MHIF FEATURED STUDY: Coming soon!

REPAIR-MR

CONDITION: PI: ) RESEARCH CONTACT: SPONSOR:
Severe primary MR who are Paul Sorajja, MD Jane Fox Abbott
at moderate surgical risk Jane fox@allina.com | 612-863-6289

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 Il or greater mitral regurgitation mixed etiology is acceptable if principal mechanism is a
degenerative mitral valve); symptomatic NHYA class I, Ill, 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

aneapolls
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MHIF FEATURED STUDY: OPEN AND ENROLLING:

HighLife

CONDITION: PI: RESEARCH CONTACT: SPONSOR: .
Symptomatic mitral Paul Sorajja, MD Jane Fox HighLife Medical, Inc.
regurgitation Jane.fox@allina.com | 612-863-6289

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 Il, Ill; 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
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12— CLINICAL RESEARCH
European Society doi:10.1093/eurheartj/ehz314 Valvular heart disease
of Cardiology

Causes and mechanisms of isolated mitral
regurgitation in the community: clinical context
and outcome

Yolha Dziadzko, Mikhail Dziadzko ( , Jose R. Medina-Inojosa, Giovanni Benfari,
Hector |. Michelena, Juan A. Crestanello, Joseph Maalouf, Prabin Thapa, and
Maurice Enriquez-Sarano*

FMR in the community

of all MR cases

Structurally normal mitral valve
+

Mitral Regurgitation 2moderate

—

Atrial Enlargement
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Functional MR-Atrial enlargement

—— Observed
| —— Expected
P<0.0001
RR=1.67 (1.32, 2.12)

2 4
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Clinical characteristics according to MR etiology
FMR FMR isolated
ventricular atrial OMR p-value
remodeling dilatation
Total number of cases (%) 278 (38) 194 (27) 233 (32)
Age at diagnosis, years 7314 80+10 68121 <.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
ESC Congress
Munich 2018 *
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Journal of the American College of Cardiology Vol. 58, No. 14, 201
© 2011 by the American College of Cardiology Foundation ISSN 0735-1097/836.0(}
Published by Elsevier Inc. doi:10.1016/j.jacc.2011.06.03]

Evidence of Atrial Functional Mitral Regurgitation
Due to Atrial Fibrillation

Reversal With Arrhythmia Control

Zachary M. Gertz, MD,* Amresh Raina, MD,* Laszlo Saghy, MD,} Erica S. Zado, PA-C,*

David] ™~ T m oo mrm e - e m " stry, MD*
. Odds Ratio & 95% Confidence Interval OR 95% ClI
Philade.
Age (per 10 years) D m—— 1.89 1.12-3.22
Hypertension e s ae—— 2.08 0.76-5.74
Persistent AF e — 521 1.94-13.98
LA Volume Index —H— 1.15 0.82-1.61
(per 5 cm¥m?)
Annular Dimension 5 8.39 1.94-36.35
(percm)
0.1 1 10 100

Distribution of etiologies of isolated
moderate-severe MR in the community by age

100% -+
90% -
80% -
70% -

60% -

0% 1 OMR
40% -|
30% - FMR due to atrial dilataion
20% -
10% - FMR due to LV remodeling
0% T T T T T
0-17 18-44 45-54 55-64 65-75 75+
ESC Congress . &
Munich 2018
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Echocardiographic differences by MR etiology

FMR FMR isolated

ventricular atrial OMR p-value

remodeling dilatation
LA volume, ml 102+33 94+30 91+35 0.005
MV RVol, ml 38+13 37+11 51+24 <.0001
MV ERO, cm? 0.24+0.10 0.20+0.08 0.31+0.19  <.0001
LVEF, % 33+14 57+11 61+10 <.0001
LV EDD, mm 5918 485 5118 <.0001
LV ESD, mm 49+10 3216 3217 <.0001
LV mass index, g/m? 135134 106+30 108+29 <.0001
PASP, mmHg 52+14 48+14 44+18 <.0001

ESC Congress
Munich 2018 °

Outcomes of MR by etiology

100¢
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p<0.0001 80"
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Years

FMR LV remodeling

FMR atrial dilatation

OMR
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MR and surgery
FMR
isolated
K OMR Total
atrial (n=233) (n=705)
dilatation - -
(n=194)
MV repair/ replacement,
pair/ rep 6(3%) 86(37%) 102(14%)
(%)
Any cardiac surgery, n(%) 12(6%) 86(37%) 123(17%)

MV repair/ replacement by MR severity

Moderate MR, n(%) in 5(3%) 22(18%) 31(6%)
subset (n=175) n=124 (n=491)
Severe MR, n(%) in subset 1(5%) 64(59%) 71(33%)
(n=19) (n=109) (n=214)
ESC Congress
Munich 2018 ® .

