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Tutte le	PatologieValvolari

PatologiaValvolaMitralica

PatologiaValvolaAortica

Quasi	1	persona	su 10 con	75	anni di	età o	più è	affetta da	IM	≥2+

Prevalenza dell’IM: una patologia che aumenta
con l’Età1,2



Funtional MR	Severity	as	a	
Predictor	of	Mortality	

Bursi F	et	al.	Prognostic	 implications	 of	functional	 mitral	regurgitation	 according	to	the	severity	of	the	underlying	
chronic	heart	failure:	a	long-term	outcome	study.	Eur J	Heart	Fail	 2010;12:382-388.	

q 469	CHF	patients with	FMR	
q Five-year clinical follow-up
q FMR	classified as:
• Absent-Grade	I
• Grade	II
• Grade	III
• Grade	IV

q FMR	is	an	independent	determinant	
of	death	and	heart	transplantation	
only	in	less	severe	CHF	and	in	
patients	with	a	lower	risk	profile	

q This	finding	indicates	that	FMR	
plays	a	major	role	in	the	early	
phase	of	CHF,	suggesting	that	this	
should	be	the	focus	of	strategies	
attempting	to	reduce	it



Enriquez-Sarano	M	et	al.	Quantitative	Determinants	of	the	Outcome	of	Asymptomatic	Mitral	Regurgitation
N	Engl J	Med 2005;	352:875-883.	

MR	Severity	as	a	Predictor	of	
Mortality	and	Cardiac	Events	

456	patients with	asymptomatic organicMR

Patients	with	Effective	Regurgitant Orifice	(ERO)	>40	mm2 have	a	significantly	increased		risk	of	
death	and	cardiac	events	and	should	promptly	be	considered	for	valve	repair



The	«unmet need»

• 2000-2008:	identificati	5,737	con	MR	≥3+
• 1,095	pz	con	IM	severa	ed	HF	(814	FMR,	226	DMR)
• 518	operati	(~47.3%),	577	non	operati	(~52%)
• 577	pz	NON	operati	(~52%),	Follow-up	a	5	anni:

- mortalità	à 50%
- ospedalizzazioni	à 90%



MitraClip Therapy:	Filling	a	Treatment	Gap

Medical	
Therapy

Less Invasive

Increased MR Reduction

MV	SurgeryMitraClip									

• Medical	therapy	addresses	symptom	management	only
• MV	surgery	has	been	 the	only	option	 that	reliably	reduces	MR
• A	significant	gap	exists	between	patients	who	receive	medical	therapy	and	those	

undergoing	MV	surgery,	which	is	based	on	risk-benefit	profile
• MitraClip therapy	is	a	first-in-class,	minimally	invasive,	catheter-based	procedure	

to	reduce	MR



Linee Guida ESC/EACTS 2012 sulla 
gestione delle patologie valvolari

Indicazioni per IM Degenerativa

Indicazioni per IM Funzionale

“ La procedura percutanea edge-to-edge può essere presa in 
considerazione in pazienti sintomatici con severe insufficienza mitralica 
primaria che rispondono ai criteri di eleggibilità, sono giudicati inoperabili 
o ad alto rischio chirurgico da un “heart team”, e hanno un’aspettativa di vita 
maggiore di 1 anno (classe di raccomandazione IIb, livello di evidenza C)”

“La procedura percutanea MitraClip può essere presa in considerazione in 
pazienti sintomatici con severe insufficienza mitralica secondaria 
nonostante ottima terapia medica (incluso la CRT se indicato), che 
rispondono ai criteri di eleggibilità, sono giudicati inoperabili o ad alto rischio 
chirurgico da un team di cardiologi e cardiochirurghi”, e hanno un’aspettativa di 
vita maggiore di 1 anno (classe di raccomandazione IIb, livello di evidenza C)”

Source:	http://www.escardio.org/guidelines-surveys/esc-guidelines/Pages/valvular-heart-disease.aspx



…“In patients with an indication for 
valve repair but judged inoperable or at 
unacceptably high surgical risk, 
percutaneous edge-to-edge repair may 
be considered in order to improve 
symptoms.”…..

