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Symptomatic	AS	Is	a	Malignant	Disease

• 5-year	survival	of	breast	cancer,	lung	cancer,	prostate	cancer,	ovarian	
cancer,	and	severe	inoperable	AS	is	reported	here

5-Year Survival

30

25

35

20

15

10

5

0
Lung
Cancer

Breast
Cancer

Colorectal
Cancer

Prostate
Cancer

Ovarian
Cancer

Severe
Inoperable	AS*

Su
rv
iv
al
	(%

)

4

23

12

30
28

3

Analysis	courtesy	of	Murat	Tuczu,	MD,	Cleveland	Clinic.	



Edwards Lifesciences
S3

Medtronic CoreValve
Evolut R

Approved	in	the	US







STS	Risk	Distribution

+1S																	+2S														+3S			

STS	8- upper	decile

STS	4- upper	third

High	&	Extreme	Risk

Intermediate	Risk

Frailty:	Katz	ADL:	feeding,bathing,dressing,transfer,toilet &	urinary	continence	
LOW	Risk:	STS<4%	and	no	frailty	or	major	organ	compromise
INTERMEDIATE	Risk:	STS	4-8%	or	mild	frailty	or	1	major	organ	compromise
HIGH	Risk:	STS>8%	or	moderate	frailty	or	2	major	organs	compromised
PROHIBITIVE	Risk:	Risk	of	death	or	major	complication	at	1	year	>50%	or	3	major	organs	compromised

Low	Risk



Contemporary	Real-World	Outcomes	of	Surgical	AVR	in	141,905	
Low-Risk,	Intermediate-Risk,	&	High-Risk	Patients- 2002	to	2010		
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Ann	Thorac	Surg	2015;99:55–61	

Baseline	STS	PROM	
Mean	Age 65 77 77

Median	STS 1.46% 5.24% 11.2%

Operative	Mortality 1.4% 5.1% 11.9%
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Figure	1	

The Lancet DOI: (10.1016/S0140-6736(15)60290-2) 

5-year	outcomes	of	TAVR	compared	with	standard	treatment	for	
patients	with	inoperable	aortic	stenosis	

PARTNER	1B

Kapadia S:	The	Lancet 2015	DOI:	10.1016/S0140-6736(15)60290-2

All-cause mortality for the intention-to-treat population

30.7%
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Δ20.1%

NNT = 5.0 pts

TAVR
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All-Cause Mortality or Stroke
High Risk Cohort 

ACC2016

J	Am Coll	Cardiol.	2016	Jun	7;67(22):2565-74





STS	Risk	Distribution

+1S																	+2S														+3S			

STS	8- upper	decile

STS	4- upper	third

High	&	Extreme	Risk

Intermediate	Risk

Frailty:	Katz	ADL:	feeding,bathing,dressing,transfer,toilet &	urinary	continence	
LOW	Risk:	STS<4%	and	no	frailty	or	major	organ	compromise
INTERMEDIATE	Risk:	STS	4-8%	or	mild	frailty	or	1	major	organ	compromise
HIGH	Risk:	STS>8%	or	moderate	frailty	or	2	major	organs	compromised
PROHIBITIVE	Risk:	Risk	of	death	or	major	complication	at	1	year	>50%	or	3	major	organs	compromised

Low	Risk
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TAVR	vs surgical	valve	replacement	in	intermediate-risk	patients	
Complications

Lancet	2016;	387:	2218–25

TAVR SAVR



Next	Gen	TAVR	US	Trials
LOTUS																							Direct	Flow																										Portico

Fully	retrievable,	no	PVL,	early	function Fully	retrievable,	no	PVL,	early	function Fully	retrievable, early	function

CE	Study	n=250,	CE	approved	10/2013 CE	Study	n=100,	CE	approved	1/2013 CE	Study	n=102,	CE	approved	9/2015	

EU	post	market	n=1000 EU	post	market	n=500 EU	Study	n=220

US	IDE	n=912 US	Feasibility	n=30, US	IDE	n=648 US	IDE	n=912

Enrollment	completed Enrollment ongoing Enrollment ongoing



Bovine	
Pericardium
Leaflets

Braided	
Nitinol
Frame

Radiopaque
Positioning	
Marker

Lotus	Valve	System
Fully	repositionable	&	retrievable	

• Controlled	mechanical	expansion	for	precise	placement
• Early	valve	function	enables	hemodynamic	stability

Adaptive	Seal	
designed	to	
minimize	PVL

CAUTION:	Lotus	is	an	investigational	device	and	restricted	under	federal	law	to	investigational	use	only.	Not	available	for	sale.