FMR-Atrial Dilatation

An entity almost completely ignored
despite representing

Affecting mostly
often with AF

Peculiar : Low Rvol,

normal LV, PHTN

Very preceding excess
mortality

Almost
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Functional MR-LV Remodeling

—— Observed
—— Expected
P<0.0001
RR=3.50 (2.93, 4.19)

2 4
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o€®

ricular disease
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Tethered MV leaflets

LV Tethered Chordae

Local left ventricular remodeling

CP1290307-3
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Try to close
The orifice !
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Normal vs. Functional MR

Normal vs. Functional MR
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Ischemic MR-Quantitation
ERO =0.34 cm2 RVol _=_46 mL_

c

e R s AL _ 1\
r=0.75cm MRVel = 420 cm/sec

! V=-424m/3
£ PG = 71.9menig rﬁ
I 2]

Ischemic MR Post Mi

Cardio-
vascular
survival

200 400 (s]0]0) 800 1,000 1,200 1,400

DEV
Lamas GA et al: Circulation 96:827, 1997
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| —
Ischemic Mitral Regurgitation

Long-Term Outcome and Prognostic Implications With Quantitative
Doppler Assessment

Francesco Grigiom, MD; Maurnice Ennquez-Sarano, MD; Kenton J. Zehr, MD;
EKent R Bailey, PhD:; A Jamul Tajik, MD

Backgronnd—DNyocardial infarchion (MI) can directly cause ischemne mmral regurgitation (IME), which has besn tonted
as an mdicator of poor prognoesis m acute and early phases after M1 However. m the chrome post-MI phase, prognostic
implications of IME. presence and degree are poorly defined.

\ethods and Results—We analyzed 303 patients with previeus (=16 days) Q-wave MI by ECG whe underwent
transthoracie echocardiography: 194 with IME. quantitatively assessed in routine practice and 109 without IME matched
for baseline age (7111 wversus 7029 years, P=0.20), sex, and ejection fractien (EF, 33214%¢ versms 34*11%,
FP=0.14). In IME. patients, regurgitant volume (EVol) and effective regurgitant orifice (ERO) area were 36+24 mLbeat
and 21+12 mum’, respectively. After 5 years, total mortality and cardiac mortality for patients with IME (62+3% and
50+6%, respectively) were higher than for those without IME. (39+6% and 30+3%, respectively) (both P=20.001). In
multivariate analysis, independently of all baseline characteristics, particularly age and EF, the adjusted relative risks
of total and cardiac mortality associated with the presence of IMR (1.88, P=0.003 and 1.83, P=0.014, respectively} and
quantified degree of IMR defined by EVol =30 mL (2.05, P=0.002 and 2.01, P=0.009) and by ERO =20 mm* (2.23,
F=0.003 and 2.38. P=0.004) were high.

Conclusions—In the chronic phase after MI, IME presence is associated with excess mortality independently of baseline
characteristics and degree of ventricular dysfunction. The mortality risk is related directly to the degree of IME. as
defined by ERO and BEVol. Therefore, IME. detection and gquantification provide major mformation for risk stratification
and clinical decision making in the chromie post-MI phase. (Cireulation. 2001;103:1759-1764.)

Outcome after Q-MI

Impact of Quantified IMR on Survival:
ERO

100

80 P<0.0001

60 6116

4748
40
299

Survival (%)
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Asymptomatic patients post-Mi
CHF during follow-up

P<0.0001

(o]
o

ERO, mm?
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Incidence of CHF (%)
N
o

0
0 1 2

JAm Coll Cardiol. 2005,;45:260-7.
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Limits of quantification: PISA

* Non circular orifice

Chandra S, Am J Physiol Heart Girc Physiol 2011 Sep;301(3): Yosefy C. é;fa’;:;%fgg;? pmerican Society of
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Functional Class

(%)

Impact on Outcome
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Rossi et al, Heart 2011;97:1675

Letters

Quantitative Definition n
of Severe Functional
Mitral Regurgitation

Recent divergence between the American Heart
Association/American College of Cardiology (AHA/

Philipp E. Bartko, MD, PhD

Martin Hilsmann, MD

“Goorg Goliasch, MD, PHD
*Department of Internal Medidine T

Medical University of Vienna
Wihringergirtel 18-20
Vienna 1090

Austria

confidence interval [CIE: 113 43; p = 0.009)
(Figure 1A) and RegVol (HR: 2.¢ % Cl:1.34 to 3.05;
p = 0.001) (Figure 1A). In contrast, the ESC/EACTS
definition of sFMR was related to outcome exdu-
sively if quantified by RegVol (HR: 1.46; 95% Cl: 1.05
t02.05; p ~ 0.026) (Figure 1B), but not if quantified by
EROA (HR: 130; 95% CI: 0.91 to 1.86; p 0.15)
(Figure 1B).

A Unifying Concept for the
Quantitative Assessment of
Secondary Mitral Regurgitation

Philipp E. Bartko, MD, PuD,” Henrike Arfsten, MD,” Gregor Heitzinger," Noemi Pavo, MD, PuD," Aurel Toma, MD,
Guido Strunk, PuD,” Christian Hengstenberg, MD," Martin Hiilsmann, MD,” Georg Goliasch, MD, PuDf
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Figure from Bartko letter JACC 2018°

A ACC/AHA cut-offs. t B ESC/EACTS cut-offs
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Figure from Bartko article JACC 20193
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A Unifying Concept for the n
Quantitative Assessment of
Secondary Mitral Regurgitation

Philipp E. Bartko, MD, PuD," Henrike Arfsten, MD,” Gregor Heitzinger,” Noemi Pavo, MD, PuD," Aurel Toma, MD,
Guido Strunk, PuD,” Christian Hengstenberg, MD,” Martin Hiilsmann, MD,” Georg Goliasch, MD, PuD)
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Previous Cohorts display

regarding FMR outcome

Interactions between FMR and
other determinants of outcome ?

