
MHIF FEATURED STUDY:

REPAIR-MR

DESCRIPTION: 
Purpose: to compare the clinical outcome of MitraClip™ device versus open surgical repair in patients with severe primary 
MR who are at moderate surgical risk.
Primary endpoint: survival, free of stroke and any cardiovascular hospitalization at 2 years; MR < mild at 30 days; QOL improvement 
of at least 5 points at 2 years compared to baseline; hospital length of stay; rate of mitral valve replacement at index procedure 

CRITERIA LIST/ QUALIFICATIONS:
Inclusion: severe primary MR (Grade III or greater mitral regurgitation mixed etiology is acceptable if principal mechanism is a 
degenerative mitral valve); symptomatic NHYA class II, III, or asymptomatic with EF < 60%, PAS >50 mm HG, or LVESD >40 mm; 
75 years or if < 75 years subject with STS predicted risk of mortality repair score >2%, or presence of comorbidities 

Exclusion: ischemic or non-ischemic  secondary MR; EF <30%; severe TR; severe annular calcification; valve anatomy which 
would preclude reducing MR to mild or less

CONDITION:
Severe primary MR who are 
at moderate surgical risk

PI: 
Paul Sorajja, MD

RESEARCH CONTACT: 
Jane Fox
Jane.fox@allina.com | 612-863-6289

SPONSOR:
Abbott

Coming soon!
EPIC message: Research MHIF Patient Referral
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MHIF FEATURED STUDY:

HighLife

DESCRIPTION: 
Purpose: to evaluate the safety and efficacy of the HighLife trans-septal access 28mm Transcatheter Mitral valve and its 
delivery system (transfemoral venous access and interatrial puncture) in patients with moderate-severe or severe mitral 
regurgitation who are at a high risk for surgical treatment.
Primary Feasibility endpoint: technical success
Safety: all cause mortality at 30 days
Performance: total MR reduction to 1+ or less as assessed by core lab

CRITERIA LIST/ QUALIFICATIONS:
Inclusion: moderate-severe or severe mitral regurgitation; NHYA class II, III; or ambulatory class IV

Exclusion: mitral stenosis; Flail Leaflet or prolapse; severe calcification; prior mitral intervention; mitral annulus <30 mm & >45 mm; 
Aortic prosthesis; LVEF<30%; PAS >70mmHg; TR requiring intervention

CONDITION:
Symptomatic mitral 
regurgitation

PI: 
Paul Sorajja, MD

RESEARCH CONTACT: 
Jane Fox
Jane.fox@allina.com | 612-863-6289

SPONSOR:
HighLife Medical, Inc.

OPEN AND ENROLLING: 
EPIC message: Research MHIF Patient Referral
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MHIF Cardiovascular Grand Rounds – September 14, 
2020 

Functional MR

Maurice E. Sarano, MD, FACC

MHIF-2020

Functional MR (secondary)
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FMR in the community

Structurally normal mitral valve
+

Mitral Regurgitation ≥moderate

LV Remodeling Atrial Enlargement

65% of all MR cases

38 % 27 %
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Functional MR-Atrial enlargement

FMR-a
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FMR-a

FMR 

ventricular    

remodeling  

FMR isolated 

atrial

dilatation

OMR  p‐value

Total number of cases (%) 278 (38) 194 (27) 233 (32)

Age at diagnosis, years 73±14 80±10 68±21 <.0001

Sex, male, % 59 32 51 <.0001

Dyspnea, % 74 66 49 <.0001

Atrial fibrillation/flutter,% 28 54 13 <.0001

History of Heart failure,% 49 32 12 <.0001

History of MI,% 17 9 3 <.0001

Diabetes,% 29 24 9 <.0001

Charlson index, median 3.5[2‐5] 3[2‐5] 2[0‐3] <.0001

Clinical characteristics according to MR etiology 
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Distribution of etiologies of isolated 
moderate‐severe MR in the community by age
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Echocardiographic differences by MR etiology

FMR 

ventricular 

remodeling 

FMR isolated 

atrial

dilatation

OMR p‐value

LA volume, ml 102±33 94±30 91±35 0.005

MV RVol, ml 38±13 37±11 51±24 <.0001

MV ERO, cm² 0.24±0.10 0.20±0.08 0.31±0.19 <.0001

LVEF, % 33±14 57±11 61±10 <.0001

LV EDD, mm 59±8 48±5 51±8 <.0001

LV ESD, mm 49±10 32±6 32±7 <.0001

LV mass index, g/m² 135±34 106±30 108±29 <.0001

PASP, mmHg 52±14 48±14 44±18 <.0001

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 1 2 3 4 5 6 7 8 9 10

Years

C
H
F 
d
ia
gn
o
si
s 
(%

)

p<0.0001

FMR LV remodeling

FMR atrial dilatation

OMR

Outcomes of MR by etiology 
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FMR 

ventricular 

remodeling

(n=278) 

