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Case 3: Who is technically the appropriate candidate?
The role of echo imaging
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Heart Failure Patient with Significant Ischemic MR

56 year old male
NYHA [lI-1V dyspnea UL osnazor 085018 Tisad wio7
11/2016 AMI, primary PCl in LCx
Staged LAD PCI with multiple stents

Gradually developing SOB symptoms
together with MR (initially mild)

ECHO MR 4/4, ERO 50mm?, RV 66ml,
LVEF 30-35%, PAP 60mmHg
Paroxysmal AF, TIAs (most recent 3m
ago) N
HEART TEAM decision: MitraClip Rt




TEE X-plane




MR: Live 3D color

FR 15Hz 3D Beats 6
10¢m

3D

3D 52%
3D 40dB
CF

50%

4 4MHz

PAT T: 37.0C
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58 BPM

,ﬂ._

PAT T: 37.0C
TEE T:40.0C

MitraClip: alignment [tk

M4
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PITAL
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2 Clip bridge

3D Beats 1

3D 52%
3D 40dB

ToaT T 37.0C
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Modern Classification of MR

Etiology and Mechanism of MR

MR mechanism

Organic MR Functional MR
Type I* Type IT** Type Hla*** Type I* Type 1HIb***
MR Nonischemic Endocarditis: | Degenerative: | Rheumatic: Cardiomyopathy, myocarditis
etiology perforation billowing/ chronic RF left ventricular dysfunction
Degenerative: flail leaflets | latrogenic: (any cause)
annular Endocarditis: radiation/
calcification  ruptured drug
Congenital: chordae Inflammatory:
cleft leaflet Traumatic: lupus/
ruptured anticardi-
chord/PM olipin,
Rheumatic: eosinophilic
acute RF endocardial
disease,
endomy-
ocardial
fibrosis
Ischemic Ruptured PM Functional ischemic MR

Contemporary Cardiology: Valvular Heart Disease Chapter 10:221-246



Organic / Primary Mitral Regurgitation

FED+ Forme fruste Barlow's
+ ++ +++ s R
»

Leaflet tissue



Degenerative / Primary Mitral

2017 AHA/ACC Focused Update of the R itation: Guideli f
2014 AHA/ACC Guideline for the egurgitation: Guidelines 1or

Management of Patients With IVIitraCIip
Valvular Heart Disease

Transcatheter mitral valve repair may @EACTs 'ndications for intervention in severe  @gsc

be considered for severely primary mitral regurgitation (continued) buogean Sty
symptomatic patients (NYHA class Il to
V) with chronic severe primary MR Recpmrnditions Ons | Ll
Mitral valve replacement may be considered in symptomatic patients
(stage D) who have favorable anatomy with severe LV dysfunction (LVEF <30% and/or LVESD >55 mm) "
. refractory to medical therapy when likelihood of successful repair is
for the repair procedure and a low and comorbidity low.
reasonab|e hfe expectancy bUt WhO Percutaneous edge-to-edge procedure may be considered in patients
with symptomatic severe primary mitral regurgitation who fulfil the b
have a proh|b|t|ve Surgical risk because echocardiographic criteria of eligibility and are judged inoperable or at
high surgical risk by the Heart Team, avoiding futility.

of severe comorbidities and remain
severely symptomatic despite optimal
GDMT for HF (Level of Evidence: B)



Functional Mitral Regurgitation

Normal Infarct

LV

Closing force

'

Papillary
muscle
displacement
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Stages of Secondary Mitral Regurgitation