@ ESC European Heart Journal (2018) 39, 3946 CLINICAL RESEARCH
European Society doi:10.1093/eurheartj/ehx402 Heart failure/cardiomyopathy
of Cardiology

Refining the prognostic impact of functional
mitral regurgitation in chronic heart failure

Georg Goliasch ', Philipp E. Bartko', Noemi Pavo', Stephanie Neuhold?,
Raphael Wurm', Julia Mascherbauer‘, Irene M. Lang', Guido Strunk]. and
Martin Hiilsmann'

Subgroups Patients/events Crude HR (95% CI) P-value Adjusted HR (95% CI)* P-value
NYHA functional class
NYHA 66/22 1.20 (0.40-3.55) 0.75 0.83 (027-2.49) 073
NYHA I 153/58 1.89 (0.95-3.77) 0.07 217 (1.07-4.44) 0.03
NYHA I 236/110 1.81 (1.18-2.79) 0.007 1.80 (1.17-2.77) 0.008
NYHA IV 121/81 1.02 (0.65-1.60) 093 1.09 (069-1.72) 071
Echocardiographic LV function
Moderately reduced (LVEF 30-40%) 15976 215 (1.25-3.69) 0.006 237 (136-4.12) 0.002
Severely reduced (LVEF <30%) 325171 1.29 (0.94-1.79) 012 1.31 (095-1.81) 0.10
Quartiles of NT-proBNP (pg/mL)
1st quartile (<863 pg/mL) 144/39 0.43 (0.06-3.17) 041 0.56 (0.07—4.05) 056
2nd quartile (871-2360pg/mL) 145/64 207 (1.19-3.62) 0.01 216 (1.22-3.86) 0.009
3rd quartile (2368-5159 pg/mL) 143/67 1.33 (0.78-2.26) 030 1.36 (0.79-2.32) 026
4th quartile (>5167 pg/mL) 144/101 1.17 (0.78-1.76) 045 1.18 (0.78-1.77) 043

22 of 45



MHIF Cardiovascular Grand Rounds — September 14,

A Unifying Concept for the )
Quantitative Assessment of
Secondary Mitral Regurgitation

Philipp E. Bartko, MD, PuD,’ Henrike Arfsten, MD," Gregor Heitzinger," Noemi Pavo, MD, PuD," Aurel Toma, MD,
Guido Strunk, PuD,” Christian Hi iberg, MD,” Martin Hil: MD,* Georg Goliasch, MD, PuD’

FIGURE 3 A Risk-Based Algorithm for Quantitative Assessment of sMR

Quantitative Assessment of Secondary Mitral Regurgitation

EROA <20 mm? EROA =30 mm?

RegVol <30 ml RegVol 245 ml
Hemodynamic Severity — RegFra

REVIEW TOPIC OF THE WEEK

ﬂ

High-Risk

Defining “Severe” Secondary ()]
Mitral Regurgitation @
Emphasizing an Integrated Approach

Paul A, Graybum, MD,"| Blasé Carabello, MD, | Judy Hung, MD,; Linda D. Gillam, MD,| David Liang, MD,5
Michael J. Mack, MD, # Patrick M. McCarthy, MD,™* D, Cralg Miller, MD, | | Alfredo Trento, MD, 1} Robert J. Sicgel, MD

EROA vs LVEDV at LVEF 30%, RF 50%
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Proportionate and Disproportionate
Functional Mitral Regurgitation

A New Conceptual Framework That Reconciles the
Results of the MITRA-FR and COAPT Trials

Paul A. Grayburn, MD, Anna Sannino, MD, Milton Packer, MD

EROA vs LVEDV at LVEF 30%, RF 50%

)
COAPT Echo measure of
LV volumes was severely

d-Diastolic Volume (ml) u ndereSti mated

oS

Previous Cohorts display

regarding FMR outcome

What about surgical data ?
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Left Ventricular Dysfunction

Impact of Mitral Valve

Annuloplasty on Mortality Risk

in Patients With Mitral Regurgitation
and Left Ventricular Systolic Dysfunction

udrey H. Wu, MD, MPH,* Keith D. Aaronson, MD, MS,* Steven F. Bolling, MD, FACC,t
Francis D. Pagani, MD, PuD, FACC,t Kathy Welch, MS, MPH.$ Todd M. Koelling, MD, FACC*
fun Arbos, Michigan

o
B f N = L]
Overall . Non-ischemic
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Coronary Artery Bypass Surgery With or Without Mitral
Valve Annuloplasty in Moderate Functional Ischemic
Mitral Regurgitation
Final Results of the Randomized Ischemic Mitral Evaluation (RIME) Trial

K.M. John Chan, FRCS CTh; Prakash P. Punjabi, FRCS CTh; Marcus Flather, MD, FRCP;
Riccardo Wage, DCR (R); Karen Symmonds, DCR (R); Isabelle Roussin, MD;
Shelley Rahman-Haley, MD, FRCP; Dudley J. Pennell, MD, FRCP: Philip J. Kilner, MD, PhD;
Gilles D. Dreyfus, MD; John R. Pepper, MChir, FRCS; for the RIME Investigators
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Coronary Artery Bypass Surgery With or Without Mitral
Valve Annuloplasty in Moderate Functional Ischemic
Mitral Regurgitation
Final Results of the Randomized Ischemic Mitral Evaluation (RIME) Trial
K.M. John Chan, FRCS CTh; Prakash P. Punjabi, FRCS CTh; Marcus Flather, MD, FRCP;
Riccardo Wage. DCR (R); Karen Symmonds, DCR (R); Isabelle Roussin, MD;

Shelley Rahman-Haley, MD, FRCP; Dudley J. Pennell, MD, FRCP: Philip J. Kilner, MD, PhD;
Gilles D. Dreyfus, MD; John R. Pepper, MChir, FRCS; for the RIME Investigators