FMR 

isolated 

atrial 

dilatation

(n=194)

OMR 

(n=233)

Total

(n=705)

MV repair/ replacement, 

(%)
10(4%) 6(3%) 86(37%) 102(14%)

Any cardiac surgery, n(%) 25(9%) 12(6%) 86(37%) 123(17%)

MV repair/ replacement by MR severity

Moderate MR, n(%) in 

subset

4(2%)

(n=192)

5(3%)

(n=175)

22(18%)

n=124

31(6%)

(n=491)

Severe MR, n(%) in subset
6(7%)

(n=86)

1(5%)

(n=19)

64(59%)

(n=109)

71(33%)

(n=214)

MR and surgery

FMR-Atrial DilatationFMR-Atrial Dilatation
• An entity almost completely ignored 

despite representing ~1/3 of all MR
• Affecting mostly elderly women 

often with AF
• Peculiar hemodynamics: Low Rvol, 

normal LV, PHTN
• Very frequent HF preceding excess 

mortality
• Almost never mitral surgery
• Role of the MR ???
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Functional MR-LV Remodeling

Type IIIb FMR
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Functional MR

A Ventricular disease

CP1290307-1

Normal MV leaflets

Normal chordae
LV

LA

Ao

PM
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CP1290307-3

Tethered MV leaflets

Tethered Chordae Tenting
area

MR

LV

LA

Ao

PM

Local left ventricular remodeling
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Try to close
The orifice ! 

What do we learn 
from 3D 

quantitation in FMR
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Normal      vs.    Functional MR

Normal      vs.    Functional MR
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Functional MR

A Ventricular disease

Functional MR type IIIb
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r = 0.75 cm MR Vel = 420 cm/sec

ERO = 0.34 cm2  RVol = 46 mL

Ischemic MR-Quantitation

Ischemic MR Post MI

Lamas GA et al:  Circulation 96:827, 1997
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Outcome after Q-MI
Impact of Quantified IMR on Survival:

ERO

P<0.0001

0

20

40

60

80

100

0 1 2 3 4 5

S
u

rv
iv

al
 (

%
)

Years

61±6

47±8

29±90

1-19

20

ERO

17 of 45



MHIF Cardiovascular Grand Rounds – September 14, 
2020 

Years

1 2 3 4

ERO, mm²

≥20

1-19

0
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Asymptomatic patients post-MI
CHF during follow-up

J Am Coll Cardiol. 2005;45:260-7.
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©2016 MFMER  |  slide-33

Limits of quantification: PISA

• Non circular orifice

Yosefy C, Journal of the American Society of 
Echocardiography 2007;20:389-96.

Chandra S, Am J Physiol Heart Circ Physiol 2011 Sep;301(3):

FMR in Europe

Lancelloti et al; Circulation 2003;108:1713
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FMR in Europe
Impact on Outcome

Functional Class Survival

Rossi et al, Heart 2011;97:1675

2018

2019

Recent FMR Studies ?
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The risk-curve
flattens early 
for low EROA

The 95% CI
is close to 1, 
i.e., barely 
significant
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Previous Cohorts display
Discordant results 

regarding FMR outcome

Interactions between FMR and 
other determinants of outcome ?
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What did Paul forget? 

RF = RVol/Total LV SV
Rvol/(Rvol+FSV)

RVol= ERO*RTVI

RTVI =
High with compliant LA
Low with non-compliant LA

FSV=50 mL, ERO=0.30 cm2

LA compliant RTVI=150 cm
RVol 45 mL, RF 47%
LA non-Compliant RTVI 100
RVol 30 mL, RF 38%
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EDV 192 mL
ESV 135 mL
Total SV= 57 mL
RVol= 60 mL

Congratulations
All patients in COAPT 

were already dead
with no forward SV !!!