Grade Definition Valve Anatomy Valve Hemodynamics™® Assoriated Cardiac Findings Symptoms
A Atnskof MR » Normal valve leaflets, chords, No MR jet or small central jet Nommal or mildly dilated LV * Symptoms due to coronary
and anmmlus in a patient with area =20% LA on Doppler size with fixed (infarction) or ischemia or HF may be
coronary disease of Small vena contracta <0.30 cm inducible (ischenua) regional present that respond to
cardiomyopathy wall motion abnormalities revascularization and
Primary myocardial disease appropriate medical
with IV dilation and systolic therapy
dysfunction
B Progressive ME. * Beoional wall motion = ERO =040 em™t Regional wall motion s Symptoms due to coronary
abnormalities with mild o Regwgitant volume <60 ml abnormalities with redeced TV ischemia or HF may be
tethering of mitral leaflet s Regugitant fraction <50% systolic function present that respond to
o Anmmlar difation with mild loss LV dilation and systolic revascularization and
of central coaptation of the dysfunction due to primary appropriate medical
mitral leaflets myocardial disease therapy
L& Asvymiptomatic * Begsional wall motion e ERO =040 co’ Eegional wall motion s Symptoms due to coronary
severe MR abnormalities and/or LV e Regwgitant vohume =60 mL abnormalities with reduced LV ischemia or HF may be
dilation with severe tethering of | » Regwgitant fraction =50% systolic finction present that respond to
mitral leaflet LV dilation and systalic revascularization and
» Anmular dilation with severe dysfunction due to primary appropriate medical
loss of central coaptation of the myocardial dizease therapy
merrrn e
D Symptomatic » Regional wall motion e ERO =040 cm't Regional wall motion * HF symptoms due to ME.
severe MR abnormalities and/or LV & Repwrgitant volume =60 mL abnormalities with reduced LV persist even after
dilation with severe tethering of | » Regurgitant fraction =50% systolic function revascularization and
mitral leaflet LV dilation and systolic optimization of medical
s Anmlar dilation with severs dysfunction due fo primary therapy
loss of central coaptation of the myocardial disease # Decreased exercise
mitral leaflets tolerance
s Exertional dyspnea
—— = _ = —
Circulation. 2017;DOI: 10.1161/CIR.0000000000000503



Change in severe tMR criteria

...the recommended definition of severe secondary MR 1s now the same
as for primary MR (effective regurgitant orifice >0.4 cm.and regurgitant
volume >60 mL), with the understanding that effective regurgitant
orifice cutoff of >0.2 cm? is more sensitive and >0.4cm? is more

specific for severe MR.

Circulation. 2017;DOI: 10.1161/CIR.0000000000000503



s “moderate” MR acceptable in patients with
severe heart failure?



Is “moderate” MR acceptable in patients with severe
heart failure?

FR 12Hz

89 year old female, NYHA IV e

2D
67%

C50
e Acute anterior Ml = 1o PCI G

CF
59%

e Ischemic cardiomyopathy 4.4MHz
— EF 35%, LVEDD 62mm, LVESD 56mm

 Multiple hospitalizations for acute

pulmonary edema

 “Moderate mitral regurgitation”

¥
'PAT T: 37.0C
TEE T< 37.0C

* Ryo.34ml, RF 45%, EROA 20mm?
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Is “moderate” MR acceptable in patients with
severe heart failure?

Patient hospital course uneventful
At 12 months, no readmissions for heart failure, NYHA class |-
Sustained mitral regurgitation reduction on follow up

“Moderate” MR should be considered as a therapeutic target in
patients with severe heart failure symptoms

Stress echo by supine bicycle, or simply raising the blood
pressure may uncover the true significance of MR in the patient



Optimal TEE Imaging

e Patient / anatomical factors
— Adequate imaging in majority of patients

— In rare patients, impossible to obtain adequate TEE imaging planes
for steering

e Technical factors
— Image degradation after prolonged procedure

— Need for breath holding during grasping of leaflets to ensure stable
imaging



J Echocardiogr. 2017 Nov 27. doi: 10.1007/s12574-017-0358-0




J Echocardiogr. 2017 Nov 27. doi: 10.1007/s12574-017-0358-0




Defining Mitral Regurgitant Jet(s)