) CABG CABG+MVR  Mitral regurgitation*
ariable n=39) n=34) ) ] _ ,Z
e v 704-79 709105 Effective regurgitant orifice area, cm 0.18+0.10 0.21+0.09
emale sex, n (%) 10(26) 9(26) Requrgitant volume, mL/beat 303+138 3554133
oy mass index =80 2384 Vena contracta width, cm 0.4+0.1 0.4+0.1
Medical history, n (%) o -
Arial fibrillation 4(10) 2(6) Tricuspid regurgitation,” n (%)
Previous myocardial infarction 28(72) 25 (74) None 18 (46) 12 (26)
Previous stroke 1(3) 2(8) i
Peripheral vascular disease 5(13) 4{12) Mild 18 {46} 18 {52]
Hypertension 23(59) 17 (50) Moderate 3(8) 4(12)
Diabetic on treatment 15(38) 1238 Lgft ventricle®
Chronic pulmonary disease 1(3) 2{8)
vk ciass, 1 (%) LVESD, mm 433+05 45774
| 103 13) LVEDD, mm 56.5+12.0 56.5+126
i 25 (64) 22 (85) Ejection fraction, % 40.3+16.1 40.0+17.3
11l 1333 14082

Coronary Artery Bypass Surgery With or Without Mitral
Valve Annuloplasty in Moderate Functional Ischemic
Mitral Regurgitation
Final Results of the Randomized Ischemic Mitral Evaluation (RIME) Trial
K.M. John Chan, FRCS CTh; Prakash P. Punjabi, FRCS CTh; Marcus Flather, MD, FRCP;
Riccardo Wage, DCR (R); Karen Symmonds, DCR (R); Isabelle Roussin, MD;

Shelley Rahman-Haley, MD, FRCP; Dudley J. Pennell, MD, FRCP; Philip J. Kilner, MD, PhD;
Gilles D. Dreyfus, MD; John R. Pepper, MChir, FRCS; for the RIME Investigators

Table 3. Study End Points at 1 Year

CABG (n=32) CABG+MVR (n=27)

End Points Baseline 1 Year A Baseline 1 Year A P Value*
Primary end point

Peak V0., ml/kg/min 161+33 15.0+25 08+29 148+32 18129 33+23 <0.001
Secondary end points

LV ESVI, m/m?t 71.8+16.1 67.4+204 —44+174 7842265 56.2+14.9 —222+256 0.002

MR volume, mi/beatt  31.9+14.8 22.7+148 —02+1094 35.4+240 72+35 —282+246 0.001

BNP (pg/ml) 6814+1073  2867+1320 —3947+2136 7481+1583 19071178 —5574+18290 0.003
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Two-Year Outcomes of Surgical Treatment
of Moderate Ischemic Mitral Regurgitation

A Death Major Adverse Cardiac or Cerebrovascular Event
1907 Hazard ratio, 0.9 (95% Cl, 0.45-1.83) 1009 Kazard ratio, 0.89 (95% CI, 0.60-1.34)
90+ p-0.78 904 P-0.58
80~ 30
_ 70+ 70+
33. 60 BE 50
g 504 jg 50|
E 40+ % 40
> M case
209 204 alone
104 CABG alone i 104
0 : CABG+‘MV repair ‘ ‘ CABG+MV repair
0 6 12 18 24 00 6 1 13 %
Month Month
MR and surgery
FMR .
i FMR isolated
ventricular L . OMR Total
X atrial dilatation
remodeling (n=233) (n=705)
(n=194)
(n=278)
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, 4(2%) 5(3%) 22(18%) 31(6%)
n(%) in subset (n=192) (n=175) n=124 (n=491)
Severe MR, 6(7%) 1(5%) 64(59%) 71(33%)
n(%) in subset (n=86) (n=19) (n=109) (n=214)
Eg&Congres
ére Undertreatment of FMR"
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Previous Cohorts display

regarding FMR outcome

What about Interventional data ?

The MitraClip
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Mitral Regurgitation
What can the MitraClip achieve

LA pressure

Mayo 3D TEE TIS0.1 MIO0.3
X7-2t 30 Beats 1
o 105 4w "
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PAT T: 37.0C
TEET:38.3C

The NEW ENGLAND JOURNAL of MEDICINE

I

Percutaneous Repair or Medical Treatment
for Secondary Mitral Regurgitation

G. Leurent, B. lung, G. Bonnet, N. Piriou,

1.04
T 094
1.% 0.8+
§ 7
E 0.7
& 0.6 Control group
£ 054 e e
‘5 0.4 Intervention group‘
w
5 034
b
£ 024
-]
2 014
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e 0.0 T T T T U 1
0 2 4 3 3 10 12
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No. at Risk
ontrol group 152 123 109 94 86 80 73
ntervention group 151 114 95 91 8l 73 67

The NEW ENGLAND JOURNAL of MEDICINE
Transcatheter Mitral-Valve Repair
in Patients with Heart Failure

yburn,
ke, S.0. Marx, D.J. Cot
k, for the COAPT In

and M.J. M

A Hospitalization for Heart Failure
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Hazard ratio, 0.53 (95% Cl, 0.40-0.70)
P=0.001
0 T T T T T T T 1
] 3 & ] 12 15 18 21 L
Months since Randomization
No. at Risk

Control group 312 294 271 245 219 176 145 121 88
Device group 302 286 269 253 236 191 173 161 124
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Previous RCTs display

regarding FMR outcome

What about Guidelines ?

