR) 1.67

TAVR ¼ transcatheter aortic valve replacement; other abbreviations as in Table 2.
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Durabilité	des	bioprothèses	

�  From		August	1984	to	December	2008	
�  450	mitral	and	2758	aortic	Carpentier-Edwards	
PERIMOUNT®	bioprostheses	implanted	

�  Indication	for	bioprosthesis	:	 	 	 	 	
	age	≥	60	years,		
q or	specific	conditions	(endocarditis,	short	anticipated	life	
expectancy	because	of	comorbidities,	contraindication	to	oral	
anticoagulant	treatment,	informed	patient’s	choice)	

�  Prospective	follow-up	
�  Yearly	clinical	questionnaire	and	echocardiographic	study	
�  20-year	outcomes	(definitions	according	to	STS	and	AATS	
guidelines).	

Bourguignon	et	al.	Annals	Of	Thoracic	Surgery,	2015	



Bourguignon	et	al.	Annals	Of	Thoracic	Surgery,	2015	



Expected	valve	durability	19.7	years	for	the	entire	cohort	
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study, multivariable analysis identified female sex, dyslipid-
emia, and PPM as statistically significant correlates of SVD. 
However, patient age did not emerge as a significant predictor 
because most patients are older than 65 years. Dyslipidemia 
and metabolic syndrome have been associated previously 
with native aortic valve stenosis development but also with 
progressive SVD of bioprostheses.33,34 In our cohort, SVD 
occurred preferentially in small-sized bioprostheses (19 and 
21 mm) with higher postoperative gradients and was associ-
ated with PPM. Although the clinical consequences of PPM 
on morbidity and mortality after AVR remain a matter of 
debate,35,36 the hemodynamic consequences of PPM could 
have a deleterious influence on bioprosthetic duration. Indeed, 
Flameng et al30 demonstrated that SVD was more frequent in 
patients with PPM defined by an actual surface area <0.85 
cm2/m2. In contrast to other types of bioprostheses, Mitroflow 
12A/LX was not prepared with a specific anticalcification 
treatment. Abnormal mechanical constraints related to PPM 
and the absence of anticalcification treatment could explain 
the Mitroflow 12A/LX tendency toward early stiffening and 

calcification. Indeed, according to experimental work by 
Cunanan et al,25 the Mitroflow valve is particularly prone to 
calcification. Ninety-day subcutaneous valvular prosthetic 
tissue implants in rats demonstrated a tissue calcium con-
tent up to 214 μg/mg for the Mitroflow but only 2.13 μg/mg 
(P<0.001) for the porcine Carpentier-Edwards and the pericar-
dial PERIMOUNT bioprostheses. Besides patient characteris-
tics and PPM, the early and high rates of SVD in Mitroflow 
12A/LX are therefore likely linked to structural characteristics 
of bioprosthesis and especially the absence of anticalcification 
treatment during tissue preparation and fixation.

Impact of SVD Occurrence on Patient Survival
Beyond the classic factors of postoperative survival such as 
respiratory or coronary disease and symptoms, SVD emerged 
as a strong predictive factor of survival after AVR with a 
Mitroflow 12A/LX bioprosthesis. Indeed, SVD was found to 
be the strongest correlate of mortality in multivariable analy-
sis (HR=7.7; P<0.001), overwhelming other pejorative prog-
nosis factors. The deleterious effect of SVD on survival was 
highlighted previously in the Veterans Affairs study,37 making 
the high rate of SVD with the Mitroflow a concern. The pres-
ent study highlights the short durability of Mitroflow 12A/LX 
bioprostheses in some patients. Because SVD portends a poor 
prognosis, patients need to be followed closely after surgery and 
referred promptly to surgery according to the severity of SVD.

Clinical Implications
Patients with a Mitroflow bioprosthesis (models 12A/LX) 
thus must face an unusual and quite unpredictable structural 
and hemodynamic deterioration, with an accelerated wors-
ening in one third of SVD portending a poor outcome under 
conventional management and a high mortality rate. Because 
premature SVD risk was considered to be low for all bio-
logical valves9 including the Mitroflow valve,12,27 European 
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Figure 5. Overall, cardiovascular-related, and valve-related survival curves.

Table 5. Multivariable Cox Model Analysis of Midterm 
Survival

Variable Hazard Ratio 95% CI P Value

Structural valve deterioration* 7.7 4.36–13.61 <0.0001

COPD (after year 3) 3.91 2.02–7.55 0.001

Myocardial infarction within 3 mo 
before surgery

2.76 1.31–5.81 0.008

Preoperative respiratory insufficiency 2.75 1.33–5.67 0.008

Repeat surgery 1.85 1.13–3.03 0.014

NYHA class 3–4 1.51 1.12–2.03 0.007

CI indicates confidence interval; COPD, chronic obstructive pulmonary 
disease; and NYHA, New York Heart Association.

*Structural valve deterioration is modeled as a time-dependent covariate. 
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Encore	valable	avec	l’émergence	du	
TAVI	Valve-in-Valve	???	

..

..

..

..

..

..

..

..

..

..11.2 Management after valve
intervention
Thromboembolism and anticoagulant-related bleeding present the
majority of complications experienced by prosthetic valve recipients.
Endocarditis prophylaxis and management of prosthetic valve endo-
carditis are detailed in a separate ESC guideline.28

11.2.1 Baseline assessment and modalities of follow-up

All patients require lifelong follow-up by a cardiologist after valve sur-
gery to detect early deterioration in prosthetic function or ventricular
function or progressive disease of another heart valve. Clinical assess-
ment should be performed yearly or as soon as possible if new cardiac
symptoms occur. TTE should be performed if any new symptoms

Choice of the aortic/mitral prosthesis in favour of a mechanical prosthesis; the decision is based on the integration of
several of the following factors

Recommendations Classa Levelb

A mechanical prosthesis is recommended according to the desire of the informed patient and if there are no contraindi-

cations to long-term anticoagulation.c
I C

A mechanical prosthesis is recommended in patients at risk of accelerated structural valve deterioration.d I C

A mechanical prosthesis should be considered in patients already on anticoagulation because of a mechanical prosthesis

in another valve position.
IIa C

A mechanical prosthesis should be considered in patients <60 years of age for prostheses in the aortic position and

<65 years of age for prostheses in the mitral position.e
IIa C

A mechanical prosthesis should be considered in patients with a reasonable life expectancyf for whom future redo valve

surgery would be at high risk.
IIa C

A mechanical prosthesis may be considered in patients already on long-term anticoagulation due to the high risk for

thromboembolism.g
IIb C

LV = left ventricular.
aClass of recommendation.
bLevel of evidence.
cIncreased bleeding risk because of comorbidities, compliance concerns or geographic, lifestyle or occupational conditions.
dYoung age (<40 years), hyperparathyroidism.
eIn patients 60–65 years of age who should receive an aortic prosthesis and those between 65 and 70 years of age in the case of mitral prosthesis, both valves are acceptable
and the choice requires careful analysis of factors other than age.
fLife expectancy should be estimated at > 10 years according to age, sex, comorbidities and country-specific life expectancy.
gRisk factors for thromboembolism are atrial fibrillation, previous thromboembolism, hypercoagulable state and severe LV systolic dysfunction.

Choice of the aortic/mitral prosthesis in favour of a bioprosthesis; the decision is based on the integration of several of
the following factors

Recommendations Classa Levelb

A bioprosthesis is recommended according to the desire of the informed patient. I C

A bioprosthesis is recommended when good-quality anticoagulation is unlikely (compliance problems, not readily available) or contrain-
dicated because of high bleeding risk (previous major bleed, comorbidities, unwillingness, compliance problems, lifestyle, occupation).

I C

A bioprosthesis is recommended for reoperation for mechanical valve thrombosis despite good long-term anticoagulant control. I C

A bioprosthesis should be considered in patients for whom there is a low likelihood and/or a low operative risk of future redo valve
surgery.

IIa C

A bioprosthesis should be considered in young women contemplating pregnancy. IIa C

A bioprosthesis should be considered in patients >65 years of age for a prosthesis in the aortic position or > 70 years of age in a mitral
position or those with a life expectancyc lower than the presumed durability of the bioprosthesis.d

IIa C

aClass of recommendation.
bLevel of evidence.
cLife expectancy should be estimated according to age, sex, comorbidities and country-specific life expectancy.
dIn patients 60–65 years of age who should receive an aortic prosthesis and those between 65 and 70 years of age in the case of mitral prosthesis, both valves are acceptable
and the choice requires careful analysis of factors other than age.
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surgery.
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position or those with a life expectancyc lower than the presumed durability of the bioprosthesis.d
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..11.2.2.5 Interruption of anticoagulant therapy for planned invasive
procedures
Anticoagulation during non-cardiac surgery requires careful manage-
ment based on risk assessment.196 It is recommended not to inter-
rupt oral anticoagulation for most minor surgical procedures
(including dental extraction, cataract removal) and those procedures
where bleeding is easily controlled.197 Major surgical procedures
require an INR <1.5. In patients with a mechanical prosthesis, oral
anticoagulant therapy should be stopped before surgery and bridging
using heparin is recommended.196 UFH remains the only approved
heparin treatment in patients with mechanical prostheses; intrave-
nous administration should be favoured over the subcutaneous
route. The use of subcutaneous LMWH, although off-label, is an
alternative to UFH for bridging. When LMWHs are used they should
be administered twice a day using therapeutic doses, adapted to
body weight and renal function and, if possible, with monitoring of
anti-Xa activity with a target of 0.5–1.0 U/mL. Fondaparinux should
not be used for bridging in patients with mechanical prosthesis.
Practical modalities of anticoagulation bridging are detailed in Figure 8.

If required, after a careful risk–benefit assessment, combined
aspirin therapy should be discontinued 1 week before a non-cardiac
procedure.

Oral anticoagulation can be continued at modified doses in the
majority of patients who undergo cardiac catheterization, in particu-
lar using the radial approach. In patients who require transseptal cath-
eterization for valvular interventions, direct LV puncture or
pericardial drainage, oral anticoagulants should be stopped and bridg-
ing anticoagulation administered.171

In patients who have a subtherapeutic INR during routine monitor-
ing, bridging with UFH or preferably LMWH in an outpatient setting
is indicated until a therapeutic INR value is reached.

11.2.3 Management of valve thrombosis

Obstructive valve thrombosis should be suspected promptly in any
patient with any type of prosthetic valve who presents with recent
dyspnoea or an embolic event. The diagnosis should be confirmed by
TTE and TOE, cinefluoroscopy or CT scan if promptly available.169,170

The management of mechanical prosthetic valve thrombosis is
high risk, whatever the option taken. Surgery is high risk because it is
most often performed under emergency conditions and is a reinter-
vention. On the other hand, fibrinolysis carries risks of bleeding, sys-
temic embolism and recurrent thrombosis that are higher than after
surgery.198

Emergency valve replacement is recommended for obstructive
prosthetic valve thrombosis in critically ill patients without a contrain-
dication to surgery (see table of recommendations in section 11.2.3
for management of prosthetic dysfunction and Figure 9).

Management of non-obstructive mechanical prosthetic valve
thrombosis depends mainly on the occurrence of a thromboembolic
event and the size of the thrombus (Figure 10). Surgery should be
considered for a large (>10 mm) non-obstructive prosthetic valve
thrombus complicated by embolism or which persists despite opti-
mal anticoagulation.199 Fibrinolysis may be considered if surgery is at
high risk but carries a risk of bleeding and thromboembolism.

Valve thrombosis occurs mainly in mechanical prostheses.
However, cases of thrombosis of bioprostheses have been reported

after surgery or transcatheter valve implantation.200,201 Subclinical
thrombosis of bioprostheses may be more frequent when assessed
by cardiac CT,202 and subclinical thrombosis of TAVI prostheses can
be associated with a moderate increase in transprosthetic gradients,
but the clinical consequences are unknown.203

Anticoagulation using a VKA and/or UFH is the first-line treatment
of bioprosthetic valve thrombosis.

Management of prosthetic valve dysfunction

Recommendations Classa Levelb

Mechanical prosthetic thrombosis

Urgent or emergency valve replacement is recom-
mended for obstructive thrombosis in critically ill
patients without serious comorbidity.

I C

Fibrinolysis (using recombinant tissue plasminogen
activator 10 mg bolus þ 90 mg in 90 min with UFH or
streptokinase 1 500 000 U in 60 min without UFH)
should be considered when surgery is not available or
is very high risk or for thrombosis of right-sided
prostheses.

IIa C

Surgery should be considered for large (>10 mm)
non-obstructive prosthetic thrombus complicated by
embolism.

IIa C

Bioprosthetic thrombosis

Anticoagulation using a VKA and/or UFH is recom-
mended in bioprosthetic valve thrombosis before con-
sidering reintervention.

I C

Haemolysis and paravalvular leak

Reoperation is recommended if paravalvular leak is
related to endocarditis or causes haemolysis requiring
repeated blood transfusions or leading to severe
symptoms.

I C

Transcatheter closure may be considered for para-
valvular leaks with clinically significant regurgitation in
surgical high-risk patients (Heart Team decision).

IIb C

Bioprosthetic failure

Reoperation is recommended in symptomatic patients
with a significant increase in transprosthetic gradient
(after exclusion of valve thrombosis) or severe
regurgitation.

I C

Reoperation should be considered in asymptomatic
patients with significant prosthetic dysfunction if reop-
eration is at low risk.

IIa C

Transcatheter valve-in-valve implantation in the aortic
position should be considered by the Heart Team
depending on the risk of reoperation and the type and
size of prosthesis.

IIa C

UFH = unfractionated heparin; VKA = vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
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�  Transcatheter	valve-in-valve	implantation:	
ü  an	option	for	treating	degenerated	bioprostheses	

in	patients	with	increased	surgical	risk».	
ü  experience	mostly	for	bioprostheses	in	the	aortic		

position		
ü  remains	limited	in	the	mitral	position	and	even	

more	so	in	the	tricuspid	position».	
	

�  «	Valve-in-valve	and	valve-in-ring	procedures	
may	be	reasonable	alternatives	if	the	patient	is	at	
increased	surgical	risk,	but	it	is	necessary	that	
the	multidisciplinary	Heart	Team	discusses	
every	patient	and	chooses	the	best	indivualized	
approach	».		
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«	The	availability	of	transcatheter	valve-in-valve	replacement	is	changing	
the	dynamics	of	the	discussion	of	the	trade-offs	between	mechanical	and	
bioprosthetic	valves,		
but	extensive	long-term	follow-up	of	transcatheter	valves	is	not	yet	
available,	and	not	all	bioprostheses	are	suitable	for	a	future	valve-in-valve	
procedure	(152-154).		
A	valve-in-valve	procedure	will	always	require	insertion	of	a	valve	smaller	
than	the	original	bioprosthesis,	and	patient–prosthesis	mismatch	is	a	
potential	problem,	depending	on	the	size	of	the	initial	prosthesis.	»	
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surgical procedure would be high risk (i.e., those with prior radiation therapy or a porcelain aorta). In 
patients with shortened longevity and/or multiple comorbidities, a bioprosthesis would be most appropriate. 
In women who desire subsequent pregnancy, the issue of anticoagulation during pregnancy is an additional 
consideration (Section 13 in the 2014 VHD guideline). The availability of transcatheter valve-in-valve 
replacement is changing the dynamics of the discussion of the trade-offs between mechanical and 
bioprosthetic valves, but extensive long-term follow-up of transcatheter valves is not yet available, and not 
all bioprostheses are suitable for a future valve-in-valve procedure (152-154). A valve-in-valve procedure 
will always require insertion of a valve smaller than the original bioprosthesis, and patient–prosthesis 
mismatch is a potential problem, depending on the size of the initial prosthesis. Irrespective of whether a 
mechanical valve or bioprosthesis is placed, a root enlargement should be considered in patients with a 
small annulus to ensure that there is not an initial patient–prosthesis mismatch.  

I C 

A bioprosthesis is recommended in patients 
of any age for whom anticoagulant therapy is 
contraindicated, cannot be managed 
appropriately, or is not desired.  

2014 recommendation remains 
current. 

IIa B-NR 
An aortic or mitral mechanical prosthesis is 
reasonable for patients less than 50 years of 
age who do not have a contraindication to 
anticoagulation (141,149,151,155-157).  

MODIFIED: LOE updated 
from B to B-NR. The age limit 
for mechanical prosthesis was 
lowered from 60 to 50 years of 
age.  

See Online Data 
Supplement 20  
(Updated From 

2014 VHD 
Guideline) 

Patients <50 years of age at the time of valve implantation incur a higher and earlier risk of bioprosthetic 
valve deterioration (141,149,151,155-157). Overall, the predicted 15-year risk of needing reoperation 
because of structural deterioration is 22% for patients 50 years of age, 30% for patients 40 years of age, and 
50% for patients 20 years of age, although it is recognized that all bioprostheses are not alike in terms of 
durability (151). Anticoagulation with a VKA can be accomplished with acceptable risk in the majority of 
patients <50 years of age, particularly in compliant patients with appropriate monitoring of International 
Normalized Ratio (INR) levels. Thus, the balance between valve durability versus risk of bleeding and 
thromboembolic events favors the choice of a mechanical valve in patients <50 years of age, unless 
anticoagulation is not desired, cannot be monitored, or is contraindicated. (See the first Class I 
recommendation for additional discussion). 

IIa B-NR 
For patients between 50 and 70 years of age, 
it is reasonable to individualize the choice of 
either a mechanical or bioprosthetic valve 
prosthesis on the basis of individual patient 
factors and preferences, after full discussion 
of the trade-offs involved (141-145,157-160). 

MODIFIED: Uncertainty exists 
about the optimum type of 
prosthesis (mechanical or 
bioprosthetic) for patients 50 to 
70 years of age. There are 
conflicting data on survival 
benefit of mechanical versus 
bioprosthetic valves in this age 
group, with equivalent stroke and 
thromboembolic outcomes. 
Patients receiving a mechanical 
valve incur greater risk of 

See Online Data 
Supplement 20  

(Updated From 2014 
VHD Guideline) 
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Summary

The optimal management of aortic surgical bioprosthesis presenting with severe symptomatic structural valve deterioration is currently a
matter of debate. Over the past 20 years, the number of implanted bioprostheses worldwide has been rapidly increasing at the expense of
mechanical prostheses. A large proportion of patients, however, will require intervention for bioprosthesis structural valve deterioration.
Current options for older patients who often have severe comorbidities include either transcatheter valve-in-valve (TVIV) implantation or
redo valve surgery. The emergence of TVIV implantation, which is perceived to be less invasive than redo valve surgery, offers an effective
alternative to surgery for these patients with proven safety and efficacy in high-risk patient groups including elderly and frail patients. A po-
tential caveat to this strategy is that results of long-term follow-up after TVIV implantation are limited. Redo surgery is sometimes prefer-
able, especially for young patients with a smaller-sized aortic bioprosthesis. With the emergence of TVIV implantation and the long experi-
ence of redo valve surgery, we currently have 2 complementary treatment modalities, allowing a tailor-made and patient-orientated
intervention. In the heart team, the decision-making should be based on several factors including type of bioprosthesis failure, age, comor-
bidities, operative risk, anatomical factors, anticipated risks and benefits of each alternative, patient’s choice and local experience. The aim
of this review is to provide a framework for individualized optimal treatment strategies in patients with failed aortic surgical bioprosthesis.

Keywords: Valve-in-valve • Transcatheter valve implantation • Bioprosthesis • Redo valve surgery • Structural valve deterioration
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Risques	de	la	chirurgie	redux	de	

RVAo	

Par	rapport	à	un	RVAo	chirurgical	«	de	premières	mains»:	
� Cicatrices,	adhérences	
� Risque	iatrogène	sur	les	structures	adjacentes	
� Risque	de	pace	maker	plus	important	
� Clampage	aortique	et	temps	de	CEC	plus	long	
� Plus	de	risques	de	saignement	et	donc	de	transfusion	
� Mortalité		plus	élevée.	



Furukawa H, et al.

Fig. 1  Prevalence and mortality of redo valve surgery in 
Japan. This figure was edited by the annual report by the 
Japanese association for thoracic surgery from 2001 to 
2011.3–13)
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including transcatheter based valve re-implantation for 
failed bioprostheses.

Surgical Indication and Risk Analysis

The surgical indication for redo valvular surgery has 
generally been well-defined by previous studies. The five 
classifications of surgical indication for redo valvular 
surgery are as follows: (1) failed repair/new native valve 
disease, (2) prosthetic valve dysfunction, (3) prosthetic 
valve leaks (PVLs), (4) valve thrombosis, and (5) pros-
thetic valve endocarditis (PVE).16) The structural degen-
eration of bioprostheses is the leading cause and most 
frequent indication for reoperation in patients with bio-
prosthetic valves. PVLs are the most common cause of 
non-structural dysfunction following valve replacements.17) 
The risk of valve re-replacement was analyzed in 640 
patients in a large-scale study, and the overall operative 
mortality was shown to improve with each passing year.18)

The most common indications for redo aortic valve 
replacement (AVR) are bioprosthetic structural valve 
degeneration, PVE, PVLs, and thrombosis or pannus for-
mation in mechanical aortic valves.19) While pannus is 
common to both biological and mechanical valves, acute 
prosthetic thrombosis is a complication that is mostly 
associated with mechanical valves. The operative risk of 
thrombosis is higher than that of pannus, and even bileaf-
let prostheses are less prone to this complication than 
monoleaflet mechanical valves.20) Another large study 
of one thousand consecutive cardiac reoperations for 
valve surgery in 897 patients showed the predictors of 

increased risk for first aortic valve reoperation, which is 
likely to be advanced age, endocarditis, female gender, 
left ventricular dysfunction, and the number of coronary 
artery diseases. And also they indicated the predictors 
for first mitral valve reoperation, which were elderly 
patients, clinical status such as preoperative shock or 
cardiac arrest, previous aortic or tricuspid valve surgery, 
type of mitral valve procedure, and left ventricular dys-
function. Among these risk factors, they argued that the 
most consistent predictor of risk for patients undergoing 
valve reoperations was advanced age.21)

The operative risk for patients undergoing redo valvular 
operations has been markedly reduced due to improve-
ments in myocardial protection and cardiopulmonary 
bypass (CPB) strategies. Luciani and colleagues reported 
that in-hospital mortality was 3.8%, and overall mortal-
ity at the end of a 30-month follow-up was 9.3%.22) They 
also indicated that the predictors of mortality in patients 
who underwent redo surgery. They showed that an advanced 
New York Heart Association (NYHA) class, advanced 
age, lower ejection fraction, emergent or urgent surgery, 
renal dysfunction, and concomitant tricuspid valvular 
disease were significant predictors of mortality. 

Cohn summarized the clinical evolution of redo car-
diac surgery, and revealed that the main reasons to 
improve the clinical outcomes of redo cardiac surgery 
were following categories; (1) early referral for prosthetic 
dysfunction, (2) alternative approaches to prevent injury 
to adherent cardiac structures, (3) alternative perfusion 
sites, (4) improved hemostasis during surgery, (5) alter-
native techniques for reoperation after CABG and tho-
racic aortic surgery.23)

Surgical Approach

Controversy surrounds the surgical approach for redo 
valve surgery. Resternotomy is the standard approach for 
reentry and re-exposure of the reoperative surgical field. 
However, bleeding and injury to the cardiac structures 
and previously placed coronary artery bypass grafts could 
result in hemodynamic compromise. This catastrophic 
hemorrhage during redo sternotomy is the most import-
ant issue for the management of redo valve surgery. A 
previous study reported that 88% of hemorrhage occurred 
when the pericardium had not been closed in the first 
surgery, and recommended that groin preparation and 
medical records including previous surgical records 
should be checked preoperatively to obtain a safer 
approach for high-risk patients.24)

268 Ann Thorac Cardiovasc Surg Vol. 20, No. 4 (2014)
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Quelle	mortalité		

après	chirurgie	RVAo	redux	?	

� Très	variable	selon	les	séries	publiées,	le	plus	souvent	
monocentrique:	de	1%	à	12%	de	mortalité	

� Profil	de	patients	différents	:	endocardite	≠	
dégénérescence	de	bioprothèse	

� Niveau	du	chirurgien		
� Volume	du	centre	
� Peu	d’études	sur	le	suivi	à	long	terme		
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Abstract

OBJECTIVES: Although commonly reported as single-centre experiences, redo aortic valve replacement (RAVR) has overall acceptable
results. Nevertheless, trans-catheter aortic valve replacement has recently questioned the efficacy of RAVR.