* 3-Dimensional with Color Flow Imaging

* Vena contracta area assessment (area of the narrowest point
of the mitral regurgitant jet)
— Marker of severity

* |n addition to evaluation of MV inflow, pulmonary vein flow,

ERO calculations, chamber size, degree of pulmonary
hypertension
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Baseline MR Evaluation

06521020150731 HYGEIA HOSPITAL CX7-2t/IAdult 08521020150731 HYGEIA HOSPITAL CX7-2tIAdult

FR 50Hz
cw ; 12em
40%
2.5MHz 2D
WF 225Hz

e -m/s
+MRVTI

Vmax 482 cmis
Vmean 359 cm/s|
Max PG 93 mmHg
Mean PG 58 mmHg
VTI 168 cm)|

MRERO  0.28 cm?
MR Volume 47 ml

MRy, 47ml, ERO 28mm? Suppression of systolic PV flow




Defining Mitral Valve Pathology

* Functional

* Degenerative



3-D Mitral Valve




Modelling of Mitral Valve - MVQ




Evaluation of MV Area with
Multiplanar Reconstruction

MVA 4.9cm?




Left Ventricular Function Assessment




Prolapse / flail of the P2

Prolapse / flail P2 seen in 3D
zoom (anatomically oriented)



MVQ Analysis and 3D Color Flow




MitraClip: Initial Inclusion Criteria (EVEREST studies)

—
o

* Valve geometry features:

— Coaptation length 22 mm, coaptation

depth <11 mm,

— Flail gap <10 mm, flail width <15 mm

* Ventricle function/ geometry:

— Ejection fraction [EF] >25%, P

< 15mm

— LV end-systolic diameter <55mm



MitraClip Anatomic Evaluation:
Basic Requirements

Ability to approximate leaflets

Adequate mitral valve orifice area (to avoid iatrogenic

mitral stenosis)

Adequate transesophageal imaging to guide the

procedure

=» Expanding indications to non-EVEREST anatomies



Percutaneous interventional mitral regurgitation treatment
using the Mitra-Clip system

P. Boekstegers - J. Hausleiter + S. Baldus - R. 8. von Bardeleben +

H. Beucher - C. Butter - O. Franzen + R. Holfmann « H. Ince - K. H. Kuck -
V. Rudolph - U. Schiifer - W. Schillinger + N. Wunderlich

Table 2 Morphology for a Mitraclip therapy

Optimal valve morphology

Conditionally suitable valve morphology

Unsuitable valve morphology

Central pathology in
Segment 2

No leaflet calcification

Mitral valve opening area
=>4 cm”

Mobile length of the
posterior leaflet =10 mm

Coaption depth <11 mm

Normal leafiet strength and
mobility

Flail-width <15 mmHail-
Gap <10 mm

Pathology in Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system: ring calcification, post annuloplasty

Mitral valve opening area >3 ¢cm” with good residual
maobility

Mobile length of the posterior leaflet 7—<1() mm

Coaption depth =11 mm
Leaflet restriction in systole (Carpentier 111B)

Flail-width =15 mm only with a large ring width and the

option for multple clips

Perforated mitral valve leaflet or cleft
Severe calcification in the grip-zone

Haemodynamically significant mitral stenosis (valve
opening area <3 cm™ MPG > 5 mmHg)
Mobile length of the postenior leaflet <7 mm

Rheumatic leaflet thickening and restriction in systole
and diastole(Carpentier 1I1A)

Barlow’s syndrome with multisegment flail leaflets

Clin Res Cardiol (2014) 103:85-96



Optimal Anatomy for MitraClip

PHILIPS TIS0.5 MID.7

Optimal valve morphology X7-2UAdult
i EB 11Hz 3D Beats 1
.Jtm

Central pathology in 30 ar%

3D 4048
. )
Segment 2

No leaflet calcification

Mitral valve opening area
>4 cm’

