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INDICATIONS

e High risk PCI

e Cardiogenic shock

e Mycocardial infarct size reduction (theoretical)

* Non CAD patients — acute and chronic severe
LV dysfunction, acute and chronic valvular
disease, RV dysfunction, VT ablation

North Tt Hill Lenox Hill Heart and Vascular
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Hemodynamic Support in the Cardiac Cath Lab

What Constitutes High Risk PCl
e High Risk Patient Severe LV/VALVE Dysfunction

— Hemodynamically compromised

— Last remaining vessel

— Large amount of myocardium at risk
e High Risk Lesion

— LMCA -complex

— Complex lesion with or without thrombus (B2,C)
e Combination High Risk Patient/High Risk Lesion

LV ASSIST DEVICE
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HIGH RISK PCI

LV FUNCTION SIMPLE PCI COMPLEX PCI

NORMAL LV NONE |ABP

POOR LV |ABP LVAD

RIHAL, AICT, BANGKOK 2008
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Mechanical Circulatory Support

ldeal Percutaneous Left Ventricular Assist

= Safety and efficacy

" Freedom from thrombosis, bleeding, infection,
hemolysis, vascular compromise

Flow rate — complete support

Improve systemic and myocardial perfusion
Improve Survival

Bridge to next therapy

= Ease of insertion, weaning and removal
= Cost
" Availability

North Tt Hill Lenox Hill Heart and Vascular
il et Institute of New York



PERCUTANEOUS LEFT VENTRICULAR ASSIST

CIRCULATORY SUPPORT DEVICES
e Intra-aortic balloon pump ¢

e Catheter mounted miniature axial flow pump ¢
Hemopump—>A-Med —Impella

e CPS

e LA-FA bypass TandemHeartd
e ECMO

e Surgically implanted VAD

e Total artificial heart

North Tt Hill Lenox Hill Heart and Vascular
' = Institute of New York



RCT’s of IABP Therapy in Acute Ml

30 Day Mortality

IABP no IABP  30-day mortality

Trial n/N n/N risk difference
No reperfusion

O'Rourke 8/14 10/16 ~————@——

Flaherty 4/10 3/10 S B

Overall 12/24 13/26 0.01 (-0.26 to 0.28)
Thrombolysis

Kono 0/23 0/22

TACTICS 10/30 12127

Overall 10/53 12/49 —0.06 (—0.21 to 0.08)
Primary PCI

Ohman 2/96 2/86

PAMI-II 9/211 71226

van tHof  12/118 9/120

Overall 23/425 18/432 0.01 (-0.02 to 0.04)
Overall 45/502 43/507 0.01 (- 0.03 to 0.04)

-1 -05 0 0.5 1

P (heterogeneity)=0.94 >
1>=0% IABP no IABP
P (overall effect)=0.75 Better Better

C Stroke Rate

IABP no IABP Stroke rate

Trial n/N niN risk difference
No reperfusion

O'Rourke 6/10 4/10 »

Flaherty 0/14 0/16 ——

Overall 6/24 4126 —tl— 05 (0.11 to 0.27)
Thrombolysis

Kono 0/23 0/22 ——

TACTICS 2/30 o527 T

Overall 2/53 0749 0.04 (—0.04 to 0.11)
Primary PCI

Ohman 1/96 1/86

PAMI-II 6/211 0/226

van 't Hof 1118 1/120

Overall 8/425 2/432 0.01 (0.01 to 0.03)
Overall 16/502 6/507 0.02 (0.00 to 0.04)

-05 -0.25 0 0.25 0.5

P (heterogeneity)=0.34 >

12=12.2% IABP no IABP
P (overall effect)=0.03 Better Better

LVEF

B
IABP no IABP LVEF

Trial N mean (SD) N mean (SD) difference

No reperfusion

Flaherty 8 36(17) 8 15(12) +—p=——>»

Primary PCI

PAMI-II 107 50(9) 110 51 (9)——

van ‘t Hof 84 42(13) 84 40 (10) =

Overall 191 194 —0.10 (-2.24 t0 2.04)
Overall 199 202 —-0.09 (-2.21 to 2.03)