Spectrum	of	Trial	Risk
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The	PARTNER	3	Trial
Study	Design

1:1 Randomization 
(n=1228)

TF - TAVR
(SAPIEN 3)

Surgery 
(Bioprosthetic Valve)

Follow-up: 30 days, 6 mos, 1 year and annually through 10 years

CT Imaging Sub-Study (n=200) 

Low Risk ASSESSMENT by Heart Team
(STS < 4%, TF only)

Symptomatic Severe Calcific Aortic Stenosis

PRIMARY ENDPOINT: 
Composite of all-cause mortality, all strokes, 
or re-hospitalization at 1 year post-procedure

Bicuspid Valves
(n=100)

ViV (AV and MV)
(n=100)

PARTNER 3 
Registries

Alternative Access 
(n=100) 

(TA/TAo/Subclavian)

Actigraphy/QoL Sub-Study (n=200)

CT Imaging Sub-Study (n=200) 

Actigraphy/QoL Sub-Study (n=200)

Bicuspid Valves
(n=100)







Very	Long-Term	Outcomes	of	the	Carpentier-
Edwards	Perimount Valve	in	Aortic	Position	

Freedom	from	structural	valve	deteriorationOverall	and	valve-related	survival

Structural	Valve	Deterioration	
• severe	AS	mean	transvalvular gradient	>	40	mm	Hg	
• or	severe	AR	effective	regurgitant orifice	area	>	0.30	cm2,	vena	contracta >	0.6	cm	

Bourguignon	T:	Ann	Thorac Surg 2015;99:831–7



STS	Risk	Distribution

+1S																	+2S														+3S			

High	&	Extreme	Risk

Intermediate	Risk

Frailty:	Katz	ADL:	feeding,bathing,dressing,transfer,toilet &	urinary	continence	
LOW	Risk:	STS<4%	and	no	frailty	or	major	organ	compromise
INTERMEDIATE	Risk:	STS	4-8%	or	mild	frailty	or	1	major	organ	compromise
HIGH	Risk:	STS>8%	or	moderate	frailty	or	2	major	organs	compromised
PROHIBITIVE	Risk:	Risk	of	death	or	major	complication	at	1	year	>50%	or	3	major	organs	compromised

Low	Risk

PARTNER	3	Trial CMS	Reimbursed



Bicuspid	Aortic	Valve	Excluded



The	PARTNER	3	Trial
Study	Design

1:1 Randomization 
(n=1228)

TF - TAVR
(SAPIEN 3)

Surgery 
(Bioprosthetic Valve)

Follow-up: 30 days, 6 mos, 1 year and annually through 10 years

CT Imaging Sub-Study (n=200) 

Low Risk ASSESSMENT by Heart Team
(STS < 4%, TF only)

Symptomatic Severe Calcific Aortic Stenosis

PRIMARY ENDPOINT: 
Composite of all-cause mortality, all strokes, 
or re-hospitalization at 1 year post-procedure

Bicuspid Valves
(n=100)

ViV (AV and MV)
(n=100)

PARTNER 3 
Registries

Alternative Access 
(n=100) 

(TA/TAo/Subclavian)

Actigraphy/QoL Sub-Study (n=200)

CT Imaging Sub-Study (n=200) 

Actigraphy/QoL Sub-Study (n=200)

Bicuspid Valves
(n=100)
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RESPOND	Bicuspid	Analysis:	PVL	at	Discharge
As-treated	population	(N=996)

Presented	by	Blackman,	PCR	2016.



TAVR	With	Early	vs New-Generation	
Devices	in	Bicuspid	Aortic	Valve	Stenosis	

J	Am Coll	Cardiol 2016;68:1195–205

Annulus	Rupture 2nd Valve	Implant

New	Pacemaker Device	Success



Contemporary	Real-World	Outcomes	of	Surgical	AVR	in	141,905	
Low-Risk,	Intermediate-Risk,	&	High-Risk	Patients- 2002	to	2010		
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Ann	Thorac	Surg	2015;99:55–61	

Baseline	STS	PROM	
Mean	Age 65 77 77

Median	STS 1.46% 5.24% 11.2%

Operative	Mortality 1.4% 5.1% 11.9%



Calcific	
Aortic	

Stenosis



Calcific Aortic	
Stenosis

Otto,	NEJM	359;13,	2008



CDC	Morbidity	and	Mortality	Weekly	Report	(MMWR)	December	4,	2015	/	64(47);1305-11

Prevalence	of	Cholesterol	Treatment	Eligibility	
and	Medication	Use	Among	Adults	Age	≥21

United	States,	2005–2012

118.835.2

43.0

Not	statin	eligible Eligible/Not	on	statin On	statin

Million



Serial	Changes	in	Cognitive	Function	Following	TAVR
Can	TAVR	make	me	smarter?