METHODS: Early-to-mid-term results and determinants of mortality in 711 cases of RAVR from seven European institutions were assessed
in the entire population and in selected high-risk subgroups [elderly >75 years, urgent/emergent procedures, preoperative New York
Heart Association (NYHA) functional Class IV and endocarditis].

RESULTS: Hospital mortality was 5.1%, major re-entry cardiovascular complications (MRCVCs) 4.9%, low cardiac output syndrome
(LCOS) 15.3%, stroke 6.6%, acute respiratory failure (ARF) 10.6%, acute renal insufficiency (ARI) 19.3% and need for continuous renal
replacement therapy (CRRT) 7.2%, transfusions 66.9% and for permanent pacemaker (PMK) 12.7%. Mid-term survival, freedom from
acute heart failure (AHF), reinterventions, stroke and thrombo-embolisms were 77.2 ± 2.7, 84.4 ± 2.6, 97.2 ± 0.8, 97.2 ± 0.9 and
96.3 ± 1.2%, respectively; 87.5% of patients were in NYHA functional Class I–II. Preoperative left ventricular ejection fraction of <30%
[odds ratio (OR) 8.7, 95% confidence interval (CI) 2.1–35.6], MRCVCs (OR 20.9, 95% CI 5.6–78.3), cardiopulmonary bypass time (OR
1.1, 95% CI 1.0–1.1), perioperative LCOS (OR 17.2, 95% CI 5.1–57.4) and ARI (OR 5.1, 95% CI 1.5–18.1) predicted hospital death.
Endocarditis (OR 7.5, 95% CI 2.9–19.1), preoperative NYHA functional Class IV (OR 4.7, 95% CI 1.0–24.0), combined RAVR +mitral
surgery (OR 5.1, 95% CI 1.5–17.3) and AHF at follow-up (OR 2.8, 95% CI 1.3–6.0) predicted late death at the Cox proportional hazard
regression model. Elderly >75 years had similar hospital mortality (P = 0.06) and major morbidity, except for a higher need for PMK
(P = 0.03), as well as comparable mid-term survival (P = 0.89), freedom from AHF (P = 0.81), reinterventions (P = 0.63), stroke (P = 0.21)
and thrombo-embolisms (P = 0.09). Urgent/emergent indication resulted in higher hospital death, LCOS, transfusions, MRCVCs, intra-
aortic balloon pumping (IABP), stroke, prolonged (>48 h) ventilation, pneumonia, ARI, CRRT, lower mid-term survival and freedom
from AHF (P ≤ 0.03). Preoperative NYHA functional Class IV correlated with higher LCOS, IABP, prolonged ventilation, pneumonia, ARF,
ARI, CRRT and MRCVCs and lower mid-term survival, freedom from AHF, reinterventions and stroke (P ≤ 0.02). Endocarditis demon-
strated higher hospital mortality, MRCVCs, LCOS, IABP, stroke, ARF, prolonged intubation, pneumonia, ARI, CRRT, transfusions and
PMK and lower mid-term survival and freedom from AHF and reinterventions (P ≤ 0.04).

CONCLUSIONS: RAVR achieves overall satisfactory results. Baseline risk factors and perioperative complications strongly affect outcomes
and mandate improvements in perioperative management. New emerging strategies might be considered in selected high-risk cases.

Keywords: Redo • Aortic valve replacement • Endocarditis • Prosthetic endocarditis • Emergent cardiac surgery

†Presented at the 27th Annual Meeting of the European Association for Cardio-
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�  711	patients,	opérés	de	2003	à	2013	
�  68	±	13	ans	(34%	>	75	ans),	35%	de	femmes	
�  EuroSCORE	10%	
�  Intervalle	entre	1ère	chirurgie	et	chir.	Redux:	12,5	ans	
	
	
	

� Mortalité	hospitalière	:	5.1%	
� Mortalité	hospitalière	d’un	RVA	redux	simple	:	4,1%	

INTRODUCTION

The exponential growth of the geriatric population during the last
decades has led to a corresponding increase in the number of
patients referred to cardiac surgery for redo procedures [1, 2]. In
particular, the referral of patients with aortic valve disease after
previous cardiac operations needing aortic valve replacement
(AVR) (redo aortic valve replacement, RAVR) has critically grown
[1, 2]. RAVR is a technically demanding procedure when compared
with primary AVR, because of the scarred surgical field, the risk of
iatrogenic injury to cardiovascular structures, the longer cross-
clamping and cardiopulmonary bypass (CPB) times and the
higher risks of bleeding, transfusions and transfusion-related mor-
bidity. The increased risk of reoperations has recently lead to a
widespread popularization of transcatheter aortic valve implant-
ation (TAVI) in previously operated patients with a new onset of
native aortic valve disease and of valve-in-valve TAVI in case of
bioprosthetic malfunction, vis-à-vis the traditional replacement
procedures [3, 4].

The extreme variability in surgical mortality reported after RAVR
over the years appears mainly related to differences in patient risk
profile, surgical skill and related hospitals referral. Moreover, the
single-centre design of the majority of published studies and the
lack of long-term data further contribute to confounding outcome
results [1, 2, 5, 6]. Indeed, to the best of our knowledge, the
literature lacks multicentre experiences with mid-to-long-term
outcome data.

The aim of this study was to analyse in-hospital and mid-term
results of a consecutive series of patients undergoing RAVR
at seven different European centres during the last 10 years.
Furthermore, we analysed subgroups of patients traditionally con-
sidered at high surgical risk, in order to identify those potentially
better served with alternative procedures.

MATERIALS ANDMETHODS

This is an analysis of 711 consecutive patients operated on from
2003 to 2013 in a total of seven centres in Italy, Germany and
Finland and contributing to the multicentre REdo Cardiac
Operation Research Database (RECORD). Baseline and operative
characteristics of patients are summarized in Tables 1 and 2. The
only inclusion criterion for this study was any surgical AVR per-
formed in patients with a history of prior cardiac surgery. However,
the ‘isolated RAVR’ subgroup identified those patients receiving
only an AVR—in the context of a redo cardiac procedure—as the
index procedure (i.e. either as a ‘first’ or as a ‘repeated’ procedure);
furthermore, the ‘repeat-AVR’ subgroup identified only those
patients receiving at least a repeated AVR procedure for a failed pre-
vious AVR. We excluded patients who underwent TAVI because of
the absence of late outcome data. Subsets of patients with
acute endocarditis, elderly patients (>75 years), urgent/emergent
procedures and preoperative NYHA functional Class IV were con-
sidered at high operative risk according to previously published
studies [1, 2, 5–9] and were the subjects of sensitivity analysis.

The choice of analysing data from 2003—thus excluding earlier
patients—was taken in order to avoid potential biases related
to differences in perioperative management and care, as well as
to have a picture of ‘current’ RAVR practice. All data related to
hospitalization for the index procedure were retrieved from
Institutional databases and hospital charts. Data on hospital course

were available for all patients. Follow-up events were collected
from rehabilitation’ clinic charts, outpatient clinics at the individual
institutions, phone contacts with referral cardiologists or general

Table 1: Baseline characteristics of the population

Variable Mean ± SD or n (%)

Contributing centres
Verona 108 (15.2)
Oulu 47 (6.6)
Naples 87 (12.2)
Nuremberg 206 (29.0)
Brescia 124 (17.4)
Varese 95 (13.4)
Genoa 44 (6.2)

Age (years) 68.2 ± 13.5
Height (cm) 167.5 ± 9.9
Weight (kg) 74.9 ± 14.7
Body mass index 26.9 ± 9.5
EuroSCORE (additive) 10.0 ± 3.4
Age (by range, years)

≤25 4 (0.6)
26–35 12 (1.7)
36–45 47 (6.6)
46–55 61 (8.6)
56–65 134 (18.8)
66–75 210 (29.5)
>75 243 (34.2)

Female gender 249 (35.0)
Systemic hypertension 367 (51.7)
Dyslipidaemia 309 (43.5)
Diabetes mellitus 165 (23.2)
Current smoker 124 (20.2)
Peripheral vasculopathy 74 (10.4)
Chronic obstructive pulmonary disease 109 (15.3)
Chronic steroid therapy 22 (3.1)
Pulmonary hypertension 92 (12.9)
Chronic renal insufficiency 120 (16.9)
Cerebrovascular disease 89 (12.5)
Previous stroke 79 (11.1)
Previous acute myocardial infarction 86 (12.1)
Acute arrhythmias on admission 148 (20.8)
Endocarditic aetiology 154 (21.7)
Recurrent endocarditis 72 (10.1)
Left ventricular ejection fraction (%; Simpson’s method)

>50 429 (60.3)
30–50 241 (33.9)
<30 41 (5.8)

Canadian Cardiovascular Society admission
I 530 (74.5)
II 61 (8.6)
III 59 (8.3)
IV 61 (8.6)

Preoperative NYHA functional Class
I 28 (3.9)
II 202 (28.5)
III 372 (52.3)
IV 109 (15.3)

Urgent/emergent priority 192 (27.0)
Previous CABG 232 (32.6)
Previous valve surgery 453 (63.7)

Previous AVR 324 (71.5)
Previous mitral surgery 126 (27.8)
Mitral valve repair 88 (69.8)
Mitral valve replacement 38 (30.2)

Other valve procedures 3 (0.7)
Previous aortic surgery 46 (6.5)

AVR: aortic valve replacement; CABG: coronary artery bypass grafting;
NYHA: New York Heart Association.

F. Onorati et al. / European Journal of Cardio-Thoracic Surgery270

practitioners, linking with regional Social Security Death and Events
Master files where available, or—in the absence of recent data—by
direct phone contact with patients. Only 2 patients were lost during
follow-up, which was therefore 99.7% completed. Institutional
review board/Ethical Committee approved the study, but individual
patient consent was waived due to the retrospective, observational
nature of the study.

Surgery

The choice of a mechanical or a biological prosthesis was based
on single institutional policies and on patient preference after ad-
equate informed consent. Anaesthesia, surgery and CPB were
similarly based on individual institution’ standardized protocols.
Preoperative chest computed tomography (CT) was not per-
formed in all patients, based on individual institutional policies.
More in detail, 402 (56.5%) patients underwent preoperative CT
scan. Surgical access consisted in a median full resternotomy in all
but 13 (1.8%) patients, where a ‘J-shaped’ mini-sternotomy was
employed. Peripheral cannulation was chosen in 199 (28.0%)
patients of the entire cohort, because surgical re-entry via median
resternotomy was deemed high risk. Postoperative care was simi-
larly left to individual institution’s standardized protocols.

Outcome endpoints

Primary endpoint was ‘hospital mortality’, defined as all-cause
mortality during the index hospitalization (including rehabilitation
hospital stay if discharged to rehabilitation clinic) or during the
first 30 postoperative days (if discharged home), and ‘late

mortality’, defined as all-cause mortality occurring during follow-
up. Cardiovascular mortality was defined as any fatal cardiovascu-
lar event. Secondary outcome endpoints were hospital complica-
tions and follow-up freedom from acute heart failure, reoperation,
stroke and thrombo-embolisms [6, 10].
The following hospital complications were collected: (i) major

cardiovascular re-entry complications, defined as any severe and/
or life-threatening (i.e. requiring reanimation and/or immediate
changing of the surgical plan and/or massive transfusions >4 red
packed cells) injury of major vessels or cardiac structures that oc-
curred during surgical re-entry; (ii) revision for bleeding, defined
as any reoperation during the index hospitalization, due to post-
operative bleeding; (iii) need for permanent pacemaker (PMK)
implantation; (iv) low cardiac output syndrome (LCOS), defined as
haemodynamic instability for >1 h during the ICU stay, with signs
of peripheral hypo-perfusion, despite inotropic support and
adequate correction of preload, afterload and all electrolyte and
blood gas abnormalities [6]; (v) need for intraoperative/post-
operative intra-aortic balloon pumping (IABP); (vi) acute myocar-
dial infarction, defined as Type 5 acute myocardial infarction
(AMI) according to the current guidelines [11]; (vii) prolonged in-
tubation, defined as the need for prolonged (>48 h) mechanical
ventilation; (viii) acute respiratory failure (ARF), defined as pro-
longed intubation and/or respiratory insufficiency after extubation
with the need for reintubation or the need for non-invasive ventila-
tion lasting >48 h [6]; (ix) pneumonia, defined as evidence of bacter-
ial growth in the lung with at least one positive bronchoalveolar
fluid lavage culture, together with new alveolar infiltrates at chest
roentgenogram, irrespective of the presence of fever or leucocyt-
osis, or as evidence of new alveolar infiltrates with leucocytosis and
purulent sputum, confirmed by CT scan and/or by consultation of
an independent infectivologist or pneumologist [6]; (x) stroke,
defined as for current guidelines [6, 10, 12]: briefly, it was defined as
perioperative cerebrovascular accident, whose symptoms lasted
>24 h with or without residual disability, confirmed at CT or mag-
netic resonance imaging; in case of no evidence of stroke at neuro-
imaging, the diagnosis of stroke was made by consultant neurolo-
gists [13]; (xi) acute renal insufficiency (ARI), defined as a >50% in-
crease over the preoperative serum creatinine value [6, 12, 13]; (xii)
need for continuous renal replacement therapy (CRRT); (xiii) blood
transfusions defined as any transfusion of red blood cells, platelets
and/or Octaplas/fresh frozen plasma [13]; (xiv) deep sternal wound
infection, defined as any bacterial/fungal infection involving the
sternum [6] and (xv) ‘early complicated postoperative course’,
defined by the occurrence during hospitalization of at least one of
the above-mentioned major perioperative complications.
Late events were: (i) acute heart failure (AHF), defined as any

episode of acute cardiac decompensation requiring hospitaliza-
tion and/or optimization of medical therapy [6, 9, 10]; (ii) reinter-
vention, defined as any reoperation on the aortic valve prosthesis
implanted at the time of the indexed RAVR [6, 9, 10]; (iii) stroke, as
defined above and (iv) thrombo-embolisms, defined according to
the current guidelines [6, 9, 10].
Finally, when baseline characteristics were considered, urgent/

emergent operations were defined as operative procedures for
life-threatening conditions, performed within 24 h of hospital
admission.

Statistical analysis

Continuous variables are presented as mean ± standard deviation,
and categorical variables are presented as absolute numbers and

Table 2: Operative characteristics

Number of reintervention
1st 626 (88.0)
2nd 62 (8.7)
3rd 20 (2.8)
4th 3 (0.4)

Type of intervention
RAVR 512 (72.0)
RAVR + CABG 57 (8.0)
RAVR +mitral surgery 77 (10.8)
RAVR + other 65 (9.1)

Type of prosthesis
Biological 390 (54.9)
Mechanical 294 (41.4)
Homograft 8 (1.1)
Sutureless 19 (2.7)

Diameter of implanted prosthesis (mm)
17 7 (1.0)
19 61 (8.5)
20 8 (1.1)
21 186 (26.2)
22 29 (4.1)
23 224 (31.5)
24 25 (3.5)
25 97 (13.6)
>25 74 (10.5)

Aortic cross-clamp time (min) 97.6 ± 46.1
Cardiopulmonary bypass time (min) 145.7 ± 64.8

The values are denoted as mean ± SD or n (%).
RAVR: redo aortic valve replacement.
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Redo aortic valve replacement

In elderly patients with comorbidities, redo aortic valve surgery
may confer a higher risk of mortality than the initial surgery [13,
37]. However, the risk of death depends mainly on the comor-
bidities and the reasons for redo SAVR. Thus, it is important to
emphasize that the risk of mortality is much higher for redo
SAVR related to infective endocarditis (IE) or periprosthetic leaks
than for SVD [13, 38]. In series reporting patients with IE under-
going redo SAVR, the operative mortality may exceed 10% [16,
20]. Other main risk factors of mortality include preoperative left
ventricular ejection fraction (LVEF) <30%, preoperative New York
Heart Association (NYHA) class III–IV, age >75 years, renal failure
or concomitant chronic obstructive pulmonary disease [21, 39].

In Europe, an international multicentre registry reported that
the rate of in-hospital mortality after repeat SAVR (i.e. reinterven-
tion on aortic valve prosthesis for failure or endocarditis of a pre-
vious AVR) was 7.7% [21]. When considering redo SAVR for SVD
of a previous AVR, Jamieson et al. [14] have reported a similar op-
erative mortality at 6.8% in a series of 322 patients in a period
between 1975 and 1999. However, the operative mortality has
decreased during recent years and now approaches that of the
primary surgery. Thus, Naji et al. [22] have recently reported ex-
cellent outcomes for patients with severe stenotic bioprostheses
undergoing redo SAVR with a 30-day mortality at 2.5%. In elderly

patients, Onorati et al. [40] recently reported similar immediate
postoperative outcomes for octogenarians and younger patients,
with an in-hospital mortality rate of 3% and a 5-year survival rate
of 83%.

Although the mortality rate is acceptable, there is significant
morbidity involved, such as haemodynamic instability, acute
renal failure and prolonged intubation. There are also longer
periods of aortic clamping and extracorporeal circulation, and a
higher risk of bleeding and transfusions [21]. Redo surgery is
associated with a higher risk of scar tissue, adhesions and iatro-
genic effects on adjacent structures, with higher risk of post-
operative pacemaker. Finally, a major surgical risk is vascular
injury during dissection, causing damage to the bypass graft(s)
during redo sternotomy. This life-threatening complication may
be prevented by a preoperative computed tomography (CT) scan
to visualize the relationship between the mediastinal contents
and the sternum, and to identify the patients at risk of injury dur-
ing re-entry.

Aortic transcatheter valve-in-valve implantation

Over the past decade, TAVR has become the treatment of choice
for patients with prohibitive surgical risk and a safe and less inva-
sive alternative to surgery in both high- and intermediate-risk
patients with severe symptomatic native aortic stenosis [41–43].

Table 3: Publication overview: TVIV implantation versus rAVR

Authors Year of
publication

Time span Number of patients
(TVIV vs rAVR)

Mean age
(years)

Post-procedure mean
gradient (mmHg) (TVIV vs rAVR)

30-Day mortality (%)
(TVIV vs rAVR)

Erlebach et al. [23] 2015 2001–2014 50 TVIV vs 52 rAVR TVIV 78.1 18.8 ± 8.7 vs 13.8 ± 5.4, P = 0.008 4% vs 0%, P = 0.24
rAVR 66.2

Silaschi et al. [24] 2016 2002–2015 71 TVIV vs 59 rAVR TVIV 78.6 19.7 ± 7.7 vs 12.2 ± 5.7, P < 0.01 4.2% vs 5.1%, P = 1
rAVR 72.9

Gozdek et al. [25] 2017 NA 176 TVIV vs 166 rAVR TVIV 75.3 No significant difference 5.4% vs 4.6%, P = NS
rAVR 69

Spaziano et al. [26] 2017 2007–2015 78 TVIV vs 78 rAVR TVIV 77.4 18.1 ± 7.4 vs 14.3 ± 6.2, P = 0.01 3.9% vs 6.4%, P = 0.49
rAVR 78

rAVR: redo aortic valve replacement; TVIV: transcatheter valve-in-valve.

Table 2: Publication overview: redo SAVR (with SAVR as first cardiac surgery)

Authors Year of
publication

Time span Number of
patients

Mean age (years) Proportion of patients
non-eligible for TVIVa (%)

Proportion of
SVD (%)

30-Day
mortality (%)

Jones et al. [13] 2001 1969–1998 187 54.7 NA NA 6.4
Jamieson et al. [14] 2003 1975–1999 322 NA 0% 100% 6.8
Potter et al. [15] 2005 1993–2001 162 64 56.5 (13% IE) 43.5% 5
Eitz et al. [16] 2006 1991–2004 71 All >_80 years 23.9 (11.3% IE) 76.1% 16.4
Davierwala et al. [17] 2006 1990–2002 216 59 10 (7.9% IE) NA 4.6
Leontyev et al. [18] 2011 1994–2008 155 58.1 45.2 (27.1% IE) 23.8% 3.5
Chan et al. [19] 2012 1971–2008 437 58.6 NA NA 6
Ruggieri et al. [20] 2013 1975–2011 164 67.8 42.7% 57.3% 10.6
Onorati et al. [21] 2015 2003–2013 324 31.2% >75 years 33% IE 55.2% 7.7
Kaneko et al. [8] 2015 2011–2013 3380 66 13.1% IE NA 4.6
Naji et al. [22] 2015 2000–2012 276 (stenotic

bioprosthesis)
64 5% IE 0.5% thrombosis 95% (47% with

size <_21 mm)
2.5

aIE, paraprosthetic leaks, thrombosis.
IE: infective endocarditis; SAVR: surgical aortic valve replacement; SVD: structural valve deterioration; TVIV: transcatheter valve-in-valve.
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Facteurs	de	risque	de	mortalité	de	

la	chirurgie	redux	de	RVAo	

�  FEVG	préopératoire	<	30%	:	OR	à	8		
� NYHA	III-IV	:	OR	à	4	
�  Endocardite	infec5euse	++	
� Age	>	75	ans	
�  +/-	autres	comorbidités:	I.	rénale,	I.	respiratoire…..	

	

	

Onorati	et	al.	EJCTS	2015	
Balsam	et	al.	Ann	Thorac	Surg	2010		



Morbidité	de	la	chirurgie	redux	

� Mortalité	acceptable	mais	morbidité	lourde:	
-  transfusions	liées	à	des	plaies	vasculaires	lors	de	la	
dissection	(complication	catastrophique	augmentant	
la	mortalité	x	21)	

-  Instabilité	hémodynamique	
-  Insuffisance	rénale	aigue	
-  Intubation	prolongée	
-  Temps	de	CEC	long	
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cess route in the self-expandable device group was transfemo-
ral (n = 197 [92.5%]) while in the majority of the balloon-
expandable device group was transapical (n = 171 [69.5%];
P < .001). Device retrieval was attempted in 10.3% of self-
expandable procedures. A second transcatheter device was im-
planted in 5.7% of the total patients (self-expandable, 7.5% vs
balloon-expandable, 4.1%; P = .05). Ostial coronary obstruc-
tion following valve-in-valve implantation occurred in 2% and
was more frequent in the stenosis group (3.9%; P = .02).

Clinical Outcomes
The median duration of hospital stay after the procedure was
8 days (interquartile range, 5-12 days). At 30 days, 35 patients
(7.6%) had died. Table 3 includes data on procedural out-
comes. Patients in the stenosis group had a higher 30-day mor-
tality rate (10.5% vs 4.3% in the regurgitation group and 7.2%
in the combined group; P = .04). There were no differences be-
tween the self-expandable and balloon-expandable device
groups in terms of mortality or stroke rates. The balloon-
expandable device group had more major/life-threatening
bleeding and more acute kidney injury events, while the self-
expandable device group had more permanent pacemaker im-
plantation. Aortic regurgitation of at least moderate degree was
evident in 25 cases (5.4%) after valve-in-valve procedure and
was more common in the regurgitation group (9.4% vs 2.8%
in the stenosis group and 5% in the combined group; P = .04)
and in the self-expandable device group (8.9% vs 2.4% in the
balloon-expandable device group; P = .002).

The degree of postprocedure residual aortic stenosis was
higher in the stenosis group, manifested by lower mean ori-
fice area and higher mean gradient (orifice area, 1.37 [SD,
0.33] cm2 and mean gradient, 18.5 [SD, 9.8] mm Hg vs 1.56
[SD, 0.51] cm2 and 12 [SD, 6.7] mm Hg in the regurgitation
group and 1.56 [SD, 0.65] cm2 and 16.1 [SD, 8.3] mm Hg in the
combined group, respectively; P < .001 for each compari-
son). Postprocedural gradients were assessed in 429
patients. Moderately elevated postprocedural gradients
(mean gradients ≥20 mm Hg) were recorded in 115 patients
(26.8%) (eFigure 2 in the Supplement). Elevated postproce-
dural gradients were more common w ith balloon-
expandable devices in comparison with self-expandable
devices (HR, 1.87; 95% CI, 1.21-2.9; P = .005); for small surgi-
cal valves, 41.2% vs 23.4% (P = .04) and for intermediate-
sized valves, 35.8% vs 19.4% (P = .01), respectively. Severe
PPM occurred in 31.8% of patients surviving aortic valve-in-
valve procedure. The incidence of severe PPM was lower in
patients with predominantly bioprosthesis regurgitation at
baseline (19.3% vs 36.1% and 36.4% in those with predomi-
nant stenosis and combined failure, respectively; P = .03)
and higher in patients who received a balloon-expandable
device vs a self-expandable device (43.8% vs 15.2%, respec-
tively; P < .001). One-year survival was not affected by hav-
ing severe PPM (86.7% [95% CI, 77.6%-95.8%] vs 89.1% [95%
CI, 82.2%-96%] in patients without severe PPM; P = .69).

