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The	Burden	of	Valve	Disease	Increases	
Prevalence Survival 

Nkomo. Lancet 2006;368:1005–1011 
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Many of these patients  
•  do not receive a correct diagnosis 
•  do not have optimized care according 

to current guidelines 
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Cardiologist/Imaging  

Expert in VHD 
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Advanced HVC 
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Interventional Cardiology+ 
Cardiac Surgery 
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Lancellotti et al., Eur Heart J. 2013 



Trans-thoracic	
Echo	(TTE)	

Chest		
X-ray	

Electro-
cardiogram	

Cardiac	
Cath.	

AuscultaAon	

MulAple	ModaliAes	May	Be	Used	to		
Diagnose	Severe	AorAc	Stenosis6	
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Mitral	Valve	Repair	

3D	echo-morphology	



3D	QuanAficaAon	of	Mitral-AorAc	
Coupling	–	commercial	soLware	



3D cardiac anatomy, function, and flow in 1 free-breathing, 8 min scan 

Image-based	computer	simulaAon	
(TAVIguide)	Predicts	Valve	Morphology	and	

Calcium	Displacement	



Clinical	Risk:	Heart	Team	Approach	
IntervenAonal	Cardiology	+	Surgeons	

www.euroscore.org/calc.html  

http://209.220.160.181/STSWebRiskCalc261/de.aspx 
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Patient
Centred

Efficacy

Safety

Patient
Preference

AdopAon	of	IntervenAonal	Procedures	



AorAc	Stenosis	



Degenerative: 50 % Rheumatic 10 % Bicuspid: 40 % 
AorAc	Stenosis	

Roberts & Ko. Circulation. 2005; 111: 920-5 
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Prognosis of Symptomatic Patients  
Severe	AorAc	Stenosis	

… 50 years ago 



TAVI	vs.	Medical	RX:	Partner	Cohort	B	

Leon M et al. New Engl J Med 2010  



Transcatheter	AorAc	Valve	ImplantaAon	





TAVR	MulAmodality	imaging	



Transcatheter	AorAc	Valve	Replacement	



Evolut	R	and	Enveo	delivery	catheter	





Transfemoral	Approach:	First	choice	if	possible.		
AlternaAves:	Transapical	or	Subclavian	Access	



19.1% 

4.5% 

14.2% 

P = 0.04 for superiority 

3.3% 

Surgical 
Transcatheter 

Primary	Endpoint:	1	Year	All-cause	
Mortality	(Partner	Cohort	A)	

NEJM 2014; 370:1790-1798 

750 pts, Mean STS 7.4%, 
Euroscore 18% 
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Number at risk: 
Surgery 1021 838 812 783 770 747 735 717 695 
TAVR 1011 918 901 870 842 825 811 801 774 

HR [95% CI] = 0.89 [0.73, 1.09] 
p (log rank) = 0.253 
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2032 pts, Sapien XT,  
mean STS 5.8% 



Advantages	of	TAVI	vs.		
Surgical	aorAc	valve	replacement	(SAVR)	



EsAmated	global	TAVI	market	
procedure	growth	

4 

In the next 10 years, TAVI  procedures are 
predicted to increase 4-fold 



TAVI		penetraAon	conAnues	to	
increase	
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TAVI as %  of total AVR 

*Includes all AVR: surgical isolated, combined with CABG and multiple valve procedures and TAVI. 
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A.P. Kappetein, EuroPCR, AYNTK 



What	is	required	to	expand	TAVI	to	
moderate/low	risk	and	younger	paAents?	