-10 -5 0 5 10

P (heterogeneity)=0.49

12=0%

P (ovérall effect)=0.93 ng el;‘?eBrP I|3Ae?i'e:r

Bleeding

D
IABP no IABP  Bleeding rate

Trial n/N niN risk difference
No reperfusion

O'Rourke 314 016 +—a

Flaherty 1/10 0/10 ——

Overall 4424 0/26 = (.17 (~0.01 to 0.35)
Thrombolysis

Kono 5/23 6/22————&—1——

TACTICS 8/30 7127 ——

Overall 13/53 13149 o — ~0.02 (~0.19 to 0.15)
Primary PCI

Ohman 24/96 14/86 T

PAMI-II 76/211 62/226 ——

van‘t Hof  10/118 9/120 ——

Overall 110/425 85/432 < 0.06 (0.01 t0 0.12)
Overall 127/501 98/508 < 0.06 (0.01 to 0.11)

-05 -0.25 0 0.25 05

P (heterogeneity)=0.48 T ———
12=0% IABP no IABP
P (overall effect)=0.02 Better Better

Sjauw K D et al. Eur Heart J 2009;30:459-468
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ELECTIVE IAB COUNTERPULSATION IN HIGH RISK PCI

Perera et al. JAMA 2010;304:867-874

No. (%)

I |
Elective IABFP Mo Planned IABP P
Variable (n=151) (n =150) OR (95% CI)2 Value

Primary end point
MACCED . 24 (16.0) 0.94 (0.51-1.76) .85

M . 20 (13.3) 0.93 (0.48-1.83) 85
Death . 1(0.7) 3.02 (0.31-29.37) .34
CVA

Further revasculanzation : . 0.24 (0.03-2.20) 27

secondary end points
6-mo mortality . . 0.61 (0.24-1.62) 32

Eleeding
All . . 1.86 (0.93-3.79) 06

{

Major . . 0.83 {0.20-3.36) 77
{
{

Minor . . 2.39 (1.07-5.61)
0.01-0.49)
Access-site complications . .0gd

%}:Uﬁgnng:m Mean EF=23.6% both groups | enox Hill Heart and Vascular
= Institute of New York

02

Procedural complications : : 0.11




PERCUTANEOUS LEFT VENTRICULAR ASSIST

CARDIOGENIC SHOCK AND THE USE OF HEMODYNAMIC SUPPORT DEVICES

ROLE OF IABP IN CGS

* Should not be viewed as an independent
Rx of CGS

 Will allow stabilization and support until
definitive therapeutic measures can be
employed

e |ABP use by itself does not result in
preservation of LV function or improved
survival

North Tt Hill Lenox Hill Heart and Vascular
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PERCUTANEOUS LEFT VENTRICULAR ASSIST

NEW 50 cc INTRA-AORTIC BALLOON

* Increased support

* Increased mean arterial pressure
e Increased LV unloading

* Increased cardiac output

m;;rfh ), Lenox Hill Lenox Hill Heart and Vascular
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Catheter Mounted Micro Axial Flow
Pump — IMPELLA

 Miniature axial flow pump
e Catheter mounted
* Placed retrograde across the aortic valve

e Blood withdrawn from the LV and expelled
into the ascending Aorta

North Tt Hill Lenox Hill Heart and Vascular
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Catheter Mounted Miniature Axial
Flow Pump

e 6.4 mm device (21F via surgical cutdown )
results in 4.2-5.0 L/min output (32,000 RPM)

e 4.0 mm device (13F percutaneous) results in
2.2 L/min output (55,000 RPM)

North Tt Hill Lenox Hill Heart and Vascular
' = Institute of New York



Catheter Mounted Micro Axial Flow
Pump
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PATIENTS % INTERIM MACCE RATE
POPULATION IMPELLA (%)

All 100
Patients(n=305)

Patients w/o RA 43 0.11
(n=237)
Patientsw RA 72 46 0.12

(n=68)

The Heart.org December 9,2010
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PROTECT Il MAE Outcome
Intent to Treat (N=447) Per Protocol (N=426)

-
[ a4}

49.5% aLan | 21% MA

40.8%

N=223 N=224 N=220 N=222 N=211 N=215 N=210 N=213

30 day MAE 90 day MAE 30 day MAE 90 day MAE

MAE= Major Adverse Event Rate Per Protocol= Patients that met all incl./ excl. criteria.