J	Am Coll	Cardiol 2016;68:2129–41	

CONCLUSIONS:	TAVR	was	associated	with	global	improvement	in	cognitive	status,	
more	pronounced	among	those	with	cognitive	impairment	pre-TAVR.	However,	early	
decline	in	some	complex	cognitive	functions	was	observed	in	one-quarter	of	TAVR	
recipients,	persisting	at	1	year	in	10%	of	patients.



Therapy	for	MR

Degenerative Functional

Low	Surgical	
Risk

Surgical Mitral	
Repair

High	Surgical	
Risk

Commercial
MitraClip COAPT

??



JACC	Vol.	63,	No.	22,	2014	June 10,	2014:e57–185



Early	Surgery	vs Watchful	Waiting
for	MR	Due	to	Flail	Mitral	Leaflets	

n=446	surgery
6	tertiary	centers	from	France,	Italy,	Belgium,	and	the	United	States
Suri	RM	JAMA.	2013;310(6):609-616.	doi:10.1001/jama.2013.8643

93

7

0% 

20% 

40% 

60% 

80% 

100% 

Repair
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Mean	age	62	years
LVEF		69%
LVESD	33.5mm
A-Fib	12.4%

n=446	without	
guideline	triggers	
for	surgery

GUIDELINE	GOAL:	
Successful	&	durable	repair	without	residual	MR	>95%	



Operative	outcomes	in	mitral	valve	surgery:	
Combined	effect	of	surgeon	and	hospital	volume	in	a	population-based	analysis	-

isolated	mitral	valve	surgery	for	MR	2003-2008	

Nationwide	Inpatient	Sample
n=50,152	eligible	patients

J	Thorac Cardiovasc Surg 2013;146:638-46

The	effect	of	hospital	
volume	on	operative	
outcomes	of	mitral	valve	
surgery	was	largely	driven	
by	the	individual	surgeon	
volumes	within	that	
hospital.	



Predictors	of	Mitral	Valve	Repair:	
Clinical	and	Surgeon	Factors

Ann	Thorac	Surg	2010;90:1904–12

Surgeon-specific	mitral	valve	repair	volume	without	mitral	stenosis	cases
Observed	mitral	repair	rates	by	surgeon-specific	annual	mitral	valve	

repair	volume



The	key	to	achieving	world	
class	expertise	in	any	skill	is,	
to	a	large	extent,	a	matter	
of	practicing	the	correct	
way,	for	a	total	of	around	
10,000	hours.

Gladwell "10,000-Hour	Rule"



Therapy	for	MR

Degenerative Functional

Low	Surgical	
Risk

Surgical Mitral	
Repair

High	Surgical	
Risk

Commercial
MitraClip COAPT

??



Clip	toward	MV																																							Clip	across	MV																																															Leaflets	grasped

Catheter-Based	Mitral	Valve	Repair
MitraClip System



CONCLUSIONS
Although	percutaneous repair	was	less	effective	at	reducing	
mitral	regurgitation	than	conventional	surgery,	the	
procedure	was	associated	with	superior	safety	and	similar	
improvements	in	clinical	outcomes.





