\IUxoulKr'] - AEITOUPYIKA QVETTAPKEIX
Trﬁpnpoaléoog BaARidoc.

Xaparoumog 1.



H 1o0XaIPIK) QVETTAPKEIA TNG

UITPOEIOOUG amroTeAei éva oUVOETO
TTPOPANUa TNG Gnus\pwrﬁg
KapoloAoyiag, TOoO aTro 'IT)>E PC
KOTAvONONC TwWV UNXAVIOUWYV
TNV TTPOKAAOUV, OO0 KOl ATTO TN
TTAEUPA TNC KATAAANANC

QVTIJETWTTIONC TNC.




[TapadooioKd N I0XAIJIKN QVETTAPKEID

TNG MITPOEIOOUC o@epd TNV

QVETTAPKEIQ TTOU npom)\aﬁm QTTO TIC

OUVETTEIEC TN OTEPAVIAIOC VOOK

KUPIWG JETA ATTO EUPPAYUO

JUOKOPOIOU, UE TIC YAWXIVEC TN

UITPOEIOOUGC VA £XOUV (pPUCIOAOYIK
avaTouia.




2 NUEPA XPNOIUOTTOIEITAI TTEPICCOTEPO

0 OPOC AEITOUPYIKN TuQctionaI )
QVETTAPKEIO TNGC MITPOEIOOUG, OIOTI TO
PAIVOUEVO TNG AVETTAPKEIAG u;
QVATOMIKO (PUCIOAOYIKEC UITpOE\I@!
YAWXIVEC TTAPATNPEITAI KOl OE QA
KOTOOTAOCEIC TTANV TG OTEPAVIAIQ

VOO OU.




2. TNV |0xa|p|Kn#\QT60upler’]
QVETTAPKEIO TNC MITPOEIOOUC, Ol KATA
T OGAAQ (PUOIOAOVIKEC v)\cb(' VEC TNC

LUITPOEIOOUC, KOTA TNV OUC o)\"
UETAKIVOUVTAI TTPOC TNV Kopucp
QPICTEPNC KOIANIOG, UE ATTOTEAECUA
QTEAN OUYKAION TNG MITPOEIOOUC

BaABidac.




Flail Leaflet /

Ruptured Papillary Muscle

Functional Mitral .
o Restricted
Regurgitation Leaflet Motion




Cause Mechanism

Organic Functional
Type 1 Type 11 Type Illa Type IIb
Nonischaemic Endocarditis (perforation); Degenerative (mitral Rheumatic; iatrogenic Cardiomyopathy;
degenerative (annular valve prolapse, flail (radiation/drug); myocarditis; left
calcification); congenital leaflet); endocarditis inflammatory ventricular
(cleft leaflet) (ruptured chords) (lupus, anticardiclipin}; dysfunction
et (any cause)

Tschaemic

Ruptured PM

Functional ischaemic

MR = mitral regurgitation. PM = papillary muscle. Classification according to Carpentier: Type I normal leaflet movement;
Type II: excessive leaflet movement; Type 111 restricted leaflet movement (I11a in diastole, ITIb in systole).
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Figure 1. Mechanism of functional mitral regurgitation{MR). AO = aorta; LA = left atrium; LV = left ventricle.

Levine RA et al: ] Am Coll Cardiol 2003;42:1929-1932.
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Cardiovascular Survival
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Kaplan-Meier curves of cardiovascular survival in patients with
(n=141) and without (n=586) MR (multivariate P=.0022).

Lamas GA et al: Circulation 1997;96:827-833.
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Figure 1. Survival (xSE) after diagnosis according to presence
of IMR.

Grigioni F et al: Circulation 2001;103:1759-1764.
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Figure 3. Sﬁrvival (+SE) after diagnosis according to degree of
MR as graded by ERO =20 r*nm2 or <20 mm?. Numbers at bot-

Grigioni F et al: Circulation 2001;103:1759-1764.
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Figure 2. Survival (+SE) after diagnosis according to degree of
MR as graded by RVol =30 mL/beat or <30 mL/beat. Numbers

at bottom indicate patients at risk for each interval.

