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Percutaneous MV RepairPercutaneous MV Repair
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MitraClip™MitraClip™
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Percutaneous MV repairPercutaneous MV repair

Degenerative MRDegenerative MR Functional MRFunctional MRDegenerative MRDegenerative MR Functional MRFunctional MR
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Percutaneous MV repairPercutaneous MV repair
Anatomic EligibilityAnatomic Eligibility
S ffi i t l fl t ti f h i l t tiS ffi i t l fl t ti f h i l t tiSufficient leaflet tissue for mechanical coaptationSufficient leaflet tissue for mechanical coaptation

NonNon--rheumatic/endocarditic valve morphologyrheumatic/endocarditic valve morphology

Absence of severe LV dysfunctionAbsence of severe LV dysfunction

Absence of severe calcificationAbsence of severe calcification

Protocol anatomic exclusionsProtocol anatomic exclusionsProtocol anatomic exclusionsProtocol anatomic exclusions
Flail gap >10mm Flail gap >10mm 
Flail width >15mmFlail width >15mm
LVISD > 55mmLVISD > 55mm
Coaptation depth >11mm Coaptation depth >11mm 
Coaptation length < 2mmCoaptation length < 2mm
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Coaptation length  2mmCoaptation length  2mm



Tenting (Height) above the MV annulusg ( g )

3 5 cm
3.3 cm

3.5 cm
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Procedure
Clip orientation 
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Procedure
Grasping Check

Zoom on Zoom on threethree viewsviews: 4C, 2 C, LVOT: 4C, 2 C, LVOT
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Procedure
One Clip Deployment
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Procedure
2nd Clip Deployment 
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Final Result 3D-RT
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EVEREST II Randomized Clinical TrialEVEREST II Randomized Clinical Trial
St d D iStudy Design

279 Patients enrolled at 37 sites
Si ifi t MR (3 4 )Significant MR (3+-4+)

Specific Anatomical Criteria

Randomized 2:1

DeviceDevice Group Group 
MitraClipMitraClip SystemSystem

N=184N=184

Control GroupControl Group
Surgical Repair or Surgical Repair or 

ReplacementReplacementN=184N=184 pp
N=95N=95

Echocardiography Core Lab and Clinical FollowEchocardiography Core Lab and Clinical Follow--UpUp
Baseline, 30 days, 6 months, 1 year, 18 months, andBaseline, 30 days, 6 months, 1 year, 18 months, and

annually through 5 yearsannually through 5 years
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EVEREST II Randomized Clinical TrialEVEREST II Randomized Clinical Trial
P i E d i t

Safety (30 days)Safety (30 days)

Primary Endpoints
Pre-specified MAEsSafety (30 days)Safety (30 days)

-- Major Adverse Event Rate at 30 daysMajor Adverse Event Rate at 30 days
Death
Major Stroke
Re-operation of Mitral Valve
Urgent / Emergent CV Surgery

-- Per protocol cohortPer protocol cohort

-- Superiority hypothesisSuperiority hypothesis

Myocardial Infarction
Renal Failure
Deep Wound Infection
Ventilation >48 hrs

Effectiveness (12 mos)Effectiveness (12 mos)
-- Clinical Success RateClinical Success Rate

New Onset Permanent Atrial Fib
Septicemia
GI Complication Requiring Surg
All Transfusions ≥2 units (≥4)

Freedom from the combined outcome of death, MV surgery or reFreedom from the combined outcome of death, MV surgery or re--

operation for MV dysfunction, MR >2+ at 12 monthsoperation for MV dysfunction, MR >2+ at 12 months

-- Per protocol cohortPer protocol cohort

-- NonNon--inferiority hypothesisinferiority hypothesis

Ospedale Ferrarotto

Università di Catania

y ypy yp



EVEREST II Randomized Clinical TrialEVEREST II Randomized Clinical Trial
P ti t flPatient flow

RandomizedRandomized CohortCohort
N = 279N = 279N = 279N = 279

DeviceDevice GroupGroup
N = 184N = 184

ControlControl GroupGroup
N = 95N = 95N = 184N = 184 N = 95N = 95

TreatedTreated
N = 178N = 178

TreatedTreated
N = 80*N = 80*

Acute Procedural SuccessAcute Procedural Success
Not AchievedNot Achieved

n=41*n=41*

Acute Procedural SuccessAcute Procedural Success
AchievedAchieved 30 days30 days

n=79n=79n=41n=41
*20 of 41 no implant*20 of 41 no implant n=137n=137

30 days30 days
136136

n=79n=79
99% Clinical Follow99% Clinical Follow--upup

12 months12 monthsn=136n=136
99% Clinical Follow99% Clinical Follow--upup

12 months12 months

12 months12 months
n=74n=74

94% Clinical Follow94% Clinical Follow--upup
92% Echo Follow92% Echo Follow--upup
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12 months12 months
n=134n=134