COAPT Echo measure of 
LV volumes was severely 

underestimated

Previous Cohorts display
Discordant results 

regarding FMR outcome

What about surgical data ?
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Overall Non-ischemic

MVA

Patients with CAD referred to CABG
with moderate MR
with EF >30%, NYHA I-III

Randomized 1/1 to
CABG alone or CABG + Mitral repair
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Results
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FMR 

ventricular 

remodeling

(n=278) 

FMR isolated 

atrial dilatation

(n=194)

OMR 

(n=233)

Total

(n=705)

MV repair/ replacement, (%) 10(4%) 6(3%) 86(37%) 102(14%)

Any cardiac surgery, n(%) 25(9%) 12(6%) 86(37%) 123(17%)

MV repair/ replacement by MR severity

Moderate MR, 

n(%) in subset

4(2%)

(n=192)

5(3%)

(n=175)

22(18%)

n=124

31(6%)

(n=491)

Severe MR, 

n(%) in subset

6(7%)

(n=86)

1(5%)

(n=19)

64(59%)

(n=109)

71(33%)

(n=214)

MR and surgery

Severe Undertreatment of FMR
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Previous Cohorts display
Discordant results 

regarding FMR outcome

What about Interventional data ?

The MitraClip
Tethered MV leaflets

Tethered Chordae Tenting
area

MR

LV

LA

Ao

PM

Local left ventricular remodeling
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Mitral Regurgitation
What can the MitraClip achieve 

LA pressure LA pressure

MITRA-FR COAPT
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Previous RCTs display
Discordant results 

regarding FMR outcome

What about Guidelines ?

2003 2007

An unprecedented 
guideline instability
And discordance

30 of 45



MHIF Cardiovascular Grand Rounds – September 14, 
2020 

MR severity

ASE Regurgitation committee meeting
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MR Grading algorithm

Functional MR

LV dysfunction CAUSE

EFFECT

Functional MR

Volume overload
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?
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Resolving the 
FMR Conundrum

We need new data
Very large cohorts

Comprehensively characterized
With long-term outcome

With comparison FMR-DMR

HFrEF patients with FMR quantification
N=6381

Diagnosis of cancer
N=3812

Heart Failure with reduced Ejection Fraction (HFrEF) stage B and C
2003-2011 N= 17146

ERO 0.01-0.09
N=195

ERO 0.10-0.19
N=1067

ERO 0.20-0.29
N=793

ERO ≥ 0.30
N=503

No FMR, ERO=0
N=3823

No mitral ERO
N=5064

Age < 50 y
N=1889

33 of 45



MHIF Cardiovascular Grand Rounds – September 14, 
2020 

Resolving the FMR Conundrum
Comprehensive Characterization

-Doppler-Echo: All MR, LV, LA, 
hemodynamics, RV, TR as entered at initial 

diagnosis in routine practice
-Clinical: Vitals, symptoms (NLP), PMH, ECG, 
Comorbidity, ADL, Meds per Clinician notes

-Cath, Surgery if performed
-Labs: Creatinine, Hb, BNP

-Mortality: by Accurint

Baseline
Characteristics

Overall
(6381)

NO FMR
(60%, 3823)

FMR-EROA
0.01-0.19

(20%, 1262)

FMR-EROA
0.20-0.39

(17%, 1103)

FMR-EROA
>/= 0.40

(3%, 193)

p-value for 
trend

Clinical characteristics
Age (years) 70 ± 11 68±7 73±11 72±10 70±10 0.2
Female (%) 31 25 45 34 31 <0.0001
BMI (kg/m2) 29.1±6.5 29.9±6.8 27.9±6.0 28.1±5.5 28.2±6.9 0.002
Atrial fibrillation (%) 20 (1239) 14 26 33 30 <0.0001
Heart Rate (bpm) 76±18 75 ±18 75 ±17 78±17 80±16 <0.0001
Systolic BP (mmHg) 121±21 122±21 128±22 118±19 106±18 <0.0001
Diastolic BP (mmHg) 69±12 69±13 71±14 68±13 65±13 <0.0001
Diabetes (N, %) 1724 (28) 1058 (28) 294 (24) 324 (30) 48 (25) 0.8
Systemic hypertension (N,%) 3716 (58) 2293 (60) 749 (59) 591 (54) 83 (43) <0.0001
Dyslipidemia (N, %) 3196 (50) 2034 (53) 601 (48) 484 (44) 77 (40) 0.0001
CAD (N, %) 4379 (69) 2613 (68) 865 (69) 761 (69) 140 (73) 0.2
Charlson-Comorbidity-index 2.44±1.94 2.36±1.94 2.44±1.89 2.70±1.98 2.72±1.91 0.002

Symptoms
Dyspnea (N, %) 3363 (53) 1702 (45) 734 (58) 744 (67) 160 (83) <0.0001
Angina (N, %) 1722 (27) 1132 (30) 302 (24) 236 (21) 52 (27) 0.3
Palpitation (N, %) 787 (12) 439 (12) 163 (13) 157 (14) 28 (15) 0.2

