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1) Reperfusion: a paradigm shift = from mortality to HF.

2) Next goal: Infarct size limitation in reperfused STEMI.

3) Ischemia/Reperfusion injury.

4) Therapies to reduce infarct size:
Reperfusion
+ Conditioning.
+ Cyclosporine-A.
+ Metoprolol.
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{ reperfUSIOn therapies
ﬁ 420 has resulted in a
F paradigm shift in STEMI:
0 0 attention has moved from
370 . <5/0 = 5
" Mortality 43 reducing mortality
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g of survival:
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Adapted from Roger VL et al. Circulation 2011;123:e18-e209
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‘Figure 2: |Projected Heart Failure direct medical costs
Respiratory and indirect (lost productivity) costs.
Diseases; 100
21,8% %
Cardiovasc. | 80 —+— Direct Medical Costs
D;sfgifs; 70 / —fi—Indirect Medical costs
14710 TOTAL
60 /

50 //

40 Adapted from

“ / Circulation 2011; 123:933—44
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*Figure 1: Projected cumulative (2011 to 2025) economic 4.—4.__’.____4/.
10 -

losses from all non-communicable diseases worldwide.

Adapted from ref 3. 0 : : .
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1) Reperfusion: a paradigm shift = from mortality to HF.

2) Next goal: Infarct size limitation in reperfused STEMI.

3) Ischemia/Reperfusion injury.

4) Therapies to reduce infarct size:
Reperfusion
+ Conditioning.
+ Cyclosporine-A.
+ Metoprolol.
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C Surrogate markers: predictors M

P=0.006

n=137

6-month mortality (%)

<12 12-19 20-35 36-50 >50
Infarct size LV (%)

Gibbhons et al..;: 3 Am Coll Cardiol 2004

Infarct size is a strong determinant of
long-term mortality and chronic heart failure
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. pmerican Despite the
ﬂ ~ B (R R t’ Heart
| JOURNAL of the AMERICAN COLLEGE of CARDIOLOGY Vs S .7_ O y ASSOClat|0n® aC k n O W I ed g e m e n t
2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction : O f i tS i m p O rt an C e y

A Report of the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines

Patrick T. O'Gara, Frederick G. Kushner, Deborah D. Ascheim, Donald E. Casey, Jr, Mina K. t h e r e ar e n O t h e r ap I eS

Chung, James A. de Lemos, Steven M. Ettinger, James C. Fang, Francis M. Fesmire, Barry A.
Franklin, Christopher B. Granger, Harlan M. Krumholz, Jane A. Linderbaum, David A.

oo, L et Nevty.Joept? Ot Nt O M) Koo, e (besides reperfusion)
approved to
reduce infarct size.

ACC/AHA

guidelines
2013

Unmet clinical need!
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No reperfusion
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Reperfusion J Ross et al: J Clin Invest. 1972.

Myocardial (cell) death

R Jennings et al: Circulation. 1977.
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The NEW ENGLAND

JOURNAL o MEDICINE

ESTABLISHED IN 1812

SEPTEMBER 5, 2013 VOL. 360 NO. 10

Door-to-Balloon Time and Mortality among Patients

Daniel S. Menees, M.D., Eric D. Peterson, M.D., Yongfei Wang, M.S., Jeptha P. Curtis, M.D., John C. Messenger, M.D.,

Undergoing Primary PCI

John S. Rumsfeld, M.D., Ph.D., and Hitinder S. Gurm, M.B., B.S.

A Overall (N=96,739)
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[
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T 5°:r 48 46 46 4.7
= 0 0
2005- 2006— 2007- 2008
2006 2007 2008 2009
Year of Procedure
No. of Patients
All patients 19,964 24,101 25,728 27,245
Deaths 938 1,108 1,190 1,268
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1) Reperfusion: a paradigm shift = from mortality to HF.

2) Next goal: Infarct size limitation in reperfused STEMI.

3) Ischemia/Reperfusion injury.