Maobile length of the
posterior leaflet =10 mm

Coaption depth <11 mm

Normal leaflet strength and TEET: 3056

mobility
Flail-width <15 mmFlail-
Gap <10 mm

Clin Res Cardiol (2014) 103:85-96 HYGEIA Hospital Heart Team



Conditionally Suitable Anatomy for MitraClip

STRTIP - 10020920140729 CX7-2t/Adult
Conditionally suitable valve morphology SEEIT
14cm

Pathology 1n Segment 1 oder 3 XFlane
67%
60dB

) =i . ; ) : . P Off

Mild calcification outside of the grip-zone of the clip Gen

system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the

option for multiple clips ‘PAT"T_ a7 o0

TEE T: 38.9C

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy for MitraClip

Conditionally suitable valve morphology 1ON20520140729 CAT2HAdUR

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm
Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the
option for multiple clips

Il
PAT T: 37.0C
TEE T: 38.5C

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy B e
for MitraClip

Conditionally suitable valve morphology

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm
Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the
option for multiple clips

Clin Res Cardiol (2014) 103:85-96




Conditionally Suitable Anatomy
for MitraClip

Cs

T
o

Gen

cr

Conditionally suitable valve morphology e,

Med

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the
option for multiple clips

Clin Res Cardiol (2014) 103:85-96

X7-2tAdult

VR Hr 95 180
3em

Live 3D
3D 38%
3D 40dB




Conditionally Suitable Anatomy for MitraClip

ET{}I'IEH[jI'.II'IEEL]]_‘g" Rlli[i:lh].l:‘ valve m mrphu]ug}f 1000117087 CX7-2tIAdult

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the

option for multiple clips TEE T 384G

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy for MitraClip

Conditionally suitable valve morphology 1000117087 CX7-2t/Adult
FR 13Hz

12em
Pathology 1n Segment 1 oder 3 2D

73%
C 60
(PSOﬂ
Mild calcification outside of the grip-zone of the clip o
: o CE
system; nng calcihication, post annuloplasty o
. ’4

Mitral valve opening area >3 cm~ with good residual R

mohility

Mobile length of the posterior leaflet 7—<10 mm

G
) J_.‘\ R

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the

option for multiple clips PATT:37.0C

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy for MitraClip

Conditionally suitable valve morphology e ST

FR 35Hz
12cm

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the
option for multiple clips

.
IPAT T: 37.0C
TEE T: 37.4C

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy for MitraClip

Conditionally suitable valve morphology
MC 1000683265 HYGEIA HOSPITAL CX7-2t/Adult

FR 35Hz
Pathology 1n Segment 1 oder 3 13cm

xPlane
73%
: e : ; . ' : ‘ 73%
Mild calcification outside of the erip-zone of the clip 2040
Gen

system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the

option for multiple clips i gis: 016:2; e SN—
- Ist Vedecmye —

Clin Res Cardiol (2014) 103:85-96



Conditionally Suitable Anatomy for MitraClip

Conditionally suitable valve morphology 1000683265 CX7-2t/Adult

Pathology 1n Segment 1 oder 3

Mild calcification outside of the grip-zone of the clip
system; ring calcification, post annuloplasty

Mitral valve opening area >3 cm~ with good residual
mohility

Mobile length of the posterior leaflet 7—<10 mm

Coaption depth =11 mm

Leaflet restriction in systole (Carpentier I1IB)

Hail-width =15 mm only with a large ring width and the
option for multiple clips

Clin Res Cardiol (2014) 103:85-96



Unsuitable Valve Morphology for MitraClip

Perforated mitral valve leaflet or cleft
Severe calcification in the gnp-zone

Haemodynamically significant mitral stenosis (valve
opening area <3 cm™ MPG > 5 mmHg)

Mobile length of the posterior leaflet <7 mm

Rheumatic leaflet thickening and restriction in systole
and diastole(Carpentier 111A)