98.5% Clinical Follow98.5% Clinical Follow--upup
98% Echo Follow98% Echo Follow--upup



EVEREST II RCT: Primary Safety EndpointEVEREST II RCT: Primary Safety Endpoint
Per Protocol CohortPer Protocol Cohort

# Patients experiencing event
Device Group Control Group30 Day MAE, non30 Day MAE, non--hierarchicalhierarchical

Per Protocol CohortPer Protocol Cohort

(n=136) (n=95)
Death 0 2 (2.1%)
Major Stroke 0 2 (2.1%)

y ,y ,

Re-operation of Mitral Valve 0 1 (1.1%)
Urgent / Emergent CV Surgery 0 4 (4.3%)
Myocardial Infarction 0 0 y
Renal Failure 0 0 
Deep Wound Infection 0 0 
Ventilation >48 hrs 0 4 (4 3%)Ventilation >48 hrs 0 4 (4.3%)
New Onset Permanent Atrial Fib 0 0 
Septicemia 0 0 
GI C li ti R i i S 1 (0 7%) 0GI Complication Requiring Surgery 1 (0.7%) 0 
All Transfusions ≥2 units* 12 (8.8%) 37(39.4%)
TOTAL % of Patients with MAE 9.6% 42.6%
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pSUP<0.0001*
(95% CI 34.4%, 60.4%)*p<0.0001 if include Major Bleeding only



EVEREST II Randomized Clinical TrialEVEREST II Randomized Clinical Trial
P P t l C h tPer Protocol Cohort

SafetySafety EfficacyEfficacySafetySafety
Major Major AdverseAdverse EventsEvents

30 30 daysdays

EfficacyEfficacy
Clinical Success Rate*Clinical Success Rate*

12 months12 months

9.6%9.6%

Device Group, n=136Device Group, n=136

72.4%72.4%

Device Group, n=134Device Group, n=134

Control Group, n=79Control Group, n=79 pSUPpSUP <0.0001<0.0001 Control Group, n=74Control Group, n=74 pNIpNI <0.0012<0.0012

57.0%57.0% 87.8%87.8%

2020 606040400

MET SUPERIORITY HYPOTHESISMET SUPERIORITY HYPOTHESIS

2020 10010040400 6060 8080

MET NON INFERIORITY HYPOTHESISMET NON INFERIORITY HYPOTHESIS
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MET SUPERIORITY HYPOTHESISMET SUPERIORITY HYPOTHESIS
*Freedom from the combined outcome of death, 
MV surgery or re-operation for MV dysfunction, 
MR >2+ at 12 months

MET NON INFERIORITY HYPOTHESISMET NON INFERIORITY HYPOTHESIS



EVEREST II Randomized Clinical TrialEVEREST II Randomized Clinical Trial
I t ti t T t C h tIntention to Treat Cohort

SafetySafety EfficacyEfficacySafetySafety
Major Major AdverseAdverse EventsEvents

30 30 daysdays

EfficacyEfficacy
Clinical Success Rate*Clinical Success Rate*

12 months12 months

15.0%15.0%

Device Group, n=180Device Group, n=180

66.9%66.9%

Device Group, n=175Device Group, n=175

Control Group, n=94Control Group, n=94 pSUPpSUP <0.0001<0.0001 Control Group, n=89Control Group, n=89 pNIpNI =0.0005=0.0005

47.9%47.9% 74.2%74.2%

2020 606040400

MET SUPERIORITY HYPOTHESISMET SUPERIORITY HYPOTHESIS

2020 10010040400

MET NON INFERIORITY HYPOTHESISMET NON INFERIORITY HYPOTHESIS

6060 8080
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MET SUPERIORITY HYPOTHESISMET SUPERIORITY HYPOTHESIS MET NON INFERIORITY HYPOTHESISMET NON INFERIORITY HYPOTHESIS
*Freedom from the combined outcome of death, 
MV surgery or re-operation for MV dysfunction, 
MR >2+ at 12 months
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EVEREST II RCT: Primary Efficacy EndpointEVEREST II RCT: Primary Efficacy Endpoint
Intention to Treat CohortIntention to Treat Cohort

Device Group
( )

Control Group
( )

P value1212--months MAEsmonths MAEs

Intention to Treat CohortIntention to Treat Cohort

(n=180) (n=94)

Freedom from death, from surgery for mitral-valve 
dysfunction and from grade 3+ or 4+ MR