4) Therapies to reduce infarct size:
Reperfusion
+ Conditioning.
+ Cyclosporine-A.
+ Metoprolol.
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Ischemia

s Reperfusion
Injury

Final MI size

Reperfusion

Heusch.: Lancet 2013 (REVIEW)
Yellon et al.: J Clin Invest 2012 (REVIEW)
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Baseline R-120 min R-24 hours

mmE  Water content ‘ ~ |- b g /
BN T2 relaxation times \ ,
\\ R4
INITIAL
wave

R-Day 4

7

4

R Fernandez-Jimeénez, V Fuster, B Ibafiez, et al.: J Am Coll Cardiol 2014 (In Press)

Reperfusion injury

R-Day 7

DEFERRED
wave
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1) Reperfusion: a paradigm shift = from mortality to HF.

2) Next goal: Infarct size limitation in reperfused STEMI.

3) Ischemia/Reperfusion injury.

4) Therapies to reduce infarct size:
Reperfusion
+ Conditioning.
+ Cyclosporine-A.
+ Metoprolol.
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-————— Remote Conditioning
ﬂ Evidence for/against cardioprotection in patients?]\v
4 Positive:
POS'IIIVEZ Significant A
Significant Negative: Positive:
Trend Trend
Negative: Negative:
Significant Trend
s B
Postconditioning Remote Conditioning
Ovize et al.: Circ Res 2013 (REVIEW) Ii =
Heusch et al.: 3 Am Coll Cardiol (State-of-the-art REVIEW In Press) s CARDIOLOG)Y
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DANAMI-3 trial (Danish Study of Optimal Acute
Treatment of Patients With ST-elevation
Myocardial Infarction-3, NCT01435408),

- 2,000 STEMI patients
- conventional PCI vs. postconditioning+stent

vs. deferred stenting.

- Combined end-point:
all-cause mortality /heart failure @ 2 years

ONGOING TRIAL
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CONDI-2 trial Denmark, Spain, Serbia.
(HE Botker et al.)

- 2,000 STEMI patients
- conventional PCI vs. remote conditioning+PCI
- Combined end-point:

all-cause mortality /heart failure @ 2 years

ONGOING TRIAL
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ORIGINAL ARTICLE

Effect of Cyclosporine on Reperfusion Injury
in Acute Myocardial Infarction

Ovize et al..: New Engl J Med 2008

Cyclosporine is a non-selective inhibitor of
mitochondrial PTP.

B Control

B Cyclosporine

Serum Creatine Kinase
Release (1U/liter)

8 12 16 20 24 30 36 42 48 54 60 66 72

Hours
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The Cyclosporine and Prognosis in Acute Myocardial
Infarction (MI) Patients CIRCUS trial

972 STEMI patients, pPCI, LAD occluded
Randomized to cyclosporine (2.5 mg/kg) vs. placebo.
Primary endpoint: composite of death; admission for

heart failure; LV remodelling (increase of LV enddiastolic
volume >15%) at one year post-AMI.

ONGOING TRIAL
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The effect of early i.v. [3-blocker on infarct size (and
long term LV function remained unclear until recently.

—> Several trials in the pre-reperfusion era (inconclusive

results).
Roberts et al, Hjalmarson et al, Yusuf et al, MILIS,..

- ONE single randomized trial in the thrombolytic era.
van de Werf et al J Am Coll Cardiol 1993.
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i.v. metoprolol before pPCI 2> I\ infarct size

Ibanez B, Fuster V et al. Circulation 2013;128:1495-1503

A

Infarct size (g)

Patients undergoing MRI
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Mean LVEF (6 mo CMR):
48.7+9% vs. 45.0+11%

A Fisher’s exact test (p=0.026)
Linear-by-Linear Association test (p=0.006)

. LVEF>50%

100 40%>LVEF<50%
35%>LVEF<40%
80 ‘ 30%>LVEF<35%
? | S
s . LVEF<30%
B el
*qé; 60
2 19.8+
o
401
823+ 14.9.,
6.1%
) i.v. metoprolol Control
N=101 N=101

G Pizarro, V Fuster, B Ibanez et al.
J Am Coll Cardiol 2014; 63: 2356-62.

BORJA IBANEZ 2015
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» Infarct size reduction Is the next frontier in STEMI treatment
(heart failure epidemics).

» Timely reperfusion has made it possible a massive reduction
In mortality. It is time to tackle reperfusion injury.

» Metoprolol, Cyclosporin-A, post- and remote-conditioning
are the therapies closest to reach clinical evidence
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Preconditioning with ischemia: a delay of lethal cell

injury in ischemic myocardium

CHARLES E. MURRY, B.S., ROBERT B. JENNINGS, M.D., AND KEITH A. REIMER, M.D., PH.D.

