Sllde 1 The Last Frontier of Reperfusion

Reperfusion Injury, Cardioprotection, and 2
Decades of Failed Studies

Circulation

The “Dark Side” of
Reperfusion

Reperfusion Injury, Micravascular Dysfun
of Re

Abbirsen Prasad, Gregg
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Reduction of Infarct Size

Experimental model

With standard reperfusion
No reperfusion With standard reperfusion  plus cardioprotection

Infarct size Infarct size reduced Infarct size reduced
75% 40% by further 25%
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Relationship Between Infarct Size and
Outcomes Following PPCI

+ 10 randomized -
Infarct Size and Prognosis After Primary PCI
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Slide 4 Pathophysiology of Reperfusion Injury
and Microvascular Dysfunction

Reperfusion

Necrosis

Slide 5 Innate protection of baboon myocardium:
effects of coronary artery occlusion and reperfusion

YOU-TANG SHEN, JOHN T. FALLON, MITSUNORI IWASE, AND STEPHEN F. VATNER
Departments of Medicine, Harvard Medicai School and Brigham and Women's Hospital Boston 02115
and New England Regional Primate Rescareh Conter, Southborough, Massachuseis 01772

“Thus pigs and baboons were
characterized by minimal coronary
sallatacal sice n, but infarct size was
Potentially, these differences could be conscious baboons
explained, in part, by natural protective  pigs.
mechanisms andJor less reperfusion injury |differences could be
in primates” y natural protective
I less reperfusion

injuries in primates’
Dogs _ Baboons
SIAAR (%)

Slide 6 of Mi cular Dysfunction and Progn
and

rent Recovery
cardial Blush Grade

No-Reflow grou
i)

wtrast
hocardiographi




S||de 7 From Reperfusion of the IRA to the Myocardium
“Everything Works in the Experimental Model”

Epicardial Flow Microcirculation Myocardial Salvage
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Modification of Reperfusion Injury
Large Agenda — Unimpressive Results

Randomized trials « Disappointing
+ No trial achieved primary
clinical endpoint

* Adenosine Some
* ANF Promise
- Cyclosporine A 2

« High dose atorvastatin

« GIK in ambulance

« Beta blockers

« Therapeutic hypothermia

* Therapeutic hyperoxemia

+ Intracoronary abciximab.

* Further mechanistic

studies required * Exenatide
+ Changes in trial « Intermittent coronary sinus occlusion
design and endpoints. « Thrombectomy (manual)

« Ischemic postconditionin
« Remote ischemic postconditioning
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—~. "Looks like the new
- antidepressant has problems”




Slide 10 Experimental Models vs
Clinical Studies :
Lost in Translation

- + Comorbidities in pt
vs animals
ey « Age and sex

Atherosclerosis vs
ligaturefoccluder
Differences in

« Timing of drug &= = microvascular

administration function, collaterals

(pre-occlusion and coronary

Vs post) @ circulation
*+ Adjunctive drug " Y

. g Different time course

Occlusion/  « Incomplete reperfusion
reperfusion « Distal coronary emboli
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Why Does the Guinea Pig Win
the Rat Race of Life ?
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New Directions
Reperfusion Injury Salvage Kinase (RISK) Pathways

Ischemia/necrosis > reperfusion

+ Mitochondrial calcium and phosphate

13K overload
';k 1 > Pro-survival « ATP depletion
signaling - Oxidative stress
s + Raynaud pH restoration
Protective {}
Mitochondrial permeabily transition
Reperfusion injury pore (MPTP) opening*
salvage kinase

(B L)) Uncolipling of oxidative phosphorylation

Mitochondrial swelling
*Within minutes Cell death
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Factors Activating the RISK Pathway

Reperfusion injury salvage kinase (RISK) pathway
P13K-Akt Prosurvival kinase
Erk 112 e

Activation

Ischemia- ——— &~
reperfusion \ Cyclosporine *
/ \ Bendavia *

Pre- and post-
conditioning*

Growth  Adenosine  Atorvastatin  Insulin
factors  agonists Bradykinin
Urocortin

inhibit mp-p opening di

S||de 14 Ongoing Clinical Trials of Cardioprotection (2014)
Trial Intervention Pt(no)
oReus (eTpgoerTe)
v erpsoesn)