DMR	Clip:			97.7%	[92.7%,	99.3%]
DMR	Surg:		91.8%	[81.3%,	96.5%]
FMR	Clip:				83.2%	[69.1%,	91.3%]
FMR	Surg:			93.8%	[63.2%,	99.1%]

At	1	year

EVEREST	II	RCT

DMR	MitraClip	

DMR	Surgery

FMR	Surgery

FMR	MitraClip

DMR	Clip:			89.4%	[77.7%,	95.2%]
DMR	Surg:		85.9%	[60.1%,	95.6%]
FMR	Clip:				59.7%	[31.6%,	79.4%]
FMR	Surg:			55.0%	[27.2%,	76.0%]

At	5	years

Freedom	From	Mortality	&	Reintervention

Kaplan-Meier	estimate

#	At	Risk Baseline 12	
Months

24	
Months

36	
Months

48	
Months

60	
Months

RCT	Device	FMR 48 39 33 31 26 9

RCT	Device	DMR 130 119 110 102 93 49

RCT	Surgery	FMR 18 15 13 11 9 8

RCT	Surgery	DMR 62 55 52 46 43 16



J	Am	Coll Cardiol 2014;64:172–81

The	percutaneous	mitral	valve	device	significantly	reduced	MR,	improved	clinical	
symptoms,	and	decreased	LV	dimensions	at	12	months	in	this	high-surgical-risk	cohort.
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Hospitalizations	for	Heart	Failure
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Study n
REALISM US Continued Access 899
REALISM Compassionate/Emergency Use 66
ACCESS Europe Phase I 567
ACCESS Europe Phase II 286
German Transcatheter Mitral Valve Interventions (TRAMI) 1002
GRASP-It 304
MitraSwiss registry nationwide 265
Sentinel Registry EURObservational Research Programme ESC 628
MitraClip Asia-Pacific Registry (MARS) 145
ANZ MitraClip Registry 45

Registries
Prospective-Multicenter



MitraClip
30	Day	Mortality
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TMVR	in	prohibitive	surgical	risk	patients	is	associated	with	safety	and	good	clinical	
outcomes,	including	decreases	in	rehospitalization,	functional	improvements,	and	favorable	
ventricular	remodeling,	at	1	year.	

J	Am	Coll Cardiol 2014;64:182–92



Baseline	Demographics	and	Comorbidities
Characteristic Prohibitive	Risk	DMR

N	=	127
Age	(mean	± SD) 82	± 9	years
Patients	over	75	years	of	age 84%
Male	Gender 55%
Coronary	Artery	Disease 73%
Prior	Myocardial	Infarction 24%
Previous	Cardiovascular	Surgery 48%
Atrial	Fibrillation	History 71%
Prior	Stroke 10%
Diabetes 30%
Moderate	to	Severe	Renal	Disease 28%
Chronic	Obstructive	Pulmonary	Disease 32%
STS	Mortality	Risk	(mean	± SD)	[v2.73,	replacement] 13.2	± 7.3%
SF-36	QoL Physical	Component	Score	(mean	± SD) 32.0	± 8.7
SF-36	QoL Mental	Component	Score	(mean	± SD) 46.1	± 12.5	



Post-Procedural	and	Discharge	Results

Post-Procedural and Discharge Results
Prohibitive	Risk	

DMR
N	=	127

Post-Procedural	(mean	± SD)
ICU/CCU	duration 1.4	± 1.8	days
Length	of	hospital	stay 2.9	± 3.1	days

Discharge MR, (%)
MR ≤ 2+ at Discharge 82%
MR ≤ 1+ at Discharge 54%

Discharged	home,	(%) 87%



Hospitalizations	for	Heart	Failure
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DMR	Case	Example

• 87M
• Multiple	hospitalizations	for	CHF
• EF	70-75%
• NYHA	Class	III		
• PASP	50mmHg
• STS	

– Repair	7.5%	
– Replace	11%



Pre	vs Post	2	Clips



Surgical	&	Interventional	
Therapy	for	MR

Degenerative Functional

Low	Surgical	
Risk

Surgical Mitral	
Repair

High	Surgical	
Risk

Commercial
MitraClip

International	
Practice-

3	CE	Devices
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Isolated	surgery	
for	secondary	MR	
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Treatment	of	isolated	FMR
Duke	Databank:	1,538	pts with	echocardiographic	3+	- 4+	FMR	and	LVEF	≥20%	between	2000	and	2010	not	

undergoing	CABG
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All	Patients	
n=1538

20-30%	
n=440 

30-40%	
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n=313 

50-60%	
n=479 

Isolated	MV	Surgery
Conservative	Therapy

Velazquez	EJ,	Samad Z,	Al-Khalidi HR,	Sangli C,	Grayburn PA,	Massaro JM,	Stevens	SR,	Feldman	TE,	Krucoff MW.	
The	MitraClip and	Survival	in	Patients	with	Mitral	Regurgitation	at	High	Risk	for	Surgery:	A	Propensity-Matched	Comparison.	