Echocardiographic characteristics
LV EDD (mm) 59±9 54±7 58±9 61±9 66±10 <0.0001
LV ESD (mm) 46±10 43±7 43±8 52±10 57±12 <0.0001
LV EDD-index (mm/m2) 29±5 27±4 31±5 32±5 34±6 <0.0001
LV ESD-index (mm/m2) 24±5 21±4 25±5 27±6 29±7 <0.0001
LV-EF (%) 36±10 38±9 33±10 30±10 28±10 <0.0001
WMS-index 2.01±0.44 1.91±0.42 2.11±0.44 2.22±0.43 2.30±0.36 <0.0001
LV SV-index (ml/m2) 38 ±10 39±10 37±11 34±10 31±9 <0.0001
E (m/sec) 0.81±0.29 0.70±0.25 0.90±0.26 0.96±0.26 1.17±0.33 <0.0001
E/A 1.22±0.86 0.94±0.57 1.46±0.97 1.88±1.03 2.52±1.30 <0.0001
DTE (msec) 193±63 213±62 180±58 157±46 147±37 <0.0001
E/e’ 17.13±9.47 14±7 21±10 22±10 28±11 <0.0001
EROA (cm2) 0.09±0.13 0 0.14±0.04 0.28±0.05 0.51±0.11 <0.0001
RVol (mL) 14±19 0 24±8 42±11 67±19 <0.0001
MR severe by integrative grading, % 11 0 3 42 94 <0.0001
S-PAP (mmHg) 42±15 36±12 45±15 50±14 57±14 <0.0001

Medical therapy
Ace-inhibitors / ARB (N,%) 5008 (78) 2922 (76) 1026 (81) 903 (82) 157 (81) <00001
Beta Blockers (N,%) 5928 (83) 3063 (80) 1098 (87) 969 (88) 168 (87) <00001
Diuretics (N,%) 4316 (68) 2243 (59) 963 (76) 931 (84) 179 (93) <00001
Aspirin (N,%) 4999 (78) 3018 (79) 987 (78) 843 (76) 151 (78) 012
Statin (N,%) 4109 (64) 2513 (66) 783 (62) 699 (63) 114 (59) 001
Spironolactone (N, %) 1024 (17) 473 (12) 227 (18) 256 (23) 68 (35) <00001
Cardiac Resynchronization Therapy (N, 170 (2.7) 59 (1.5) 33 (2.6) 57 (5.2) 21 (10.9) <00001
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EROA

Distribution of MR severity 
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Long-term mortality risk under medical management

ERO groups vs. No FMR
ERO continuous 

increase vs. No FMR

M
o
d
e
l

PROPOSED GRADING
HR (95% 

CI); p value
ACC/AHA 
GRADING

HR (95% CI); p 
value

ESC GRADING
HR (95% CI); 

p value
incr
ease

HR (95% CI); p 
value

Unadjusted

0.01-0.09 cm2 1.28 [1.05-1.55]; 
0.01

0.01-0.19 cm2 1.39 [1.27-1.52]; 
p<0.0001

0.01-0.19 cm2 1.39 [0.27-1.52];
P<0.0001

per 0.1 cm2.   

1.24[1.20-1.27] <0.0001

0.10-0.19 cm2 1.41 [1.29-1.55] ;
<0.0001

0.20-0.29 cm2 1.69 [1.52-1.89] ;
<0.0001

0.20-0.39 cm2
1.76 [1.60-1.94]; 

p<0.0001
≥ 0.20 cm2 1.86 [1.70-2.03];

p<0.0001
>/= 0.30 cm2 2.20 [1.93-2.51] ;