Gyclosporine
Cyclosporine
EMBRACE (NCTUS72909) Bendavia
(miochondral ptecion)
MioCare  (NCTRa74321) TRoM0303
(ochonal i)
DETOX-AM (pfor7eTIL0) No orygen s 6Lmin
AvoID Trial No oxygenf Sah >94%

O z K500
RS ST ) osbsorbabl cadiae max

MVO (NCTOL7a7178) C Adenasine vs ipride
GIPSI (NCTOL217307) Wetiornin

Melatonin IV

Remate ischemic preconditoring
(CABG pis)

RESUS AMI nsuln-ike gronehfactor
PRpMISE: Intracoronary adenasine
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Reduction of infarct size by ischaemic
post-conditioning in humans: fact or fiction?

Gerd Housch
Conclusions
Routine” clinical role Biological implications
Unh‘kely Better und‘evslandmg
of underlying signal

transduction
New pharmacologic
interventions
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CIRCUS: a kiss of death for cardioprotection?
Gard Haseh
“These data* are clearly as solid as they are surprising
and they challenge the clinical use of cyclosporine
and cardioprotection”
*Cuna: NEJM, 2015
Potential Mechanisms
+ <12 hours of symptoms

« Administration of platelet inhibiting P2Y12 antagonists which
are cardioprotective

+ Cyclosporine A dissolved in intralipic OWeri! cardioprotective agent
‘Vehicle also used for propofol

®

coffin for cardioprotect
1g? Probably not!

ischemic conditic

“The most plausible explanation for a lack of protection is the use
of propofol anaesthesia in more than 90% of patients in ERICCA
and all patients per-protocol in RIPHeart”

*Propofol specifically abrogated protection (4 Tl release) by
remote ischemic preconditioning in patients undergoing elective
BG"

Protection demonstrated during CABG with isoffurane but not with
propofol anesthesia — a clinical trial
Kottnberg: Acha Araest Scand, 2012

Remote Ischemic Preconditioning
in Patients with STEMI
Relation Be

333 pt

PPCI
+ remote
preconditioning

(intermittent arm
ischemia)

t
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CONDI 2/ERIC-PPCI

Effect of Remote
Ischaemic Conditioning

farcti s
Primary Percutaneous
b Coronary Intervention

2300 patient multicentre (denmark Serbia Spain)

Primary outcome measures:
Cardiovascular mortality at one year.
Cardiovascular mortality and hosp
for heart failure at one year.

Secondary end points:
ML at 72 hours-troporin T)

LVE at three months.

LVF day three and three months post pPCT
(Echocardiography)

Prognasis one year, Re-infarction, stroke and
revascularisation af one year

AKL Chonges in Serun Cregtining

ERIC-PPCI

2000 patient, 30 site mticentre (UK)
Primary outcome measures:
Rates of cardiac death and
hospitalization for heart failure
at 1year.

Rates of cardiac death and HHF at 30 days.
Rafes of al-cause death, repeat coronary revasc,
recinfarction, stroke at 30 days and 12 months;
TIMI flow past-PPCT
Quality of life at 6-8 weeks and 12 months
Biomarkers sub-study: Enzymatic infarct size -
48 hr area-under-the-curve hsTrop T and CK-M3.
AR substudv. Cordic WRLI 2 weekopd 6t

Duration of Ischemia, Transmurality and
Microvascular Obstruction

« 77 patients
« STEMI
« PPCI

+ CMR 513 days
post PCI

Windows of Opportunity are Limited

kL ANo benefit: Too early to make a difference

Potential benefit: Difficulti to demonstrate a difference

€ No benefit: Too late to make a difference

Time from symptom onset to reperfusion therapy (hour)




Slide 22

Mechonisms of dacose

The pathophysiology of acute myocardial
infarction and strategies of protection beyond
reperfusion: a continual challenge

Gerd Heusch'* and Bernard J. Gersh!

“Currently, it appears that remote ischemic conditioning and
a few drugs (atrial natriuretic peptide, exenatide, metoprolol
and N-acetylcysteine plus nitrates) reduce infarct size, but
studies with clinical outcomes as a primary endpoint are still
underway”,
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A Long and Bumpy Road
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What is at the End ?
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“The reports of my
death are greatly
exaggerated.”