ESC Guidelines}

2007

Guidelines on the management of valvular
heart disease

he Task Force on the Management of Valvular Heart Disease
of the European Society of Cardiology

2003 e

American Society of Echocardiography:
Recommendations for Evaluation of the Severity
of Native Valvular Regurgitation with
Two-dimensional and Doppler Echocardiography

e — - methods adds important information. In ischaemic MR,
C wdth ) <03 Cwes e lower thresholds of severity, using quantitative methods,
R Yol nlbex) o P have been proposed (20 mm? for ERO and 30 mL for regurgi-
EROA (an’) <0 020-029 0009 2040 tant VO[Urﬂe).Z4'”0

alvular Heart Disease

ge of Cardiology/American Heart Association

o Mg et mates e
meme s e v
[e—

on the basis of the criteria used for determination of
“severe” MR in RCTs of surgical intervention for sec-
ondary MR (69-72), the recommended definition of se-
HA/ACC Focused Update of the vere secondary MR is now the same as for primary MR
2074 AHA/ACC Guideline for the (effective regurgitant orifice =0.4 an” and regurgitant
Management of Patients With volume =60 mL), with the understanding that effective
Valvular Heart Disease regurgitant orifice cutoff of >0.2 cm® is more sensitive
nd >0.4 cm® is more specific for severe MR. However, it
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ASE GUIDELINES AND STANDARDS

Recommendations for Noninvasive Evaluation of G)mk
Native Valvular Regurgitation

A Report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovascular
Magnetic Resonance

William A. Zoghbi, MD, FASE (Chair), David Adams, RCS, RDCS, FASE, Robert O. Bonow, MD,
Maurice Enriquez-Sarano, MD, Elyse Foster, MD, FASE, Paul A. Grayburn, MD, FASE,
Rebecca T. Hahn, MD, FASE, Yuchi Han, MD, MMSc¢,” Judy Hung, MD, FASE, Roberto M. Lang, MD, FASE,
Stephen H. Little, MD, FASE, Dipan |. Shah, MD, MMSc,” Stanton Shernan, MD, FASE,
Paaladinesh Thavendiranathan, MD, MSc, FASE,” James D. Thomas, MD, FASE, and
Neil J. Weissman, MD, FASE, Houston and Dallas, Texas; Durbam, Novth Carolina; Chicago, Hllinois; Rochester,
Minnewta; San Francisco, California; New York, New York; Philadelphia, Pennsylvania; Boston, Masschustts;
Toronto, Ontario, Canada; and Washimgton, DC

ASE Regurgitation committee meeting
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MR Grading algorithm

‘ Chronic Mitral Regurgitation by Doppler Echocardiography ‘

Yes, mild

Does MR meet specific criteria for Yes, severe
*l mild or severe MR? i
.
T
Intermediate Values:
Specific Criteria for Mild MR Spacific Criterla for Severs MR
« Small, namow central et | MR Probably Moderate ‘ - Flallleatat
-+ VCW=03em 2.3 _L’ﬂ 2.3 + VCW =D7em
- PISA radus absentor = 0.3 om at oS . SRR ————————— " TR
Myquist 30-40 cmis ] B - i e
-+ Miral A wave gominant mow >y _Perform quantitative methods whenever possible i€ + Central largs jet> 50% of LA ares
= Softorincompiete Jet by CW Doppler ‘[ = Pulmonary vain systolic fow reversal
+ Nomnal LV and LA size - Enlarged LV with normal function
o [ 1 J 1 { ] L
Deﬁniner: m';:: EROA <0.2 cm? EROA 0.24.25 cm? EROA 0.30-0.33 cm® EROA & 0.4 cm? 24 Criteria
RVol <30 mi RVl 3i-44 ml RVl 45-55 mi RWVel = &0 ml Definitely severe
RF = 30% RF 30-39% RF 40-45% RF = 50%
R Grade MR Grace il MR Grade IIf MR Grade IV

3 specific oiteria

fior seyere MR or

elliptical orfice

Mild Moderate Severe
MR MR MR
Poor TTE quality or low confidence in measured Doppler parameters In . minate HR
Discordant quantitative and qualitative parameters andior clinical data mﬁtﬂh‘“ﬁ"" h’"n:_
TEE or

Functional MR

Functional MR EFFECT
. |

Negative
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We need new data

Very large cohorts
Comprehensively characterized
With long-term outcome
With comparison FMR-DMR

Age <50y
N=1889

Diagnosis of cancer
N=3812

No mitral ERO
N=5064

HFrEF patients with FMR quantification
N=6381

No FMR, ERO=0
N=3823

[ 1

ERO 0.01-0.09 ERO 0.10-0.19 ERO 0.20-0.29
N=195 N=1067 N=793
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Comprehensive Characterization
All MR, LV, LA,

hemodynamics, RV, TR as entered at initial
diagnosis in routine practice

Vitals, symptoms (NLP), PMH, ECG,
Comorbidity, ADL, Meds per Clinician notes
if performed
Creatinine, Hb, BNP
by Accurint