Time-to-event curves are depicted in Figure 1. No pa-
tients were lost to follow-up. Median follow-up time was 301

Table 2. Surgical Valve Characteristics at the Time of Valve-in-Valve Procedure

Characteristics
All

(n = 459)

Mechanism of Surgical Valve Failure Device Used

Stenosis
(n = 181)

Regurgitation
(n = 139)

Combined
(n = 139) P Value

Self-
Expandable
(n = 213)

Balloon-
Expandable
(n = 246) P Value

Time since last SAVR, median
(IQR), ya

9 (6-12) 8 (5-11) 10(7-14) 10 (7-14) .04 9 (7-13) 9 (6-12) .08

Type, No. (%) <.001 <.001

Stented 366 (79.7) 173 (95.6) 84 (60.4) 109 (78.4) 152 (71.4) 214 (87)

Stentless 93 (20.3) 8 (4.4) 55 (29.6) 30 (21.6) 61 (28.6) 32 (13)

Label size, No. (%)

≤21 mm 133 (29) 67 (37) 29 (20.9) 37 (26.6) .005 68 (31.9) 65 (26.4) .19

>21 mm and <25 mm 176 (38.3) 74 (40.9) 43 (30.9) 59 (42.4) .09 83 (39) 93 (37.8) .80

≥25 mm 139 (30.3) 34 (18.8) 65 (46.8) 40 (28.8) <.001 53 (24.9) 86 (35) .02

Unknown 11 (2.4) 6 (3.3) 2 (1.4) 3 (2.2) .54 9 (4.2) 2 (0.8) .02

Internal diameter, No. (%)

<20 mm 126 (27.5) 53 (29.3) 32 (23) 41 (41.7) .37 66 (31) 60 (24.4) .11

≥20 mm and <23 mm 230 (50.1) 102 (56.4) 64 (34.5) 64 (46) .10 100 (46.5) 130 (52.8) .21

≥23 mm 103 (22.4) 26 (14.4) 43 (30.9) 34 (24.5) .002 46 (21.6) 57 (23.2) .69

AV area, mean (SD), cm2 0.95 (0.48) 0.69 (0.21) 1.48 (0.6) 0.91 (0.31) <.001 0.99 (0.49) 0.91 (0.46) .04

AV index, mean (SD), cm2/m2b 0.51 (0.28) 0.38(0.13) 0.83 (0.37) 0.51(0.19) <.001 0.55 (0.31) 0.49 (0.25) .05

AV maximum gradient, mean
(SD), mm Hg

60.8 (27.4) 75.2 (23.1) 34.3 (17.7) 64.6 (22.8) <.001 59.7 (27.2) 61.8 (27.6) .44

AV gradient, mean (SD), mm Hg 36.2 (18.4) 46.4 (16.1) 18.0 (10.1) 37.6 (14.9) <.001 35 (18.5) 37.3 (18.3) .21

AV regurgitation of at least
moderate degree, No. (%)c

296 (64.5) 22 (12.2) 139 (100) 135 (97.1) <.001 143 (67.1) 153 (63) .27

Abbreviations: AV, aortic valve; IQR, interquartile range; SAVR, surgical aortic
valve replacement.
a Time interval between last SAVR and valve-in-valve procedure.

b AV index = AV area (cm2)/patient body surface area (m2).
c Evaluated according to the criteria of the American Society of

Echocardiography.18
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�  459	patients	
�  Age	moyen	77	ans,	56%	hommes	
�  Logistic	EuroSCORE	29%,	STS	10%	
�  FEVG	50%	
�  Mortalité	à	J30	:	7.6	%	
�  Mortalité	à	1	an:	16.8%	
�  Gradient	moyen	post-procédure	ViV	:	18	mmHg	for	stenosis	Vs	
12	mmHg	for	regurgitation	(p<0.001)	

�  5%	fuite	para-prothétique	ViV	
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Transcatheter Aortic Valve Implantation
in Failed Bioprosthetic Surgical Valves
Danny Dvir, MD; John G. Webb, MD; Sabine Bleiziffer, MD; Miralem Pasic, MD, PhD; Ron Waksman, MD; Susheel Kodali, MD; Marco Barbanti, MD;
Azeem Latib, MD; Ulrich Schaefer, MD; Josep Rodés-Cabau, MD; Hendrik Treede, MD; Nicolo Piazza, MD, PhD; David Hildick-Smith, MD;
Dominique Himbert, MD; Thomas Walther, MD; Christian Hengstenberg, MD; Henrik Nissen, MD, PhD; Raffi Bekeredjian, MD; Patrizia Presbitero, MD;
Enrico Ferrari, MD; Amit Segev, MD; Arend de Weger, MD; Stephan Windecker, MD; Neil E. Moat, FRCS; Massimo Napodano, MD; Manuel Wilbring, MD;
Alfredo G. Cerillo, MD; Stephen Brecker, MD; Didier Tchetche, MD; Thierry Lefèvre, MD; Federico De Marco, MD; Claudia Fiorina, MD;
Anna Sonia Petronio, MD; Rui C. Teles, MD; Luca Testa, MD; Jean-Claude Laborde, MD; Martin B. Leon, MD; Ran Kornowski, MD;
for the Valve-in-Valve International Data Registry Investigators

IMPORTANCE Owing to a considerable shift toward bioprosthesis implantation rather than
mechanical valves, it is expected that patients will increasingly present with degenerated
bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less
invasive approach for patients with structural valve deterioration; however, a comprehensive
evaluation of survival after the procedure has not yet been performed.

OBJECTIVE To determine the survival of patients after transcatheter valve-in-valve
implantation inside failed surgical bioprosthetic valves.

DESIGN, SETTING, AND PARTICIPANTS Correlates for survival were evaluated using a
multinational valve-in-valve registry that included 459 patients with degenerated
bioprosthetic valves undergoing valve-in-valve implantation between 2007 and May 2013 in
55 centers (mean age, 77.6 [SD, 9.8] years; 56% men; median Society of Thoracic Surgeons
mortality prediction score, 9.8% [interquartile range, 7.7%-16%]). Surgical valves were
classified as small (!21 mm; 29.7%), intermediate (>21 and <25 mm; 39.3%), and large ("25
mm; 31%). Implanted devices included both balloon- and self-expandable valves.

MAIN OUTCOMES AND MEASURES Survival, stroke, and New York Heart Association functional
class.

RESULTS Modes of bioprosthesis failure were stenosis (n = 181 [39.4%]), regurgitation (n = 139
[30.3%]), and combined (n = 139 [30.3%]). The stenosis group had a higher percentage of
small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups,
respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%)
patients died, 8 (1.7%) had major stroke, and 313 (92.6%) of surviving patients had good
functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier
survival rate was 83.2% (95% CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in
the stenosis group had worse 1-year survival (76.6%; 95% CI, 68.9%-83.1%; 34 deaths; 86
survivors) in comparison with the regurgitation group (91.2%; 95% CI, 85.7%-96.7%; 10
deaths; 76 survivors) and the combined group (83.9%; 95% CI, 76.8%-91%; 18 deaths; 66
survivors) (P = .01). Similarly, patients with small valves had worse 1-year survival (74.8% [95%
CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95% CI,
75.3%-88.3%; 26 deaths; 92 survivors) and with large valves (93.3%; 95% CI, 85.7%-96.7%; 7
deaths; 73 survivors) (P = .001). Factors associated with mortality within 1 year included
having small surgical bioprosthesis (!21 mm; hazard ratio, 2.04; 95% CI, 1.14-3.67; P = .02) and
baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95% CI, 1.33-7.08; P = .008).

CONCLUSIONS AND RELEVANCE In this registry of patients who underwent transcatheter
valve-in-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival
was 83.2%. Survival was lower among patients with small bioprostheses and those with
predominant surgical valve stenosis.
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ORIGINAL INVESTIGATIONS

Transcatheter Aortic Valve Implantation
Within Degenerated Aortic
Surgical Bioprostheses
PARTNER 2 Valve-in-Valve Registry
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ABSTRACT

BACKGROUND Early experience with transcatheter aortic valve replacement (TAVR) within failed bioprosthetic

surgical aortic valves has shown that valve-in-valve (VIV) TAVR is a feasible therapeutic option with acceptable acute

procedural results.

OBJECTIVES Theauthors examined30-dayand 1-year outcomes ina large cohortof high-risk patientsundergoingVIVTAVR.

METHODS Patients with symptomatic degeneration of surgical aortic bioprostheses at high risk ($50% major morbidity

or mortality) for reoperative surgery were prospectively enrolled in the multicenter PARTNER (Placement of Aortic

Transcatheter Valves) 2 VIV trial and continued access registries.

RESULTS Valve-in-valve procedures were performed in 365 patients (96 initial registry, 269 continued access patients).
Mean age was 78.9 ! 10.2 years, and mean Society of Thoracic Surgeons score was 9.1 ! 4.7%. At 30 days, all-cause

mortality was 2.7%, stroke was 2.7%, major vascular complication was 4.1%, conversion to surgery was 0.6%, coronary

occlusion was 0.8%, and new pacemaker insertion was 1.9%. One-year all-cause mortality was 12.4%. Mortality fell

from the initial registry to the subsequent continued access registry, both at 30 days (8.2% vs. 0.7%, respectively;

p ¼ 0.0001) and at 1 year (19.7% vs. 9.8%, respectively; p ¼ 0.006). At 1 year, mean gradient was 17.6 mm Hg, and

effective orifice area was 1.16 cm2, with greater than mild paravalvular regurgitation of 1.9%. Left ventricular ejection

fraction increased (50.6% to 54.2%), and mass index decreased (135.7 to 117.6 g/m2), with reductions in both mitral

(34.9% vs. 12.7%) and tricuspid (31.8% vs. 21.2%) moderate or severe regurgitation (all p < 0.0001). Kansas City
Cardiomyopathy Questionnaire score increased (mean: 43.1 to 77.0) and 6-min walk test distance results increased

(mean: 163.6 to 252.3 m; both p < 0.0001).

CONCLUSIONS In high-risk patients, TAVR for bioprosthetic aortic valve failure is associated with relatively low

mortality and complication rates, improved hemodynamics, and excellent functional and quality-of-life outcomes

at 1 year. (The PARTNER II Trial: Placement of AoRTic TraNscathetER Valves [PARTNER II]; NCT01314313)

(J Am Coll Cardiol 2017;69:2253–62) © 2017 by the American College of Cardiology Foundation.
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�  365	patients	
�  Age	moyen	79	ans	
�  STS	9.1%	
� Mortalité	à	J30	:	
2.7	%	

� Mortalité	à	1	an:	
12.4%	

�  Learning	curve	++	



baseline STS risk score revealed no significant
associations with 1-year mortality.

One-year echocardiographic follow-up is shown in
Table 4. At 1 year, the mean gradient was 17.6 mm Hg
(95% CI: 16.2 to 19.1 mm Hg), EOA was 1.16 cm2 (95%
CI: 1.11 to 1.21 cm2), and indexed EOA was 0.60 cm2/m2

(95% CI: 0.57 to 0.63 cm2/m2). When 30-day and 1-year
echocardiographic data were compared, no significant
differences in mean EOA (1.13 cm2 vs. 1.16 cm2,

respectively; p ¼ 0.30) or mean gradient (17.7 mm Hg
vs. 17.6 mm Hg, respectively; p ¼ 0.90) were seen
(Figure 3). Patients with stenotic bioprosthetic failure
had higher 1-year mean gradient (18.9 mm Hg vs. 16.0
mm Hg; p < 0.0001) and lower indexed EOA (0.57 vs.
0.65 cm2/m2; p < 0.0001) than those with regurgitant
or mixed failure and had greater proportional changes
in both mean gradient and EOA at 1 year. At 1 year,
aortic regurgitation was none/trace in 93.2%, mild in
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Webb, J.G. et al. J Am Coll Cardiol. 2017;69(18):2253–62.

We evaluated 30-day and 1-year outcomes of high-risk patients undergoing VIV transcatheter aortic valve replacement in failed bioprosthetic surgical aortic valves. At
both time points, significant improvements were seen in (A) hemodynamic measurements of mean gradient and aortic regurgitation, as well as (B) quality of life and
function as seen in KCCQ scores and 6-min walk test distances. KCCQ ¼ Kansas City Cardiomyopathy Questionnaire; VIV ¼ valve-in-valve.
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procedure. The median length of intensive care unit
stay was 1 day (interquartile range [IQR]: 1 to 2 days),
and the median length of hospital stay was 5 days
(IQR: 3 to 8 days). Other procedural characteristics are
shown in Table 2.

30-DAY OUTCOMES. The rate of 30-day all-cause
mortality was 2.7% (initial registry: 8.3%; continued
access patients: 0.7%; p < 0.0001) and cardiovascular
death was 2.5%. The rate of all stroke at 30 days was
2.7%, and disabling stroke was 2.2% (modified Rankin
score: $2). Rehospitalization occurred in 5.9% of

patients, major bleeding in 14.6%, major vascular
complications in 4.1%, and a new permanent
pacemaker was inserted in 1.9% of patients. Other
clinical events are shown in Table 3. Significantly more
major bleeding occurred in transapical than in trans-
femoral access patients (24.8% vs. 11.4%, respectively;
p ¼ 0.001), but no other significant differences in early
outcomes were observed after comparing these
cohorts.

Thirty-day echocardiographic evaluation was per-
formed in 327 patients (90%; data not shown). From
baseline to 30 days, mean EOA increased from0.93 cm2

FIGURE 2 Stratified All-Cause Mortality Curves
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Although there were no significant differences in mortality comparing (A) previous surgical valve sizes, (B) mortality was significantly greater at 1 year with a larger
post-procedural mean gradient. (C) Trends toward increased mortality in patients with PPM were not significant. PPM ¼ patient-prosthesis mismatch; other abbre-
viations as in Figure 1.
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FIGURE 1 Main Surgical and Transcatheter Aortic Bioprostheses
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(A) The general classification of bioprosthetic valves. (B) The various types of surgical and transcatheter heart valves. Adapted with
permission from Puri et al. (31).
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(A) The general classification of bioprosthetic valves. (B) The various types of surgical and transcatheter heart valves. Adapted with
permission from Puri et al. (31).
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Pas	de	repère	pour	le	TVIV	

Cusps	cousues	à	l’extérieur	de	la	bioprothèse		
è	risque	d’obstruction	coronaire	pendant	TVIV	

SVD	précoce	+++	



Prothèse	stentless	
Cryolife	O’Brien	

Bioprothèse	Saint-Jude	Trifecta	 Bioprothèse	Sorin	Mitroflow	

Bioprothèse	Edwards	Perimount	Magna	Ease	 Bioprothèse	Mosaic	Medtronic	

Dangereuse	ou	moins	aisée	pour	TAVI	
valve-in-valve	



TAVI	valve-in-valve	aor5que		

en	salle	de	KT	
�  Pas	de	pré-dilatation	
�  Risque	d’obstruction	coronaire	plus	élevé	avec	Mitroflow	et	prothèse	

Stentless	è	protection	du	TC	ou	de	la	CD	par	un	guide	avec	un	stent	
prêt	à	être	largué…..	

�  Plutôt	prothèse	self-expandable	que	Sapien	
�  Intérêt	majeur	du	scanner	++++	pour	la	mesure	du	diamètre	interne	

de	la	bioprothèse,	à	corréler	aux	abaques	



Après	le	TAVI	valve-in-valve…. 		

� Données	limitées	sur	la	longévité	des	TAVI	et	
notamment	des	TAVI	valve-in-valve	

� Thrombose	de	TAVI	?	
� Dégénérescence	plus	précoce	?	sur	les	plus	petites	
prothèses	?	ð	vigilance		

� TAVI	Valve	in	valve	in	valve…….	

Kornowski	et	al.	EuroIntervention	2014	





ETT	à	la	sortie	
•  Bon	résultat	du	TAVI	valve-in-valve:	

ü  gradient	moyen	à	8mmHg	
ü  micro-fuite	péri-prothétique	

(entre	les	deux	prothèses)	de	
localisation	antérieure		

•  FEVG	normale,	PAPs	normale	

TAVI	Corevalve	Evolute	R	n°23	"valve-in-	valve"	dans	
bioprothèse	Mitroflow	n°19	dégénérée	le	26/5/2016		
	

Cardiologue	interventionnel	:	Dr	Philippe	Guyon	
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Redo aortic valve replacement

In elderly patients with comorbidities, redo aortic valve surgery
may confer a higher risk of mortality than the initial surgery [13,
37]. However, the risk of death depends mainly on the comor-
bidities and the reasons for redo SAVR. Thus, it is important to
emphasize that the risk of mortality is much higher for redo
SAVR related to infective endocarditis (IE) or periprosthetic leaks
than for SVD [13, 38]. In series reporting patients with IE under-
going redo SAVR, the operative mortality may exceed 10% [16,
20]. Other main risk factors of mortality include preoperative left
ventricular ejection fraction (LVEF) <30%, preoperative New York
Heart Association (NYHA) class III–IV, age >75 years, renal failure
or concomitant chronic obstructive pulmonary disease [21, 39].

In Europe, an international multicentre registry reported that
the rate of in-hospital mortality after repeat SAVR (i.e. reinterven-
tion on aortic valve prosthesis for failure or endocarditis of a pre-
vious AVR) was 7.7% [21]. When considering redo SAVR for SVD
of a previous AVR, Jamieson et al. [14] have reported a similar op-
erative mortality at 6.8% in a series of 322 patients in a period
between 1975 and 1999. However, the operative mortality has
decreased during recent years and now approaches that of the
primary surgery. Thus, Naji et al. [22] have recently reported ex-
cellent outcomes for patients with severe stenotic bioprostheses
undergoing redo SAVR with a 30-day mortality at 2.5%. In elderly

patients, Onorati et al. [40] recently reported similar immediate
postoperative outcomes for octogenarians and younger patients,
with an in-hospital mortality rate of 3% and a 5-year survival rate
of 83%.

Although the mortality rate is acceptable, there is significant
morbidity involved, such as haemodynamic instability, acute
renal failure and prolonged intubation. There are also longer
periods of aortic clamping and extracorporeal circulation, and a
higher risk of bleeding and transfusions [21]. Redo surgery is
associated with a higher risk of scar tissue, adhesions and iatro-
genic effects on adjacent structures, with higher risk of post-
operative pacemaker. Finally, a major surgical risk is vascular
injury during dissection, causing damage to the bypass graft(s)
during redo sternotomy. This life-threatening complication may
be prevented by a preoperative computed tomography (CT) scan
to visualize the relationship between the mediastinal contents
and the sternum, and to identify the patients at risk of injury dur-
ing re-entry.

Aortic transcatheter valve-in-valve implantation

Over the past decade, TAVR has become the treatment of choice
for patients with prohibitive surgical risk and a safe and less inva-
sive alternative to surgery in both high- and intermediate-risk
patients with severe symptomatic native aortic stenosis [41–43].

Table 3: Publication overview: TVIV implantation versus rAVR

Authors Year of
publication

Time span Number of patients
(TVIV vs rAVR)

Mean age
(years)

Post-procedure mean
gradient (mmHg) (TVIV vs rAVR)

30-Day mortality (%)
(TVIV vs rAVR)

Erlebach et al. [23] 2015 2001–2014 50 TVIV vs 52 rAVR TVIV 78.1 18.8 ± 8.7 vs 13.8 ± 5.4, P = 0.008 4% vs 0%, P = 0.24
rAVR 66.2

Silaschi et al. [24] 2016 2002–2015 71 TVIV vs 59 rAVR TVIV 78.6 19.7 ± 7.7 vs 12.2 ± 5.7, P < 0.01 4.2% vs 5.1%, P = 1
rAVR 72.9

Gozdek et al. [25] 2017 NA 176 TVIV vs 166 rAVR TVIV 75.3 No significant difference 5.4% vs 4.6%, P = NS
rAVR 69

Spaziano et al. [26] 2017 2007–2015 78 TVIV vs 78 rAVR TVIV 77.4 18.1 ± 7.4 vs 14.3 ± 6.2, P = 0.01 3.9% vs 6.4%, P = 0.49
rAVR 78

rAVR: redo aortic valve replacement; TVIV: transcatheter valve-in-valve.

Table 2: Publication overview: redo SAVR (with SAVR as first cardiac surgery)

Authors Year of
publication

Time span Number of
patients

Mean age (years) Proportion of patients
non-eligible for TVIVa (%)

Proportion of
SVD (%)

30-Day
mortality (%)

Jones et al. [13] 2001 1969–1998 187 54.7 NA NA 6.4
Jamieson et al. [14] 2003 1975–1999 322 NA 0% 100% 6.8
Potter et al. [15] 2005 1993–2001 162 64 56.5 (13% IE) 43.5% 5
Eitz et al. [16] 2006 1991–2004 71 All >_80 years 23.9 (11.3% IE) 76.1% 16.4
Davierwala et al. [17] 2006 1990–2002 216 59 10 (7.9% IE) NA 4.6
Leontyev et al. [18] 2011 1994–2008 155 58.1 45.2 (27.1% IE) 23.8% 3.5
Chan et al. [19] 2012 1971–2008 437 58.6 NA NA 6
Ruggieri et al. [20] 2013 1975–2011 164 67.8 42.7% 57.3% 10.6
Onorati et al. [21] 2015 2003–2013 324 31.2% >75 years 33% IE 55.2% 7.7
Kaneko et al. [8] 2015 2011–2013 3380 66 13.1% IE NA 4.6
Naji et al. [22] 2015 2000–2012 276 (stenotic

bioprosthesis)
64 5% IE 0.5% thrombosis 95% (47% with

size <_21 mm)
2.5

aIE, paraprosthetic leaks, thrombosis.
IE: infective endocarditis; SAVR: surgical aortic valve replacement; SVD: structural valve deterioration; TVIV: transcatheter valve-in-valve.
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Original Article on TAVI

Redo aortic valve surgery versus transcatheter valve-in-valve 
implantation for failing surgical bioprosthetic valves: consecutive 
patients in a single-center setting

Magdalena Erlebach1, Michael Wottke1, Marcus-André Deutsch1, Markus Krane1, Nicolo Piazza2, 
Ruediger Lange1, Sabine Bleiziffer1

1Department of Cardiovascular Surgery, German Heart Center Munich, Munich, Germany; 2Department of Interventional Cardiology, McGill 
University Health Centre, Montreal, Quebec, Canada
Contributions: (I) Conception and design: M Erlebach, S Bleiziffer; (II) Administrative support: M Wottke; (III) Provision of study materials or 
patients: M Erlebach, M Wottke; (IV) Collection and assembly of data: M Erlebach, M Wottke; (V) Data analysis and interpretation: M Erlebach, M 
Wottke, S Bleiziffer; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Magdalena Erlebach. Department of Cardiovascular Surgery, German Heart Center Munich, Lazarettstrasse 36, Munich 80636, 
Germany. Email: dorfmeister@dhm.mhn.de.