Am	Heart	J.	2015	Nov;170(5):1050-1059.e3.	

LV	Ejection	Fraction



A	Multicenter,	Randomized,	Controlled	Study	to	Assess	
Mitral	vAlve reconsTrucTion for	advancEd Insufficiency	

of	Functional	or	iscHemic ORigiN (MATTERHORN)

• MitraClip vs Reconstructive	mitral	valve	surgery
• Estimated	Enrollment:	210
• Composite	of	death,	rehospitalisation for	heart	failure,	reintervention,	
assist	device	implantation	and	stroke	(whatever	is	first)	12	months	post	
intervention

• Inclusion	Criteria:
– Clinically	significant	mitral	regurgitation	of	primarily	functional	pathology
– Left	Ventricular	Ejection	Fraction	(LVEF)	≥20%	and	≤45%	determined	by	
echocardiography

– High	surgical	risk	as	determined	by	Heart	Team	consensus	Documented	New	York	
Heart	Association	Class	III	or	Class	IV	heart	failure,	despite	optimal	standard	of	
care	therapy

NCT02371512
https://clinicaltrials.gov/ct2/show/NCT02371512?titles=MATTERHORN&rank=1



Open	questions	in	Interventional	
Therapy	for	MR

Degenerative Functional

Low	Surgical	
Risk

Matterhorn

High	Surgical	
Risk

US Approval COAPT
Mitra-France
RESHAPE-HF	2
EVOLVE-HF
Mitra-CRT

??



Safety: Composite death, stroke, worsening renal 
function, LVAD implant, heart transplant at 12 months

Effectiveness: Recurrent heart failure hospitalizations 

430 patients enrolled at up to 75 US sites

Randomize 1:1

Control group
Standard of care

High risk for mitral valve surgery- Local Heart Team
Specific valve anatomic criteria

MitraClip

Significant FMR ≥3+ core lab; EF<50%; CHF hospitalization or BNP>300

Clinical	Outcomes	Assessment	of	the	MitraClip
Percutaneous	Therapy	for	High	Surgical	Risk

Protocol conditionally approved by FDA July 26, 2012

>615 patients enrolled at 100 US sites



CRT	in	Moderate-Severe	Functional	MR	and	High	Operative	Risk	

van	Bommel RJ,	Marsan NA,	Delgado	V,	Borleffs CJ,	van	Rijnsoever EP,	Schalij MJ,	Bax JJ.
Circulation.	2011;124:912-919

MR	Improvers

MR	Non-Improvers



Multicentre Study	of	Percutaneous	Mitral	
Valve	Repair	MitraClip Device	in	Patients	
With	Severe	Secondary	MR	(MITRA-FR)

• MitraClip vs optimal	therapy	alone
• Estimated	Enrollment:	288	at	22	sites- >290	enrolled	as	of	Jan	2017
• Primary	Outcome	Measures:	All-cause	mortality	and	unplanned	hospitalizations	for	heart	

failure 1	year
• Inclusion	Criteria

– Age	>	18	years	old
– Severe	secondary	mitral	regurgitation	confirmed	by	the	Echocardiography	Core	Laboratory	

Characterized	by	a	regurgitation	volume	>	30	mL/beat	or	a	regurgitant orifice	area	>	20	mm2
– New	York	heart	Association	Class≥	II.
– Left	ventricular	ejection	fraction	between	15%	and	40%
– Minimum	of	1	hospitalization	for	heart	failure	within	12	months	preceding	randomization
– Assessed	by	the	investigator	to	be	on	optimal	standard	of	care	therapy	for	heart	failure
– Assessed	by	the	heart	team	to	be	not	eligible	to	a	mitral	surgery	intervention

Profs.	Obadia and	Vahanian
NCT01920698

https://clinicaltrials.gov/ct2/show/NCT01920698?intr=Mitraclip&cntry1=EU%3AFR&rank=1



CARDIOBAND

Percutaneous	Mitral	Repair
Approved	or	In	Commercial	Use



Mitral	Repair	Trials:	Primary	Endpoints
TRIAL FU Primary	Endpoint

CRDIOBAND	REPAIR	Registry 1	month Reduction	in	severity	of	MR	

CARILLON	REDUCE	FMR	 1	year Change	in	regurgitant volume

CARILLON	US		IDE	 1	year Composite	mortality,	HFH,	6MWT	and	Regurgitant Volume

COAPT	 1	year Recurrent	heart	failure	hospitalizations	

MITRA-FR	 1	year All-cause	mortality	and	unplanned	heart	failure	
hospitalizations	