Barlow's syndrome with multisegment flail leaflets

Clin Res Cardiol (2014) 103:85-96



Severely degenerated mitral valve in 3D-Zoom

1000516231 CX7-2tIAdult

'PAT T: 37.0C
[TEE T 39.2C




Mixed mitral valve disease with significant MR

1000516231

CX7-2t/Adult

ATR REST

LV 140/8, 52
LA 61 /31 (35)

LV 135/9,33
LA 37 /59 (34)
LV 137/11,33

Note LA pressure waveform with V waves up to

59mmHg (mean LA pressure 34mmHg)



MITRAL VALVE FROM LV SI

SYSTOLE
65 180

/ MITRAL VALVE FROM LA SIDE

Short posterior leaflet (<7mm)
not suitable for MitraClLip




MitraClip in 2018

Larger flail gaps and widths
Commissural jets

Multiple jets

Diminutive posterior leaflet
Post surgical repair

Bridge to transplant

Acute M| mechanical complications



MitraClip as a Bridge to Heart Transplant

LETTER TO THE EDITORS

Percutaneous mitral valve repair using the MitraClip in acute
cardiogenic shock

C. S. Zuern * J. Schreieck - H. J. Weig -
M. Gawaz - A. E. May Clin Res Cardiol (2011) 100:719-721

Mitraclip Procedure as a Bridge Therapy in a Patient With
Heart Failure Listed for Heart Transplantation

Andrea Garatti. MDEH '—_J, Serenella Castelvecchio, MD, Francesco Bandera, MD, Massimo Medda, MD,
Lorenzo Menicanti, MD

The Annals of Thoracic Surgery, Volume 99, Issue 5, 1796 - 1799



MitraClip in a Patient with Advanced Heart Failure

Baseline i
Final

PHILIPS TIS0.7 MI 0.5

CX7-2t/Adult

FR 13Hz
12em

PHILIPS TIS0.6 MI0.4
CX7-2tiAdult

xPlane
1%

FR 8Hz
16em

xPlane
5%

PAT T: 37.0C
TEE T: 38.8C

[PATT: 37.0C
TEE T:38.9C

55 year old male with dilated cardiomyopathy, NYHA IV, on maximal medical Rx, BIV-AICD,
paroxysmal atrial fibrillation, BNP 2210,
Post MitraClip, clinical stabilization x12months, eventual cardiac transplantation



Acute Heart Failure Complicating Myocardial Infarction

» 85 year-old female
e Subacute dyspnea on exertion

* Delayed presentation anterior
myocardial infarction

* Coronary angiography: PCl stent
to large ramus intermedius

* LVEF ~40%

e |nitial improvement and
response to medical Rx

* Clinical deterioration

* Acute pulmonary edema despite
high doses of iv Lasix

SUPINE
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Emerging Novel MitraClip Application:
In Hypertrophic Obstructive Cardiomyopathy

MitraClip Implantation as a New Treatment Strategy
against Systolic Anterior Motion-induced Outflow Tract
Obstruction in Hypertrophic Obstructive Cardiomyopathy

Ulnch Schafer, MDD, Felix Kreidel MD, Chnstian Frerker, MD

- .J..

Eurolntervention. 2014 Aug 30 pii: 20130310-02. doi: 10 4244/EL1Y14M08_13. [Epub ahead of print]

Targeting systolic anterior motion and left ventricular outflow tract obstruction in hypertrophic obstructed
cardiomyopathy with a MitraClip.

Schafer LI1, Frerker C, Thielsen T, Schewel D, Bader R, Kuck KH. Kreidel F




In Summary

* Echo evaluation is fundamental for patients considered for transcatheter mitral

interventions

e Ability to successfully approximate mitral leaflets and reduce MR, while not

causing stenosis, are key for a successful MitraClip procedure

e Anticipate results of the COAPT and MITRAEFR trials to further refine indications

for functional MR patients