Background: Due to a considerable rise in bioprosthetic as opposed to mechanical valve implantations, 
an increase of patients presenting with failing bioprosthetic surgical valves in need of a reoperation is to be 
expected. Redo surgery may pose a high-risk procedure. Transcatheter aortic valve-in-valve implantation is 
an innovative, less-invasive treatment alternative for these patients. However, a comprehensive evaluation of 
the outcome of consecutive patients after a valve-in-valve TAVI [transcatheter aortic valve-in-surgical aortic 
valve (TAV-in-SAV)] as compared to a standard reoperation [surgical aortic valve redo-operation (SAV-in-
SAV)] has not yet been performed. The goal of this study was to compare postoperative outcomes after TAV-
in-SAV and SAV-in-SAV in a single center setting. 
Methods: All SAV-in-SAV and TAV-in-SAV patients from January 2001 to October 2014 were retrospectively 
reviewed. Patients with previous mechanical or transcatheter valves, active endocarditis and concomitant 
cardiac procedures were excluded. Patient characteristics, preoperative data, post-procedural complications,  
and 30-day mortality were collected from a designated database. Mean values ± SD were calculated 
for all continuous variables. Counts and percentages were calculated for categorical variables. The  
Chi-square and Fisher exact tests were used to compare categorical variables. Continuous variables were compared 
using the t-test for independent samples. A 2-sided P value <0.05 was considered statistically significant.
Results: A total of 102 patients fulfilled the inclusion criteria, 50 patients (49%) underwent a transcatheter 
valve-in-valve procedure, while 52 patients (51%) underwent redo-surgery. Patients in the TAV-in-SAV group 
were significantly older, had a higher mean logistic EuroSCORE and exhibited a lower mean left ventricular 
ejection fraction than patients in the SAV-in-SAV group (78.1±6.7 vs. 66.2±13.1, P<0.001; 27.4±18.7 vs. 
14.4±10, P<0.001; and 49.8±13.1 vs. 56.7±15.8, P=0.019 respectively). Postoperative pacemaker implantation 
and chest tube output were higher in the SAV-in-SAV group compared to the TAV-in-SAV group [11 (21%) 
vs. 3 (6%), P=0.042 and 0.9±1.0 vs. 0.6±0.9, P=0.047, respectively]. There was no significant difference in 
myocardial infarction, stroke or dialysis postoperatively. Thirty-day mortality was not significantly different 
between the two groups [TAV-in-SAV2 (4%) vs. SAV-in-SAV0, P=0.238]. Kaplan-Meier (KM) 1-year survival 
was significantly lower in the TAV-in-SAV group than in the SAV-in-SAV group (83% vs. 96%, P<0.001).
Conclusions: The present investigation shows that both groups, irrespective of different baseline 
comorbidities, show very good early clinical outcomes. While redo surgery is still the standard of care, a 
subgroup of patients may profit from the transcatheter valve-in-valve procedure.

Keywords:  Transcather aortic valve implantation; valve-in-valve; redo aortic surgery
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The type of failing surgical bioprostheses is listed in 
Table 2. Procedural outcome and postoperative outcomes 
are listed in Table 3. The rate of postoperative pacemaker 
implantation and chest tube output were higher in the  
SAV-in-SAV group compared to the TAV-in-SAV group 
[11 (21%) vs. 3 (6%), P=0.042 and 0.9±1.0 vs. 0.6±0.9, 
P=0.047, respectively].  In the TAV-in-SAV group  
22 patients (44%) were extubated in the OR. Of the  
TAV-in-SAV patients requiring further ventilation on 
the intensive care unit (ICU), there was no significant 
difference in the median intubation time between the two 
groups [TAV-in-SAV: 10 h (2-761 h), SAV-in-SAV: 9 h  
(3-1,008 h), P=0.121].

There was no significant difference for stroke, 
myocardial infarction and dialysis between the groups. 

Thirty-day was also not significantly different between 
the two groups [TAV-in-SAV: 2 (4%) vs. SAV-in-SAV: 
0, P=0.238]. Kaplan-Meier (KM) 1-year survival was 
significantly lower in the TAV-in-SAV group than in the 
SAV-in-SAV group (83% vs. 96%, P=0.000).

Discussion

The aim of this study was to compare early outcomes 
of transcatheter valve-in-valve and redo surgery for the 
treatment of failing aortic valve bioprostheses in consecutive 
patients.

Our results suggest that both procedures exhibit good 
early clinical outcomes. At 30-day follow-up, all-cause 
mortality was 4% in the TAV-in-SAV group and 0% in the 
SAV-in-SAV group (NS). Various studies have demonstrated 
similar or slightly higher mortality rates (7-8.4%) for 
transcatheter valve-in-valve patients (5,10,11). Mortality 

rates for SAV-in-SAV are higher (4.5-5.1%) in the literature 
(1,12), yet these studies included patients with infective 
endocarditis, which has been identified as a factor for higher 
mortality (1,13). As patients with endocarditis are not 
candidates for a transcatheter procedure, we excluded them 
from our analysis. Our findings are in line with previously 
reported results between redo aortic valve surgery and 
transcatheter valve-in-valve procedures in the literature, 
showing no significant difference in mortality (14-16). In 
these studies the patient cohorts were matched, and thus, 
as opposed to our investigation, the patients undergoing 
redo surgery were at comparable risk to the patients in the 
transcatheter group. This may explain the higher mortality 
rates reported for the SAV-in-SAV patients in the literature. 
In addition, exclusion of endocarditis was not always 
clarified in these investigations.

Despite a difference in basline characteristics, there was 
no significant difference in 30-day all-cause mortality, post 
procedural stroke or myocardial infarction. Similar results 
were reported by Panchal et al. (15) and by Wilbring et al. (16). 

In the present investigation, kidney failure with need for 
dialysis was not significantly different between the TAV-in-SAV  
and SAV-in-SAV group. However, a P value of 0.057 suggests 
a trend towards higher dialysis rates in the TAV-in-SAV group. 
Our reported dialysis rate of 12% in the TAV-in-SAV group is 
similar to the rate reported by Wilbring et al. (13.5%) (16) and 
somewhat higher than the rate reported by Dvir et al. (7.4%) (10).  
Perhaps the reason for this discrepancy can be found in the 
cohort size. Wilbring et al. investigated a cohort size similar 
to ours with 53 patients in each group. In contrast, Dvir et al. 
analyzed 459 patients of the international registry. 

The postprocedural pacemaker rate in the SAV-in-SAV 
group was significantly higher than in the TAV-in-SAV 
group (21% vs. 6%).The European RECORD initiative 
describes slightly lower permanent pacemaker implantation 
rates of 12.7% (1) for redo surgery patients. Our described 
pacemaker rates for the TAV-in-SAV group are well in line 
with previously described results from Dvir et al. (7.4% and 
8.3%) (5,10) and Linke et al. (3.7%) (4). This difference in 
de novo pacemaker implantation rates between SAV-in-SAV 
patients and TAV-in-SAV patients is well explained by the 
surgical excision of the previously implanted bioprostheses 
which implies a respective risk of injury to the conduction 
system. In contrast to our results, Wilbring et al. found 
no difference in the postoperative need for a permanent 
pacemaker between transcatheter valve-in-valve and redo 
surgery (16). Amazingly, Jones et al. reported even a higher 
pacemaker implantation rate in the TAVI valve-in-valve 

Figure 1 Patient selection. TAV-in-SAV, transcatheter aortic valve-in-
surgical aortic valve; SAV-in-SAV, surgical aortic valve redo-operation.

210 redo aortic valve 

surgery patients

108 excluded 

(endocarditis, previous mechanical or 

transcatheter valve, concomitant cardiac 

surgery)

50 TAV-in-SAV52 SAV-in-SAV
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Table 1 Baseline and operative characteristics

Characteristics TAV–in–SAV (n=50) [%] SAV–in–SAV (n=52) [%] P value

Age, years (mean) 78.1 (±6.7) 66.2 (±13.1) <0.001

Male, n 27 [54] 38 [73] 0.064

Log EuroSCORE 27.4±18.7 14.4±10 <0.001

NYHA class 0.011

1 0 0

2 4 [8] 8 [15]

3 20 [40] 15 [29]

4 26 [52] 5 [10]

Missing 25 [46]

Diabetes mellitus 10 [20] 5 [10] 0.169

Peripheral artery disease 5 [10] 3 [6] 0.483

Stroke 4 [8] 0 0.054

Atrial fibrillation 16 [32] 7 [14] 0.033

Arterial hypertension 41 [82] 38 [73] 0.346

Coronary artery disease 23 [46] 6 [12] <0.001

Myocardial infarction <90 days 1 [2] 0 0.490

Prior CABG 20 [40] 6 [12] 0.001

Number of previous cardiac surgeries 0.997

1 44 [88] 46 [89]

2 5 [10] 5 [10]

3 1 [2] 1 [2]

Mitral valve regurgitation >2° 3 [6] 0 0.114

Pulmonary Hypertension 28 [56] 10 [19] <0.001

COPD 6 [12] 3 [6] 0.314

Previous dialysis 1 [2] 0 0.490

Creatinine value (mg/dL) 1.5 (±1.5) 1.1 (±0.3) 0.073

Liver failure 0 0 –

LV ejection fraction (%) 49.8 (±13.1) 56.7 (±15.8) 0.019

Mode of bioprosthesis failure <0.001

Stenosis 23 [46] 13 [25]

Insufficiency 9 [18] 29 [56]

Combined 18 [36] 9 [17]

Urgent procedure 10 [20] 12 [23] 0.811

Time after previous surgery, years 8.0 (±3.9) 7.2 (±4.8) 0.348

Previous pacemaker 4 [8] 7 [13] 0.504

Procedure duration (min) 100.6 (±46.0) 250.9 (±75.5) <0.001

CPB time (min) – 110.3 (±28.8) –

Cross clamp time (min) – 78.7 (±19.4) –
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significant difference in the median length of intubation 
compared to the SAV-in-SAV group. Early extubation may 
explain, why even with the higher incidence of baseline 
comorbidities, the length of ICU or hospital stay was not 
significantly longer in the TAV-in-SAV group. The less 
invasiveness of the TAV-in-SAV procedure offers great 
advantages, especially in high-risk patients, allowing a quick 
postoperative recovery. Thus not only providing a therapy 
option for previously inoperable patients, but perhaps 
offering an option for lower-risk patients while exhibiting 
clinical and economic benefits. 

The significant difference in 1-year survival can be 
explained by the inequality in baseline comorbidities of the 
groups. Our results are in line with previously reported data 
(5,10,12).

In conclusion, our study shows that in a small cohort 
of consecutive patients SAV-in-SAV is associated with low 
postoperative complications and a low 30-day mortality. On 
the other hand, patients undergoing TAV-in-SAV showed 
similar early clinical outcomes as SAV-in-SAV patients, even 

though they were older and had a higher EuroSCORE. 
The increased postoperative gradients in the TAV-in-SAV 
group are of concern and mandate further evaluation as to 
the optimal type of transcatheter device. The results suggest 
however, that high-risk patients may profit from the less 
invasiveness of the transcatheter procedure, keeping in mind 
that long term data have not been reported yet. Assuming 
equal durability of transcatheter and bioprosthetic valves 
and favourable long term data, the results may lead to a shift 
towards the use of TAV-in-SAV also in lower risk patients. 

Limitations

The most important limitation of this study is the lack of 
matching and randomization to treatment groups. Evaluating 
these results may thus lead to incorrect conclusions, as the 
influence of confounding variables may not be clear. 

We grouped all TAVI patients together, regardless 
of the access route. However, 30-day mortality was not 
significantly different between apical and non-apical access 

Table 3 Postoperative outcomes

Characteristics TAV-in-SAV (n=50) [%] SAV-in-SAV (n=52) [%] P value

30-day all-cause mortality 2 [4] 0 0.238

KM 1-year survival [83] [96] <0.001

Stroke 2 [4] 1 [2] 0.614

Myocardial infarction 1 [2] 1 [2] 0.490

Need for pacemaker implantation 3 [6] 11 [21] 0.042

Post-procedural new dialysis 6 [12] 1 [2] 0.057

Vascular complication 1 [2]1

Length of hospital stay 13.7±9.7 14.9±13.8 0.633

Length of ICU stay 8±10 7.8±13.7 0.928

Extubated in OR 22 [43] 0 <0.001

Median Intubation time (on ICU) in hours2 10 (2-761) 9 (3-1,008) 0.121

Blood transfusion (liter) 0.7±1.1 0.5±1.0 0.346

Chest tube output (l) 0.6±0.93 0.9±1.0 0.047

Aortic regurgitation4 10 [20] 3 [6] 0.614

Paravalvular leak 9 0

Missing values 5 21

Mean AV gradient (mmHg) 18.8±8.7 13.8±5.4 0.008

Missing values 9 23
1, minor vascular complication; 2, median intubation time of patients who came intubated to the ICU. Patients who were extubated 
in the OR were not included; 3, 31 patients in the TAV-in-SAV group received a chest tube after the transapical or transaortic 
approach; 4, all grade I. KM, Kaplan-Meier; TAV-in-SAV, transcatheter aortic valve-in-surgical aortic valve; SAV-in-SAV, surgical aortic 
valve redo-operation; ICU, intensive care unit; OR, operating room.
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Abstract

OBJECTIVES: Transcatheter aortic valve-in-valve implantation (ViV) is a new treatment for failing bioprostheses (BP) in patients with high
surgical risk. However, comparative data, using standard repeat surgical aortic valve replacement (redo-SAVR), are scarce. We compared
outcomes after ViV with those after conventional redo-SAVR in two European centres with established interventional programmes.

METHODS: In-hospital databases were retrospectively screened for patients ≥60 years, treated for failing aortic BP. Cases of infective
endocarditis or combined procedures were excluded. End-points were adjudicated according to the Valve Academic Research
Consortium (VARC-2) criteria.

RESULTS: From 2002 to 2015, 130 patients were treated (ViV: n = 71, redo-SAVR: n = 59). Age and logistic EuroSCORE I scores were higher
with ViV (78.6 ± 7.5 vs 72.9 ± 6.6 years, P < 0.01; 25.1 ± 18.9 vs 16.8 ± 9.3%, P < 0.01). The 30-day mortality rate was not significantly different
(4.2 and 5.1%, respectively) (P = 1.0). Device success was achieved in 52.1% (ViV) and 91.5% (P < 0.01). No stroke was observed after ViV
but in 3.4% after redo-SAVR (P = 0.2). Intensive care stay was longer after redo-SAVR (3.4 ± 2.9 vs 2.0 ± 1.8 days, P < 0.01). Mean transvalvular
gradients were higher post-ViV (19.7 ± 7.7 vs12.2 ± 5.7 mmHg, P < 0.01), whereas the rate of permanent pacemaker implantation was lower
(9.9 vs 25.4%, P < 0.01). Survival rates at 90 and180 days were 94.2 and 92.3% vs 92.8 and 92.8% (P = 0.87), respectively.

CONCLUSIONS: Despite a higher risk profile in the ViV group, early mortality rates were not different compared with those of surgery.
Although ViV resulted in elevated transvalvular gradients and therefore a lower rate of device success, mortality rates were similar to those
with redo-SAVR. At present, both techniques serve as complementary approaches, and allow individualized patient care with excellent
outcomes.

Keywords: Prosthesis • Transcatheter valve therapy • Valve disease • Surgery

INTRODUCTION

Profound change in the treatment of aortic stenosis has been
observed during the last decade. Surgical aortic valve replacement
(SAVR) was complemented by the introduction of transcatheter
aortic valve implantation (TAVI) into the clinical routine for high-
risk patients. TAVI has also been used for the treatment of failing
bioprostheses (BP) as a valve-in-valve (ViV) procedure. With these

new treatments available, the choice of valve used for replace-
ment has shifted towards BP.
In Germany, BP were used in 88.4% of SAVR procedures in 2014

[1]. Guidelines recommend the use of BP in the aortic position in
patients >60 years or with contraindications for life-long anticoa-
gulation [2, 3], but the good outcomes of ViV procedures [4] have
prompted surgeons to implant BP more liberally during the initial
SAVR [5] procedure. This development, increasing life expectancies
and limited durability of BP are anticipated to increase the patient
population, presenting with failing BP [6].
Although redo-SAVR is still the gold standard for treating failing

BP, morbidity and mortality are considerable in high-risk patients
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rate of 4.2% after ViV (3/71) versus 5.1% post redo-SAVR (3/59)
(P = 1.00). One 83-year old patient in the ViV cohort with low
cardiac output preoperatively did not recover after an uneventful
ViV implantation. The second death in the ViV cohort was from
respiratory failure due to severe pulmonary emphysema. After
redo-SAVR, deaths were due to a sudden heart block (Day 5) and
a myocardial infarction (Day 8), due to the left main obstruction
by misplacement of the BP. Early safety according to VARC-2 was
81.7% after ViV (58/71) and 55.9% after redo-SAVR (33/59,
P < 0.01), whereas after redo-SAVR, mainly bleeding complications
and acute kidney injury stage II/III accounted for this end-point
(Fig. 1).

Outcomes at 180 days

Outcomes at 180 days are given in Table 3. Median follow-up was
675 days. Two deaths occurred after ViV between 30 and 180 days
(10.9% mortality rate) (Fig. 3). One patient developed acute heart
failure and a second developed fatal THV endocarditis. In the
redo-SAVR cohort, one death occurred from unknown cause
(7.8% mortality rate) (P = 1.00). Clinical efficacy after 30 days was

39.6% in ViV (17/43) and 76.0% in redo-SAVR (38/50, P < 0.01).
Omitting ‘mean gradient ≥20 mmHg’ from the end-point defin-
ition resulted in a clinical efficacy of 88.4% in ViV (38/43) and
84.0% in redo-SAVR (42/50, P = 0.56, Fig. 1).

DISCUSSION

The number of BP used for SAVR is constantly increasing [2, 3].
Although long-term results for BP even in younger patients are
excellent, these patients may need subsequent treatment for BP
deterioration [13]. Therefore, it is important to establish a clear
understanding about the opportunities and limitations of ViV and
redo-SAVR treatment.

Baseline characteristics

The number of ViV procedures performed already exceeds the
number of isolated redo-SAVR in elderly patients at our centres,
reflecting the need for additional treatment options in patients
with failing BP. BP deterioration was seen at 9.5 ± 5.2 years after

Table 1: Baseline characteristics of ViV versus redo-SAVR patients

Baseline characteristics ViV (n = 71) Redo-SAVR (n = 59) P-value

Age, mean ± SD 78.6 ± 7.5 72.9 ± 6.6 <0.01
Men, no. (%) 41 (57.7) 36 (61.0) 0.72
Logistic EuroSCORE I, %, mean ± SD 25.1 ± 18.9 16.8 ± 9.3 <0.01
Diabetes, no. (%) 8 (11.3) 6 (10.2) 1.00
Peripheral vascular disease, no. (%) 23 (32.4) 8 (13.6) 0.01
Creatinine, mg/dl, mean ± SD 1.5 ± 1.3 1.2 ± 0.4 0.20
Previous stroke/TIA, no. (%) 10 (14.1) 6 (10.2) 0.60
Left ventricular ejection fraction 0.09
Normal (>50%) 58 (81.7) 42 (71.2)
Moderate (30–50%) 5 (7.0) 13 (22.0)
Severe (<30%) 6 (8.5) 3 (5.1)
Unknown 2 (2.8) 1 (1.7)

>1 Previous cardiac surgery, no. (%) 6 (8.5) 2 (3.4) 0.29
Time since valve replacement, years, mean ± SD 9.9 ± 4.9 9.1 ± 5.6 0.37
Previous valve, no. (%) 0.42
Stented 61 (85.9) 47 (79.7)
Stentless 9 (12.7) 9 (15.3)
Unknown 1 (1.4) 3 (5.1)

Previous procedure, no. (%) 0.12
SAVR 44 (62.0) 46 (78.0)
SAVR+ CABG 23 (32.4) 10 (16.9)
SAVR+ other 4 (5.6) 3 (5.1)

Valve size, no. (%) 0.39
≤21 mm 18 (25.4) 21 (35.6)
23 mm 30 (42.2) 18 (30.5)
≥25 mm 22 (31.0) 13 (22.0)
Unknown 1 (1.4) 7 (11.9)

Mode of deterioration, no. (%) 0.73
Stenosis 32 (45.1) 24 (40.7)
Regurgitation 27 (38.0) 21 (35.6)
Mixed 12 (16.9) 13 (22.0)
Unknown 0 1 (1.7)

Gradient, mmHg, mean ± SD 33.0 ± 17.8 37.3 ± 13.7 0.23
Pre-existent PPM (iEOA <0.65 cm2/m2), no. (%) 4 (5.6) 5 (8.5) 0.73

SD: standard deviation; no.: absolute number of patients; BSA: body surface area; TIA: transient ischaemic attack; SAVR: surgical aortic valve replacement;
CABG: coronary artery bypass grafting; PPM: patient prosthesis mismatch; iEOA: indexed effective orifice area; ViV: valve-in-valve.
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Peripheral vascular disease, no. (%) 23 (32.4) 8 (13.6) 0.01
Creatinine, mg/dl, mean ± SD 1.5 ± 1.3 1.2 ± 0.4 0.20
Previous stroke/TIA, no. (%) 10 (14.1) 6 (10.2) 0.60
Left ventricular ejection fraction 0.09
Normal (>50%) 58 (81.7) 42 (71.2)
Moderate (30–50%) 5 (7.0) 13 (22.0)
Severe (<30%) 6 (8.5) 3 (5.1)
Unknown 2 (2.8) 1 (1.7)

>1 Previous cardiac surgery, no. (%) 6 (8.5) 2 (3.4) 0.29
Time since valve replacement, years, mean ± SD 9.9 ± 4.9 9.1 ± 5.6 0.37
Previous valve, no. (%) 0.42
Stented 61 (85.9) 47 (79.7)
Stentless 9 (12.7) 9 (15.3)
Unknown 1 (1.4) 3 (5.1)

Previous procedure, no. (%) 0.12
SAVR 44 (62.0) 46 (78.0)
SAVR+ CABG 23 (32.4) 10 (16.9)
SAVR+ other 4 (5.6) 3 (5.1)

Valve size, no. (%) 0.39
≤21 mm 18 (25.4) 21 (35.6)
23 mm 30 (42.2) 18 (30.5)
≥25 mm 22 (31.0) 13 (22.0)
Unknown 1 (1.4) 7 (11.9)

Mode of deterioration, no. (%) 0.73
Stenosis 32 (45.1) 24 (40.7)
Regurgitation 27 (38.0) 21 (35.6)
Mixed 12 (16.9) 13 (22.0)
Unknown 0 1 (1.7)

Gradient, mmHg, mean ± SD 33.0 ± 17.8 37.3 ± 13.7 0.23
Pre-existent PPM (iEOA <0.65 cm2/m2), no. (%) 4 (5.6) 5 (8.5) 0.73

SD: standard deviation; no.: absolute number of patients; BSA: body surface area; TIA: transient ischaemic attack; SAVR: surgical aortic valve replacement;
CABG: coronary artery bypass grafting; PPM: patient prosthesis mismatch; iEOA: indexed effective orifice area; ViV: valve-in-valve.
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rate of 4.2% after ViV (3/71) versus 5.1% post redo-SAVR (3/59)
(P = 1.00). One 83-year old patient in the ViV cohort with low
cardiac output preoperatively did not recover after an uneventful
ViV implantation. The second death in the ViV cohort was from
respiratory failure due to severe pulmonary emphysema. After
redo-SAVR, deaths were due to a sudden heart block (Day 5) and
a myocardial infarction (Day 8), due to the left main obstruction
by misplacement of the BP. Early safety according to VARC-2 was
81.7% after ViV (58/71) and 55.9% after redo-SAVR (33/59,
P < 0.01), whereas after redo-SAVR, mainly bleeding complications
and acute kidney injury stage II/III accounted for this end-point
(Fig. 1).

Outcomes at 180 days

Outcomes at 180 days are given in Table 3. Median follow-up was
675 days. Two deaths occurred after ViV between 30 and 180 days
(10.9% mortality rate) (Fig. 3). One patient developed acute heart
failure and a second developed fatal THV endocarditis. In the
redo-SAVR cohort, one death occurred from unknown cause
(7.8% mortality rate) (P = 1.00). Clinical efficacy after 30 days was

39.6% in ViV (17/43) and 76.0% in redo-SAVR (38/50, P < 0.01).
Omitting ‘mean gradient ≥20 mmHg’ from the end-point defin-
ition resulted in a clinical efficacy of 88.4% in ViV (38/43) and
84.0% in redo-SAVR (42/50, P = 0.56, Fig. 1).

DISCUSSION

The number of BP used for SAVR is constantly increasing [2, 3].
Although long-term results for BP even in younger patients are
excellent, these patients may need subsequent treatment for BP
deterioration [13]. Therefore, it is important to establish a clear
understanding about the opportunities and limitations of ViV and
redo-SAVR treatment.