<0.0001
>/= 0.40 cm2

2.77 [2.23-3.41]; 
p<0.0001

Adjusted

0.01-0.09 cm2 1.08 [0.88-1.33]; 
0.4

0.01-0.19 cm2 1.09 [0.99-1.20], 
p=0.07

0.01-0.19 cm2 1.09 [0.99-1.20];
P=0.07

per 0.1 cm2         

1.11[1.08-1.15]; <0.0001

0.10-0.19 cm2 1.09 [0.98-1.21]; 
0.08

0.20-0.29 cm2 1.13 [1.01-1.27]; 
0.04

0.20-0.39 cm2 1.21 [1.09-1.34], 
p=0.0005

≥ 0.20 cm2 1.27 [1.15-1.41];
p<0.0001

>/= 0.30 cm2 1.61 [1.40-1.86]; 
<0.0001

>/= 0.40 cm2 2.00 [1.61-2.48]; 
p<0.0001

No FMR

EROA 0.01-0.09 mm2

EROA 0.1-0.19 mm2

EROA 0.2-0.29 mm2

EROA ≥ 0.30 mm2

No FMR 3823 2852 2201 1481 888 426

EROA 0.01‐0.09 195 142 107 77 48 23

EROA 0.10‐0.19 1067 732 520 320 187 82

EROA 0.20‐0.29 793 426 293 161 82 44

EROA ≥ 0.30 503 218 131 67 30 11

43±1%

66±1%

55±2%

27±2%

24±2%

48±2%

41±%

17±3%

34±4%

56±4%

Follow up (years)

S
u

rv
iv

al
 (

%
)
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No FMR 3823 2852 2201 1481 888 426

EROA 0.01‐
0.19

1262 874 626 397 236 105

EROA 0.20‐
0.39

1103 585 387 207 107 53

EROA ≥ 0.40 193 59 37 17 5 2

No FMR 3823 2852 2201 1481 888 426

EROA 0.01‐0.19 1262 874 626 397 236 105

EROA ≥ 0.20 1296 643 423 227 111 54

Follow up (years) Follow up (years)

Su
rv
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 (
%
)
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al
 (
%
)

No FMR

EROA 0.01‐0.19 mm2

EROA ≥ 0.20  mm2

No FMR

EROA 0.01‐0.19 mm2

EROA 0.20‐0.39 mm2

EROA ≥ 0.40  mm2

47±2%

33±5%

55±1%

23±2%

8±9%

28±2%

66±1%

45±1%

55±1%

43±1%

22±2%

28±2%
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Average mortality 
of matched population

FMR

DMR

Spline curve of Mortality 
Observed vs. expected

No added risk
Mild MR

Moderate risk
Moderate MR

Moderate-severe risk
Moderate-severe MR

Very high risk
Severe MR
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Risk of mortality under 
medical management 

for 0.1 cm² of EROA increase

Risk of mortality under 
medical management 

for 10 ml of RVol increase

EROA RVolInteractions

Interactions
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FMR Outcome
-Despite criticisms of the methods FMR 
severity measured by EROA measured in 
routine practice is a strong and independent 
determinant of survival in HFrEF
-There is no evidence of modulation of risk, 
in particular by LV size or function
-The risk of mortality appears for low EROA 
(0.1 cm2) and increases exponentially with 
higher EROA thereafter compared to 
expected mortality

FMR Grading
Despite what the guidelines say,
FMR type IIIb has a scale of 
severity and of risk:
-completely different from DMR and 
-skewed towards lower ERO 
imposing high risk
-best associated with outcome with 
an expanded grading scale
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Conundrum #3
How to treat FMR-v ?

The MitraClip
Tethered MV leaflets

Tethered Chordae Tenting
area

MR

LV

LA

Ao

PM

Local left ventricular remodeling
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MITRA-FR COAPT

MITRA-FR COAPT

Similar populations ?
MITRA-FR COAPT

Condition Symptomatic FMR due to LVD Symptomatic FMR due to LVD

Device Standard MitraClip Standard MitraClip

Intervention/center ~4 ~4

Age 71 yrs 72 yrs

Male sex 75% 65%

Ischemic 60% 61%

EF 33% 31%

GFR 50 mL/min 50 mL/min

STS/Euroscore 6.5% 8%
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MITRA-FR COAPT

What is different ?
MITRA-FR COAPT

Case selection: EDVI
LV ED diameter
ERO
NT-ProBNP

135 mL/m2
69 mm

0.31 cm2
3300 pg/mL

101 mL/m2
62 mm

0.41 cm2
5500 pg/mL

Intervention:       Achieved Implant
2 Clips
Complications
MR discharge ≤1+
MR 1-year ≤2

90.7%
45%

14.6%
75.6%
~80%

95%
55%
8.5%
82.3%
~95%

Process Serious Med Rx
Local 

Intensive Med Rx pre-
randomization by panel

Mitral Regurgitation
What determines the success of repair ?

Residual MR
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COAPT Trial—Impact of residual MR

FMR-LV dysfunctionFMR-LV dysfunction
• Represents ~1/3 of all MR

• An independent determinant of 
survival and HF

• Specific scale of grading

• Profoundly Undertreated

• We have now a potentially 
successful method of MR treatment, 
but the result has to be “perfect”
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Thank
You
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