Source: ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012 published on  ESC web-site: http://www.escardio.org/guidelines-
surveys/esc-guidelines/Pages /acute-chronic-heart-failure.aspx?hit=dontmiss

Percutaneous edge-to-edge repair as treatment option 
for high-risk surgical patients in ESC Heart Failure 2012 guidelines



WHO	refer	to	PMVR
MitraClip in	Specific	Patient	Groups	



WHO	refer	to	PMVR:	Patient	Selection*

*Greater	than	one	year	life	 expectancy

Moderate-to-Severe	or	Severe	MR
(3+	or	4+)

Symptomatic

Level	of	surgical	risk

Echocardiographic	and	anatomic	
criteria	for	eligibility



Ecocardiographic Evaluation	of	MR	
Severity

Mild-to-
Moderate

1–2
Moderate

2

ESC/EACTS	Guidelines	on	the	management	of	valvular heart	disease.	European Heart Journal	(2012)	
33,	2451–2496	doi:10.1093/eurheartj/ehs109



• Etiology:	Degenerative,	Functional	or	Mixed
• Focus	on	MV	and	leaflets	(flail,	prolapse,	 restriction,	 cleft,	etc)
• Left	ventrcicle:	EF	and	dimension
• Left	atrium:	dimension,	 annulus,	atrial	fibrillation	
• Subvalvular apparatus	(chordal	relationships,	 papillary	muscles)
• Jet	origin
• Atrial	 septum:	ASD,	PFO,	fossa	size,	aneurysm,	etc
• Other:	thrombus	 in	LAA,	vegetation,	calcium	etc.

• Required	anatomical	measurements:
Ø Mitral	Valve	Area	(≥	4	cm2)
Ø Fossa/Coaptation ratio	(≥	4	cm)
Ø Leaflets	 length	(≥	10	mm),	leaflets	 thickness	(≤	5	mm)
Ø No	calcification	 in	the	grasping	area

• Degenerative	Mitral	Regurgitation	(DMR)
Ø Flail	Gap	(≤	10	mm)
Ø Flail	Width	(≤	15	mm)

• Functional	Mitral	Regurgitation	(FMR)
Ø Vertical	Coaptation Length	(≥	2	mm)

Echocardiographic	and	Anatomic	
Criteria	for	Eligibility



Multidisciplinary Team



Learning	Curve	

Data courtesy of Abbott Vascular - 246 hospital commercial experience in 1-Clip device times from Sept. 2008 to Sept. 2013 

q At	least	20	cases	to	«understand	what	you	are	doing»
q At	lest	50	cases	to	achieve	optical	outcomes
q At	leat 2	cases/month	to	maintain	procedural	expertise



Procedure Setting
q Standard	cath-lab	or	hybrid	room		
q Fast-track	general	anesthesia	with	orotracheal intubation	 in

majority	of	cases
q Radial	artery	line	for	AP	monitoring	and	jugular	vein

catheterization	for	CVP	monitoring
q TEE	(2D-3D)	probe	in	place	for	the	entire	duration	of	the

procedure	
q Right	femoral	vein	access	with	24Fr	sheath



1.	Transeptal Puncture	&	Guide	Wire	Insertion

2.	24Fr	Sheath Insertion

3.	CDS	Insertion &	Positioning

4.	Clip	Orientation	&	Grasping

5.	Deployment	&	System	Removal

MitraClip Key Procedural Steps 



The Five Key Points
For MitraClip Success

• Superb Imaging (2D-3D Echo)
• Optimal transseptal puncture

• Correct trajectory
• Arms perpendicular to the line of coaptation
• Well-positioned and reliable grasp



Age	& Gender: 83-year-old	male,	75	Kg,	175	cm

Relevant	clinical	
history:

Risk	factors	/	Comorbidities: Advanced	age,	hypertension and	
moderate	pulmonary	hypertension