Baseline characteristics

The number of ViV procedures performed already exceeds the
number of isolated redo-SAVR in elderly patients at our centres,
reflecting the need for additional treatment options in patients
with failing BP. BP deterioration was seen at 9.5 ± 5.2 years after

Table 1: Baseline characteristics of ViV versus redo-SAVR patients

Baseline characteristics ViV (n = 71) Redo-SAVR (n = 59) P-value

Age, mean ± SD 78.6 ± 7.5 72.9 ± 6.6 <0.01
Men, no. (%) 41 (57.7) 36 (61.0) 0.72
Logistic EuroSCORE I, %, mean ± SD 25.1 ± 18.9 16.8 ± 9.3 <0.01
Diabetes, no. (%) 8 (11.3) 6 (10.2) 1.00
Peripheral vascular disease, no. (%) 23 (32.4) 8 (13.6) 0.01
Creatinine, mg/dl, mean ± SD 1.5 ± 1.3 1.2 ± 0.4 0.20
Previous stroke/TIA, no. (%) 10 (14.1) 6 (10.2) 0.60
Left ventricular ejection fraction 0.09
Normal (>50%) 58 (81.7) 42 (71.2)
Moderate (30–50%) 5 (7.0) 13 (22.0)
Severe (<30%) 6 (8.5) 3 (5.1)
Unknown 2 (2.8) 1 (1.7)

>1 Previous cardiac surgery, no. (%) 6 (8.5) 2 (3.4) 0.29
Time since valve replacement, years, mean ± SD 9.9 ± 4.9 9.1 ± 5.6 0.37
Previous valve, no. (%) 0.42
Stented 61 (85.9) 47 (79.7)
Stentless 9 (12.7) 9 (15.3)
Unknown 1 (1.4) 3 (5.1)

Previous procedure, no. (%) 0.12
SAVR 44 (62.0) 46 (78.0)
SAVR+ CABG 23 (32.4) 10 (16.9)
SAVR+ other 4 (5.6) 3 (5.1)

Valve size, no. (%) 0.39
≤21 mm 18 (25.4) 21 (35.6)
23 mm 30 (42.2) 18 (30.5)
≥25 mm 22 (31.0) 13 (22.0)
Unknown 1 (1.4) 7 (11.9)

Mode of deterioration, no. (%) 0.73
Stenosis 32 (45.1) 24 (40.7)
Regurgitation 27 (38.0) 21 (35.6)
Mixed 12 (16.9) 13 (22.0)
Unknown 0 1 (1.7)

Gradient, mmHg, mean ± SD 33.0 ± 17.8 37.3 ± 13.7 0.23
Pre-existent PPM (iEOA <0.65 cm2/m2), no. (%) 4 (5.6) 5 (8.5) 0.73

SD: standard deviation; no.: absolute number of patients; BSA: body surface area; TIA: transient ischaemic attack; SAVR: surgical aortic valve replacement;
CABG: coronary artery bypass grafting; PPM: patient prosthesis mismatch; iEOA: indexed effective orifice area; ViV: valve-in-valve.
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Summary

The optimal management of aortic surgical bioprosthesis presenting with severe symptomatic structural valve deterioration is currently a
matter of debate. Over the past 20 years, the number of implanted bioprostheses worldwide has been rapidly increasing at the expense of
mechanical prostheses. A large proportion of patients, however, will require intervention for bioprosthesis structural valve deterioration.
Current options for older patients who often have severe comorbidities include either transcatheter valve-in-valve (TVIV) implantation or
redo valve surgery. The emergence of TVIV implantation, which is perceived to be less invasive than redo valve surgery, offers an effective
alternative to surgery for these patients with proven safety and efficacy in high-risk patient groups including elderly and frail patients. A po-
tential caveat to this strategy is that results of long-term follow-up after TVIV implantation are limited. Redo surgery is sometimes prefer-
able, especially for young patients with a smaller-sized aortic bioprosthesis. With the emergence of TVIV implantation and the long experi-
ence of redo valve surgery, we currently have 2 complementary treatment modalities, allowing a tailor-made and patient-orientated
intervention. In the heart team, the decision-making should be based on several factors including type of bioprosthesis failure, age, comor-
bidities, operative risk, anatomical factors, anticipated risks and benefits of each alternative, patient’s choice and local experience. The aim
of this review is to provide a framework for individualized optimal treatment strategies in patients with failed aortic surgical bioprosthesis.
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Transcatheter	valve-in-valve	 Chirurgie	redux	

Avantages	 -  Pas	d’intubation	
-  Moins	invasif	
-  Moins	de	temps	en	réanimation	et	

en	hospitalisation	
-  Moins	de	pace-maker	post-

procédure	
	

-  Mortalité	moins	élevée	
que	crainte	au	départ	

-  Si	mismatch	patient-
prothèse	déjà	présent	
avec	la	bioprothèse		

è	nécessité	d’élargir	
chirurgicalement	l’anneau	
aortique.	

Inconvénients	 -				Pas	nul	en	termes	de	mortalité	
péri-procédure	
et	de	gradient	post-procédure…	

-	Morbidité	bcp	plus	lourde	
que	le	TAVI	valve	in	valve	
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ABSTRACT

OBJECTIVES The aim of this study was to determine whether the association of small label size of the surgical valve

with increased mortality after transcatheter valve-in-valve (ViV) implantation is, at least in part, related to pre-existing

prosthesis-patient mismatch (PPM) (i.e., a bioprosthesis that is too small in relation to body size).

BACKGROUND Transcatheter ViV implantation is an alternative for the treatment of patients with degenerated

bioprostheses. Small label size of the surgical valve has been associated with increased mortality after ViV implantation.

METHODS Data from 1,168 patients included in the VIVID (Valve-in-Valve International Data) registry were analyzed.

Pre-existing PPM of the surgical valve was determined using a reference value of effective orifice area for each given

model and size of implanted prosthetic valve indexed for body surface area. Severe PPM was defined according to the

criteria proposed by the Valve Academic Research Consortium 2: indexed effective orifice area <0.65 cm2/m2 if body
mass index is <30 kg/m2 and <0.6 cm2/m2 if BMI is $30 kg/m2. The primary study endpoint was 1-year mortality.

RESULTS Among the 1,168 patients included in the registry, 89 (7.6%) had pre-existing severe PPM. Patients with

severe PPM had higher 30-day (10.3%, p ¼ 0.01) and 1-year (unadjusted: 28.6%, p < 0.001; adjusted: 19.3%, p ¼ 0.03)

mortality rates compared with patients with no severe PPM (4.3%, 11.9%, and 10.9%, respectively). After adjusting for

surgical valve label size, Society of Thoracic Surgeons score, renal failure, diabetes, and stentless surgical valves, pres-

ence of pre-existing severe PPM was associated with increased risk for 1-year mortality (odds ratio: 1.88; 95% confidence

interval: 1.07 to 3.28; p ¼ 0.03). Patients with severe PPM also more frequently harbored high post-procedural gradients
(mean gradient $20 mm Hg).

CONCLUSIONS Pre-existing PPM of the failed surgical valve is strongly and independently associated with increased

risk for mortality following ViV implantation. (J Am Coll Cardiol Intv 2018;11:133–41) © 2018 by the American College of

Cardiology Foundation.
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following ViV implantation. The ViV procedure
generally improves the hemodynamic and clinical
status of patients who have acquired dysfunction
resulting from structural valve degeneration. Howev-
er, PPM is a nonstructural “iatrogenic” complication
that is characterized by a prosthetic valve with normal
function but that is too small in relation to the body
size and thus to the cardiac output requirements of the

patient. Hence, given that the stent and internal orifice
diameter of surgical bioprosthetic valves are generally
not expansible, the ViV procedure cannot correct
pre-existing PPM, and in fact, this procedure may even
worsen the PPM. Indeed, the implantation of a THV
within a severely mismatched bioprosthetic valve may
further reduce the already limited valve orifice area
available for flow.

Patients with small surgical bioprostheses harbor a
higher prevalence of severe PPM (17,21). Hence, the
association that was previously reported between
small (#21 mm) surgical valve label size and mortality
after ViV implantation may, at least in part, be related
to the presence of unidentified pre-existing severe
PPM (8,9). As a matter of fact, in the present study,
smaller label size was strongly associated with
increased 1-year mortality in univariate analysis.
However, this association was no longer significant in
the multivariate model that also included pre-
existing severe PPM (Figure 4).

Similarly, the previously reported association
between stenosis as the failure mode of the surgical
valve and mortality following ViV implantation could
be related to pre-existing PPM (9). Indeed, patients
with high transprosthetic gradients before ViV
implantation were generally considered to have
severe acquired prosthetic valve stenosis due to
calcific degeneration of valve leaflets. However, it is
likely that in a high proportion of these patients, the
elevated gradient observed before ViV implantation
was, in large part, due to pre-existing PPM. In such
patients, a ViV procedure would result in minimal to
no reduction, or even an increase in gradient.
CLINICAL IMPLICATIONS. The findings of this study
provide a strong argument for the prevention of PPM
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FIGURE 3 Adjusted 1-Year Mortality Rate According to Pre-Existing Severe
Prosthesis-Patient Mismatch

Cox proportional hazards regression curves showing the adjusted cumulative hazard of
death from any cause according to the presence or absence of pre-existing severe
prosthesis-patient mismatch (PPM).

FIGURE 4 Multivariate Cox Regression Demonstrating Variables Associated With 1-Year Mortality

Multivariate regression demonstrates an independent association between pre-existing severe prosthesis-patient mismatch (PPM) of the
surgical valve and increased 1-year mortality after aortic valve-in-valve implantation. CI ¼ confidence interval; STS ¼ Society of Thoracic
Surgeons.
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-  Pre-existing	PPM	of	the	surgical	valve	was	
determined	using	a	reference	value	of	
effective	orifice	area	for	each	given	model	and	
size	of	implanted	prosthetic	valve	indexed	for	
body	surface	area.	

-  Severe	PPM	if	indexed	effective	orifice	area	
<0.65	cm2/m2	if	body	mass	index	is	<30	kg/
m2	and	<0.6	cm2/m2	if	BMI	is	$30	kg/m2.		
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0.79 to 2.42; p ¼ 0.25), but we decided to force this
variable into the model because of its potential
importance in terms of likelihood of complications.
Therefore, after adjusting for label valve size, STS
score, renal failure, diabetes, and stentless surgical
valves, presence of pre-existing severe PPM was
independently associated with increased risk for
1-year mortality (HR: 1.88; 95% CI: 1.07 to 3.28;
p ¼ 0.03) (Figure 4).

DISCUSSION

The main finding of this study is that pre-existing
severe PPM of the surgical bioprosthesis is associ-
ated with higher prevalence of elevated transaortic
gradient after the ViV procedure, with 2.4- and
1.8-fold higher rates of 30-day and 1-year mortality,
respectively. This is the first study to report an
independent association between pre-existing PPM
and mortality after ViV implantation.

Most previous studies of ViV implantation (8,9,14)
did not assess the presence and impact on outcomes
of pre-existing PPM of the surgical bioprosthesis.
However, in the recent report from the CoreValve US
Expanded Use Study including 233 patients (15), 13%
had pre-existing severe PPM, and of these patients,
77% had high residual gradients after ViV implanta-
tion. In the present study, 7.6% of the patients had
pre-existing severe PPM, which appears lower that
the prevalence in the CoreValve US registry (15). This
difference may, at least in part, be related to the fact
that, as recommended by Valve Academic Research
Consortium 2 (13), we used lower cutoff values of
indexed EOA to define PPM in obese patients. The use
of EOA indexed to body surface area may indeed
result in an overestimation of the prevalence and
severity of PPM in obese patients. The prevalence of
pre-existing PPM in the present study is, however,
consistent with the data reported in contemporary
surgical AVR series (15–17). In a recent analysis of the
STS database using similar PPM definition as used in
our study (15), the prevalence of severe PPM was 15%
in 2004 and dropped to 6% in 2014.

In the present study, the time from initial surgical
AVR to bioprosthetic valve failure was substantially
shorter in patients with pre-existing severe PPM
compared with those with no or moderate PPM. These
findings may be, at least in part, explained by the fact
that PPMmay accelerate the structural degeneration of
bioprostheses (18,19). Indeed, PPM increases the flow
turbulence through the prosthetic valve orifice as well
as themechanical stress on the valve leaflets (18,19). In
turn, leaflet mechanical stress is an important factor
contributing to the structural degeneration of

bioprostheses (20). Furthermore, patients with pre-
existing severe PPM already have significantly
increased LV afterload at the outset of the index AVR,
and they may thus be less likely to tolerate the addi-
tional hemodynamic burden caused by a significant
acquired dysfunction (stenosis and/or regurgitation).

In this study, patients with pre-existing severe PPM
had worse hemodynamic and clinical outcomes
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FIGURE 1 Rates of Elevated Post-Procedural Transvalvular Gradients and 30-Day and
1-Year Mortality According to Pre-Existing Severe Prosthesis-Patient Mismatch

Rates of elevated ($20 mm Hg) post-procedural gradients, 30-day mortality, and
unadjusted 1-year mortality according to presence or absence of pre-existing severe
prosthesis-patient mismatch (PPM).
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FIGURE 2 Rates of Elevated Post-Procedural Transvalvular Gradient According to
Pre-Existing Severe Prosthesis-Patient Mismatch and Type of Transcatheter Heart
Valve Used for Valve-in-Valve Implantation

Rates of elevated ($20 mm Hg) post-procedural gradients, 30-day mortality, and 1-year
mortality according to presence or absence of pre-existing severe prosthesis-patient
mismatch (PPM) and to the type of transcatheter heart valve (i.e., self-expandingCoreValve
or Evolut vs. balloon-expandable SAPIEN) used for valve-in-valve implantation.
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0.79 to 2.42; p ¼ 0.25), but we decided to force this
variable into the model because of its potential
importance in terms of likelihood of complications.
Therefore, after adjusting for label valve size, STS
score, renal failure, diabetes, and stentless surgical
valves, presence of pre-existing severe PPM was
independently associated with increased risk for
1-year mortality (HR: 1.88; 95% CI: 1.07 to 3.28;
p ¼ 0.03) (Figure 4).

DISCUSSION

The main finding of this study is that pre-existing
severe PPM of the surgical bioprosthesis is associ-
ated with higher prevalence of elevated transaortic
gradient after the ViV procedure, with 2.4- and
1.8-fold higher rates of 30-day and 1-year mortality,
respectively. This is the first study to report an
independent association between pre-existing PPM
and mortality after ViV implantation.

Most previous studies of ViV implantation (8,9,14)
did not assess the presence and impact on outcomes
of pre-existing PPM of the surgical bioprosthesis.
However, in the recent report from the CoreValve US
Expanded Use Study including 233 patients (15), 13%
had pre-existing severe PPM, and of these patients,
77% had high residual gradients after ViV implanta-
tion. In the present study, 7.6% of the patients had
pre-existing severe PPM, which appears lower that
the prevalence in the CoreValve US registry (15). This
difference may, at least in part, be related to the fact
that, as recommended by Valve Academic Research
Consortium 2 (13), we used lower cutoff values of
indexed EOA to define PPM in obese patients. The use
of EOA indexed to body surface area may indeed
result in an overestimation of the prevalence and
severity of PPM in obese patients. The prevalence of
pre-existing PPM in the present study is, however,
consistent with the data reported in contemporary
surgical AVR series (15–17). In a recent analysis of the
STS database using similar PPM definition as used in
our study (15), the prevalence of severe PPM was 15%
in 2004 and dropped to 6% in 2014.

In the present study, the time from initial surgical
AVR to bioprosthetic valve failure was substantially
shorter in patients with pre-existing severe PPM
compared with those with no or moderate PPM. These
findings may be, at least in part, explained by the fact
that PPMmay accelerate the structural degeneration of
bioprostheses (18,19). Indeed, PPM increases the flow
turbulence through the prosthetic valve orifice as well
as themechanical stress on the valve leaflets (18,19). In
turn, leaflet mechanical stress is an important factor
contributing to the structural degeneration of

bioprostheses (20). Furthermore, patients with pre-
existing severe PPM already have significantly
increased LV afterload at the outset of the index AVR,
and they may thus be less likely to tolerate the addi-
tional hemodynamic burden caused by a significant
acquired dysfunction (stenosis and/or regurgitation).

In this study, patients with pre-existing severe PPM
had worse hemodynamic and clinical outcomes
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FIGURE 1 Rates of Elevated Post-Procedural Transvalvular Gradients and 30-Day and
1-Year Mortality According to Pre-Existing Severe Prosthesis-Patient Mismatch

Rates of elevated ($20 mm Hg) post-procedural gradients, 30-day mortality, and
unadjusted 1-year mortality according to presence or absence of pre-existing severe
prosthesis-patient mismatch (PPM).
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FIGURE 2 Rates of Elevated Post-Procedural Transvalvular Gradient According to
Pre-Existing Severe Prosthesis-Patient Mismatch and Type of Transcatheter Heart
Valve Used for Valve-in-Valve Implantation

Rates of elevated ($20 mm Hg) post-procedural gradients, 30-day mortality, and 1-year
mortality according to presence or absence of pre-existing severe prosthesis-patient
mismatch (PPM) and to the type of transcatheter heart valve (i.e., self-expandingCoreValve
or Evolut vs. balloon-expandable SAPIEN) used for valve-in-valve implantation.
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Quels	éléments	sont	à	prendre	en	

compte	AVANT	de	retenir	

l’indica5on	de	TVIV?	

A.  Age	
B.  Comorbidités,	risque	opératoire	
C.  Taille	de	la	bioprothèse	dégénérée	
D.  Existence	d’un	mismatch	patient-bioprothèse	lors	de	la	

première	intervention	
E.  Type	de	la	bioprothèse	dégénérée	
F.  Type	de	dégénérescence	(sténosante,	fuyante,	mixte)	
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Figure 4: Algorithm to guide clinical decision-making for patients presenting with aortic surgical bioprosthesis dysfunction.
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Important breakthroughs were made regarding TVIV implant-
ation using trans-femoral and apical approaches after a few iso-
lated cases were reported [7, 9]. The safety and efficacy of this
innovative and less-invasive approach were demonstrated in a
high-risk population including elderly and frail patients [9]. One
of the largest studies of aortic TVIV therapy is the international
multicentre prospective Global Valve-in-Valve Registry [9, 11],
which included 459 high-risk patients (mean age 77 years) who
underwent aortic TVIV implantation: 40% for stenosis-type de-
generation, 30% for regurgitation-type degeneration and 30% for
mixed degeneration. On average, the procedure took place
9 years after the first aortic valve surgery (earlier in stenosis-type
degeneration compared to regurgitation-type degeneration).
Small-calibre bioprosthesis <_ 21 mm) tended to degenerate more
often towards stenosis than large-calibre bioprosthesis (>_ 25 mm),
which tended to degenerate towards regurgitation. Mortality
rates were 7.6% after 30 days and 16.8% after 1 year. After TVIV
implantation, the mean valve-in-valve gradient was significantly
higher in stenosis-type degeneration than in regurgitation-type
degeneration (18 mmHg vs 12 mmHg, P < 0.001). Multivariate

analysis indicated that the main risk factors of all-cause mortality
for TVIV implantation were stenosis-type degeneration, small-
calibre bioprosthesis surgical valve (<_21 mm), transapical ap-
proach for the procedure and a high Society of Thoracic
Surgeons (STS) score [11]. Webb et al. [12] have also recently
reported excellent outcomes for 365 high-risk patients (mean age
78.9 ± 10.2 years, mean STS score 9.1 ± 4.7%) with a very low 30-
day mortality at 2.7% and a 1-year mortality at 12.4%, with an
important effect on the procedural learning curve. However,
long-term follow-up data are not available.

In these publications, the causes of death were not reported,
but the residual mean gradient after TVIV implantation was prob-
ably a major factor. Thus, Webb et al. [12] have shown that ele-
vated transvalvular gradients (>_20 mmHg) after TVIV implantation
was correlated to an increased 1-year mortality. Eggebrecht et al.
[7] also reported a high proportion of patients (44%) with ele-
vated transvalvular gradients (>_20 mmHg) after TVIV implant-
ation, especially for those with degenerated surgical
bioprostheses of small diameters. The smaller the degenerated
bioprosthesis is, the higher the risk of an increase in mean gradi-
ent after TVIV implantation exists, because the TVIV prosthesis is
inserted inside a non-elastic stent of the surgical bioprosthesis,
thus predisposing to underexpansion of the TVIV prosthesis and
leading to a smaller effective orifice area than when it is more
fully expanded in a native aortic annulus [44]. Furthermore,
Pibarot et al. [45] recently published a study indicating that pre-
existing severe patient–prosthesis mismatch (more frequent with
smaller bioprosthetic valves) was associated with a higher preva-
lence of elevated transaortic gradient after TVIV implantation
and with 2.4- and 1.8-fold higher rates of 30-day mortality and
1-year mortality, respectively.

Stenosis-type bioprosthesis degeneration increases the risk of
mortality, potentially due to pressure-overload-induced remod-
elling and concentric left ventricular hypertrophy, which may re-
sult in heart failure with preserved LVEF, worsened by an
elevated mean gradient after TVIV implantation.

Many questions persist regarding outcomes of patients who
have benefited from TVIV implantation: the longevity of the
valve-in-valve bioprosthesis, the potential risk of rapid SVD espe-
cially with smaller bioprosthesis and the risks of bioprosthetic
valve thrombosis. Compared to the wealth of knowledge on aor-
tic surgical bioprosthesis longevity, there is indeed very scarce

Figure 2: Fluoroscopy performed during transcatheter valve-in-valve implantation of an aortic bioprosthesis (A). Post-procedural computed tomography scan per-
formed to ensure that aortic transcatheter valve-in-valve implantations are satisfactory (B, C).

Figure 1: Explanted aortic bioprosthesis for stenosis-type structural valve de-
terioration. Presence of severe calcification of the leaflets.
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patients with the aim of performing TVIV procedures in case of
future SVD may result in ‘a boomerang return effect’ with younger
patients presenting with smaller functional aortic surfaces and/or
more frequent mismatches. This concern may very soon become a
topic of discussion for the multidisciplinary heart team in patients
who will be exposed to a lifetime of repeat interventions (TVIV or
redo SAVR). For surgeons, the intervention strategy is deemed
successful when the maximum durability of the bioprosthetic aortic
valves is achieved, while minimizing early postoperative gradients.
Aortic valve surgery will be performed concurrently with selective
use of root enlargement to permit better effective orifice, thereby
justifying these goals once the risk is minimized [25].

Although the TVIV concept is actually a valuable option for treat-
ing high-risk patients with degenerated bioprostheses, very little
data exist on the valve-in-valve concept for treating all patients
with SVD as an alternative procedure to standard redo aortic sur-
gery. Potential complication and adverse event after TVIV proced-
ure such as coronary obstruction, device mal-positioning, elevated
post-procedural gradients and severe patient–prosthesis mismatch
after TVIV procedure need to be further studied.

Transcatheter valve-in-valve implantation and
redo valve surgery: 2 complementary approaches

With the emergence of TVIV implantation and the long experi-
ence of redo surgery, we now have 2 complementary therapies

permitting an individualized approach. To help clinicians in deci-
sion making, we suggest an algorithm based on type of biopros-
thesis failure, age, comorbidities, operative risk, anatomical
factors, anticipated risks and benefits of each alternative, patient’s
choice and local experience (Fig. 4). The choice of treatment
depends first on the type of bioprosthesis failure. In IE, redo sur-
gery is the only option. In patients presenting with periprosthetic
leaks, either percutaneous transcatheter closure or redo surgery
can be considered. Bioprosthesis thrombosis should be first
treated using optimized anticoagulation, and surgery should be
discussed in the absence of improvement. For patients with SVD,
redo aortic valve surgery should be considered as first-line treat-
ment for SVD of a small-calibre bioprosthesis (<_21 mm), especial-
ly in young patients with pre-existent severe mismatch, if the risk
level of the procedure is not excessive. For patients contraindi-
cated or at high risk for redo surgery, the heart team should sug-
gest TVIV implantation as a first-line treatment for severe
symptomatic SVD of aortic bioprosthesis. However, some
patients are good candidates for TVIV implantation and redo sur-
gery. The spontaneous choice of the patient is to choose a less-
invasive treatment and thus to prefer TVIV in case of SVD.
However, the role of the heart team is to give full explanations
on both types of procedure (immediate results but also long-
term results, i.e. long durability of surgical bioprosthesis and lack
of long-term follow-up after TVIV) and to clearly recommend
redo surgery when it provides the best long-term outcomes with
a low operative risk.