• Outcomes need to be equal or better than SAVR 
•  Mortality 

•  Acute i.e. in-hospital/30-day 
•  Long-term i.e. 1-2 years 

•  Stroke 

• Patient preference for TAVI 
•  Morbidity, recovery time, patient experience 

• Valve durability comparable to surgery 

• Affordable 
•  Cheaper and/or more cost-effective 



EchoNavigator	and	Image	Fusion	
(AutomaAc	quanAficaAon)	



Mitral	
RegurgitaAon	



Mitral	RegurgitaAon	
Spectrum	of	DegeneraAve	Disease	

Adams et al EHJ 2010 



When	present,	MR	impacts	survival	



Normal leaflets, Annular dilation, LV dilation + spherical + 

Altered geometry + PMs displacement + WM abnormalities 

Secondary	MR		



MR	Progresses	to	Heart	Failure	

Increasing Mitral 
Regurgitation 

Increase Load/
Stress 

Muscle 
Damage/Loss 

Dysfunction 

of left ventricle 

Dilation of 

left ventricle 

MR	iniAates	a	cascade	of	
events	progressing	to	
heart	failure,	then	death,	
if	untreated	2,3	

1	year	
mortality		

up	to		

57%1
	

 
 
 
 

1	Markwick et	al.  Prognostic Implications of Moderate and Severe Mitral Regurgitation in Contemporary Clinical Care.  TCT	2012	
2	Trichon	BH	et	al.	Am	J	Card.	2003,91:538-43	
3	Lancellof	et	al.	CirculaAon	2003;	108:	1713-1717	





Aim	of	the	MitraClip	therapy	
-	abolish	severe	MR	-	



MitraClip	indicaAon	?	

Severe mitral regurgitation 

Symptomatic 

High or prohibitive surgical risk 

Technically feasible (echo) 

II b, level C 
DMR & FMR 



MitraClip:	Peri-procedural	Echo	
A- Transseptal 
catheterization (help in 
guiding the clip) 
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B- Advancing the clip delivery 
system towards the mitral 
leaflets 

The mitral clip delivery system is angled down towards the mitral leaflets, aiming for A2P2 

C- Positioning the clip 
and orientation of the clip 
arms 

E. Brochet 



Clinical Trial Program  

Japan	
(Registry;	HR;		n=30)	

COAPT		
(RCT;	HR	FMR;		n=210)	

RESHAPE-HF	
(RCT;	HF	with	FMR;		n=410)	

ANZ	
(Registry;	n=150)	

Access	EU	I		
(Registry;	n=567)	

Enrollment & Follow-Up 

1Y	

Access	EU	II		
(Registry;	n=	up	to	300)		

	

Sample	size	reflects	MitraClip	paAents	only.		Data	as	of		10/31/12	

EVEREST	II	RCT	
(RCT;	Std	Risk;	n=184)	

EVEREST	II	REALISM	
(Registry;	n=758)	

	

Enrollment & Follow-Up 

5Y 

Study Closed 

Enrollment & Follow-Up 1Y 

EVEREST	II	HR	
(Registry;	HR;	n=78)	

EVEREST	I	
(feasibility;	Std	Risk;	n=55)	
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Ongoing study – 1st patient enrolled  in 2009 



 
Includes clinical and commercial procedures as of 02/29/2016. Source: Abbott Vascular 
 

Global MitraClip Procedures ~25,000  

Data on file at Abbott Vascular as of 03/31/2015  

Global Mitraclip Procedure ≈40,000 



Registries on MitraClip   

Sorajja et al J Am Coll Cardiol. 2016;67:1129–40 



Everest	II	RCT	

Feldman et al, JACC 2015 



(Feldman T, N Engl J Med 2011;364:1395 – 1406) 



Mitral Regurgitation Grade 
EVEREST II RCT. 5 years results 

Feldman T et al. J Am Coll Cardiol 2015;66:2844–54 



Freedom	From	Death,	MV	Surgery	or	
ReoperaAon,	and	3.	or	4.	MR	at	5	Years	





INDIRECT TRANS-CORONARY SINUS ANNULOPLASTY 

Mitralign 
Bident 
Arterial access 
Transannular cinching 

GDS  
Accucinch 
Arterial access 
Subannular cinching 

Valtech 
Cardioband 
Venous access 
Annular fixation 

DIRECT ANNULOPLASTY SYSTEMS 



PERCUTANEOUS MITRAL RING IMPLANTATION: 
First in-man Cardioband implantation 
F. Maisano, G.La Canna, A. Latib et al. San Raffaele Hospital,   JACC Intervention 2014 