Overall NOFMR  FMR-EROA FMR-EROA  FMR-EROA p-valuc for
. (6381) (60%,3823)  0.01-0.19 0.20-0.39 >/=040  trend
Basel I n e (20%,1262)  (17%,1103) (3%, 193)
Clinical characteristics
C h .t H t' Age (years) 70+ 11 6847 73511 72£10 70£10 02
a ra C e rl S ICS Female (%) 31 25 4s 34 31 <0.0001
BMI (kg/m?) 20.146.5 20.946.8 27.946.0 28.145.5 282469 0.002
Aurial fibrillation (%) 20(1239) 14 26 33 30 <0.0001
Heart Rate (bpm) 76418 75 £18 7517 78£17 8016 <0.0001
Systolic BP (mmHg) 121221 122821 12822 118£19 106£18  <0.0001
Diastolic BP (mmHg) 69412 69£13 71414 68£13 65413 <0.0001
Diabetes (N, %) 1724(28) | 1058 (28) 294 (24) 324(30) 48(25) 08
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) 02
Charlson-Comorbidity-index 2445194 | 236+1.94 2.441.89 2.70£1.98 2724191 0.002
Symptoms
Dyspnea (N, %) 3363(33) | 1702(@5) 734 (58) 744 (67) 160(83)  <0.0001
Angina (N, %) 1722027 | 13260 302 (24) 236 21) 52027 03
Palpitation (N, %) 787 (12) 439(12) 163 (13) 157 (14) 28(15) 02
Echocardiographic characteristics
LV EDD (mm) 5929 5457 5829 6129 66£10 <0.0001
LV ESD (mm) 46£10 4347 4318 52£10 57412 <0.0001
LV EDD-index (mm/m2) 2055 2744 3115 3245 3416 <0.0001
LV ESD-index (mm/m2) 2415 2154 2545 2746 2047 <0.0001
LV-EF (%) 36£10 3849 33410 30£10 28410 <0.0001
WMS-index 2012044 | 191:0.42 2.11:0.44 2.22:0.43 230£0.36  <0.0001
LV SV-index (ml/m2) 3810 39410 37811 34£10 3119 <0.0001
E (m/sec) 0812029 | 0.70:0.25 0.90£0.26 0.96£0.26 1176033 <0.0001
E/A 1226086 | 0.9420.57 1.46£0.97 1.88+1.03 2524130 <0.0001
DTE (msec) 193163 213262 180258 157446 147437 <0.0001
Ele’ 17.13£9.47 1417 21410 22£10 2811 <0.0001
EROA (cm2) 0.0940.13 0 0.14£0.04 0.280.05 0.5150.11  <0.0001
RVol (mL) 14£19 0 2418 42811 67419 <0.0001
MR severe by integrative grading, % 1 0 3 42 94 <0.0001
S-PAP (mmHg) 42415 36412 45815 50£14 57414 <0.0001
Medical therapy

Acc-inhibitors / ARB (N,%) 5008(78) | 2922 (76) 1026 (81) 903 (82) 157(81)  <0-0001
Beta Blockers (N,%) 5928(83) | 3063 (80) 1098 (87) 969 (88) 168(87)  <0-0001
Diuretics (N,%) 4316(68) | 2243 (59) 963 (76) 931 (84) 179(93)  <0-0001
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)  <0-0001
Casdi ization T N 12007 0l A0a 2050, 210009 00001
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200
150
100

50

Patients (no.)

100

Patients (no.)

250 1

Distribution of MR severity

49% 12% 8%

. 31%

M Functional MR

27% | 21% | 14% 38%

M Degenerative MR

A Mortality risk within cohort
by ERO values
4 - /s
’
’l
’I
=
£ 2
[=]
£
S
o
o . AVERAGE MORTALITY
OF THE COHORT
1 4 e e
0.75 ¥
00 01 02 03 04 05 0686
Effective regurgitant orifice area (cm?)
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Long-term mortality risk under medical management

ERO groups vs. No FMR

ERO continuous
increase vs. No FMR

M
° 0, 0, . 0, . N 0, .
0 DD ARG HR (95% ACC/AHA HR(O5% CD:p oo craping  HRO3%CI; | iner  HR (95% CI); p
e CI); p value GRADING value p value ease value
1

0.01-0.09 em? 1'28[10'?)51-1'55]; 1.39[1.27-1.52]; 1.39[0.27-1.52];
: 0.01-0.19 cm? 391127 ; i 001019 em2 1391027 ; i
0.10-0.19 em? 1.41[1.29-1.55] ; p<0.000 P<0.000
B <0.0001 per 0.1 cm*
Unadjusted 1.89] 1.76 [1.60-1.94]; 1.24[1.20-1.27] <0.0001
nadjuste 0.20-0.29 cm? 1.69 [1.52-1.89] 5 0.20-0.39 cm? Lo o ] [ 1
<0.0001 p=b 020 cm? 1.86 [1.70-2.03];
=030 em? 220[1.93-2.51]; /= 0.40 em? 2.77[2.23-341]; - p<0.0001
—oenem <0.0001 =0.40 cmy p<0.0001
0.01-0.09 cm? 1.08 [0685"'33];
’ 1.09 [0.99-1.20], 1.09 [0.99-1.20];
- 2 - 2
. 0.01-0.19 cm =007 0.01-0.19 cm P=0.07
Adiusted 0.10-0.19 cm? : [0'08' 21k per 0.1 cm?
juste : 1.11[1.08-1.15]; <0.0001
113 [1.01-1.27]; 1.21[1.09-1.34],
0.20-0.29 cm? 0.20-0.39 cm?
0.04 p=0.0005 5020 em? 1.27 [1.15-1.41];
1.61 [1.40-1.86]; 2.00 [1.61-2.48]; - p<0.0001
= 2 = 2
>/=10.30 cmy <0.0001 >/=0.40 cm’ <0.0001
1.7
— HFMR
—  R0A0.01-0.09 mm?
—  R0A0.1-0.19 mm?
0, —  R0A0.2-0.29 mm?
—  0A20.30 mm?
—_
S
<
©
> 3+1%
>
1
s 0 34+4%
(/]
_\h‘-ii_k
29
0. Moz
17£3%
0,0+ T T T T T T T T T 1
0 2 4 6 8 10
Follow up (years)
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 2 0.30 503 218 131 67 30 11
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ACC/AHA grading ‘ |

ESC grading

'FMR
0A0.01-0.19 mm?
0A0.20-0.39 mm?

