!'_ Percutaneous Treatment of Mitral Insufficiency

Gregory Pavlides, MD, FACC, FESC
Director, A" Cardiology Division
Onassis Cardiac Surgery Center

Athens, Greece



The Mitral Valve




Echocardiographic Appearance of the Two
Anatomical Types of Mitral Regurgitation
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Gradation of Mitral Regurgitation by
Doppler Echocardiography

Mild Moderate Severe

Specific signs Small central jet <4 cm? or =10% of LA, MR more than mild, Vena contractawidth 207 cm with large central MR jet (area
vena contracta width = 0.3 cm, no or without any criteria for  =40% of LA) or with awall-impinging jet of any size; large flow
minimum flow convergence severe MR convergence; systolic reversal in pulmonary veins; prominent

flail leaflet or ruptured papillary muscle

Suppaortive signs Systolic dominant flow in pulmonary veins; MR more than mild, Dense, triangular doppler MR signal; E-wave dominant mitral
A-wave dominant mitral inflow; but no criteria for inflow (=1.2 m/s); enlarged LV and LA, (particularly with
low-density doppler MR signal; severe MR normal LV function)

normal LV size

Quantitative variables

EVol {mL per beat) =30 30-44: 45-59 =60
RF =30% 30-39%; 40-49% =50%
ERO area (cm?) =20 0.20-0-29-0.30-039  =0-40

Modified from Zoghbi and colleagues.® ERO=effective regurgitant onfice area. LA=left atrium. LV =left ventricle. MR=mitral regurgitation. RF=regurgitant fraction.
RVel=regurgitant volume.

Table 2: Gradation of mitral regurgitation by doppler echocardiography




Mitral Regurgitation
Causes and Mechanisms of Mitral Regurgitation

Organic Functional
Type I* Type lIt Type lat Type I*(Type b
Mon-ischaemic  Endocarditis (perforation); Degenerative (billowing/flail Rheumatic (chronic RF); Cardiomyopathy;
degenerative (annular leaflets); iatrogenic (radiation/drug); myocarditis;
calcification); endocarditis (ruptured chordae); inflammatory (lupus/anticardiolipin,  left-ventricular,
congenital (cleft leaflet) traumatic (ruptured Chord/PM); eosinophilic endocardial disease, dysfunction (any cause)
rheumatic (acute RF) endomyocardial filbrosis)
lschaemic - Ruptured PM - Functional ischaemic

MR=mitral regurgitation. PM=papillary muscle. RF=rheumatic fever. *Mechanism involves normal leaflet movement. tMechanism involves excessive valve movement.
tRestricted vahre movemant, llla in diastole, llkbin systole.
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Use of Color-Flow Imaging for Assessment of
Mitral Regurgitation
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Clinical Outcome of Organic Mitral Regurgitation
Under Medical Management

MNumberof Symptoms MR cavse MR severity Age LV diameter Study specifics Yeary mortality Yearly cardiac  Relative risk (95% (1)
patients (years) (mm) events with surgery
Enriquez-5arano, 129 0 Organic Moderate (ERO area 65 5o Quantitative; 3% 8%
etal*t 20-39 mm?) prospective
Rosenhek, etal™ 132 a Degenerative Moderate to severe 55 56 Referral centre; 1% 6%
prospective
Avierinos, et al®* 153 0 MWP Moderate to severe 60 58 Community 6% 14%
hased
Ling, et al™§ 229 19% Flail leaflets Severe 66 6 Cavse specific 6-3% overall; 10-11% 029 (0-15-0-56)
4 1% without
symptoms
Grigioni, et al¥§ 360 19% Degenerative in SR Severe 65 60 Cavse specific 6% 10-11%
Rosen, et al®™g 11 0 Organic Severe 52 &5 Prospective - 10%
with exercise
Enriquez-Sarano, 198 0 Organic Severe (ERO area 61 6l Quantitative; Q% 15% 028 (0-14-0-55)
et al*§t =40 mm?) prospective

ERO=effective regurgitant onfice. IV=leftventricle. MR=mitral requrgitation. MV P=mitral vahe prolapse. SR=sinus rhythm. *Data for patientswith exclusively or mostly moderate MR (as shown by slight
ventricular enlargement or quantitative measures), showing average yearly mortality of about 3%. tMortality computed during the first 3 years of follow-up. $Part of the same study of 456 asymptomatic
patients with quantified MR. §Data for patients with exclusively or mostly severe mitral requrgitation (as shown by substantial ventricularenlargement or quantitative measures), showing average yeardy
mortality of about §%. Outcome after surgerywas markedly improved, mortality decreased by about 70%.