1° step 
Cardioband implantation 

2° step 
Cardioband adjustement 



Valve-in-valve	(VIV)	mitral	implantaAon	for	
SVD	of	mitral	xenograL

Y. Sharon 



TMVR	and	LVOT	ObstrucAon		
Real-Time	Volume	Color	Doppler	

Aorto-Mitral Angle Pre/
Post 



Anesthesia	and	monitoring	

•  General	anesthesia	
•  Jugular	vein	access	(large	bore	introducer)	
•  (Swan-ganz	catheter)	
•  (Temporary	PCMK)	
•  (Radial	artery	pressure	monitoring)	
•  TEE	probe	
•  Femoral	artery	access	not	mandatory	(pigtail	not	
mandatory)	



Per-procedural	AnAbioAcs	and	
AnAcoagulaAon	

•  An9bio9c	prophylaxis		

–  Cefuroxime	3x	1,5g	(1x	pre,	2x	post)	

•  An9coagula9on/an9platelet	therapy	

– ACT-guided	heparinizaAon:	ACT>	250s	aLer	
transseptal	puncture	

– Consider	Protamine	for	heparin-antagonizaAon	at	
end	of	procedure	



IntraoperaAve	management	

• Most	paAents	are	very	stable	
− Keep	loading	condiAons	stable	(monitor	wedge	
pressure	and	MAP)	

• In	case	of	instability	
− Amiodarone	
− OpAmize	CRT/consider	pacing	
− Dopamine/dobutamine/adrenaline	
− IABP	
− Rule	out	pericardial	effusion	

	



Post-procedural	Management	
•  ICU/CCU	monitoring	(24-48h)	

–  Pt	can	be	weaned	from	anesthesia	in	the	lab	or	in	the	ICU	
–  ICU	stay	is	not	mandatory,	but	advisable	for	at	least	4	hrs	aLer	the	

procedure	

–  Vital	Signs	
–  Rhythm	and	HD	surveillance	
–  ComplicaAons:	access	site	bleeding,	parAal	clip	detachment	or	

embolizaAon,	development	of	mitral	stenosis,	arrhythmia,	
pericardial	effusion	and	tamponade,	bleeding…	

•  Cardiology	Unit	
–  Clinical	and	echocardiographic	parameters	at	discharge	
–  AnAthromboAc	treatment:		

•  if	atrial	fibrillaAon:	anAcoagulaAon	(INR	2-3)	lifelong		+	clopidogrel	(75mg/
d)	for	4	weeks	 		

•  if	sinus	rhythm:	clopidogrel	(75mg/d)	for	3	months	+	aspirin	(100mg/d)	
lifelong	



Follow-up	
• At	3,	6,	12,	18,	…	months:	

–  Clinical	assessment	(NYHA,	6-MWT,	Minnesota	QuesAonnaire)	
–  Lab:	Pro-BNP	

• Echocardiographic	parameters:	
–  	MR	grade,	Clip	in	place	
–  	LVEF,	LV-dimensions	and	volumes	
–  	MVA,	mean	gradient	
–  	RVSP	
–  	(LA	dimension,	LA	volume	(indexed),	septal-lateral	annular	

dimension	

• Mitrabel	Registry	



Thank you for your 
attention!	