Figure 3: Clinical perspective and take-home messages. The need for a multidisciplinary management is shown: a process of shared decision-making including the pa-
tient, cardiologists, imaging specialists, specialist in geriatrics, anaesthetist and cardiac surgeon. The role played by the patient’s primary care physician allows for a
comprehensive knowledge of patient’s background and life style that can, therefore, help in understanding the risk profile and the level of care potentially needed
after procedure. We, therefore, believe that implementing a systematic approach based on a multidisciplinary team effort is crucial in the management of these
patients. A multidisciplinary approach, involving different professionals contributing with their expertise to the decision-making, should converge towards an early re-
ferral of the patient to specialized centres with the aim of performing surgery or TVIV at an early stage according to the patient’s condition. CT: computed tomog-
raphy; SVD: structural valve deterioration; TVIV: transcatheter valve-in-valve.
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Conclusion	

�  Le	TVIV	est	une	excellente	alternative	à	la	chirurgie	valvulaire	aortique	redux	
car	il	permet	de	traiter	avec	succès	des	patients	à	très	haut	risque,	de	manière	
mini	invasive,	le	plus	souvent	sous	anesthésie	locale,	permettant	une	
récupération	rapide	

	
�  Bien	que	le	TVIV	permette	de	passer	le	cap	opératoire,	il	peut	entrainer	par	la	

suite	un	gradient	moyen	aortique	post-TVIV	élevé	(surtout	pour	les	TVIV	
dans	les	petites	bioprothèses)	dont	l’impact	au	long	cours	est	méconnu.		

	
�  Au	sein	d’une	Heart	team,	ces	deux	méthodes	doivent	être	considérées	

comme	complémentaires	et	non	comme	concurrentes	car	elles	ne	s’adressent	
pas	forcément	aux	mêmes	patients.		

	
�  Il	faut	encourager	les	chirurgiens	cardiaques	à	implanter	des	bioprothèses	de	

la	plus	grande	taille	possible	pour	favoriser	par	la	suite	un	TVIV	avec	le	
meilleur	pronostic.		

�  Intérêt	de	bioprothèse	type	INSPIRIS	à	évaluer.	





Percutaneous Transvenous Transseptal
Transcatheter Valve Implantation
in Failed Bioprosthetic Mitral Valves,
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ABSTRACT

OBJECTIVES This study sought to examine the feasibility, safety, and intermediate-term outcomes in patients

undergoing percutaneous transvenous transcatheter mitral valve implantation in failed bioprosthesis, ring annuloplasty,

and calcific mitral stenosis.

BACKGROUND Surgical mitral valve replacement in patients with previous surgery or severe mitral annular

calcification (MAC) is often associated with high or prohibitive risk.

METHODS Percutaneous transfemoral antegrade transseptal implantation of Edwards SAPIEN prosthesis (Edwards

Lifesciences, Irvine, California) was performed in 48 patients with degenerated mitral bioprosthesis (n ¼ 33), previous

ring annuloplasty (n ¼ 9), and severe MAC (n ¼ 6).

RESULTS The mean Society of Thoracic Surgeons risk score was 13.2 " 7.4% with a mean age 76 " 11 years. Acute

procedural success was achieved in 42 of 48 patients (88%) in the overall group and 31 of 33 (94%) in the failed

bioprosthetic mitral valve group and success rate of 11 of 15 (73%) in patients with failed annuloplasty rings and MAC.
After successful procedure, no patients had > mild residual mitral prosthetic or periprosthetic regurgitation; mean

transvalvular gradients were 6 " 2.5 mm Hg. Thirty-day survival free of death and cardiovascular surgery was 85% in the

overall group and 91% in the failed bioprosthetic mitral valve subgroup.

CONCLUSIONS Transfemoral percutaneous transvenous mitral valve implantation in high-risk patients with degener-

ated bioprosthesis is safe, effective, and associated with rapid improvement in hemodynamics, short length of stays, and

improved functional status. Percutaneous mitral valve implantation in patients with failed annuloplasty rings and severe

MAC is a promising therapy with significant short-term morbidity and mortality that requires further study.

(J Am Coll Cardiol Intv 2016;9:1161–74) © 2016 by the American College of Cardiology Foundation.

R epeat operation in the first 10 years following
mitral valve replacement or repair is required
in up to 35% of patients (1,2). Redo mitral

valve surgery can be associated with high mortality,

particularly in patients with severe medical comor-
bidities. Nonrheumatic mitral stenosis due to mitral
annular calcification (MAC) can be treated with mitral
valve replacement, but presents unique challenges
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Eleid	et	al	JACC		
Cardiovasc	Interventions	2016	(9). Patients were placed under general endotracheal

anesthesia. Intraprocedural imaging was performed
with TEE (Figure 2). Two Perclose ProGlide devices
(Abbott Vascular, Santa Clara, California) were
deployed in a pre-close fashion in the right common
femoral vein and the Edwards E-Sheath was intro-
duced. A 5-F pacing catheter was advanced into the
right ventricle via the femoral vein for rapid pacing
during valve deployment. Transseptal puncture was
performed using standard techniques under TEE
guidance (Figure 2). The atrial septum was sequen-
tially dilated with a 14-F dilator, followed by a 10 to
14 mm Mustang (Boston Scientific, Marlborough,
Massachusetts) or 15 mm Tyshak (Braun, Bethlehem,
Pennsylvania) balloon depending on the size of

SAPIEN valve being used. An 8.5-F medium curve
Agilis sheath (St. Jude Medical, St. Paul, Minnesota)
or 9-F Dexterity steerable introducer (Spirus Medical,
West Bridgewater, Washington) was placed in the left
atrium over an Inoue wire (Toray Industries, Tokyo,
Japan). Unfractionated heparin (200 U/kg) was
administered to ensure adequate systemic anti-
coagulation, and the activated clotting time was
monitored regularly to maintain a level >300 s.

ANTEGRADE TRANSSEPTAL APPROACH WITH LV

ANCHOR WIRE. The majority (n ¼ 45) of cases were
performed without obtaining transapical access in
order to avoid complications associated with trans-
apical access and to simplify procedural technique

FIGURE 1 Transvenous Transseptal Mitral Valve-in-Valve Procedure

(A) Balloon atrial septostomy is performed to allow SAPIEN valve (Edwards Lifesciences, Irvine, California) delivery. (B) SAPIEN valve is
carefully positioned within prosthesis over a left ventricular anchor wire. (C) Balloon expandable SAPIEN valve is deployed within the surgical
valve, and (D) equipment is removed.
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�  48	patients,	Mean	age	76	years.		
�  Degenerated	mitral	bioprosthesis	(n=33),	
�  Previous	ring	annuloplasty	(n=9),	and	severe	

MAC	(n=6).		
�  STS	Score	:	13.2%	
�  Acute	procedural	success	was	achieved	in	42	of	

48	patients	(88%)	in	the	overall	group	and	31	of	
33	(94%)	in	the	failed	bioprosthetic	mitral	
valve	group.	

�  After	successful	procedure,	no	patients	had	>	
mild	residual	mitral	prosthetic	or	
periprosthetic	regurgitation;	mean	
transvalvular	gradients	were		6	mm	Hg.		

�  Thirty-day	survival	free	of	death	and	
cardiovascular	surgery	was	85%	in	the	overall	
group	and	91%	in	the	failed	bioprosthetic	
mitral	valve	subgroup.		



MITRAL VALVE IMPLANTATION IN SEVERE MITRAL

ANNULAR CALCIFICATION. Six patients with severe
MAC underwent percutaneous SAPIEN valve implan-
tation (Table 5). The first procedure in an 80-year-old

woman was complicated by apical perforation from
the delivery system nosecone after valve deployment
with development of cardiac tamponade that could
not be successfully repaired surgically. Despite chest
compressions during cardiopulmonary resuscitation
the deployed SAPIENT XT valve remained in situ.
Another procedure was performed on an 85-year-old
woman with severe MAC and was complicated by
severe regurgitation of the initially deployed valve,
requiring a second valve that embolized in the left
atrium, subsequently requiring urgent open surgical
repair. The other 4 (67%) of these procedures were
successful and uncomplicated, with all patients
experiencing a reduction in the mean gradients, pa-
tients having either mild or no residual prosthetic or
periprosthetic regurgitation and improvement in
symptoms. No patient developed significant outflow
tract obstruction. One of these 6 procedures was
performed using planned venoarterial ECMO, which
was successfully weaned at the end of the procedure,
with the remaining 5 performed without ECMO. At
30-day follow-up all patients were alive, with 4 of
5 experiencing improvement in symptoms. The 1
patient requiring emergency surgery developed
persistent heart failure requiring readmission and
continues to have NYHA functional class IV symp-
toms. One patient subsequently died 48 days after the
procedure due to complications related to a fall and
cervical vertebral fracture. The remaining 3 patients
were alive and experiencing no residual symptoms at
357, 63, and 31 days of follow-up, respectively.

LEARNING CURVE FOR TRANSSEPTAL MITRAL

VALVE IN VALVE. To analyze the effect of the learning
curve andmodifications made to improve and simplify
the procedure technique based on experience, out-
comes were compared in the group of patients under-
going mitral valve in valve (degenerated bioprosthesis

FIGURE 7 Cardiac Autopsy Following Transseptal Mitral
Valve Implantation

Long (top) and short-axis (bottom) views showing 23 mm SAPIEN
XT valve (Edwards Lifesciences, Irvine, California) (arrows) well
seated within failed 25 mm Hancock prosthesis (Medtronic,
Minneapolis, Minnesota). Amplatzer septal occluder device
(St. Jude Medical, St. Paul, Minnesota) is also well seen. Mitral
prosthesis function appeared normal at autopsy and cause of
death was attributed to drug reaction.

TABLE 4 Mitral Ring Characteristics

Patient
#

Complete/
Incomplete Ring Failure Mode

Failed Ring
Type

Failed Ring
Size (mm)

SAPIEN
Size (mm)

Mean Gradient
(mm Hg)

Failed Valve
Regurgitation

Grade
RVSP

(mm Hg)

Pre Post Pre Post Pre Post

1 Complete Combined CE 28 26 XT 25 7 2 1 91 60

2 Incomplete Stenosis Annuloflex 26 23 XT 21 7 1 1 92 68

3 Incomplete Regurgitation Annuloflex 34 29 XT 5 NA 4 NA 66 NA

4 Complete Regurgitation Physio 30 26 XT 9 7 4 1 30 41

5 Complete Stenosis Duran 27 29 S3 8 9 1 0 39 54

6 Complete Regurgitation Annuloflex 36 29 S3 5 3 4 0 69 66

7 Complete Regurgitation Tailor 29 29 XT 2 NA 4 NA 39 NA

8 Incomplete Stenosis Cosgrove 28 26 XT 9 4 1 1 NA NA

9 Complete Regurgitation Physio 26 23 XT 8 2 4 0 35 33

CE ¼ Carpentier-Edwards; other abbreviations as in Table 3.
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performed under conscious sedation. In the largest
published series of transapical MVIVI, Cheung et al.
(10) reported a 26% rate of major bleeding in elective
procedures only, whereas in a smaller series of 6 pa-
tients treated with the same approach, 1 patient died
after the procedure due to acute bleeding from the
apical wound, and another required rethoracotomy
due to hemothorax (12). In the present series, 1 fatal
instance of bleeding occurred during a rescue
procedure (the previously described possible rupture
of the inferior vena cava). There was no other
severe bleeding during the hospital course and thus
no bleeding for the elective procedures. When
comparing our results to Cheung’s series, the 30-day
survival rates were both 100% in elective patients.
Thus, our results suggest that transfemoral

transseptal approach may be a valid alternative to the
transapical approach in centers benefiting from a
large experience in transseptal interventions.

Recently, Cullen et al. (7) reported the combination
of transseptal and transapical approaches in failed
mitral and tricuspid bioprostheses by using the
Melody valve (Medtronic). Although such a strategy is
likely to improve coaxiality and stability during THV
delivery, the use of a left ventricular puncture also
increases the complexity and risk of the procedure, as
complication rates of 7% to 30% following transapical
puncture have been reported (23,24). Accordingly,
although all 9 patients successfully underwent im-
plantation of the Melody valve within a failed mitral
BP, 2 patients (22%) presented a left hemothorax.

In the present series, the only procedural failure
that could be related to the lack of support concerns
Patient #2, in whom emergency MVIVI was attemp-
ted for a BP implanted obliquely in a supra-annular
atrial position due to massive mitral annulus calci-
fications. Crossing of the mitral BP with the THV was
impossible and further maneuvers to advance the
THV likely led to rupture of the inferior vena cava
and death. It is possible that a transapical approach
would have allowed positioning of the THV within
the BP, but this treatment option had been ruled
out upfront by the heart team due to the patient’s
condition.

MITRAL PROSTHESIS SIZE EVALUATION. An impor-
tant point of discussion relates to sizing issues,
particularly for annuloplasty rings, which have an
oval shape and various degrees of rigidity. In the
absence of definite recommendations, the choice re-
lies on an integrative approach taking into account
the 3 available measurement methods (TEE, CT,
fluoroscopy). Despite the small sample size,

FIGURE 3 Mean Transmitral Gradient Before and After THV
Implantation in the Mitral Position Among the 12 Patients
With Mitral Stenotic Failure

A Wilcoxon matched test was performed with p < 0.05 consid-
ered significant. THV ¼ transcatheter heart valve.

FIGURE 4 Graded Mitral Regurgitation Before and After
THV Implantation in 17 Patients

Post-procedural mitral regurgitation was not available for
Patient #2, who died during the procedure (n ¼ 16 for post-
procedural assessment). THV ¼ transcatheter heart valve.

TABLE 3 Clinical Events at 30 Days

Overall Population
(n ¼ 17)

Elective Procedures
(n ¼ 14)

Death 1 (5.9) 0 (0)

Myocardial infarction 0 0

Major stroke 0 0

Minor stroke 0 0

TIA 0 0

Major bleeding 1 (5.9) 0

Minor bleeding 0 0

Reintervention 0 0

PM implantation 0 0

Severe vascular complication 1 (5.9) 0

Infectious complication 0 0

Values are n (%).

PM ¼ pacemaker; TIA ¼ transient ischemic attack.
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differences in mitral annulus diameters according to
the method used highlight the need not to rely on a
single technique. In particular for stenosed rings,
transcatheter prosthesis sizing should take into ac-
count not only the inner ring diameter but also the
adjacent valvular tissue, which is not detected by CT
scanner or fluoroscopy. The measurement of the
diameter of the inflated balloon during pre-dilation
may help to assess the amount of valvular tissue
and avoid implanting a too large valve.

MIDTERM RESULTS. The midterm results of elective
procedures are good with 91% and 78% survival at 1
year and 18 months, respectively, despite the high-
risk profile of this selected population. Deaths were
cardiac-related in 2 of 3 patients in this population
and consisted of sudden death. The results of the
procedure were good whatever the mode of valve

failure (stenosis or regurgitation). Moreover, a large
majority of patients experienced functional im-
provement with 12 out of 14 patients (86%) in
NYHA class #2 at the latest follow-up. As well as the
safety of the elective procedures, with no severe
complication or death in the present series, we report
encouraging midterm results.

STUDY LIMITATIONS. This is a single-center, obser-
vational study in a small cohort of highly selected
patients, without comparison to surgical manage-
ment, which is considered the treatment of choice in
this setting. However, a single-center series ensures
homogeneity in patient selection and the perfor-
mance of the technique, which is of particular
importance in innovative procedures.

CONCLUSIONS

This single-center series suggests that transfemoral
THV implantation for degenerated mitral surgical
bioprosthesis, or repair using annuloplasty rings, is
feasible and may improve early hemodynamic and
functional status in selected patients, in particular
those at high risk for surgery. The various reported
approaches imply the absence of a consensus on the
best strategy for these complex procedures at the
present time. Larger series with long-term follow-up
are needed to assess the potential role of this tech-
nique. Moreover, reporting of all the experience with
such procedures is essential to improve results and
outcomes and will certainly be useful for future
mitral transcatheter valve therapies with dedicated
devices.
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ABSTRACT

OBJECTIVES The aim of this study was to examine 1-year outcomes of transseptal balloon-expandable transcatheter
heart valve implantation in failed mitral bioprosthesis, ring annuloplasty, and mitral annular calcification (MAC).

BACKGROUND Immediate outcomes following transseptal mitral valve implantation in failed bioprostheses are

favorable, but data on subsequent outcomes are lacking.

METHODS Percutaneous transseptal implantation of balloon-expandable transcatheter heart valves was performed

in 87 patients with degenerated mitral bioprostheses (valve in valve [VIV]) (n ¼ 60), previous ring annuloplasty

(valve in ring) (n ¼ 15), and severe MAC (valve in MAC) (n ¼ 12).

RESULTS The mean Society of Thoracic Surgeons risk score was 13 " 8%, and the mean age was 75 " 11 years.

Acute procedural success was achieved in 78 of 87 patients (90%) in the overall group and 58 of 60 (97%) in the
VIV group, with a success rate of 20 of 27 (74%) in the valve in ring/valve in MAC group. Thirty-day survival free of

death and cardiovascular surgery was 95% (95% confidence interval [CI]: 92% to 97%) in the VIV subgroup and

78% (95% CI: 70% to 86%) in the valve in ring/valve in MAC group (p ¼ 0.008). One-year survival free of death

and cardiovascular surgery was 86% (95% CI: 81% to 91%) in the VIV group compared with 68% (95% CI: 58% to 78%)

(p ¼ 0.008). At 1 year, 36 of 40 patients (90%) had New York Heart Association functional class I or II symptoms, no

patients had more than mild residual mitral prosthetic or periprosthetic regurgitation, and the mean transvalvular

gradient was 7 " 3 mm Hg.

CONCLUSIONS One-year outcomes following successful transseptal balloon-expandable transcatheter heart
valve implantation in high-risk patients with degenerated mitral bioprostheses are excellent, characterized by durable

symptom relief and prosthesis function. Although mitral valve in ring and valve in MAC have higher operative

morbidity and mortality, 1-year outcomes after an initially successful procedure are favorable in carefully selected

patients. (J Am Coll Cardiol Intv 2017;10:1932–42) © 2017 by the American College of Cardiology Foundation.
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or valve area <1.5 cm2) (Table 5). Median hospital
length of stay post-procedure was 3 days.

Thirty-day survival following the procedure was
95%, with no patients lost to follow-up at 30 days.
The mean follow-up duration of the entire group was
283 ! 252 days (range 1 to 931 days). One-year survival
following the procedure was 86%, with 27 patients
(45%) reaching 1-year follow-up, 1 patient lost to
follow-up after reaching 30-day follow-up, and 26
patients not yet reaching 1-year follow-up. Of the
6 patients who died during the first year of follow-up,

2 were acute procedure-related deaths, 1 death was
related to a drug reaction, 1 was due to sepsis, 1 was
due to congestive heart failure, and 1 was due to
an unknown cause. There was 1 case of prosthetic
valve leaflet dysfunction despite a therapeutic inter-
national normalized ratio in the setting of urosepsis
occurring 2 months after a mitral valve-in-valve
procedure. This patient died 1 month later of
congestive heart failure and chronic respiratory fail-
ure due to interstitial pneumonitis and emphysema.
There were no requirements for redo cardiac
surgery during the first year of follow-up. At 1 year of
follow-up, 18 patients (68%) reported NYHA func-
tional class I symptoms, 8 (28%) had NYHA functional
class II symptoms, and 1 (2%) had NYHA functional
class III symptoms. The mean echocardiographic
mitral valve gradient at 1-year follow-up was 7.3 ! 2.4
mm Hg, with effective orifice area of 1.9 ! 0.6 cm2. No
patients had periprosthetic MR, and no patient had
more than mild prosthetic MR at 1 year.

MITRAL VALVE IMPLANTATION IN FAILED

ANNULOPLASTY RINGS. Fifteen patients with failed
mitral annuloplasty rings (11 for regurgitation, 3 for
stenosis, 1 for combined regurgitation and stenosis)
underwent percutaneous balloon-expandable THV
implantation (Table 2). Of these procedures, 2 were
complicated by valve migration into the left atrium
within minutes after deployment. Both patients
remained hemodynamically stable and underwent
surgery using conventional open sternotomy to
remove the SAPIEN valve and replace the mitral
valve. Both of these cases were in patients with
incomplete rings, and in the 1 patient who underwent
pre-procedural cardiac computed tomographic angi-
ography, predicted percentage oversizing using
3-dimensional modeling was "5%. Two other patients
required implantation of a second valve immediately
after first valve implantation because of residual
periprosthetic regurgitation. The remaining 11
procedures were successful (73%) (Table 4). One of the
7 successful procedures was complicated by an inci-
dentally noted LV apical pseudoaneurysm discovered
on transthoracic echocardiography the next day, likely
caused by the LV Lunderquist anchor wire. The
pseudoaneurysm was successfully treated with
percutaneous closure using a 14-mm Amplatzer
Vascular Plug II device (Medtronic, Minneapolis,
Minnesota) 1 day after the valve-in-valve procedure.
Two patients had vascular access site–related bleeding
requiring blood transfusion. Nine patients (60%) met
MVARC criteria for mitral stenosis (mean gradient >5
mm Hg or valve area <1.5 cm2) immediately post-
procedure (Table 5).

TABLE 3 Mitral Valve–in–Mitral Annular Calcification Patient
Characteristics (n ¼ 12)

Age (yrs) 79 ! 9

Female 5 (42)

Previous cardiac surgery 7 (58)

Chronic lung disease 8 (67)

Previous stroke 2 (17)

Diabetes mellitus 4 (33)

Hypertension 10 (83)

Peripheral arterial disease 4 (33)

Atrial fibrillation 5 (42)

Creatinine (mg/dl) 1.5 ! 0.5

Hemoglobin (g/dl) 11.7 ! 2.3

NT-proBNP (ng/l) 1,357 ! 1,113

Mitral valve dysfunction type

Regurgitation 1 (8)

Stenosis 8 (67)

Combined 3 (25)

Ejection fraction (%) 64 ! 10

Right ventricular systolic pressure (mm Hg) 50 ! 15

STS risk score 16.5 ! 12

NYHA functional class

III 7 (58)

IV 5 (42)

Values are mean ! SD or n (%).

Abbreviations as in Table 1.

TABLE 4 Clinical Outcomes According to Procedure

Total
(N ¼ 87)

Mitral VIV
(n ¼ 60)

Mitral VIR
(n ¼ 15)

Mitral VIM
(n ¼ 12) p Value

Procedural success 78 (90) 58 (97) 11 (73) 9 (75) 0.03

Periprocedural mortality 5 (5) 2 (3) 0 (0) 2 (17) 0.13

Major bleeding 9 (10) 4 (7) 2 (13) 3 (25) 0.17

Left ventricular outflow
tract obstruction

8 (9) 3 (5) 3 (20) 2 (17) 0.20

Second valve required 5 (6) 1 (2) 2 (13) 2 (17) 0.02

Cardiac surgery 5 (6) 1 (2) 3 (20) 1 (8) 0.03

Prosthetic valve
thrombosis

2 (2) 1 (2) 1 (7) 0 (0) 0.31

30-day survival 82 (94) 57 (95) 15 (100) 10 (83) 0.19

Values are n (%).

VIM ¼ valve in mitral annular calcification; VIR ¼ valve-in-ring; VIV ¼ valve in valve.
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although gradient tended to be lower with larger
valve sizes (p ¼ 0.28) (Figure 2). Mitral valve area was
larger with the 29-mm valve compared with other
groups (2.4 " 0.2 cm2 for 29 mm vs. 1.7 " 0.2 and 1.5 "
0.3 cm2 for 26 and 23 mm, respectively; p ¼ 0.02).
There was a trend toward lower right ventricular
systolic pressure at 30-day follow-up for patients
receiving larger valves (46 " 2 mm Hg for 29-mm
valves vs. 51 " 4 and 59 " 7 mm Hg for 26- and
23-mm valves, respectively; p ¼ 0.12) (Figure 2).
NYHA functional status at 1 year was similar between
patients receiving 23- or 26-mm THVs and those
receiving 29-mm THVs (p ¼ 0.61).

PREDICTORS OF LVOT OBSTRUCTION. Patients who
developed LVOT obstruction had significantly
higher ejection fractions compared with patients
without LVOT obstruction (66 " 6 mm Hg vs. 56 " 12
mm Hg; p ¼ 0.002). LVOT obstruction tended to be
more common in patients undergoing valve-in-ring or
valve-in-MAC compared with valve-in-valve proced-
ures (19% vs. 5%; p ¼ 0.10). There were no differences
in other baseline variables between groups. Most of
the cases of LVOT obstruction were minimally
symptomatic and managed conservatively with
gradients decreasing over time, but 2 cases (1 valve in
ring and 1 valve in MAC) had severe obstruction
related to anterior mitral leaflet displacement;
1 was treated successfully with surgery, and the
other resulted in hemodynamic compromise and
congestive heart failure–related death.

SURVIVAL AND NEED FOR CARDIAC SURGERY.