01/2014: Admission	for	HF	and	left	basal	pneumonia

03/2014: During	a	FU	visit,	a	holosystolic murmur	was	found.	
TTE	showed	severe	MR	due	to	bi-leaflet	prolapse

03/2014 - 12/2014: progressive	asthenia	and	dyspnea	for	mild	
efforts

01/2015: Hospitalization	for	recurrent	HF	(NYHA	class	III-IV).	
TTE	showed	mitral	annulus	and	left	atrium	dilation	with	initial	left	
ventricle	systolic	dysfunction	(EF=	55%,	biplane	diastolic	volume=	
61ml/m2),	and	evidence	of		chordal	ruptures	of	the	anterior	(A3)	and	
posterior	(P2)	of	the	mitral	valve	(MV)	leaflets	resulting	in	bi-leaflet	
flail	and	massive	MR.	Moderate	TR	and	pulmonary	hypertension	(44	
mmHg).	
Coronary	angiography	excluded	significant	CAD.



Basal	TEE

LVOT	views	showing	bi-leaflet	prolapse	with	chordal	rupture	of	the	anterior	mitral	valve	
leaflet	resulting	in	severe	MR	(EROA=	0.5).



3-D	acquisition	showing	prolapse	and	thickening	
of	both	leaflets	with	two	chordal	ruptures	(red	
arrows)	of	anterior	(A3)	and	posterior	(P2)	MV	
leaflets.

Inter-commisural view	showing	
regurgitant jet	between	A2-P2	and	A3-
P3	scallops.

Basal	TEE



Intraprocedural TEE	(1)

Inter-commisural views	showing	implantation	of	the	1st clip	in	the	medial	part	of	A2-P2	scallops	
in	order	to	approximate	the	leaflets	(A)	and	of	the	2nd clip	in	the	A3-P3	scallops	in	order	to	
capture	the	flail	(B).	Note	that	medial	MR	is	completely	abolished,	whereas	a	residual	jet	is	still	
present	in	the	central	portion	of	the	MV.

A B



3-D	view	showing	the	two	implanted	clips	(red	stars)	(A)	and	fluoroscopic	image	(B)	showing	
implantation	of	the	3rd clip	in	the	central	part	of	the	MV	in	order	to	achieve	stabilization	of	the	other	
clips	(red	stars)	and	optimization	of	the	final	result.

Inter-commisural view	showing	the	final	
result	after	implantation	of	3	clips.	Note	the	
trivial	residual	jet.

A B

Intraprocedural TEE	and	fluoroscopy	(2)



3-D	view	from	the	left	ventricle	showing	the	3	implanted	clips.	

Intraprocedural TEE	(3)



Basal	PW-Doppler	showing	prevalence	of	
pathological	diastolic	component	of	the	
pulmonary	vein	flow.	

Final	CW-Doppler	assessment	confirming	the	absence	
of	a	significant	gradient	(mean=	3	mmHg).

Final	PW-Doppler	showing	restoration	of	
physiological	systolic	vein	flow.

Intraprocedural TEE	(4)



Follow-up: 6-month	ecochardiography and	clinical	follow-up:		

q TTE	confirmed	mild	residual	MR	and	a	mean	gradient	of	2	
mmHg

q Left	ventricle	biplane	diastolic	volume:	98	ml	(pre-
procedure: 116	ml)

q Left	ventricle	diastolic	diameter	55	mm	(pre-procedure: 62	
mm)

q EF	59%	(pre-procedure: 55%)

q Mild	tricuspid	regurgitation	(pre-procedure:	moderate)

q Patient	asymptomatic	(NYHA	Class	I).	No	hospital	re-
admissions



Comparison	between	basal	and	6-month	TTE	assessment

Basal	TTE	apical	4-chamber	view	showing	
severe	MR

TTE	at	six-month	FU:	Apical	4-chamber	
view	shows	mild	MR	



Echocardiography	Core	Lab
and	Clinical	Follow-up

Baseline,	 30	days,	6	months,	1	year,
18	months,	and	annually	through	 5	years

Patient	Demographics

MitraClip	
Therapy	
(n=184)