Lenox Hill Heart and Vascular
Institute of New York

ACC 2011




PROTECT Il 90-day Outcome (PP)

Primary Endpoint Components i
pﬂ_ 029 IMPELLA

91.4% Death 11 'm_’

MI (>3x ULN) 18.3% B
40.8% p=0.175 Stroke/TIA 1.4% 0| 2.4%

34.3% Repeat Revasc B.1% Wy

28.2% Vascular Complication 2.3% M
Acute Renal Dysfun  g.o% |
Severe Hypotension 10.8% Wy

N=213 N=210 N=213 N=210 CPR/VT 12.2%

Composite MAE MACCE Aortic Insufficiency 0.0%| 0.0%
Angio Failure 3.8% M 1.9%

* Dasignates statistically significant difference (p<0.05).
Per Protocol (PP)= Patients that met all incl./ excl. criteria. Al other differences are non-significant

ACC 2011
North Lenox Hill Lenox Hill Heart and Vascular

el Institute of New York




A RCT to Evaluate Safety and Efficacy of a
pLVADvs IABP for Rx of CGS Caused by Ml

* Prospective RCT to test whether the Impella 2.5
provides superior hemodynamic support
compared to |IABP

 Primary EP Cardiac Power Index from baseline to
30 minutes after implantation

e Secondary EP included lactic acidosis, hemolysis
and mortality after 30 days

Seyfarth, M. et al. J Am CollCardiol 2008;52:1584-1588

North Tt Hill Lenox Hill Heart and Vascular
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IMPELLA 2.5

Time Course of CPi Serum Lactate, and Hemolysis

>

Seyfarth, M. et al. J Am CollCardiol 2008;52:1584-1588
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Tandem Heart PVAD

i
1

ﬂ

TandemHeart Enhanced
Flow Cannula

TandemHeart Escort™
Controller

North 3\, , Lenox Hil Lenox Hill Heart and Vascular
shore Ll Hospital TandemHeart Pump Institute of New York
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CINMNCULATUIN

INDICATIONS

e High risk PClI (no RCT’s)

e Cardiogenic shock (2 RCT’s —small )

e Mycocardial infarct size reduction (theoretical)
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Percutaneous LVAD in
Severe Refractory Cardiogenic Shock

Ischemic and Non Ischemic 117 Patients
Mortality - 30 Day 40.2%, 6 Month 45.3%

Ischemic 80 Patients Non Ischemic 37 Patients
30 Day 43.8%, 6 Month 50% @ 30 Day32%, 6 Month 35%

Kar et al. /] Am CollCardiol2010
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Percutaneous LVAD In Severe
Refractory Cardiogenic Shock

Sursival

Survival Function

Curm Survival
£

e
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Mo, of Days

Kar et al. J Am CollCardiol2010
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Percutaneous LVAD in Severe
Refractory Cardiogenic Shock

Survival Fumctions Surshval Funcilons
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THI TandemHeart “Br

dge to

Kar BS et al; The J of Heart and Lung Transplantation 2009.28(2): S 256

N 74 32 34 5
Support 5.6 6.4 3.0 6.4
(DAYS)

Mortality 57% 12% 43% 0%
RATE

m L Iy ;:nmml;frﬂ Lenox Hill Heart and Vascular
- Institute of New York



META-ANALYSIS of IABP vs LVAD in CGS

LWVAD IABP Cardiac index P{haterogensity) = (.22
mean + 30 mean+SD Mean difference = 24.0%
Thiele et al. 23106 1.8z04 —_—— 0.55 (0.23-0.87)
Burkhoffetal. 22+08 2.1+0.2 -1 016 (-0.14 -0.48) H
Seyfarthefal 22108 18:0.7 14— 0.36 (-0.16-0.88) Cardlac I ndex
Pooled —— 0.35 (0.08-0.61)
-2 -1 0 1 2

Favours I1ABP Favours LVAD

LWAD I1ABP Mean arterial pressure P{haterogsneity) = 0.10
mean+ 38D mean+50D Mean difference 7= 559%
Thiele et al. 76+10  TO+16 -+ 55(-29-13.9) . I
Sorknafroat 91116 7241 e sanrs Mean Arterial Pressure
Seyfarthetal 87+18 7122 ———e———  16.0{(.5-31.5)
Pooled —— 128 (26-220)
—50 25 0 25 50

Favours IABP Favours LVAD

LVAD  1ABP  Pulmonary wedge pressure Pheterogeneity) = 0.01

mean+ S0 mean+SD Mean difference #=766%
Thiele ef al. 16+5 22:7  —e— —6.6(-9.210-2.1)
Burkhoffef al.  15+4 25+3 —8— —§.4(-11.0t0-5.8)
PCW Pressure
Seyfarthetal.  19+5  20+6 — —1.0(-5.2-3.2)
Pooled — —5.3(-041t0-12)
~20 —10 0 10 2

Favours LVAD  Favours IABF

Cheng et al. Eur Heart J 2009;30:2102-2108
Mﬂ"ﬂ’r Ly Lenosx Hil Lenox Hill Heart and Vascular
. Institute of New York