100 (55) 65 (73) 0.007

1212 months MAEsmonths MAEs

dysfunction, and from grade 3+ or 4+ MR

Death 11 (6) 5 (6) 1.00

Surgery for mitral-valve dysfunction‡ 37 (20) 2 (2) <0.001

Grade 3+ or 4+ mitral regurgitation 38 (21) 18 (20) 1.00

‡This component is the rate of the first mitral-valve surgery in the percutaneous-repair group 
and the rate of reoperation for mitral-valve dysfunction in the surgery group.
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MitraClip SurgerySubgroup P value for
Interaction

Difference between
MitraClip and Surgery (%)no. of events/total no. (%)

100/181 (55) 65/89 (73)All patients

Sex

Interaction

0.97

MitraClip and Surgery (%)

63/114 (55) 43/59 (73)

37/67 (55) 22/30 (73)

Male

Female

Age 0.009

52/86 (60) 23/38 (61)

48/95 (51) 42/51 (82)

g

≥70 yr

<70 yr

MR 0 02

26/48 (54) 12/24 (50)

74/133 (56) 53/65 (82)

MR

Functional

Degenerative

0.02

35/68 (51) 15/28 (54)

64/111 (58) 50/61 (82)

LVEF

<60%

≥60%

0.06

Adapted from Feldman et al. NEJM 2011

-50 0 50

Surgery better MitraClip better

Ospedale Ferrarotto

Università di Catania

Adapted from Feldman et al. NEJM 2011



Italian Experience 

Catania, Ferrarotto C ,

Milano, S. Raffaele 

n. 31 patients
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Catania ExperienceCatania Experience
Clinical Characteristics

Patients (n=53) N (%)
Male, n (%) 41 (77)

C ca C a ac e s cs

Male, n (%) 41 (77)

Age, (mean±SD) 72 ±11

EuroSCORE (%) 27 ± 6

Chronic Renal Insufficiency, n (%) 17 (32)

Chronic Pulmonary Disease, n (%) 19 (36)

History of coronary artery disease n (%) 26 (46)History of coronary artery disease, n (%) 26 (46)

Solid cancer, n(%) 6 (11)

Multiple sclerosis, n (%) 1 (2)

Systemic lupus erythematosus, n (%) 1 (2)

Liver cirrhosis, n (%) 2 (4)

Previous cardiac surgery, n (%) 13 (24)

Previous TAVI, n (%) 4 (7)

CRT, n (%) 5 (9)
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CRT, n (%) 5 (9)



Catania ExperienceCatania Experience
Procedural Data

Procedural SuccessProcedural Success

Procedural Data

40

Procedural Success Procedural Success 
100%100%

32

21

30

21
20

60.4%60.4%60.4%60.4%
%%%%

10

%%%%
39.6%39.6%39.6%39.6%

0
0

one clip two clips no clip
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Catania ExperienceCatania Experience
Hemodynamic AssessmentHemodynamic Assessment

Baseline Post procedure p value

PAP ( H ) 42 ± 15 34 ± 9 0 003sPAP (mmHg) 42 ± 15 34 ± 9 0.003

mPAP (mmHg) 24 ±10 20 ± 4 0.010

WP (mmHg) 17± 8 12 ± 4 0.003

CO (l/min) 4 3 ±2 5 4 ± 2 0 010CO (l/min) 4,3 ±2 5,4 ± 2 0.010

SAPs  (mmHg) 106 ± 19 113 ±13 0.040

SatO2 PA (%) 71 ±10 77± 9 0.003

Ospedale Ferrarotto

Università di Catania



Catania ExperienceCatania Experience
In hospital Adverse Events at FUIn hospital Adverse Events at FU

Death Death -- Unrelated to Clip Device, n (%)Unrelated to Clip Device, n (%) 1 (1.8)*1 (1.8)*

Mechanical ventilation > 48 hours, n (%)Mechanical ventilation > 48 hours, n (%) 1 (1.8)1 (1.8)

Bleeding requiring transfusion ≥ 2 units (procedural) , n (%)Bleeding requiring transfusion ≥ 2 units (procedural) , n (%) 00
Bleeding requiring transfusion ≥ 2 units (in hospital) n (%)Bleeding requiring transfusion ≥ 2 units (in hospital) n (%) 2 (3 7)2 (3 7)Bleeding requiring transfusion ≥ 2 units (in hospital) , n (%)Bleeding requiring transfusion ≥ 2 units (in hospital) , n (%) 2  (3.7)2  (3.7)
Conversion to surgery, n (%)Conversion to surgery, n (%) 00
Transseptal complications, n (%)Transseptal complications, n (%) 00p p ( )p p ( )
Renal failure or dialysis (new onset), n (%)Renal failure or dialysis (new onset), n (%) 0 0 
Length of hospital stay (mean days Length of hospital stay (mean days ±± 22)) , n (%), n (%) 5.6 5.6 ±± 2.82.8