Percutaneous	Le]	Atrial	Appendage	Closure	



Atrial	FibrillaAon	and	Stroke	
•  AF	most	common	arrhythmia,	1%	of	the	populaAon,	increasing	with	age	
•  Cardiac	sources	of	emboli	account	for	>25%	of	all	ischemic	strokes	
•  Strokes	due	to	cardioembolism	are	in	general	severe	and	prone	to	early	

and	long-term	recurrence	
•  Nonvalvular	AF	remains	the	most	common	cause	of	cardioembolic	stroke	

(50%)	
•  AF:	15%	of	all	strokes	and	30%	of	strokes	in	paAents	age	>80	years	
•  Stroke	is	the	number	one	cause	of	long-term	disability		
•  Strokes	associated	with	AF	more	severe:	

Ø  50%	greater	risk	of	disability	or	handicap	
Ø  >	50%	greater	risk	of	death	



AnAcoagulaAon	
Oral	anAcoagulaAon	highly	effecAve	in	prevenAng	

thromboembolism	with	AF	
–  64%	stroke	reducAon		with	warfarin	
–  26%	mortality	reducAon	

BUT…	
	
1.  Warfarin	and	NOAC	have	limitaAons	
2.  20%	to	50%	of	eligible	paAents	do	not	receive	OAC	due	to	

absolute	contraindicaAons	or	perceived	risks	of	bleeding.	





DEVICES	and	TECHNIQUES	









•  EWOLUTION	Registry	
–  MulAcentre	registry	including	1021	high-risk	AF	paAents	implanted	with	the	

WATCHMAN	device	in	47	centres	
–  Mean	age:	73.4±9	years;	Average	CHA2DS2-VASc	score:	4.5±1.6;	Average	HAS-

BLED	score:	2.3±1.2	
–  	73%	deemed	unsuitable	for	oral	anAcoagulaAon	therapy		
–  Device	successfully	deployed	in	98.5%	of	paAents	
–  28	subjects	experienced	31	serious	adverse	events	(SAEs)	within	1	day	of	the	

procedure.	
–  Overall	30-day	mortality	rate:	0.7%	
–  Most	common	SAE	occurring	within	30	days:	major	bleeding	requiring	

transfusion	

–  1	year	results	showing	good	efficacy	of	the	procedure	with	only	1.1%	of	
ischemic	stroke	rate	which	translates	to	a	RR	reducAon	of	84%	when	
compared	to	the	esAmated	risk	based	on	historical	data	
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EuroIntervention 2015;10-online publish-ahead-of-print January 2015 
Left atrial appendage occlusion for stroke prevention in atrial fibrillation: multicentre experience 
with the AMPLATZER Cardiac Plug 
 



Amulet	Observa9onal	Study	
	

–  Large	prospecAve	real-world	registry	which	1,088	paAents	implanted	
with	the	Amulet	device	

–  Average	age:	75	±8.5	years;	Average	CHA2DS2-VASc	score:	4.2±1.6;	
Average	HAS-BLED	score:	3.3±1.1	

–  82.8%	of	paAents	were	considered	to	have	an	absolute	or	relaAve	
contraindicaAon	to	long-term	anAcoagulaAon	and	72.4%	had	had	a	
previous	major	bleeding	

–  Successful	device	implantaAon	rate:	99.0%	
–  Periprocedural	major	events	rate:	3.2%		
–  Adequate	occlusion	of	the	appendage	in	98.2%	



1. High	risk	of	thrombo-embolic	complicaAons	
	 	AND	
	Contra-indicaAons	to	OAC	
		

2. AF-related	stroke	on	OAC	

IndicaAons	



IndicaAons	
3.					Embolic	event	occurring	despite	op9mal	OAC	
	
4.					Pharmacological	considera9ons	

Ø  Severe	liver	or	renal	dysfuncAon		
Ø  High	risk	of	drug	interacAon	

	
5.					Other	indica9ons	

Ø  Noncompliance	to	treatment	
Ø  PaAent	preferences	

1.     Contraindications to OAC 
Ø  History of IC bleeding 
Ø  History of major GI bleeding 
Ø  History of other major bleeding 
Ø  Major intraocular bleeding 
Ø  Other 