Table 3: Clinical outcome of organic mitral regurgitation under medical management




Indications for Surgery in Chronic Mitral Regurgitation

Table 8 Indications for surgery in severe chronic organic mitral

regurgitation

Class

Symptomatic patients with LVEF > 30% and
ESD <55 mm

Asymptomatic patients with LV dysfunction
(ESD =45 mm® and/or LVEF <60%)

Asymptomatic patients with preserved LV function
and atrial fibrillation or pulmonary hypertension
(systolic pulmonary artery pressure =50 mmHg
at rest)

Patients with severe LV dysfunction (LVEF <30%
and/or ESD =55 mm)® refractory to medical
therapy with high likelihood of durable repair,
and low comorbidity

Asymptomatic patients with preserved LV function,
high likelihood of durable repair, and low risk for
surgery

Patients with severe LV dysfunction (LVEF <30%
and/or ESD =55 mm)" refractory to medical
therapy with low likelihood of repair and low
comorbidity
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Table 9 Indications for surgery in chronic ischaemic mitral

regurgitation

Class

Patients with severe MR, LVEF > 30% undergoing
CABG

Patients with moderate MR undergoing CABG if
repair is feasible

Symptomatic patients with severe MR, LVEF <30%
and option for revascularization

Patients with severe MR, LVEF =30%, no option
for revascularization, refractory to medical
therapy, and low comorbidity
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Repair Techniques

Chordal replacement
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Ruptured
chorda tendinea

Gore-Tex
sutures

Chordal ransfer
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Edge—to-edge Repair




Images in Cardiovascular Medicine

Alfier1 Mitral Valve Repair
Clinical Outcome and Pathology
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i Alfieri technique. Long-term Follow-up
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Alfieri technique. Long-term Follow-up

Annuloplasty

No annuloplasty

p=0.02

Alfieri et al; 465 pts; 1991-2005
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Techniques for Percutaneous Reduction of
i Mitral Insufficiency

= Edge-to-edge repair
= Coronary sinus annuloplasty
= [ransventricular approach




Percutaneous Mitral Valve Repair
MitraClip® System
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Investigational Device only in the U.S, Not available for sale in the U.S.




E-valve. First Case Performed




Evalve Clip Patients: Acute Procedural Success*
(n = 82)
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*Defined as placement of one or more clips resulting in discharge mitral regurgitation
severnty of 2+ or less, as determined by core |ab



Study Design
EVEREST II Randomized Controlled Trial (RCT)

279 Patients enrolled at 37 sites

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

i
Randomized 2:1
"4 \

Percutaneous Group Surgery Group

MitraClip System Surgical Repair or Replacement
N=184 N=95

I |

Echocardiography Core Lab and Clinical Follow-Up:
Baseline, 30 days, 6 months, 1 year, 18 months, and
annually through 5 years

8
Investigational Device only in the U.S. Not available for sale in the LS.




Safety Endpoint: 30 Day MAE
Intention to Treat

# (%) Patients experiencing event

30 Day MAE Percutaneous surgery
(N=180) (N=94)
Death 2 (1.1%) 2 (2.1%)
Major Stroke 2 (1.1%) 2 (2.1%)
Re-operation of Mitral Valve 0 1(1.1%)
Urgent / Emergent CV Surgery 4 (2.2%) 4 (4.3%)
Myocardial Infarction 0 0

Renal Failure 1 (0.6%) 0
Deep Wound Infection 0 0
Ventilation > 48 hrs 0
New Onset Permanent Atrial Fib 2 (1.1%) 0
Septicemia 0 0
GI Complication Requiring Surgery 2 (1.1%) 0
Transfusions = 2 units 24 (13.3%) 42 (44.7%)

TOTAL % of Patients with MAE 15.0% 47.9%
Difference (Percutaneous — Surgery) = -32.9%
p<0.001; (95% CI: -20.7%, -45.0%)