66+1% OA 20.40 mm?

' FMR
0A0.01-0.19 mm?
0A20.20 mm?

66£1%
55£1% 55£1%
4341% w
9
47+2% 2842% 28+2%
45+1%
3315%
23+2%
2242%
8+9%
— T 1
0 2 4 6 o w 0 2 4 6 8 10
Follow up (years) Follow up (years)
No FMR 3823 2852 2201 1481 888 426 No FMR 3823 2852 2201 1481 888 426
EROA0.01- 1262 874 626 397 236 105 EROA0.01-0.19 1262 874 626 397 236 105
faghoo- 1108 585 287 207 107 53 EROA 20.20 1296 643 423 227 111 54
EROA 20.40 193 59 37 17 5 2

Spline curve of Mortality
Observed vs. expected

Moderate-severe risk
Moderate-severe MR

Very high risk:
Severe M

Excess mortality

Average mortality

2 9 Moderate risk
> o
£ £ Moderate MR
£
£5  Noadded risk
33 Mild MR
T
2E
i3
5
3
1 | aeasasszat
0
T I 1 1 T
0 0.1 0.2 0.3 0.4
EROA (cm?)

T |
0.5
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Interactions

EROA RVol

Age < 65 years| —_— —_——
Age > 65 years - — 3
Male —— s ol
Female| | E— —
Diabetes NO _ —
Diabetes YES| _— ——
Hypertension NO e —
Hypertension YES —— -
EF<30%| | —e— —
EF > 30%| —— =
LV EDD <64 mm _ &
LV EDD >64 mm —_—
DTE < 140 J—
DTE > 140 —— -
Atrial Fibrillation NO| _— —
Atal Fibrilation YES| — —
Coronary artery disease NO| | —_— —
Coronary artery disease YES —— b o
Myocardial infarction NO —— -
Myocardial infarction YES — ——
Coronary Revascularization NO —— -
Coronary revascularization YES —— —-—
Cherlson Index <3 —e— -
Charlson Index >3 —— —-—
Dyspnea NO — —-—
Dyspnea YES| ! —— -
100 170 120 130 140 100 140 120 130 140
HR vs. No-FMR HR vs. No-FMR

Risk of mortality under  Risk of mortality under
medical medical
for 0.1 cm? of EROA increasc  for 10 ml of RVol increase

Interactions

B
Mortality-risk

LV interaction (27.5375%) FOND9B

Analysis

Left Ventricular Ejection Fraction

LV indexed End-Diastolic diameter

Pfor interaction =0.07

P forinteraction=0.3

NOFMR H NoFMR “

WV-EF morossam — LV-EDD-i  eroroora0s -
lquartile  gosnmos 41_ lquartile  eros010018 [
(<27.5%)  mornmon i (<24.5mm/m?)  cros02002 3 a—

EROA2030 [—— ER0A20.30 ! -
NoFM T NoFMR ¢

LV-EF EROAD.01-009 . LV-EDD-i EROADOI-09 ——

llquartle  EFoa0ma —_— lquartlle  gaoup1001 3 —_
I (25.4-283mm/m?) gronnz0a28 | ——
£ROA2030 3 . EROA2030 | ——
NoFR T ) NoFMR '
EROADOL008 ! WDt ———

WA e [ Mquartie £04010933 3 —
Wquartle 000025 ! (283-318mm/m) oy | ——
(37.5-44%) £R0A2030 . EROA20.30 i -—

] ; NoFMR ,:

LV-EF EROA00L009 : LV-EDD EROA0D1009 .
[Vouartile  For0ass [ Nquartle 00093 3_,_

(244%)  HoA0ZOR ! (2328 mm/my  FO0BAB [—

£R0A2030 ! ER0A2030 !
! ] g

]
R rmortaiy under meccia managemant

H 3 i
Hfor oty e mecical rarapmnest
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-Despite criticisms of the methods FMR
severity measured by measured in
is a strong and independent

-There is )
in particular by LV size or function
-The appears for low EROA
(0.1 cm2) and

thereafter compared to
expected mortality
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Conundrum #3
How to treat FMR-v ?

The MitraClip

Tethered MV leaflets

Lv Tethered Chordae

-
MitraClip
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The NEW ENGLAND JOURNAL of MEDICINE

I

Percutaneous Repair or Medical Treatment
for Secondary Mitral Regurgitation

, D. Messika
, C. Piot, F. R

Piriou,

D rié, M. Nejjari,
» L. Leroux, N.
Armeiry, F. B
rian, and N. A

C. Saint Eti .
J.-N. Trochu, B.

G. Samson, P. Guerin, /

The NEW ENGLAND JOURNAL of MEDICINE

]

Transcatheter Mitral-Valve Repair
in Patients with Heart Failure

Control group

hl Ty

Intervention group

Probability of Freedom from an Event
=
=
1

0.3+
0.2
0.1+
0.0 T T T T U 1
0 2 4 3 3 10 12
Months
No. at Risk
ontrol group 152 123 109 94 86 80 73

ntervention group 151 114 95 91 81 73 67

A Hospitalization for Heart Failure

300 Control group

n

5 2501

a

w

g

52 1200

22

£ 150

53

5 = Device grou

S8 1004 group

g

= 50-]