 
2.     High bleeding risk 

Ø  High HAS-BLED score (HAS-BLED > 3) 
Ø  Requirement of prolonged triple 

antithrombotic therapy 
Ø  High risk of bleeding not well defined by 

bleeding risk score:   
 - high risk of falls 
 - patients with cancer 
 - patients with chronic inflammatory 
 bowel disease… 

Ø  Severe renal failure (creatinine clearance 
<15-30 mL/min) 

 



Guidelines	



Management	post	LAA	occlusion	
	
AnAthromboAc	treatment	
Clopidogrel	and	ASA	for	1-3	months	and	a	single	anAplatelet	
drug	or	nothing	thereaLer	
	
Follow-up	
Control	TOE	at	6-12	weeks	
	
Prolonged	(N)OAC	
In	case	of	a	device-associated	thrombus	or	large	(≥5	mm)	leak	
	
	



PFO	Closure	
•  Foramen	ovale	created	by	the	overlap	of	the	septum	
primum	and	septum	secundum		

•  Foramen	ovale	may	be	patent	in	25%	of	the	populaAon	
•  A	Patent	Foramen	Ovale	is	a	potenAal	source	for	right-
to-leL	intracardiac	shunt	and	can	result	in	paradoxical	
emboli	(stroke	or	systemic	embolizaAon)	

•  Cryptogenic	stroke	(stroke	with	no	idenAfiable	cause)	
accounts	for	40%	of	strokes	in	young	adults.	A	PFO	was	
present	in	39%	of	the	paAents	younger	than	55	years	
with	cryptogenic	stroke	compared	to	29%	in	paAents	
with	an	idenAfiable	cause	for	the	stroke.		



Anatomic	features	suggesAng	high-risk	PFO:		
	
Ø large	defects	(>	5	mm)	
Ø atrial	septal	aneurysm	(ASA)	
Ø persistent	right-to-leL	shunt	at	rest	
Ø 10	or	more	microbubbles	appearing	in	the	
leL	atrium	with	a	contrast	TEE	

Ø presence	of	a	prominent	eustachian	valve	



RESPECT	trial		
•  Cryptogenic	ischemic	stroke	in	paAents	aged	
18-60	

•  PFO	closure	vs.	Medical	group	
•  Long	follow-up	(median	5.9	years)	
•  45%	risk	reducAon	in	the	PFO	group	(HR=0,55,	
p=0.046)	

•  62%	risk	reducAon	for	cryptogenic	stroke	
(HR=0.38,	p=0.007)	



REDUCE	trial	
•  Cryptogenic	stroke	in	paAents	aged	18-59	
•  PFO	closure	vs.	Medical	treatment	
(anAplatelet)	

•  77%	risk	reducAon	for	clinical	ischemic	
stroke	in	PFO	group	(HR=0,23,	p=	0.002)	



CLOSE	trial	
•  Stroke	awributed	to	PFO	with	an	associated	
atrial	septal	aneurysm	or	large	interatrial	
shunt	in	paAents	16	to	60	years	of	age		

•  PFO	closure	vs.	anAplatelet	therapy	vs.	oral	
anAcoagulaAon	

•  97%	risk	reducAon	in	paAents	treated	with	
PFO	closure	vs	anAplatelet	therapy	
(HR=0.03;	p<0.001).		



PFO	closure	Procedure	and	
Management	

Procedure	
•  One-day	clinic	
•  TOE-guided	
•  Venous	access	(8-9	Fr)	

Management	
•  Transoesophageal	echocardiography	3	
months	aLer	procedure	

•  Clopidogrel	3	months,	ASA	lifelong	



Kern, Morton J.; Lim, Michael J; Sorajja, Paul. The 
Interventional Cardiac Catheterization Handbook E-Book (p. 
430). Elsevier Health Sciences. Kindle Edition. 
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