Grigioni F et al: Circulation 2001;103:1759-1764.
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Eur Heart J 2010;31:2996-3005.



2. Mid-Systolic Apical Four-Chamber View Obtained at Rest
and during Exercise in a Patient Who Presented with Acute Pulmonary Edema.

Panel A shows a color-flow Doppler echocardiogram and the flow conver-
gence proximal to the effective regurgitant orifice while the patient is at rest
(effective regurgitant orifice area, 24 mm2), and Panel B while the patient is
exercising (effective regurgitant orifice area, 43 mm3). The patient presented
with acute pulmonary edema four days before the exercise test. A large exer-

cise-induced increase in mitral regurgitation was observed.

Pierard LA et al: N Engl J Med 2004;351:1627-1634.



rable 3. Multivariate Predictors of Recent Pulmonary Edema.*
Variable® Odds Ratio (95% CI) P Value

Effective regurgitant orifice area 1.15 {1.05-1.25) <0.001
Transtricuspid pressure gradient 1.13 (1.05-1.21) 0.001
Left ventricular ejection fraction 0.86 (0.77-0.96) 0.02

e e o —

* The odds ratios indicate the association of recent pulmonary edema with exer-
cise-induced changes in the variables shown. Cl denotes confidence interval.

Pierard LA et al : N Engl ] Med 2004;351:1627-1634.
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Figure 1 Survival curves according to the severity of MR. (4) at rest and (B) during exercise.

Lancellotti P et al: Eur Heart J 2005;26:1528-1532.
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Figure2 (A) Proportion of patients without admission for heart failure and (8} without major adverse cardiac events, according to exercise-induced differences
in effective regurgitant orifice area of mitral regurgitation.

Lancellotti P et al: Eur Heart J 2005;26:1528-1532.
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Table 1, Effects of Various Treatments on Mitral Regurgitation in Chronic Heart Failure

Reverse  Functional Mortality Reduction

Intesvention Specific Therapy Remodeling Improvement Reduction in MR
-
“Global” therapy (directed at the primary discase process) ACE inhibitors No Yes Yes No
Beta-blockers Yes Yes Yes Yes

“Focused” therapy (directed at the mitral valve)
Percutaneous CRT Yes Yes Trend Yes
Surgical MVA Yes Yes No Yes
Experimental CS annular constraint device ? ? ? Yes
Cardiac passive restraint devices Yes ? P Yes

ACE = angiotensin-converting enzyme; CRT = cardiac resynchronization therapy; MR = mitral regurgitation; MVA = mitral valve annuloplasty.

Mehra MR et al: ] Am Coll Cardiol 2005;45:388-390.
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Figure 1. Event-free survival for non-mitral-valve annuloplasty (MVA)
group (solid line) and MVA group (dotted line).

Wu AH et al: ] Am Coll Cardiol 2005;45:381-387.
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Figure 2. Event-free survival for patients without coronary artery disease in
nion-mitral-vaive annuloplasty (MVA) group (solid line) and MVA group
(dotted line).

Wu AH et al: ] Am Coll Cardiol 2005;45:381-387.
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Improved Papillary Muscle Function
Attenuates Functional Mitral Regurgitation in
Patients with Dilated Cardiomyopathy After

Cardiac Resynchronization Therapy

Haralambos I. Karvounis, MDD, Emmanucla G. Dalamaga, MD,
Christodoulos E. Papadopoulos, MD, Theodore D. Karamitsos, MD,
Vassilios Vassilikos, MD, Stelios Paraskevaidis, MDD, Ioannis H. Styliadis, MD,
Georgios E. Parharidis, MD, and Georgios E. Louridas, MD, Thessaloniki, Grecce

Background: Functional mitral valve regurgitation
attenuation after cardiac resynchronization therapy
(CRT) in patients with severe heart failure has been
attributed to both the increased rate of left ventric-
ular systolic pressure increase and to papillary mus-
cle (PM) recoordinated contraction. We hypothe-
sized that an increase in systolic deformation of the
PMs or the adjacent myocardial wall may in part
account for this effect, by preventing their outward
displacement during systole.