Hazard ratio, 0.53 (95% Cl, 0.40-0.70)
P<0.001
0 T T T T T T T 1
0 3 6 9 12 15 18 21 24
Months since Randomization

No. at Risk
Control group 312 204 271 245 219 176 145 121 88
Devicegroup 302 286 269 253 236 191 173 161 124

The NEW ENGLAND JOURNAL of MEDICINE

I

Percutaneous Repair or Medical Treatment
for Secondary Mitral Regurgitation

-

, D. Messika-Zeitoun, G. Leurent, B. lung, G t, N. Piriou
, C. Piot, F. R D. Carrié, M. Nejjari, P. Ohln
1t Etienne, E. T aram

J-N. Trochu, B. Corn
G. Samson, P. Guerin, A. Vahanian, and N. Mewton, for the MITRA-FR Inve

Armoiry, F. B

r, X

The NEW ENGLAND JOURNAL of MEDICINE

]

Transcatheter Mitral-Valve Repair
in Patients with Heart Failure

Imilar populations

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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The NEW ENGLAND JOURNAL of MEDICINE

I

Percutaneous Repair or Medical Treatment
for Secondary Mitral Regurgitation

The NEW ENGLAND JOURNAL of MEDICINE

]

Transcatheter Mitral-Valve Repair
in Patients with Heart Failure

Case selection: EDVI

135 mL/m2 101 mL/m2
LV ED diameter 69 mm 62 mm
ERO 0.31 cm2 0.41 cm2
NT-ProBNP 3300 pg/mL 5500 pg/mL
Intervention: Achieved Implant 90.7% 95%
2 Clips 45% 55%
Complications 14.6% 8.5%
MR discharge <1+ 75.6% 82.3%
MR 1-year <2 ~80% ~95%
Process Serious Med Rx Intensive Med Rx pre-
Local randomization bv panel

Ma for the COAPT Inve

1t ?

Mitral Regurgitation

What determines the success of repair ?

o 136 wo

BP:107/40
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Mitral-Valve Repair versus Replacement

A Death
30—
Hazard ratio, 0.79 (95% Cl, 0.42-1.47)
P=0.45
. 20+ MV replacement
S e e o e
e 1=
E _____ . ;
104 MV repair

Months

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Two-Year Qutcomes of Surgical Treatment

T

[ Death preceded by
recurrent MR or
reintervention
50|
[ Death not precaded
by recurrent MR or
s reintervention
B Recurrent MR
or reintervention

40

Patients (%)

30
20
10
- - s s .
a5 & 45 & & & 3 3
aft & o aft & et
o ot s
P «® «* o
30-Day Visit 6-Month Visit 12-Maonth Visit 24-Month Visit

Figure 2. Cumulative Failure of Mitral-Valve Repair or Replacement.

Failure of the intervention was defined as death, moderate or severe mitral regurgitation (MR) as seen on transtho-
racic echocardiography, or mitral-valve reintervention.
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80%

60%

a0

Cumulative HFHs
(% Patient-Year)

Nurnber at risk

MR O/1¢
MR 2+
MR 3+/4+

All patients MitraClip plus GDMT «—— P,,=0.78 ——» GDMT alone
— MR 0/1+ (N=223; 41.8%) — MR 0/1+ (N=202; 72.9%) — MRO/1+ (N=21; 8.2%)
— MR 2+ (N=122; 22.8%) = MR 2+ (N=55; 19.9%) — MR 2+ (N=67; 26.1%)
— MR 34/4+ (N=189; 35.4%) — MR34/4+ (N=20; 7.2%) — MR 34/4+ (N=169; 65.8%)
HR [95% C1) = 0.89 (0.58, 1,35] for 0/1+vs 2+ HR [95% CI] = 0.81(0.46, 1.41] for 0/1+ vs 2+ HR [95% C1] = 1.15 [0.48, 2.75] for 0/1+ vs 2+
HR [95% C1) = 0.38 (027, 0.52 ] for 0/ 1+ vs 34/4+ oo -, HR[95%Cl)=0.35(0.18, 070]for /1+ v 34744 100 -, HR198%Cl) =047 (022, 1,02} or 0/1+vs 3¢/
HR [95% CI) = 0.42 [0.29, 0.61] for 24 vs 3+/4+ HR(95% CI) = 0.42 0.19, 0.92) for 24 vs 3+/4+ HR [95% C1] = 0.40 (0.25, 0,65 for 2+ vs 3+/d+
81.8% 80% + 8.0 80% 814%
60% + 60%
Pryerai<0.0001 Poeri=0.01 Poverai=0.0003
LT R | w1 0% —31.5%
= 30.0% 2 —29.3% ’_,—,—'— 32.1%
% + - Wt /r
‘J
} : } ; 0% } ; } ; 0% + . + -
6 2 18 % 1 6 12 18 2 1 6 12 18 2
Follow-up duration (months) Follow-up duration (months) Follow-up duration (months)
Number at risk Number at risk
m 188 173 42 MRO+ 200 191 1n 158 128 MRO+ 2 2 16 15 14
10 9% 87 6 MR2+ 55 48 I # B MR 13 3] 5 % 3
189 164 138 m 8 MR+ 20 19 15 3 9 MR34+ 169 145 123 98 74

FMR-LV dysfunction

Represents
An independent

Specific
Profoundly

We have now a potentially
successful method of
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