META-ANALYSIS of IABP vs LVAD in CGS

Cheng et al. Eur Heart J 2009;30:2102-2108

LVAD  JABP Reported leg ischaemia Plheterageneity] = 0.38
N N relative risk F=0%
Thiele et al. 721 20 +—a—— 1432 (0.87-235.4)
Burkhoffetal.  4/18 214 —— 1.47 (0.31-6.45) L I h .
Seyfarth et 2L 1/13 013 —_— 3.00 (0.13—67.51) eg SC el I “a
Pooled 1253 2147 T—— 2.59(0.75-8.497)
0.0001 0.01 1 100 10000
Favours LVAD  Favours |ABP
LVAD  |ABP Reported bleeding Plheterageneity] = 0.73
nN niN relative risk = 0%
Thiele ot al. 19/21 8/20 — 2.26 (1.30-3.94)
Burkhoffetal. 819  2/14 —~—e—— 295(0.74-11.80) B I eed | ng
Pooled 27140 10134 —— 2,35 (1.40-2.93)
0.01 0.1 1 10 100
Favours LMAD  Favours IABP
LVAD  |ABP Reported fever or sepsis  Fiheterogeneity) = 0.10
mN niN relative risk F=B821%
Thiele ef al. 17421 10/20 1.62 {1.00-2.63)
Burkheff efal.  4/18 5114 0.59 (0.18 —1.80) Fever‘ Or‘ Se pS'S
Pooled 21140 15/34 1.11 (0.43 - 2.80)
0.01 0.1 1 10 100
Favours LVAD  Favours IABP

Lenox Hill Heart and Vascular
Institute of New York
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META-ANALYSIS of IABP vs LVAD in CGS

30 Day Mortality

LwvAD  |ABP 30-day mortality P{heterogenaity) = 0.83

i N relative risk #=0%

Thiele et al. 921 9720 J 0.85 (0.48 —1.90)
Burkhoffet al.  9/13 514 O 1.33{0.57-3.10)
Seyfarth efal  B/13  6/13 > 1.00 (0.44 — 2 28)
Pooled 24/53  20/47 . 1.06 (0.68 —1,66)

0.1 1 10
Favours LVAD  Favours IABP

Cheng et al. Eur Heart J 2009;30:2102-2108

North ) J Lenosx Hil Lenox Hill Heart and Vascular
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Mechanical Circulatory Assist in CGS

Ease of Duration | Flow Cost Available
Insertion | of use L/min

IABP ++++ Days to ++++
weeks

Impella +++ Hours to 2.5 + $SSS +++

2.5 days

LA-FA ++ Daysto 5.0 ++ 5555 ++

Bypass weeks

%}: J Lenox i Lenox Hill H_eart and Vascular
 Howie Institute of New York



Contribution of Lethal Reperfusion Injury to Final Ml Size

Myocardial ischemia in absence

s - of reperfusion
Infarct size, 70%

60

504

40

Myocardial ischemia with reperfusion

Infarct Size (%)

304 =~ Reperfusion reduces infarct size by 40%
Part of the remaining 30% infarct is due
to lethal reperfusion injury and
204 is therefore preventable
10+

Myocardial ischemia with reperfusion

3 '._" and cardioprotection
0- Preventing lethal reperfusion injury reduces

infarct size by a further 25%, realizing the
full benefits of reperfusion

Yellon D andHausenloy D. N Engl J Med 2007;357:1121-1135

% L Iy Lenox kil Lenox Hill Heart and Vascular
e Institute of New York



Neth L1y

New Cardioprotective Strategies to Reduce

Lethal Reperfusion Injury

Acute myocardial ——————p Cardioprotective ey Myocardial —— Less lethal
infarction strategy reperfusion reperfusion injury
4 A "
Ischemic posteonditioning
: e Thrombolytic
Pharmacologic activation therapy

of the RISK pathway

- —

Percutaneous
coronary intervention

Pharmacelogic inhibition
of mitochondrial PTP opening

Combined pharmacologic
approach

Lenox Hill
Hospital

Yellon D and Hausenloy D. N Engl J Med 2007;357:1121-1135

Lenox Hill Heart and Vascular
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e Mini AMI - RCT Impella 2.5 vs Routine Medical
Therapy to reduce infarct size

e TRIS TRIAL - RCT LA-FA Bypass (TandemHeart)
vs Best Medical Therapy to reduce infarct size

North Tt Hill Lenox Hill Heart and Vascular
il et Institute of New York



THANK YOU
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