Thirty-day survival free of death and cardiovascular
surgery was 78% (95% confidence interval [CI]:
70% to 86%) in the mitral valve in ring/valve in MAC
group and 95% (95% CI: 92% to 97%) in the failed

bioprosthetic mitral valve subgroup (p ¼ 0.008)
(Figure 2). One-year survival free of death and
cardiovascular surgery was 68% (95% CI: 58% to 78%)
in the mitral valve in ring/valve in MAC group and
86% (95% CI: 81% to 91%) in the failed bioprosthetic
mitral valve group (p ¼ 0.008) (Figure 3).

DISCUSSION

In this analysis of early and 1-year outcomes
of percutaneous balloon-expandable THV implanta-
tion in the mitral position, we made the following

FIGURE 3 Survival Free of Death or Cardiovascular Surgery

Survival free of death or cardiovascular surgery was significantly better with mitral valve
in valve (VIV) compared with valve in ring (VIR) or valve in mitral annular calcification
(VIM). MAC ¼ mitral annular calcification.

FIGURE 2 Hemodynamic Results According to Valve Size

Mean gradient and mitral valve area immediately post-procedure (A,B) and right ventricular systolic pressure (RVSP) (C) in the entire cohort. Increasing valve size was
associated with larger mitral valve area, but mean gradient and RVSP were similar among groups.
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ABSTRACT

OBJECTIVES The aim of this study was to examine 1-year outcomes of transseptal balloon-expandable transcatheter
heart valve implantation in failed mitral bioprosthesis, ring annuloplasty, and mitral annular calcification (MAC).

BACKGROUND Immediate outcomes following transseptal mitral valve implantation in failed bioprostheses are

favorable, but data on subsequent outcomes are lacking.

METHODS Percutaneous transseptal implantation of balloon-expandable transcatheter heart valves was performed

in 87 patients with degenerated mitral bioprostheses (valve in valve [VIV]) (n ¼ 60), previous ring annuloplasty

(valve in ring) (n ¼ 15), and severe MAC (valve in MAC) (n ¼ 12).

RESULTS The mean Society of Thoracic Surgeons risk score was 13 " 8%, and the mean age was 75 " 11 years.

Acute procedural success was achieved in 78 of 87 patients (90%) in the overall group and 58 of 60 (97%) in the
VIV group, with a success rate of 20 of 27 (74%) in the valve in ring/valve in MAC group. Thirty-day survival free of

death and cardiovascular surgery was 95% (95% confidence interval [CI]: 92% to 97%) in the VIV subgroup and

78% (95% CI: 70% to 86%) in the valve in ring/valve in MAC group (p ¼ 0.008). One-year survival free of death

and cardiovascular surgery was 86% (95% CI: 81% to 91%) in the VIV group compared with 68% (95% CI: 58% to 78%)

(p ¼ 0.008). At 1 year, 36 of 40 patients (90%) had New York Heart Association functional class I or II symptoms, no

patients had more than mild residual mitral prosthetic or periprosthetic regurgitation, and the mean transvalvular

gradient was 7 " 3 mm Hg.

CONCLUSIONS One-year outcomes following successful transseptal balloon-expandable transcatheter heart
valve implantation in high-risk patients with degenerated mitral bioprostheses are excellent, characterized by durable

symptom relief and prosthesis function. Although mitral valve in ring and valve in MAC have higher operative

morbidity and mortality, 1-year outcomes after an initially successful procedure are favorable in carefully selected

patients. (J Am Coll Cardiol Intv 2017;10:1932–42) © 2017 by the American College of Cardiology Foundation.
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ABSTRACT

OBJECTIVES The aim of this study was to examine 1-year outcomes of transseptal balloon-expandable transcatheter
heart valve implantation in failed mitral bioprosthesis, ring annuloplasty, and mitral annular calcification (MAC).

BACKGROUND Immediate outcomes following transseptal mitral valve implantation in failed bioprostheses are

favorable, but data on subsequent outcomes are lacking.

METHODS Percutaneous transseptal implantation of balloon-expandable transcatheter heart valves was performed

in 87 patients with degenerated mitral bioprostheses (valve in valve [VIV]) (n ¼ 60), previous ring annuloplasty

(valve in ring) (n ¼ 15), and severe MAC (valve in MAC) (n ¼ 12).

RESULTS The mean Society of Thoracic Surgeons risk score was 13 " 8%, and the mean age was 75 " 11 years.

Acute procedural success was achieved in 78 of 87 patients (90%) in the overall group and 58 of 60 (97%) in the
VIV group, with a success rate of 20 of 27 (74%) in the valve in ring/valve in MAC group. Thirty-day survival free of

death and cardiovascular surgery was 95% (95% confidence interval [CI]: 92% to 97%) in the VIV subgroup and

78% (95% CI: 70% to 86%) in the valve in ring/valve in MAC group (p ¼ 0.008). One-year survival free of death

and cardiovascular surgery was 86% (95% CI: 81% to 91%) in the VIV group compared with 68% (95% CI: 58% to 78%)

(p ¼ 0.008). At 1 year, 36 of 40 patients (90%) had New York Heart Association functional class I or II symptoms, no

patients had more than mild residual mitral prosthetic or periprosthetic regurgitation, and the mean transvalvular

gradient was 7 " 3 mm Hg.

CONCLUSIONS One-year outcomes following successful transseptal balloon-expandable transcatheter heart
valve implantation in high-risk patients with degenerated mitral bioprostheses are excellent, characterized by durable

symptom relief and prosthesis function. Although mitral valve in ring and valve in MAC have higher operative

morbidity and mortality, 1-year outcomes after an initially successful procedure are favorable in carefully selected

patients. (J Am Coll Cardiol Intv 2017;10:1932–42) © 2017 by the American College of Cardiology Foundation.
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Recently, several studies reported the acceptable
clinical outcomes of TMVR for patients with degen-
erated bioprosthesis or failed annuloplasty rings
(11,27–29). However, these studies were limited in
sample size, type of previous mitral valve surgery
(replacement or repair), and access site. A substan-
tial portion of patients required reoperation after
either mitral valve replacement or repair (30), but
reoperation after mitral valve surgery is associated
with increased perioperative mortality and
morbidity in elderly patients (4), which leads to a
large number of undertreated patients with degen-
erated mitral bioprostheses and dysfunctional

annuloplasty rings. Therefore, comprehensive
understanding of outcomes of TMVR for both
degenerated bioprosthesis and failed annuloplasty
ring is essential. Furthermore, advancements in
transcatheter valves with smaller profiles have
enabled easier transseptal access; this approach
needs further assessment of its efficacy and safety
compared with the conventional transapical
approach.

In the present study, patients with degenerated
mitral bioprosthesis and failed annuloplasty rings
both exhibited high surgical risk, with mean STS
scores of 9.3% and 8.1%, respectively. However,

CENTRAL ILLUSTRATION Kaplan-Meier Curves for Mortality After Mitral Valve-in-Valve and Valve-in-Ring

Yoon, S.-H. et al. J Am Coll Cardiol. 2017;70(9):1121–31.

Procedural and post-procedural computed tomography images of mitral valve-in-valve and valve-in-ring are shown (upper panel). The cumulative all-cause mortality
rates of the overall cohort (purple line), patients undergoing mitral valve-in-valve (orange line), and valve-in-ring (blue line) are shown (lower panel).
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ABSTRACT

BACKGROUND The risk of surgical mitral valve replacement in patients with severe mitral annular calcification (MAC) is
high. Several patients worldwide with severe MAC have been treated successfully with transcatheter mitral valve

replacement (TMVR) using balloon-expandable aortic transcatheter valves. The TMVR in MAC Global Registry is a

multicenter registry that collects data on outcomes of these procedures.

OBJECTIVES The goal of this study was to evaluate 1-year outcomes in this registry.

METHODS This study was a multicenter retrospective review of clinical outcomes.

RESULTS A total of 116 extreme surgical risk patients with severe MAC underwent TMVR; 106 had a procedure date >1

year before data-lock and were included in the analysis. Their mean age was 73 ! 12 years, and 68% were female. The

mean Society of Thoracic Surgeons score was 15.3 ! 11.6%, and 90% were in New York Heart Association functional class
III or IV. Thirty-day and 1-year all-cause mortality was 25% and 53.7%, respectively. Most patients who survived 30 days

were alive at 1 year (49 of 77 [63.6%]), and the majority (71.8%) were in New York Heart Association functional class I or

II. Echocardiography data at 1 year were available in 34 patients. Mean left ventricular ejection fraction was 58.6 ! 11.2%,

mean mitral valve area was 1.9 ! 0.5 cm2, mean mitral gradient was 5.8 ! 2.2 mm Hg, and 75% had zero or trace mitral

regurgitation.

CONCLUSIONS TMVR with balloon-expandable aortic valves in extreme surgical risk patients with severe MAC is

feasible but associated with high 30-day and 1-year mortality. Most patients who survive the 30-day post-procedural

period are alive at 1 year and have sustained improvement of symptoms and transcatheter valve performance. The role of
TMVR in patients with MAC requires further evaluation in clinical trials. (J Am Coll Cardiol 2018;71:1841–53)
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America who underwent TMVR with compassionate
use of balloon-expandable transcatheter heart valves
(THVs) between September 2012 and March 2017 were
included. A total of 106 patients had an implant date
>1 year before data-lock of this analysis (May 1, 2017)
and were included in the 1-year evaluation, whereas
10 are not included due to an implant date <1 year
from data-lock (Figure 1). The Institutional Review
Board of the NorthShore University HealthSystem
Research Institute approved the study.

Inclusion criteria were the presence of symptom-
atic severe mitral valvular disease with severe MAC in
patients not eligible for standard MV surgery due to
comorbidities or technical reasons related to calcium
burden. A quantitative definition of severe MAC was
not specified. However, most operators considered
severe MAC to be the presence of diffuse, almost
circumferential heavy calcification of the MV ring as
seen by using cardiac computed tomographic (CT)
imaging (Figure 2). Data were collected retrospec-
tively for the procedures performed before the reg-
istry was initiated and prospectively thereafter in the
majority of the patients, using a standardized case-
report form. These data included:

1) Baseline clinical characteristics and baseline
echocardiographic characteristics and CT imaging–
based MV annulus diameter and area measure-
ments when available.

2) Procedural characteristics, including type and size
of THV implanted, valve delivery approach, and
technical success; early post-implantation echo-
cardiographic evaluation, including left ventricular
ejection fraction, mean mitral valve gradient
(MVG), mitral valve area (MVA), and left ventricu-
lar outflow tract (LVOT) gradient.

3) Procedural complications and major adverse
events were collected at discharge, 30 days, and 1

year; and New York Heart Association (NYHA)
functional class at 30 days and 1 year. The follow-
up data were reported according to the lapse of
time between the index procedure and data-lock
for this analysis (May 1, 2017).

DEFINITIONS. Technical success (measured at exit
from the cardiac catheterization/operating room) was

FIGURE 1 Summary of Patient Flow

116 patients with severe MAC
underwent TMVR
with aortic THVs

1-Year Follow-up TMVR in MAC Registry
Data lock May 1st, 2017

29/116 deaths within 30 days

10 had procedure after May 2016
Mean follow-up 5 months (range 2-10)

28/77 deaths after 30 days

106 patients had procedure
1-year prior to Data Lock

May 1st, 2017
(Eligible for 1-year follow-up)

77 patients alive after 30 days
and eligible for

1-year follow-up

49 patients alive
1-year

after TMVR

A total of 116 patients were included in the analysis; 10 of them were not eligible for
1-year follow-up due to a procedure date <1 year from data-lock of this analysis
(May 1, 2017). A total of 106 patients were accounted for in the analysis of 1-year
outcomes. MAC ¼ mitral annular calcification; THV ¼ transcatheter heart valve;
TMVR ¼ transcatheter mitral valve replacement.
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multicenter registry that collects data on outcomes of these procedures.
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year before data-lock and were included in the analysis. Their mean age was 73 ! 12 years, and 68% were female. The

mean Society of Thoracic Surgeons score was 15.3 ! 11.6%, and 90% were in New York Heart Association functional class
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II. Echocardiography data at 1 year were available in 34 patients. Mean left ventricular ejection fraction was 58.6 ! 11.2%,

mean mitral valve area was 1.9 ! 0.5 cm2, mean mitral gradient was 5.8 ! 2.2 mm Hg, and 75% had zero or trace mitral

regurgitation.

CONCLUSIONS TMVR with balloon-expandable aortic valves in extreme surgical risk patients with severe MAC is

feasible but associated with high 30-day and 1-year mortality. Most patients who survive the 30-day post-procedural

period are alive at 1 year and have sustained improvement of symptoms and transcatheter valve performance. The role of
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CENTRAL ILLUSTRATION Transcatheter Mitral Valve Replacement in Mitral Annular Calcification:
Kaplan-Meier Survival Curves
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(A) All-cause mortality. (B) Cardiovascular mortality. (C) Landmark analysis of all-cause mortality after 30 days. (D) Landmark analysis of cardiovascular mortality after
30 days.
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Abstract

We report the case of a 64-year old man presenting with pulmonary oedema due to the degeneration of mitral and aortic bioprostheses.
Baseline transthoracic and 3D transoesophageal echocardiography showed severe stenotic degeneration of the mitral bioprosthesis
(Carpentier-Edwards bioprosthesis n°31), severe intraprosthetic aortic regurgitation (Perimount bioprosthesis n°27), left ventricular dilata-
tion, decreased left ventricular ejection fraction at 50% and pulmonary hypertension. Because of severe comorbidities, the patient was
denied redo surgery by the Heart Team (logistic EuroSCORE 2: 23, 85%). Transcatheter transfemoral mitral valve-in-valve implantation was
first performed using a 29-mm SAPIEN 3 valve. Two weeks later, aortic valve-in-valve implantation was performed with the same approach
using a 26-mm SAPIEN 3 valve. Four months later, the patient remained asymptomatic with good haemodynamic results for both pros-
theses. This case report illustrates that valve-in-valve implantations using a full percutaneous transfemoral approach may be a valuable
alternative to conventional surgery in high-risk patients presenting with concomitant mitral and aortic bioprosthesis dysfunction.

Keywords: Valve-in-valve • Transcatheter valve implantation • Bioprosthesis • High-risk populations

CASE STUDY

A 64-year old man was admitted in our institution for pulmonary
oedema. His previous medical history included atrial fibrillation,
severe mitro-aortic endocarditis in 2007 treated by mitral valve
replacement with a Carpentier-Edwards bioprosthesis n°31 and a
hand-crafted Bentall surgery combining a Perimount bioprosthesis
n°27 and an Interguard graft 30 mm; postoperative pace-maker
implantation; ischaemic strokes and recurrent endocarditis treated
medically in 2009 complicated by cerebral haematoma. As sequel-
lae, he presented mild cognitive impairment and cortical blindness.
Clinical examination revealed severe aortic regurgitation and mitral
stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
transoesophageal echocardiography (TEE) showed severe stenotic
degeneration of the mitral bioprosthesis (mean gradient at
15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
severe left atrial dilatation, severe intraprosthetic aortic regurgitation
(holodiastolic flow reversal in the descending aorta with an end-
diastolic velocity at 20 cm/s), left ventricular dilatation [left ventricular
end-diastolic diameter (LVEDD) 65 mm and left ventricular end-sys-
tolic diameter (LVESD) 44 mm], left ventricular ejection fraction
(LVEF) 50% and systolic pulmonary artery pressure at 45 mmHg.
Coronary angiography was normal.

A conventional redo surgery with double aortic and mitral valve
replacement was considered. However, on the basis of previous
medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
Heart Team opted for a staged transcatheter transfemoral mitral
and aortic valve-in-valve implantation using SAPIEN 3 valves
(Edwards Lifesciences, Irvine, CA, USA). The choice of the SAPIEN 3
valve size was based on CT-scan measurements and was confirmed
using the Valve in Valve Mitral app® and Valve in Valve Aortic
app® (UBQO Limited). The Sapien S3 was preferred because only
balloon-expandable prosthesis can be used via a transfemoral
route. Furthermore, the presence of a skirt at the base of the
SAPIEN 3 valve decreased the probability of a para-prosthetic leak.
The mitral valve-in-valve was performed first under general anaes-
thesia with three-dimensional TEE guidance. As previously reported
[1], the transseptal puncture was done at the low and posterior part
of the fossa ovalis; septal dilatation was performed using a 12-mm
diameter balloon; the mitral valve was crossed with a 0.035 J wire. A
J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
of the left ventricle. A 29-mm SAPIEN 3 valve was mounted upside
down on an Edwards Commander Delivery System and advanced
to the mitral valve. The prosthesis was directed towards the mitral
valve by full flexion of the catheter. Then, the SAPIEN 3 valve was
placed within the mitral bioprosthesis, its position checked by

© The Author 2016. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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hand-crafted Bentall surgery combining a Perimount bioprosthesis
n°27 and an Interguard graft 30 mm; postoperative pace-maker
implantation; ischaemic strokes and recurrent endocarditis treated
medically in 2009 complicated by cerebral haematoma. As sequel-
lae, he presented mild cognitive impairment and cortical blindness.
Clinical examination revealed severe aortic regurgitation and mitral
stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
transoesophageal echocardiography (TEE) showed severe stenotic
degeneration of the mitral bioprosthesis (mean gradient at
15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
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(holodiastolic flow reversal in the descending aorta with an end-
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medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
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valve size was based on CT-scan measurements and was confirmed
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app® (UBQO Limited). The Sapien S3 was preferred because only
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route. Furthermore, the presence of a skirt at the base of the
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The mitral valve-in-valve was performed first under general anaes-
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J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
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stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
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15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
severe left atrial dilatation, severe intraprosthetic aortic regurgitation
(holodiastolic flow reversal in the descending aorta with an end-
diastolic velocity at 20 cm/s), left ventricular dilatation [left ventricular
end-diastolic diameter (LVEDD) 65 mm and left ventricular end-sys-
tolic diameter (LVESD) 44 mm], left ventricular ejection fraction
(LVEF) 50% and systolic pulmonary artery pressure at 45 mmHg.
Coronary angiography was normal.

A conventional redo surgery with double aortic and mitral valve
replacement was considered. However, on the basis of previous
medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
Heart Team opted for a staged transcatheter transfemoral mitral
and aortic valve-in-valve implantation using SAPIEN 3 valves
(Edwards Lifesciences, Irvine, CA, USA). The choice of the SAPIEN 3
valve size was based on CT-scan measurements and was confirmed
using the Valve in Valve Mitral app® and Valve in Valve Aortic
app® (UBQO Limited). The Sapien S3 was preferred because only
balloon-expandable prosthesis can be used via a transfemoral
route. Furthermore, the presence of a skirt at the base of the
SAPIEN 3 valve decreased the probability of a para-prosthetic leak.
The mitral valve-in-valve was performed first under general anaes-
thesia with three-dimensional TEE guidance. As previously reported
[1], the transseptal puncture was done at the low and posterior part
of the fossa ovalis; septal dilatation was performed using a 12-mm
diameter balloon; the mitral valve was crossed with a 0.035 J wire. A
J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
of the left ventricle. A 29-mm SAPIEN 3 valve was mounted upside
down on an Edwards Commander Delivery System and advanced
to the mitral valve. The prosthesis was directed towards the mitral
valve by full flexion of the catheter. Then, the SAPIEN 3 valve was
placed within the mitral bioprosthesis, its position checked by
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Abstract

We report the case of a 64-year old man presenting with pulmonary oedema due to the degeneration of mitral and aortic bioprostheses.
Baseline transthoracic and 3D transoesophageal echocardiography showed severe stenotic degeneration of the mitral bioprosthesis
(Carpentier-Edwards bioprosthesis n°31), severe intraprosthetic aortic regurgitation (Perimount bioprosthesis n°27), left ventricular dilata-
tion, decreased left ventricular ejection fraction at 50% and pulmonary hypertension. Because of severe comorbidities, the patient was
denied redo surgery by the Heart Team (logistic EuroSCORE 2: 23, 85%). Transcatheter transfemoral mitral valve-in-valve implantation was
first performed using a 29-mm SAPIEN 3 valve. Two weeks later, aortic valve-in-valve implantation was performed with the same approach
using a 26-mm SAPIEN 3 valve. Four months later, the patient remained asymptomatic with good haemodynamic results for both pros-
theses. This case report illustrates that valve-in-valve implantations using a full percutaneous transfemoral approach may be a valuable
alternative to conventional surgery in high-risk patients presenting with concomitant mitral and aortic bioprosthesis dysfunction.

Keywords: Valve-in-valve • Transcatheter valve implantation • Bioprosthesis • High-risk populations

CASE STUDY

A 64-year old man was admitted in our institution for pulmonary
oedema. His previous medical history included atrial fibrillation,
severe mitro-aortic endocarditis in 2007 treated by mitral valve
replacement with a Carpentier-Edwards bioprosthesis n°31 and a
hand-crafted Bentall surgery combining a Perimount bioprosthesis
n°27 and an Interguard graft 30 mm; postoperative pace-maker
implantation; ischaemic strokes and recurrent endocarditis treated
medically in 2009 complicated by cerebral haematoma. As sequel-
lae, he presented mild cognitive impairment and cortical blindness.
Clinical examination revealed severe aortic regurgitation and mitral
stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
transoesophageal echocardiography (TEE) showed severe stenotic
degeneration of the mitral bioprosthesis (mean gradient at
15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
severe left atrial dilatation, severe intraprosthetic aortic regurgitation
(holodiastolic flow reversal in the descending aorta with an end-
diastolic velocity at 20 cm/s), left ventricular dilatation [left ventricular
end-diastolic diameter (LVEDD) 65 mm and left ventricular end-sys-
tolic diameter (LVESD) 44 mm], left ventricular ejection fraction
(LVEF) 50% and systolic pulmonary artery pressure at 45 mmHg.
Coronary angiography was normal.

A conventional redo surgery with double aortic and mitral valve
replacement was considered. However, on the basis of previous
medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
Heart Team opted for a staged transcatheter transfemoral mitral
and aortic valve-in-valve implantation using SAPIEN 3 valves
(Edwards Lifesciences, Irvine, CA, USA). The choice of the SAPIEN 3
valve size was based on CT-scan measurements and was confirmed
using the Valve in Valve Mitral app® and Valve in Valve Aortic
app® (UBQO Limited). The Sapien S3 was preferred because only
balloon-expandable prosthesis can be used via a transfemoral
route. Furthermore, the presence of a skirt at the base of the
SAPIEN 3 valve decreased the probability of a para-prosthetic leak.
The mitral valve-in-valve was performed first under general anaes-
thesia with three-dimensional TEE guidance. As previously reported
[1], the transseptal puncture was done at the low and posterior part
of the fossa ovalis; septal dilatation was performed using a 12-mm
diameter balloon; the mitral valve was crossed with a 0.035 J wire. A
J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
of the left ventricle. A 29-mm SAPIEN 3 valve was mounted upside
down on an Edwards Commander Delivery System and advanced
to the mitral valve. The prosthesis was directed towards the mitral
valve by full flexion of the catheter. Then, the SAPIEN 3 valve was
placed within the mitral bioprosthesis, its position checked by
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valuable alternative to conventional surgery in extremely high-risk
patients with concomitant mitral and aortic bioprosthesis dysfunction.
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Figure 2: Fluoroscopic view just after transfemoral aortic valve-in-valve implantation (A) and cardiac CT scan performed 4 months later showing good positioning of
both valve-in-valve implantation (B).

