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The need for cardioprotection 'ﬂ"dcﬂ

* |Ischemic heart disease is the leading cause of death
and disability in the UK:

124,000 heart attacks, 88,000 deaths per year.
Costs UK £9.0 billion/year
1 year death rate of 9% and heart failure 10%

* Novel therapeutic interventions are required to protect
the heart from acute IRI (cardioprotection) so as to
reduce MI size, preserve LV function and increase
patient survival.



Acute ischemia-reperfusion injury ”ﬂ”UCI

No effective therapy for preventing reperfusion injury.

STEMI patients undergoing PPCI

Chest pain
Start of cardiac bypass

ﬁ
Acute myocardial ischemia

End of bypass

<€ >
Chest pain to PPCI time
Cardiac bypass time




What is myocardial reperfusion injury ?

Modified from Yellon & Hausenloy, NEJM 2007
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How important is reperfusion injury? "E"JC"

Hausenloy & Yellon JCI 2012
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‘Conditioning’ the heart ””hUC"
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Ischemic Preconditioning tUCH
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Ischemic Preconditioning
Murry et al Circ 1986:74;1124.

e Canine hearts:

40 min LAD occlusion
72 hrs reperfusion.
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Ischemic Preconditioning in Surgery JC
Teoh et al Cardiovasc Surg 2002:10;251.

Walsh et al Eur J Cardiothorac Surg. 2008:34;985.

30 CABG patients:
Control or IPC.

IPC- 2x3 min episode of aortic cross-
clamping

Meta-analysis of 22 trials, 933 on-
pump CABG patients.

IPC reduced the following:
ventricular arrhythmias
Inotrope requirements
Intensive care unit stay

Troponin T (ug/l)

Not practical and potentially
dangerous.




Ischemic Postconditioning tUCH
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Ischemic Postconditioning

Zhao et al AJP 2003 285;H579.

Canine hearts:

LAD occlusion for 60 min
3 hrs reperfusion.

Interrupting myocardial
reperfusion with 3x30 sec
episodes of LAD re-
occlusions.

In situ dog hearts
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Human atrial tissue SIRI model

Sivaraman, Hausenloy, et al 2005 AJP

IPC IPost
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Hypoxia (90 min) Reoxygenation (120 min)

Recovery of Baseline
Function (%)
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Control IPC [IPost

*P<0.05, N>6 per group



Ischemic Postconditioning in STEMI ”E"UC"

Staat et al Circ 2005:112:2143.

30 STEMI pts:
Control- Normal PPCI

IPost- 4x1 min
Inflations/deflation

40% MI size reduction
confirmed using SPECT and
cardiac MRI in larger studies.

Some negative studies.
Difficult to implement protocol

DANAMI-3 clinical outcome
study underway.




ERIC-STEMI trial *UCr

White, Yellon, Hausenloy et al (JACC Intervention 2014 In Press)
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RIC in CABG surgery

Hausenloy et al Lancet 2007

Higher risk patients undergoing
CABG surgery.

During CABG surgery PMI (CK-
MB/Trop) linked to worse
outcomes.

Troponin T (pgfL)

57 adult CABG patients:
RIPC- 3x5 min cuff inflation
Control- 30 min deflated cuff

RIPC reduced myocardial injury : .
by 43% (AUC 72hr Trop T).



RIC in CABG surgery

Candilio, Hausenloy, Yellon et al (unpublished)

*UeCr

Several negative studies with 3x5 min RIC cycles.

Increase the strength of the RIC stimulus but shorten it-
simultaneous arm/leg IR (only 20 min protocol).

RIC improved short-term clinical outcomes.

. Reduced 72 hr AUC hsTrop-T by 27%
. Decreased incidence of post-operative AF (11% RIC versus

24% control)

. Less AKI (7% RIC versus 17% control)
. Shortened ICU stay (2.0 days RIC versus 3.0 days control).



ERICCA trial

30 UK centres 1610 patient study
CABGz=valve surgery/ Euroscore25/ blood cardioplegia

/\ Randomization/allocation

RIC: 4 x 5 min cuff Sham RIC: 4 x 5 min simulated
Inflation 200mmHg/deflation Inflations/deflations

Primary outcome at one year
CV death, Myocardial Infarction, Revascularisation, Stroke
1612 patients recruited - outcomes Mar 2015

Medical m

m Efficacy and Mechanism MRC :::::l'fh Nﬂffﬂ;:; ::;1522;:: j;-;’

Evaluation programme
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Challenges of cardioprotection *WJE "

« Translation of cardioprotective therapies for patient
benefit has been disappointing.

* Pre-clinical assessment of cardioprotective therapies
(animals, models).

 Confounding factors (age, DM, chol, HT, gender)

 Concomitant medication (GTN, sulphonylureas,
nicorandil, Statins).

 Poorly designed clinical studies.



Cardioprotective signaling In diabetes ﬁ”ucl

Hausenloy & Yellon Basic Res Cardiol. 2009 104(2):189-202

Ischemic preconditioning/postconditioning
(Adenosine, Bradykinin, Opioids, EPO)

Intracellular

Mek1/2
Erk1/2

Mitochondria

Less detrimental Better ATP Acidosis at Less
ROS levels reperfusion || calcium loading

Cardioprotection



The diabetic heart and IPC

Tsang et al Diabetes 2005; Hausenloy et al CPT 2013

24 hours pre-treatment with glimepiride
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The diabetic aged heart and IPC

Whittington et al CVR 2013
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Cardioprotection in diabetic patients = JC "

Sivaraman, Candilio, Babu, Hausenloy Yellon
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Improve pre-clinical studies

Hausenloy, Lecour et al (unpublished)

Model of I/R | Complexity of the model

Cell culture Cardiac Neonata Adult
cell lines cardiomyocytes cardiomyocytes
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Multi-centre randomized controlled studies

Clinical testing of cardioprotective strategy




Improve clinical study design

Hausenloy, Ovize et al CVR 2014

Table 6 Recommendations for designing MIl-limiting
studies in STEMI patients

Patient selection

Select aner‘uts with an occluded culprit artery at the time of study
iNntervention administration cgrade O or -1

The study intervention

e Select a study intervention which has shown conclusive
cardioprotection in pre-clinical studies

- ASAdminister the study Intervention as an v or iINntracoronary bolus prior
to myocardial reperfusion

Choose MIl-limiting-related study endpocints

cardiac MRI)

Myocardial salvage index (AAR-MI size/AAR)
Incidence and extent of microvascular obstruction (cardiac MRI)
Indexed left ventricular end systolic/diastolic dimensions
(echocar‘dlography or car‘dlac MRI)
Left

r cardiac ™R

eft v s echo raphy o |
e Hospitalization for heart failure
o Cardiac death




Translational pathway for cardioprotection ”ﬂ”uc "

|ldentification of Test in ex-vivo and Test in ex-vivo
novel therapeutic in vivo small animal human heart tissue
targets IRI models IRI models

Test in proof of Test in large
concept clinical multicentre clinical
outcome studies

ERICCA




Conclusions ol I [ed

 Myocardial reperfusion injury:
- neglected target for cardioprotection.

* Proof-of-concept clinical studies have shown that
Ischemic conditioning can benefit patients

- clinical outcomes studies now underway

 Many challenges to cardioprotection translation.
- better pre-clinical assessment of intervention
- better design clinical studies
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