MATTERHORN 1	year Composite	death,	heart	failure	rehospitalisation,	
reintervention,	assist	device	implant	&	stroke	

RESHAPE	HF	2	 1	year Composite	recurrent	heart	failure	hospitalizations	and	
cardiovascular	death

EVOLVE-HF 6	months 6MWT	

MITRA-CRT 1	year Free	from	stroke,	device	embolization,	emergent	
surgery/pericardiocentesis or	procedural	mortality,	6MWT,	
no	readmissions	for	HF,	transplant	or	mortality



Cardiac	Dimensions	Carillion	
Indirect	annuloplasty with	nitinol device	anchored	into	the	coronary	sinus	to	
reduce	annulus	dimensions
Transjugular approach

• 700	pts	treated	for	commercial	use
• 113	pts	implanted	in	prospective	trials
• FMR
• Safe	(Death	@30d	0%	device	related)
• Results	@12	mo

﹦ 1	grade	of	MR	reduction
﹦ 1	NYHA	Class	

improvement	(from	III	to	II)
• indirect	CS	approach
• annular	reduction	around	15-20%



1TITAN	death	associated	with	contrast-induced	renal	failure	in	non-implanted	patient	(n=53	intention-to-treat)

TITAN	and	TITAN	II	Safety	Data
MAE	Incidence	(intention	to	treat)

TITAN1 TITAN	II2

30-day Rate Device	Related 30-day Rate Device	Related

Death 1.9% 0.0% 2.8% 0.0%

MI 0.0% 0.0% 0.0% 0.0%

Cardiac	Perforation 0.0% 0.0% 0.0% 0.0%

Device Embolism 0.0% 0.0% 0.0% 0.0%

Surgery	or	PCI	related	
to	the	device

0.0% 0.0% 0.0% 0.0%

MAE	Rate 1.9% 0.0% 2.8% 0.0%

Zero	device-related	Major	Adverse	Events	(MAE)

1. Siminiak,	T.,	et	al.	Treatment	of	functional	mitral	regurgitation	by	percutaneous	
annuloplasty:	results	of	the	TITAN	Trial.	EU	J	of	HF,	2012.	



Carillon	Clinical	Trials

6	minute	walk	testRegurgitant volume



Results	from	TITAN	&	TITAN	II:
Reverse	Remodeling

1. Siminiak,	T.,	et	al.	Treatment	of	functional	mitral	regurgitation	by	percutaneous	annuloplasty:	results	of	the	
TITAN	Trial.	EU	J	of	HF,	2012.	

2. Lipiecki,	J.	et	al.	Coronary	sinus-based	percutaneous	annuloplasty as	treatment	for	functional	mitral	
regurgitation:	the	TITAN	II	trial.	Open	Heart,	2016

15%	relative	reduction 19%	relative	reduction

Results	analyzed	by	Core	Lab
Relative	reduction	stated	at	12-months	as	a	comparison	between	implanted	and	non-implanted	cohorts	

Change	in	LVEDD
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CARILLON	Mitral	Contour	System	for	Reducing	FMR	
(REDUCE	FMR)

• Blinded,	sham	controlled	trial
– Coronary	Sinus	Quantitative	Venography	is	done	to	ensure	adequate	size	
for	device	– patients	randomized	after	venography

– Device	implantation	takes	only	~10	minutes	after	randomization,	allowing	
for	effective	blinding

• 3:1	randomization		≈180	patients
• Primary	Endpoint:			Regurgitant	Volume	at	1	year
• Randomization	estimated	to	be	completed	in	summer	(60%	
enrolled)

• Europe,	Australia	and	New	Zealand



Carillon	Pivotal	FDA	IDE	Trial

• 400	patient	trial	in	50	sites	in	US,	Canada,	Europe	and	Australia
• Blinded,	sham-controlled
• 2:1	randomization
• Co-Primary	Efficacy	Endpoints

– 1st Primary	endpoint:	Hierarchical	Endpoint	
• Death,	Heart	Failure,	6	minute	walk-test	at	12	months

– 2nd Co-Primary	Efficacy	Endpoint	
• Reduction	in	Regurgitant Volume	at	12	months	in	treatment	group	compared	
to	control	group	