11
EVEREST II RCT — ACC 2011 Investigational Device only in the LL.5. Mot available for sale in the LS.




Primary Effectiveness Endpoint

Effectiveness defined as freedom from death,
MV surgery/re-operation or 3+ or 4+ MR

Two analyses performed:

1. Intention to Treat

- Any mitral valve surgery following percutaneous repair
was considered an "endpoint” event

2. Comparison of Treatment Strategies

- Mitral valve surgery following unsuccessful in-hospital
percutaneous repair is not considered an “endpoint”
event

14
Investigational Device only in the LLS. Not available for sale in the LLS,



Primary Effectiveness Analyses at 1 and 2 Years
Intention to Treat Analysis

Primary Effectiveness:
Freedom from death, MV surgery/re-operation or 3+ or 4+ MR
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1 Year 2 Years 2 Years
N=181 N=172 N=83

Percutaneous Surgery

Randomized not treated patients assigned MR 3+ or 4+ at 1 and 2 years
(Percutaneous N=6, Surgery N=15)
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Primary Effectiveness Analyses at 1 and 2 Years
Comparison of Treatment Strategy Analysis

Primary Effectiveness:
Freedom from death, MV surgery/re-operation or 3+ or 4+ MR

100 -
80 -
60 -

40..

)
o
S
—
c
@
-
D
a

20 -

0

1 Year 2 Years
N=175 N=161

Percutaneous Surgery

Randomized not treated patients assigned MR 3+ or 4+ at 1 and 2 years
(Percutaneous N=6, Surgery N=15)
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Kaplan-Meier Freedom from Death
Intention to Treat

Surgery = 95.0%
Percutaneous = 94.9% Surgery = 91.1%

p=0.95 Percutaneous = 89.8%
p=0.78
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At Risk: 0 Days 1yr 2yr Iyr

Percutaneous 184 163 133 52

Surgery 95 74 63 25
+NorthShore =

Fremmratomn iopling EVEREST II RCT — ACC 2011 Inwvestigational Device only in the U.5. Mot available for sale in the U5,




Kaplan-Meier Freedom from

MV Surgery (Device) or Re-operation (Surgery)
Intention to Treat

L____t _i_______

Surgery = 97.5%
Percutaneous = 78.8% Surgery = 96.1%
p<0.001 Percutaneous = 78.2%
p<0.001

Surger‘t - O . .
Percutaneous

Reoperation (Surgery)
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78.2% of Device patients are free from MV surgery at 2 years

180 360 540 720 900 1080
Days from Index Procedure

At Risk: 0 Days &m 1yr 1.5yr 2yr 3yr
Percutaneous 184 138 131 124 109 44
Surgery 95 77 F 69 69 24

+NorthShore =

Fuamatn Moaplial EVEREST II RCT — ACC 2011 Inwestigational Device only in the U.5. Mot available for sale in the LS.




Landmark Analysis of Kaplan-Meier
Freedom from MV Surgery (Percutaneous)/Re-operation (Surgery)
Intention to Treat

Surgery = 98.7%
Percutaneous = 96.3%
p=0.32

Surgery = 97.3%
Percutaneous = 95.6%
p=0.52

Surgew - Em .
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At Risk: 0 Days Gm 1yr 1.5yr 2yr Jyr

Percutaneous 184 138 131 124 109 44

Surgery 95 77 72 69 61 24
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Subgroup Analysis for Primary End-Point at 12 Months

Percutaneous P Value for
Subgroup Repair Surgery Difference between Percutaneous Repair and Surgery (%) Interaction
no. of evemtsftotal no. {%)
All patients 100/181 (55) 65/33 (73) ——
Sex ' 0.97
Male 63/114 (55) 43/53 (73) °
Female 37/67 (55) 22/30 (73) ° :
Age 0.009
=70yr 52/36 (60) 23/38 (61) *
<70yr 48/95 [51) 42/51 (82) @
MR '
Functional 26/48 (54) 12/24 (50) 0.02
Degenerative 74/133 (36) 53/65 (32) L g '
LVEF 0.06
<60% 35/68 (51) 15/28 (54) o
=60% 64/111 (58) 50/61 {82) ® i
-50 0 50
Surgery Better Percutaneous
Repair