Methods: We studied by echocardiography 22 pa-
tients with moderate/severe functional mitral valve
regurgitation and a mean ejection fraction of 18 * 4%
at baseline and after implantation of a CRT system.

Results: CRT induced a significant reduction of the
effective regurgitant orifice area (0.18 * 0.11 vs
0.35 + 0.17 mm?, P < .001). Strain improved in
both PMs and their adjacent walls, although this
improvement was significant only in anterolateral
PM (16 = 4.7 vs =11 * 4.3%, P = .02) and
posteromedial PM adjacent wall (—16 = 10 vs —8 =
4.6%, P = .01).

Conclusions: CRT acutely reduces the severity of
functional mitral valve regurgitation in patients
with heart failure and this effect may be in part
attributed to improved strain of PM or adjacent wall.
(] Am Soc Echocardiogr 2006;19:1150-1157.)




Table 2 Effects of cardiac resynchronization therapy on
echocardiographic variables

Baseline CRT P value

L.VEF, % 18 + 4 26 + 4 <.001
LVESV, mL 238 * 97 209 * 82 024
LVEDV, mL 293 = 111 286 + 114 NS
Sphericity index 1.33 £ 0.12 146 = 0.14 001
EROA, mm? 0.35 £ 0.17 0.18 x 0.11 <.001
Reg Vol, mL 35 £ 15 26 + 12 005
MVR duration, ms 407 + 76 393 = 47 005
Max transmitral PG, 91 107 = 34 .004
mm Hg
LV +dP/dt,,,, mm 606 * 284 837 * 199 012
Hg/s
RVSP, mm Hg 49 = 18 43 * 15 034
HR, beats/min 75 * 15 79 + 12 NS
€,ax Dasal, % -19 = 8 —-24 > 11 .039
Emax Mid, % -17 + 7 -14 £ 5 N$

H 0+

oY
N

CRT, Cardiac resynchronization therapy; EROA, effective regurgitant ori-
fice area; HR, heart rate; LVEDV, left ventricular end-diastolic volume;
LVEF, left ventricular ¢jection fraction; LV +4P/dt,, ., maximal rate of left
ventricular systolic pressure increase; Max transmitral PG, maximal trans-
mitral valve pressure gradient; MVR, mitral valve regurgitation; NS, not
significant; Reg Vol, regurgitant volume; RVSP, peak systolic right ventric-
ular pressure; €,,,, basal, mean peak negative strain of the basal segments;
€ max M14, mean peak negative strain of the mid segment.




Table 3 Effccts of cardiac resynchronization therapy on
mitral valve apparatus deformation

Baseline CRT P value

MA diameter, cm 31 049 31 x0.36 NS
MYV tenting arca, cm? 4 £ 123 2.7 %097 <.001
MV coaptation height,cm 1.55 = 0.31 1.27 £ 0.32 .02
€ax Anterolateral PM, % ~11 £ 43 -16 * 4.7 02
€nax POsteromedial PM, % -—-13 * 52 <15+ 7.1 NS
€.a Midlateral, % ~12+75 -—-14 *69 NS
€., Midinferior, % -8§x46 -—-16 10 01
At- €, ’'M, ms 132 = 116 106 = 83 NS
t- €.« Anterolateral 442 + 109 430 x 102 NS
PM, ms
t- €,,,¢ POsteromedial 362 = 151 378 = 99 NS
PM, ms

MA, Mitral annulus; MV, mitral valve; N§, not significant; PM, papillary
muscle; €,,,., peak negative strain; ¢- £,,,., time to peak ncgative strain;
Ar- €, PM, interpapillary muscle time delay to peak negative strain.