40 Minute Study

PRECONDITIONED GROUP

0l RI 02 R2 03 R3 04 R4
-40 f 0

MINUTES
CBF #1

CONTROL GROUP

0
MINUTES ? ,

CBF #1 CBF #2

INFARCT SIZE
(°%% OF AREA AT RISK)

This study suggested that
there was more than just

(@)

duration of ischemia
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I.v. metoprolol pre-reperfusion reduces Microvascular Obstruction (even after
adjusting for infarct size). N=220.

61 P=0.0029 40- P=0.0117
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LVEF: 0%, RVEF: 0%
LVSV: 0.00ml, RVSV: 0.00m!

LV mass ED: 0.00g, ES: 0.00g
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G Pizarro, V Fuster, B Ibanez et al.

J Am Coll Cardiol 2014; 63: 2356-62.

Patients undergoing MRI at 6-month follow-up

20+

p=0.018

N=202

i.Vv. met'oprolol Coﬁtrol
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Table 2: Clinical Events

MACE

Death
Cardiac death
non-cardiac death

Heart Failure Admission
ICD implantation
decompensation

Re-AMI

Malignant ventricular arrhythmia

Intravenous Metoprolol
N (%)
15(10.8)

6(4.3)
3(2.2)
3(2.2)
3(2.2)
2(1.4)
1(0.7)
1(0.7)
5(3.6)

Control
N (%)
24 (18.3)

6 (4.6)
5(3.8)
1(0.8)
9 (6.9)
7(5.3)
3(2.3)
3(2.3)
10 (7.7)

P Value

0.065

0.92

0.046

0.15
0.18

Kaplan—-Meier MACE curves

50+ 1-year Adjusted OR:
< 0.49 (95%Cl 0.23-1.05) p=0.066
o
T 404
8 All follow-up Adjusted HR:
Jo 0.55 (95% Cl 0.26-1.04)
w30 P=0.065
(@)
=
= 501 o~
=
© ’_l—
> -
g 10 —
3
O
O,
T T T T T
0 6 12 18 24 30
Follow-up (months)
Number at risk
Control 131 108 106 78 60 25
i.v. metoprolol 139 121 120 88 66 27
‘— Control i.v. metoprolol ‘

G Pizarro, V Fuster, B Ibanez et al.
J Am Coll Cardiol 2014; 63: 2356-62.

B

Cumulative HF admission hazard (%)

Kaplan-Meier HF admission curves

Number at risk
Control 131
i.v. metoprolol 139

40+
All follow-up Adjusted HR:
30- 0.32 (95% CI10.02-0.95)
P=0.046
20
10
D_
T T T T T T
0 6 12 18 24 30
Follow-up (months)
119 95 87 42 26
125 101 91 42 29
Control i.v. metoprolol




1972: First evidence
that reperfusion
limits extent
of necrosis.

1977: Wavefront
(endo to epi)
progression of
/ Necrosis.

1986: GISSI trial:
thrombolysis
reduces mortality

A in STEMI.

2003: Metaanalysys show
mortality benefits of
primary angioplasty over
thrombolysis Ln STEMI.

4 A

1976: First-in-man
intracoronary
thrombolysis in

1983: First-in-man
primary angioplasty
A INnSTEMIL.

1993: GUSTO-I trial:
tPA reduces mortality
compared with SK in

Landmarks in

therapies to reduce

ischemic injury

S'EEI\/II.
I

A STEMIL.

1980: Unequivocal
demonstration:
coronary thrombosis
cauge STEMI.

1988: ISIS-2 trial:
aspirin improves
outcomes in

A STEMIL.

|1

.
S

1970s 1980s 1990s

[

Landmarks in
therapies to reduce

1986: First ev\l‘aence 1993?VFirst 2003: First (X/idence 2010%roof-of-
that ischemic pre- evidence that that post-conditioning concept:
conditioning reduces RIC reduces reduces infarct size. RIC increases
infarct size. infarct size. myocardial
2005: First-in-man salvage in
post-conditioning STEMI.

reduces infarct
size in STEMI.

\'/4
2013 Proof-of-

2008 Proof-of-V

concept: metoprolol

reperfusion injury

concept: CsA
reduces infarct
size in STEMI.

reduces infarct size
& increases LVEF
in STEMI.