Cardioband procedure:	Major	Steps

Pre-Procedure	
Planning

1 Transseptal
Puncture 2 System	

Insertion 3 Implant	
Deployment 4 Implant	Size	

Adjustment



No.	(%)	or	MeanVariable
72	± 6Age	(years)	

Male	44	(72%)
Female	17	(28%)Gender

7Euroscore II	(%)
53	(86%)Baseline NYHA	Class of	III	or	IV
36	(59%)
25	(31%)

Ischemic
Non	Ischemic

60	± 6LVEDD	(mm)	Avg±SD
33	± 11EF	(%)	Avg±SD
19 (31%)
13	(21%)
46	(75%)
15	(24%)
46	(75%)

Prev CABG
COPD
Moderate	to	Severe	Renal Failure	
Severe	Pulmonary	Hypertension
Afib

Study	Demographics	(N=61)



-Death 2	(3.3%)	
Hemorrhagic	Stroke** 1	(1.7%)
Need	for	elective	Mitral	

Operation** 1	(1.7%)

Myocardial	Infarction 2	(3.2%)
Major	Bleeding	Complications 2	(3.3%)
Renal	Failure 4	(6.6%)
Respiratory	Failure 0	(0%)
Cardiac	Tamponade 1	(1.7%)

*	VARC	Guidelines	(European	Heart	Journal,	2012,	33:2403-2414)
**	Part	of	the	Death	case
One	additional	death	case	per	ITT	- compassionate

Reported	Major	Safety	Events	at	30	Days	

30	Day	Events*
Patients	Experiencing	Event,	#	(%)

All	Patients	N=61



Study	Outcomes:	ITT	Cohort

• Implant	rate 98.4%	(60/61)

• Device	success 85.2%	(52/61)
(@	Discharge)

Device	failures	(n=9):
- Death	(unrelated	to	device) n=2

- No	cinching n=2

- Anchor	detachment n=5



7
6

*Dr.	Paul	Grayburn	– Baylor	University	

93% MR ≤ 2+
at 12 Months

92% MR ≤ 2+
at 24 Months

92% MR ≤ 2+
at 6 Months

92%	patients	with	MR≤2+	At	24	Months	By	Core	Lab*

87% MR ≤ 2+
at 30 Days
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Two-Year	Outcomes	of	Surgical	Treatment	of	Severe	Ischemic	MR

n=251
Goldstein D	et	al.	N	Engl J	Med	2016;374:344-353



Pre	Adjustment

Post	procedure

Adjustment	1 Adjustment	4Adjustment	2 Adjustment	3

Real	time	monitoring	of	MR	reduction			



	

Cerclage
Millipede

TASRA
Trans-Apical	
Segmental	
Reduction	

Annuloplasty

Arto VenTouch

Valcare
AMEND

Mitral	Bridge

MR	reduction	+	
LV	remodeling		



Edwards	PASCAL	Repair	System

• Spacer	is	clasped	between	both	
Mitral	Valve	leaflets

• Independent	leaflet	clasping

• Simple	“Commander-like”	delivery	
system

• Conventional	
transfemoral/transseptal approach



TMVR

Tendyne-Abbott CardiAQ-Edwards TWELVE-Medtronic





TMVR	1st In	Human	Timeline
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TAVR=TMVR?
SAPIEN	in	Perimount



Edwards Lifesciences
S3

Medtronic CoreValve
Evolut R

Approved	in	the	US



Starr	A,	Edwards	L:		Ann	Surg 1961	154;726-40

Problems	of	fixation,	
function	and	thrombotic	
occlusion	of	the	prosthesis	
have	prevented	long-term	
survival	in	most	instances.



Mitral	Repair	vs Repalcement
30	Day	Mortality
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Leaflet	apposition

Forma	Device MitraClip

Before After

TricValve

Caval Valve	Implantation

Annular	modification

Trialign

TRAIPTA

Tricinch

Millipede

Sapien Valve	implanted	in	
the	inferior	cava	vein

Cardioband
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One-Year	Outcomes	After	Interatrial Shunt	Device	for	the	
Management	of	HFpEF
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Circ Heart	Fail.	2016;9:e003662.	DOI:	10.1161/CIRCHEARTFAILURE.116.003662
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…our	broader	goal	of	synthesizing	the	vast	interventional	literature,	
to	help	you	keep	up	with	the	impossible	deluge	of	journals.	

www.citoday.com