Video 2: Transoesophageal echocardiography 4 months after the procedures.
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Abstract

We report the case of a 64-year old man presenting with pulmonary oedema due to the degeneration of mitral and aortic bioprostheses.
Baseline transthoracic and 3D transoesophageal echocardiography showed severe stenotic degeneration of the mitral bioprosthesis
(Carpentier-Edwards bioprosthesis n°31), severe intraprosthetic aortic regurgitation (Perimount bioprosthesis n°27), left ventricular dilata-
tion, decreased left ventricular ejection fraction at 50% and pulmonary hypertension. Because of severe comorbidities, the patient was
denied redo surgery by the Heart Team (logistic EuroSCORE 2: 23, 85%). Transcatheter transfemoral mitral valve-in-valve implantation was
first performed using a 29-mm SAPIEN 3 valve. Two weeks later, aortic valve-in-valve implantation was performed with the same approach
using a 26-mm SAPIEN 3 valve. Four months later, the patient remained asymptomatic with good haemodynamic results for both pros-
theses. This case report illustrates that valve-in-valve implantations using a full percutaneous transfemoral approach may be a valuable
alternative to conventional surgery in high-risk patients presenting with concomitant mitral and aortic bioprosthesis dysfunction.
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CASE STUDY

A 64-year old man was admitted in our institution for pulmonary
oedema. His previous medical history included atrial fibrillation,
severe mitro-aortic endocarditis in 2007 treated by mitral valve
replacement with a Carpentier-Edwards bioprosthesis n°31 and a
hand-crafted Bentall surgery combining a Perimount bioprosthesis
n°27 and an Interguard graft 30 mm; postoperative pace-maker
implantation; ischaemic strokes and recurrent endocarditis treated
medically in 2009 complicated by cerebral haematoma. As sequel-
lae, he presented mild cognitive impairment and cortical blindness.
Clinical examination revealed severe aortic regurgitation and mitral
stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
transoesophageal echocardiography (TEE) showed severe stenotic
degeneration of the mitral bioprosthesis (mean gradient at
15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
severe left atrial dilatation, severe intraprosthetic aortic regurgitation
(holodiastolic flow reversal in the descending aorta with an end-
diastolic velocity at 20 cm/s), left ventricular dilatation [left ventricular
end-diastolic diameter (LVEDD) 65 mm and left ventricular end-sys-
tolic diameter (LVESD) 44 mm], left ventricular ejection fraction
(LVEF) 50% and systolic pulmonary artery pressure at 45 mmHg.
Coronary angiography was normal.

A conventional redo surgery with double aortic and mitral valve
replacement was considered. However, on the basis of previous
medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
Heart Team opted for a staged transcatheter transfemoral mitral
and aortic valve-in-valve implantation using SAPIEN 3 valves
(Edwards Lifesciences, Irvine, CA, USA). The choice of the SAPIEN 3
valve size was based on CT-scan measurements and was confirmed
using the Valve in Valve Mitral app® and Valve in Valve Aortic
app® (UBQO Limited). The Sapien S3 was preferred because only
balloon-expandable prosthesis can be used via a transfemoral
route. Furthermore, the presence of a skirt at the base of the
SAPIEN 3 valve decreased the probability of a para-prosthetic leak.
The mitral valve-in-valve was performed first under general anaes-
thesia with three-dimensional TEE guidance. As previously reported
[1], the transseptal puncture was done at the low and posterior part
of the fossa ovalis; septal dilatation was performed using a 12-mm
diameter balloon; the mitral valve was crossed with a 0.035 J wire. A
J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
of the left ventricle. A 29-mm SAPIEN 3 valve was mounted upside
down on an Edwards Commander Delivery System and advanced
to the mitral valve. The prosthesis was directed towards the mitral
valve by full flexion of the catheter. Then, the SAPIEN 3 valve was
placed within the mitral bioprosthesis, its position checked by

© The Author 2016. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

C
A
S
E
R
E
P
O
R
T

Interactive CardioVascular and Thoracic Surgery (2016) 1–3 CASE REPORT – ADULT CARDIAC
doi:10.1093/icvts/ivw161

 Interactive CardioVascular and Thoracic Surgery Advance Access published May 30, 2016

Cite this article as: Nejjari M, Himbert D, Brochet E, Attias D. First-in-man full percutaneous transfemoral valve-in-valve implantations using Edwards SAPIEN 3
prostheses to treat a patient with degenerated mitral and aortic bioprostheses. Interact CardioVasc Thorac Surg 2016; doi:10.1093/icvts/ivw161.

First-in-man full percutaneous transfemoral valve-in-valve
implantations using Edwards SAPIEN 3 prostheses to treat a patient

with degenerated mitral and aortic bioprostheses
Mohammed Nejjaria, Dominique Himbertb, Eric Brochetb and David Attiasa,*

a Department of Cardiology, Centre Cardiologique du Nord, Saint Denis, France
b Department of Cardiology, AP-HP, CHU Bichat Claude Bernard, Paris, France

* Corresponding author. Department of Cardiology, Centre Cardiologique du Nord, 32-36 rue des Moulins Gémeaux, 93200 Saint Denis, France.
Tel: +33-1-49334872; fax: +33-1-49338299; e-mail: d.attias@ccncardio.com (D. Attias).

Received 28 December 2015; received in revised form 13 April 2016; accepted 20 April 2016

Abstract

We report the case of a 64-year old man presenting with pulmonary oedema due to the degeneration of mitral and aortic bioprostheses.
Baseline transthoracic and 3D transoesophageal echocardiography showed severe stenotic degeneration of the mitral bioprosthesis
(Carpentier-Edwards bioprosthesis n°31), severe intraprosthetic aortic regurgitation (Perimount bioprosthesis n°27), left ventricular dilata-
tion, decreased left ventricular ejection fraction at 50% and pulmonary hypertension. Because of severe comorbidities, the patient was
denied redo surgery by the Heart Team (logistic EuroSCORE 2: 23, 85%). Transcatheter transfemoral mitral valve-in-valve implantation was
first performed using a 29-mm SAPIEN 3 valve. Two weeks later, aortic valve-in-valve implantation was performed with the same approach
using a 26-mm SAPIEN 3 valve. Four months later, the patient remained asymptomatic with good haemodynamic results for both pros-
theses. This case report illustrates that valve-in-valve implantations using a full percutaneous transfemoral approach may be a valuable
alternative to conventional surgery in high-risk patients presenting with concomitant mitral and aortic bioprosthesis dysfunction.
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CASE STUDY

A 64-year old man was admitted in our institution for pulmonary
oedema. His previous medical history included atrial fibrillation,
severe mitro-aortic endocarditis in 2007 treated by mitral valve
replacement with a Carpentier-Edwards bioprosthesis n°31 and a
hand-crafted Bentall surgery combining a Perimount bioprosthesis
n°27 and an Interguard graft 30 mm; postoperative pace-maker
implantation; ischaemic strokes and recurrent endocarditis treated
medically in 2009 complicated by cerebral haematoma. As sequel-
lae, he presented mild cognitive impairment and cortical blindness.
Clinical examination revealed severe aortic regurgitation and mitral
stenosis with congestive heart failure; ECG showed atrial fibrillation
and permanent ventricular pacing. Baseline transthoracic and 3D
transoesophageal echocardiography (TEE) showed severe stenotic
degeneration of the mitral bioprosthesis (mean gradient at
15 mmHg and effective mitral area at 0.95 cm2, Fig. 1A and B),
severe left atrial dilatation, severe intraprosthetic aortic regurgitation
(holodiastolic flow reversal in the descending aorta with an end-
diastolic velocity at 20 cm/s), left ventricular dilatation [left ventricular
end-diastolic diameter (LVEDD) 65 mm and left ventricular end-sys-
tolic diameter (LVESD) 44 mm], left ventricular ejection fraction
(LVEF) 50% and systolic pulmonary artery pressure at 45 mmHg.
Coronary angiography was normal.

A conventional redo surgery with double aortic and mitral valve
replacement was considered. However, on the basis of previous
medical history and comorbidities (logistic EuroSCORE 2 at 23,
95%), the patient was denied surgery and the multidisciplinary
Heart Team opted for a staged transcatheter transfemoral mitral
and aortic valve-in-valve implantation using SAPIEN 3 valves
(Edwards Lifesciences, Irvine, CA, USA). The choice of the SAPIEN 3
valve size was based on CT-scan measurements and was confirmed
using the Valve in Valve Mitral app® and Valve in Valve Aortic
app® (UBQO Limited). The Sapien S3 was preferred because only
balloon-expandable prosthesis can be used via a transfemoral
route. Furthermore, the presence of a skirt at the base of the
SAPIEN 3 valve decreased the probability of a para-prosthetic leak.
The mitral valve-in-valve was performed first under general anaes-
thesia with three-dimensional TEE guidance. As previously reported
[1], the transseptal puncture was done at the low and posterior part
of the fossa ovalis; septal dilatation was performed using a 12-mm
diameter balloon; the mitral valve was crossed with a 0.035 J wire. A
J pre-shaped 0.035 Amplatz SuperStiff wire was placed at the apex
of the left ventricle. A 29-mm SAPIEN 3 valve was mounted upside
down on an Edwards Commander Delivery System and advanced
to the mitral valve. The prosthesis was directed towards the mitral
valve by full flexion of the catheter. Then, the SAPIEN 3 valve was
placed within the mitral bioprosthesis, its position checked by
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mmHg	versus	8	mmHg	
•  Pas	de	fuite	visible.		
•  Pas	de	masse	visualisée	sur	les	valves.		
•  FEVG	normale,	PAPs	à	37	mmHg	

Suivi	2	ans	plus	tard,	dyspnée	d’effort	NYHA	II	
	

ETO	







Pa5ent	vu	à	6	mois	post-TAVI:	augmenta5on	du	gradient	

moyen	significa5ve	par	rapport	à	l’ETT	de	référence	

post-TAVI.	Quelles	hypothèses	évoquer	?	

	

A.  Anémie	
B.  Hypovolémie	
C.  Hyperthyroïdie	
D.  Thrombose	TAVI	
E.  Dégénérescence	précoce	TAVI	
F.  Endocardite	infectieuse	



Pa5ent	vu	à	6	mois	post-TAVI:	augmenta5on	du	gradient	

moyen	significa5ve	par	rapport	à	l’ETT	de	référence	

post-TAVI.	Quelles	hypothèses	évoquer	?	

	

A.  Anémie	
B.  Hypovolémie	
C.  Hyperthyroïdie	
D.  Thrombose	TAVI	
E.  Dégénérescence	précoce	TAVI	
F.  Endocardite	infectieuse	

«	Etiologies	fonctionnelles	»	

«	Etiologies	organiques	»	

Look	at	the	cusps	!	
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BACKGROUND
A finding of reduced aortic-valve leaflet motion was noted on computed tomogra-
phy (CT) in a patient who had a stroke after transcatheter aortic-valve replacement 
(TAVR) during an ongoing clinical trial. This finding raised a concern about pos-
sible subclinical leaflet thrombosis and prompted further investigation.

METHODS
We analyzed data obtained from 55 patients in a clinical trial of TAVR and from 
two single-center registries that included 132 patients who were undergoing either 
TAVR or surgical aortic-valve bioprosthesis implantation. We obtained four-dimen-
sional, volume-rendered CT scans along with data on anticoagulation and clinical 
outcomes (including strokes and transient ischemic attacks [TIAs]).

RESULTS
Reduced leaflet motion was noted on CT in 22 of 55 patients (40%) in the clinical 
trial and in 17 of 132 patients (13%) in the two registries. Reduced leaflet motion 
was detected among patients with multiple bioprosthesis types, including trans-
catheter and surgical bioprostheses. Therapeutic anticoagulation with warfarin, as 
compared with dual antiplatelet therapy, was associated with a decreased incidence 
of reduced leaflet motion (0% and 55%, respectively, P = 0.01 in the clinical trial; 
and 0% and 29%, respectively, P = 0.04 in the pooled registries). In patients who 
were reevaluated with follow-up CT, restoration of leaflet motion was noted in all 
11 patients who were receiving anticoagulation and in 1 of 10 patients who were 
not receiving anticoagulation (P<0.001). There was no significant difference in the 
incidence of stroke or TIA between patients with reduced leaflet motion and those 
with normal leaflet motion in the clinical trial (2 of 22 patients and 0 of 33 pa-
tients, respectively; P = 0.16), although in the pooled registries, a significant differ-
ence was detected (3 of 17 patients and 1 of 115 patients, respectively; P =0.007).

CONCLUSIONS
Reduced aortic-valve leaflet motion was shown in patients with bioprosthetic 
aortic valves. The condition resolved with therapeutic anticoagulation. The effect 
of this finding on clinical outcomes including stroke needs further investigation. 
(Funded by St. Jude Medical and Cedars–Sinai Heart Institute; Portico-IDE Clinical-
Trials.gov number, NCT02000115; SAVORY registry, NCT02426307; and RESOLVE 
registry, NCT02318342.)
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«	Reduced	leaflet	motion	was	noted	on	CT	in	22	of	55	patients	(40%)	in	the	
clinical	trial	and	in	17	of	132	patients	(13%)	in	the	two	registries.		

Reduced	leaflet	motion	was	detected	among	patients	with	multiple	
bioprosthesis	types,	including	trans-	catheter	and	surgical	bioprostheses.	»		
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BACKGROUND
A finding of reduced aortic-valve leaflet motion was noted on computed tomogra-
phy (CT) in a patient who had a stroke after transcatheter aortic-valve replacement 
(TAVR) during an ongoing clinical trial. This finding raised a concern about pos-
sible subclinical leaflet thrombosis and prompted further investigation.

METHODS
We analyzed data obtained from 55 patients in a clinical trial of TAVR and from 
two single-center registries that included 132 patients who were undergoing either 
TAVR or surgical aortic-valve bioprosthesis implantation. We obtained four-dimen-
sional, volume-rendered CT scans along with data on anticoagulation and clinical 
outcomes (including strokes and transient ischemic attacks [TIAs]).

RESULTS
Reduced leaflet motion was noted on CT in 22 of 55 patients (40%) in the clinical 
trial and in 17 of 132 patients (13%) in the two registries. Reduced leaflet motion 
was detected among patients with multiple bioprosthesis types, including trans-
catheter and surgical bioprostheses. Therapeutic anticoagulation with warfarin, as 
compared with dual antiplatelet therapy, was associated with a decreased incidence 
of reduced leaflet motion (0% and 55%, respectively, P = 0.01 in the clinical trial; 
and 0% and 29%, respectively, P = 0.04 in the pooled registries). In patients who 
were reevaluated with follow-up CT, restoration of leaflet motion was noted in all 
11 patients who were receiving anticoagulation and in 1 of 10 patients who were 
not receiving anticoagulation (P<0.001). There was no significant difference in the 
incidence of stroke or TIA between patients with reduced leaflet motion and those 
with normal leaflet motion in the clinical trial (2 of 22 patients and 0 of 33 pa-
tients, respectively; P = 0.16), although in the pooled registries, a significant differ-
ence was detected (3 of 17 patients and 1 of 115 patients, respectively; P =0.007).

CONCLUSIONS
Reduced aortic-valve leaflet motion was shown in patients with bioprosthetic 
aortic valves. The condition resolved with therapeutic anticoagulation. The effect 
of this finding on clinical outcomes including stroke needs further investigation. 
(Funded by St. Jude Medical and Cedars–Sinai Heart Institute; Portico-IDE Clinical-
Trials.gov number, NCT02000115; SAVORY registry, NCT02426307; and RESOLVE 
registry, NCT02318342.)
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in 42 patients (32%) and within 3 months in 73 
patients (55%). These patients underwent im-
plantation of 105 transcatheter valves and 27 
surgical valves. Baseline clinical, CT, and echo-
cardiographic characteristics are summarized in 
Table 2, and in Table S3 in the Supplementary 
Appendix.

Reduced leaflet motion was observed in 17 of 
132 patients (13%), including 15 of 105 with 
transcatheter valves (14%) and 2 of 27 with sur-
gical valves (7%). Details with respect to valve 
type and frequency of reduced leaflet motion for 
each type are provided in Table S4 in the Supple-
mentary Appendix. There was no significant dif-
ference in the interval between the valve implan-
tation and the performance of CT among patients 

with reduced leaflet motion and those with nor-
mal leaflet motion (228±459 days and 189±293 
days, respectively; P = 0.67). The antithrombotic 
regimens at the time of CT are provided in Table 
S2 in the Supplementary Appendix. Therapeutic 
anticoagulation with warfarin was associated 
with significantly lower rates of reduced leaflet 
motion than was dual antiplatelet therapy (0 of 
13 patients and 10 of 35 patients [29%], respec-
tively; P = 0.04).

Natural History of Reduced Leaflet Motion
Among patients with reduced leaflet motion, 
follow-up CT was performed in 12 of 22 patients 
in the PORTICO IDE study (median interval be-
tween index and follow-up CT, 183 days) and in 

Figure 2. Evidence of Reduced Leaflet Motion in Multiple Prosthesis Types.

Shown are hypoattenuating opacities on two-dimensional computed tomography (CT) (maximum intensity projection of gray-scale image) 
and volume-rendered CT (color images) for multiple prosthesis types, including the CoreValve (Panels A through C, arrows), Portico 
(Panels D through F), Sapien XT (Panels G through I), and Carpentier–Edwards Perimount surgical valve (Panels J through L) during 
 diastole and systole. The hypoattenuating lesions always involve the base of the leaflet and extend to the center of the frame. Normal 
leaflets are visible only on volume-rendered CT in diastole, at their line of coaptation in axial images. Leaflets with reduced motion are 
visible as wedge-shaped or semilunar opacities in both systole and diastole.
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Pour	retenir,	thrombose	TAVI	

�  Le	plus	souvent	la	première	année	
�  Incidence:	13%	des	TAVR	
�  2/3	dyspnée,	1/3	asymptomatique	
�  AIT/AVC	
�  ETT	:	gradient	moyen	>	20	mmHg	dans	plus	de	90%	des	cas	
�  Plus	fréquentes	avec	les	«	balloon-expandables	»	qu’avec	les	«	Self-

expandable	»	
�  Peuvent	survenir	sous	DAPT	++,	plus	rarement	sous	traitement	

anticoagulant	
�  100%	résolutives	sous	anticoagulants	(AVK	ou	AOD)	

Chakravarty,	Lancet	2017	
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Subclinical leaflet thrombosis in surgical and transcatheter 
bioprosthetic aortic valves: an observational study 
Tarun Chakravarty, Lars Søndergaard, John Friedman, Ole De Backer, Daniel Berman, Klaus F Kofoed, Hasan Jilaihawi, Takahiro Shiota, 
Yigal Abramowitz, Troels H Jørgensen, Tanya Rami, Sharjeel Israr, Gregory Fontana, Martina de Knegt, Andreas Fuchs, Patrick Lyden, 
Alfredo Trento, Deepak L Bhatt, Martin B Leon, Raj R Makkar, on behalf of the RESOLVE and SAVORY Investigators*

Summary
Background Subclinical leaflet thrombosis of bioprosthetic aortic valves after transcatheter valve replacement (TAVR) 
and surgical aortic valve replacement (SAVR) has been found with CT imaging. The objective of this study was to 
report the prevalence of subclinical leaflet thrombosis in surgical and transcatheter aortic valves and the effect of 
novel oral anticoagulants (NOACs) on the subclinical leaflet thrombosis and subsequent valve haemodynamics and 
clinical outcomes on the basis of two registries of patients who had CT imaging done after TAVR or SAVR.

Methods Patients enrolled between Dec 22, 2014, and Jan 18, 2017, in the RESOLVE registry, and between June 2, 2014, 
and Sept 28, 2016, in the SAVORY registry, had CT imaging done with a dedicated four-dimensional volume-rendered 
imaging protocol at varying intervals after TAVR and SAVR. We defined subclinical leaflet thrombosis as the presence 
of reduced leaflet motion, along with corresponding hypoattenuating lesions shown with CT. We collected data for 
baseline demographics, antithrombotic therapy, and clinical outcomes. We analysed all CT scans, echocardiograms, 
and neurological events in a masked fashion.

Findings Of the 931 patients who had CT imaging done (657 [71%] in the RESOLVE registry and 274 [29%] in the 
SAVORY registry), 890 [96%] had interpretable CT scans (626 [70%] in the RESOLVE registry and 264 [30%] in the 
SAVORY registry). 106 (12%) of 890 patients had subclinical leaflet thrombosis, including five (4%) of 138 with 
thrombosis of surgical valves versus 101 (13%) of 752 with thrombosis of transcatheter valves (p=0·001). The median 
time from aortic valve replacement to CT for the entire cohort was 83 days (IQR 33–281). Subclinical leaflet thrombosis 
was less frequent among patients receiving anticoagulants (eight [4%] of 224) than among those receiving dual 
antiplatelet therapy (31 [15%] of 208; p<0·0001); NOACs were equally as effective as warfarin (three [3%] of 107 vs 
five [4%] of 117; p=0·72). Subclinical leaflet thrombosis resolved in 36 (100%) of 36 patients (warfarin 24 [67%]; NOACs 
12 [33%]) receiving anticoagulants, whereas it persisted in 20 (91%) of 22 patients not receiving anticoagulants 
(p<0·0001). A greater proportion of patients with subclinical leaflet thrombosis had aortic valve gradients of more than 
20 mm Hg and increases in aortic valve gradients of more than 10 mm Hg (12 [14%] of 88) than did those with normal 
leaflet motion (seven [1%] of 632; p<0·0001). Although stroke rates were not different between those with (4·12 strokes 
per 100 person-years) or without (1·92 strokes per 100 person-years) reduced leaflet motion (p=0·10), subclinical leaflet 
thrombosis was associated with increased rates of transient ischaemic attacks (TIAs; 4·18 TIAs per 100 person-years vs 
0·60 TIAs per 100 person-years; p=0·0005) and all strokes or TIAs (7·85 vs 2·36 per 100 person-years; p=0·001).

Interpretation Subclinical leaflet thrombosis occurred frequently in bioprosthetic aortic valves, more commonly in 
transcatheter than in surgical valves. Anticoagulation (both NOACs and warfarin), but not dual antiplatelet therapy, 
was effective in prevention or treatment of subclinical leaflet thrombosis. Subclinical leaflet thrombosis was associated 
with increased rates of TIAs and strokes or TIAs. Despite excellent outcomes after TAVR with the new-generation 
valves, prevention and treatment of subclinical leaflet thrombosis might offer a potential opportunity for further 
improvement in valve haemodynamics and clinical outcomes.

Funding RESOLVE (Cedars-Sinai Heart Institute) and SAVORY (Rigshospitalet).

Introduction
Transcatheter aortic valve replacement (TAVR) is the 
standard of care in elderly patients and an alternative to 
surgery in patients with severe symptomatic aortic 
stenosis at intermediate-to-high risk of surgery.1–7 Reduced 
leaflet motion suggestive of subclinical leaflet thrombosis, 
as detected by high-resolution CT, has been reported with 
both transcatheter and surgical bioprosthetic aortic 
valves.8–11 Reduced leaflet motion is present in 10–15% of 
patients who have TAVR, is less likely to be present in 

patients receiving warfarin than in those not receiving 
warfarin, and resolves with restoration of normal leaflet 
motion after initiation of anticoagulation with warfarin.8–12

To study reduced leaflet motion in bioprosthetic valves 
after TAVR or surgical aortic valve replacement (SAVR), two 
single-centre registries were initiated: the Assessment of 
Transcatheter and Surgical Aortic Bioprosthetic Valve 
Thrombosis and its Treatment with Anticoagulation 
(RESOLVE) registry and the Subclinical Aortic Valve 
Bioprosthesis Thrombosis Assessed with Four-Dimensional 
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•  Patient	76	Mr	S.	JJ,	dialysé	chronique	
•  PM	biV	
•  TAVI	Il	y	a	18	mois		
•  Hospitalisé	pour	ACR	sur	OAP	asphyxique	
•  ETT	et	ETO	:	FEVG	25%	;	gradient	moyen	à	31	mmHg	(versus	FEVG	à	40%	et	gradient	

moyen	à	7	mmHg	6	mois	plus	tôt)	
•  Calcifications	des	cusps	sans	thrombose	au	scanner	

->Dégénérescence	précoce	de	TAVI	



Procédure	TAVI-in-TAVI	

Sochala	et	al.	Under	submission…	



•  Patiente	85	ans	
•  TAVI	Edwards	S3	n°23	en	11/2014	;	gradient	moyen	à	19	mmHg	à	la	sortie	

du	TAVI	et	à	25	mmHg	il	y	a	6	mois	
•  Hospitalisée	en	octobre	2018	pour	IC	globale,	souffle	RAc	3/6	B2	aboli	



•  Fièvre	à	39°C	+	frissons	
•  Hémocultures	+	à	Streptococcus	

vestibularis	(ORL)	
•  CRP	à	70	mg/dL	

Endocardite	sur	TAVI	
à	Chirurgie	RVAo	



Pa5ent	vu	à	6	mois	post-TAVI:	augmenta5on	du	gradient	

moyen	significa5ve	par	rapport	à	l’ETT	de	référence	

post-TAVI.	Quelles	hypothèses	évoquer	?	

	

A.  Anémie	
B.  Hypovolémie	
C.  Hyperthyroïdie	
D.  Thrombose	TAVI	
E.  Dégénérescence	précoce	TAVI	
F.  Endocardite	infectieuse	

«	Etiologies	fonctionnelles	»	

«	Etiologies	organiques	»	

Look	at	the	cusps	!	