Better




i EVEREST II-Conclusions

= Percutaneous repair was less effective than surgery
in reducing mitral regurgitation before hospital
discharge

= However, at 12 and 24 months the rates of reduction
were similar

s Percutaneous treatment was associated with
increased safety
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Relationship of Coronary Sinus to Mitral Valve

Coronary Sinus Parallels Mitral Valve Annulus
o



Edwards MONARC™ System

12F guiding catheter

Sliding Ha"d'e 9F delivery system
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The MONARC™ System Is Designed to
Gradually Change the Geometry of the Heart

Distal
Anchor

Ostium

Proximal
Anchor
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Coronary Sinus
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\Ie‘\‘f‘!:‘;‘ EVOLUTION Study Overview

* Prospective, multi-center feasibility
study

* Primary objective of the study is to
evaluate the acute safety (30d, 90d) of
the MONARC system in treating
functional mitral regurgitation in heart
failure patients

* Secondary objective of the study is

reduction in MR by at least one grade at
90 days
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YEARS O
20'““\\"'“\ Procedural Success

T|C| T JEN=NeN-]
Patients Enrolled
n=72
Device implanted Device not implanted

n=59 (82%) n=13 (18%)
-Tortuous Anatomy
-Size Outside of Offered Range

Device implanted at =~ Device notimplanted at
intended location intended location
n=55 {93%) n=4(7%)

-Proximal anchor ».5 < 2 cm from CS ostium
-Distal anchor < .5cm in the 4l

Procedural time
84 + 58 min
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YEARS OF
INNOVATION
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Death, Myocardial Infarction or Cardiac Tamponade
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WBuW=200s

F.U. at 1year: MR Severity

MR Severity
Population Distribution Over Time
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2008 F.U. at 1year: NYHA Class

NYHA Class
Population Distribution Over Time
P = 0.0002"
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* EVOLUTION interim data with the
MONARC system suggests:

=« Feasibility of implantation in coronary sinus
= At 12-months, 81% of patients are event-free

= Encouraging 12-months results in terms of MR
reduction and physiological parameters

« EVOLUTION Il will assess functional and
clinical outcomes
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* External Left Ventricular Remodeling
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Conclusions 1

1. The benefits of mitral valve surgery in patients with severe
mitral regurgitation (MR) are variable and the indications for
surgical therapy for MR in patients with diminished LV function
are still not well established.

2. Mitral valve repair using a percutaneous edge-to-edge repair
has been successfully performed utilizing a clip or a suture-based
system. Preliminary outcomes with the Evalve clip have been
favorable, with procedural success (reduction in MR to <2+) in
73%, and no procedural mortality. The EVEREST 1II trial has
elucidated further the benefit of patients with severe MR
randomized to the Evalve clip versus surgical valve repair.



Conclusions 2

3. Percutaneous coronary sinus annuloplasty is being actively
investigated as an approach for treating MR. The coronary sinus has
a variable anatomical relation to the mitral valve annulus and the
circumflex artery, and the success and safety of the approach will be
strongly influenced by patients’ specific anatomy.

4. Other approaches to percutaneous treatment of MR include direct
mitral annuloplasty via the LV route and transpericardial systems
that achieve septal—lateral wall shortening. These systems are in
various stages of development, and extensive human data are
lacking
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Table 1. Necessary Components for the Successful
Introduction of Transcatheter Heart Valve Therapy

1. Specialized heart centers with experienced multidisciplinary physicians and
paramedical personnel

2. The professional multidisciplinary heart team
a. Primary cardiologists
b. Cardiac surgeons
c. Interventional cardiologists
d. Echocardiographers and imaging specialists
e. Heart fallure specialists

3. Proper procedure and facilities
a. Modified conventional cardiac laboratory

b. Hybrid operating room

4. Development of and participation in clinical databases and registries to
evaluate practice patterns, treatment outcomes, and comparative
effectiveness

5. Scientific literature—knowledge of and evaluation of evidence-based
medical literature conceming patient selection, procedural performance, and
complication management

6. Specific standardized protocols for management strategies, procedural
performance, problem solving, and complication management

7. Appropriate ongoing personnel training