Surgery	
(n=95) P-value

Age	 (mean) 67	years 66	years 0.32

Male 63% 66% 0.60

History	of	CHF 91% 78% 0.005

Degenerative	 MR	Etiology 74% 73% 0.81

Functional	MR	Etiology 26% 27% 0.81

Mean	Ejection	Fraction 60% 61% 0.65

Previous	Coronary	Artery	Bypass	
Grafting	(CBAG)

21% 19% 0.54

NYHA	Functional	Class	III/IV 51% 48% 0.61

Atrial	Fibrillation 34% 39% 0.42

Surgery	
N=95

279	Patients	Randomized	at	
37	Sites

Significant	MR	(3+	or	4+)
Specific	Anatomical	Criteria

MitraClip	Therapy
N=184 R	2:1

EVEREST	II	- Endovascular Valve	Edge-to-Edge REpair STudy

The	EVEREST	II	RCT	was	a	prospective,	
multi-center	trial	designed	to	compare	the	
safety	and	effectiveness	of	the	MitraClip
System	with	mitral	valve	surgery	in	the	

treatment	of	patients	with	significant	(≥3+)	
mitral	regurgitation

 

Background 
EVEREST II RCT 

1Feldman et al.  NEJM 2011;364:1395-406 

PML04247 Rev. A 



Kaplan-Meier	Freedom From	Mortality



Kaplan-Meier Freedom From	MV	Surgery or	Re-operation



Mitral	Regurgitation	Grade	
Everest	II	RCT	all	treated	patients	(n=258)	



NYHA	Funtional Class
Everest	II	RCT	all	treated	patients	(n=258)	



Reduction	in	LV	Volumes	at	1	and	5	years

31/03/16 Direzione	o	Dipartimento	

Reduction in LV Volumes at 1 and 5 Years 

Mean ± SD (ml) 

N=144 
p<0.0001 

N=65 
p<0.0001 

N=144 
p<0.0001 

N=65 
p=0.05 

LVEDV (ml) at 1 Year 

LVESV (ml) at 1 Year 

N=105 
p<0.0001 

N=40 
p<0.0001 

N=105 
p<0.01 

N=40 
p<0.01 

LVEDV (ml) at 5 Years 

LVESV (ml) at 5 Years 

Mean ± SD (ml) 

Surgery 
MitraClip 

EII RCT 

N = survivors with paired data; p-values baseline vs 1 & 5 years, for descriptive purposes only 
PML04247 Rev. A 



Subgroup	Analyses	of	Efficacy
End	Point	at	5	Years



JACC:	CARDIOVASCULAR	INTERVENTIONS.													 				 				 				 				 				 				 				 				 				 				 				 				 				 				 				 			VOL.	7,	NO.	8, 2	0	1	4



The	American	Journal	of	Cardiology	 ,	Accepted	on	October	2015



Long-Term	Outcome	of	Patients	with	Severe
Biventricular	Heart	Failure	after	MitraClip

Predictive value of	LVEF

J	Interven Cardiol 2015;28:164–171



Long-Term	Outcome	of	Patients	with	Severe
Biventricular	Heart	Failure	after	MitraClip

Predictive	value	of	PASP	+	RV	function

J	Interven Cardiol 2015;28:164–171RVTG:	right	ventricular tricuspid pressure	gradient

One-year	mortality	of	patients	with	pulmonary	 hypertension	and	depressed	RV-
function	 (n = 22)	was	very	high	 (77%)	compared	 to	the	remaining	patients	(n = 12,	
mortality	rate	of	0%,	P = 0.0001).



Piotr	Ponikowski,	MD,	PhD,	FESC
Medical	University,	Centre	for	Heart	Disease	Clinical	Military	Hospital
HFA	Athens	2014

WHEN	refer	a	HF	patient	to	PMVR:	Timing	is	crucial

PMVR:	percutaneous mitral	valve	repair

A	proper	timing	is	crucial	for	MitraClip therapy,	because	the	observed	risk	factors	
for	failure	are	index	of	advanced	LV	remodeling