Myocardial infartion, n (%)Myocardial infartion, n (%) 00

Stroke, n (%)Stroke, n (%) 00

Clip detachment,/embolization, n(%)Clip detachment,/embolization, n(%) 00
*One patient, a 76-year-old man with thrombocytopenia and renal failure on haemodialysis, 
died 2 weeks after the procedure from gastrointestinal bleeding
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Catania ExperienceCatania Experience
Causes of death at FU

Pt Gender Age Log 
EuroSCORE

Other risk factors MR 
etiology

Basal      
LVEF (%)

Cause Month 
FU

Causes of death at FU

EuroSCORE etiology LVEF (%) FU

# 1 Female 67 3,5 hepatic cirrhosis child 
C; thrombocytopenia

DMR 58 Liver failure 3

# 2 Male 76 31,9 renal failure on 
haemodialysis; 

thrombocytopenia

FMR 30 GI bleeding 1

thrombocytopenia
# 3 Male 79 8,7 // DMR 60 Acute Leukemia 3

# 4 Male 58 6,9 Colon Cancer; severe 
impairment

FMR 18 Heart Failure 4

# 5 M l 85 11 6 // FMR 50 B h i 3# 5 Male 85 11,6 // FMR 50 Broncho-pneumonia 
complicated by 

septicemia

3

#6 Male 83 16.5 Prior Colon Cancer FMR 35 GI bleeding 18
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Catania ExperienceCatania Experience
MR Reduction at FUMR Reduction at FU

6% 6% 3%100% 6% 6%

20%

3%

80%

94% 94%

63%
60%

4+
94% 94%

77%40%
3+
2+
1+

37%

0%

20%

0%
MR baseline 

(n=54)
MR discharge 

(n=53)
MR 1 month 

(n=53)
MR 12 months 

(n=30)
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Catania ExperienceCatania Experience
NYHA Functional Class at FUNYHA Functional Class at FU

45

35

40
45

25

30
35

77%77%

15

20
25

III/IV
I/II

100%100%

5%5%

5

10

23%23%
95%95%

0
baseline 6 months 12 months
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Catania Experience
Left Ventricle RemodelingLeft Ventricle Remodeling
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Catania ExperienceCatania Experience
QoL assessmentQoL assessment

p < 0.0001 p < 0.0001

44.67 46.49
42 96

46.27
45

50

p < 0.0001 p < 0.0001p = ns p = ns

35.44
38.07

42.96

35

40

45

20

25

30

5

10

15

0

PCS MCS
MitraClip baseline MitraClip 6 months Italian population*
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ConclusionsConclusions
Li it ti f R i t d tLi it ti f R i t d tLimitations of Registry data…Limitations of Registry data…

Selection bias Selection bias –– treatment centers, patients, access treatment centers, patients, access 

sites, and devicessites, and devices

Reporting bias Reporting bias –– largely site/physician reportedlargely site/physician reportedp gp g g y p y pg y p y p

Lack of consistency in endpoint definitionsLack of consistency in endpoint definitions

N l b t i ( h )N l b t i ( h )No core laboratories (esp. echo)No core laboratories (esp. echo)

No clinical events committees for outcome No clinical events committees for outcome 

adjudicationadjudication
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ConclusionsConclusions
Li it ti f EVEREST II T i lLi it ti f EVEREST II T i lLimitations of EVEREST II Trial…Limitations of EVEREST II Trial…

Sample size, powered for DMR and FMR?Sample size, powered for DMR and FMR?

Degenerative and functional MR are 2 differentDegenerative and functional MR are 2 differentDegenerative and functional MR are 2 different Degenerative and functional MR are 2 different 

diseases, with different pathophysiologies and diseases, with different pathophysiologies and 

control treatments. Ideally the trial would have control treatments. Ideally the trial would have 

included only one MR etiology, or have been powered included only one MR etiology, or have been powered y gy, py gy, p

for each.for each.

M hM hMuch more…Much more…
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ConclusionsConclusions
MitraClip System has good procedural and short term MitraClip System has good procedural and short term 
resultsresultsresults results 

The learning curve is steepThe learning curve is steep

The “real world” is expanding the use in FMRThe “real world” is expanding the use in FMR

The procedure is safe also in HR pts and with low LVEFThe procedure is safe also in HR pts and with low LVEFThe procedure is safe also in HR pts and with low LVEFThe procedure is safe also in HR pts and with low LVEF

Indication for MVR by percutaneous clip implantation is Indication for MVR by percutaneous clip implantation is 
currently currently undefinedundefined and needs to be proven by further and needs to be proven by further 
specifically specifically designed randomized trialsdesigned randomized trials
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