BASELINE CRT

Figure 1 Anterolateral papillary muscle (PM) pcak nega-
tive strain at baseline and after cardiac resynchronization
therapy (CRT) initiation.
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BASELINE CRT

Figure 2 Midinferior myocardial segment (wall) peak neg-
ative strain at baseline and after cardiac resynchronization
therapy (CRT) initiation.




Abbreviated Criteria for Selection

Ul of Appropriate Operative Candidates

Favorable surgical considerations
Coronary artery disease and concurrent revascularization
Ventricular reconstruction {e.g.. Dor)
Reversible pulmonary hypertension
No prior operations
Favorable medical considerations
NSR (or likelihood of restoration)
“Tolerance” of reasonable doses of vasodilators and beta-blockers
Preservation of renal function
Absence of hyponatremia
Absence of refractory right heart failure
Absence of cachexia
Favorable LV reverse remodeling viability
Absence of severe ventricular dilation (LVEDD =80 mm)
Lower sphericity index
Preservation of LV torsion
Presence of contractile reserve

Beneficial response to cardiac resynchronization

LV = left ventricle: LVEDD = left ventricular end-diastolic diameter: NSR = normal sinus rhythim.

J Am Coll Cardiol 2010;55:271-282.




Current and Evolving Options for Mitral

Table 5 Valve Surgery in Advanced Heart Failure

1. Mitral repair

Annulus (annuloplasty)
Ring (rigid, flexible; undersized)
Asymmetrical
Percutaneous technigues

Leaflets
Edge-to-edge leaflet (Alfieri)
Laaflet lengthening

Chordae
Basal chordae resection

Papillary muscle
Scar excision with papillary muscle “reimplantation”
Internal slings
Surgical “buckles”
External bands
Mesh patches

Ventricular “reshaping” (with annuloplasty)

Infarct plication

J Am Coll Cardiol
2010;55:271-282.

Infarct excision and patching (e.2.. Dor)
Localized infarct patch with epicardial balloon
External restraint {e.g., Acorn CorCap)

2. Mitral replacement with chordal sparing




I R Suggested Approach to the Management of Severe MR in Advanced Heart Failure

1. Optimize medical therapy

Angiotensin-converting enzyme inhibitor/angiotensin receptor-blocker, beta-blockers, aldosterone antagonists, flexible sliding-scale diuretic program,
hydralazine-isosorbide dinitrate

Define adequacy of medical therapy by cardiac catheterization in selected instances
Ensure compliance with medical therapy and lifestyle accommodations
2. Evaluate for revascularization in patients with coronary artery disease
3. Provide CRT
Indications: LV ejection fraction <35%, QRS interval =120 ms, New York Heart Association functional class Il to IV
Reassess clinical response and MR severity
4, Reconfirm the severity of MR
“Definitive” imaging modality after optimizing medical therapy, revascularization, and CRT with cardiac magnetic resonance imaging or echocardiography
5. For patients who remain intolerably symptomatic, define perioperative risk and surgical options
Ideally, perioperative risk should be =2% on the basis of compesite medical and surgical factors

ldeal candidates will have heart failure duration <5 years, resting heart rate <100 beats/min, systolic blood pressure =80 mm Hg with normal propertional pulse
pressure, serum sodium =135 mmol/dl, blood urea nitrogen =100 mg/dl, creatinine 2.5 mg/dl, normal total bilirubin, LV end-diastolic diameter <80 mm,
peak VO, =14 mg-kg™-min~%, 6-min walk test =350 m, no cachexia, no prior cardiac surgery, reversible pulmonary hypertension, no refractory right heart failure

6. Estimate LV reverse remodeling viability on the basis of aggregate clinical data
1. Discuss mitral valve surgery frankly with the patient and family

Issues to discuss: 1) perioperative risk; 2) durability of planned correction; and 3) elinical outcomes on the basis of available data: functional capacity,
long-term LV remodeling and function, and mortality.

CRT = cardiac resynchronization therapy; LV = left ventricular: MR = mitral regurgitation.

J Am Coll Cardiol 2010;55:271-282.
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