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Relationship Between Myocardial
Salvage and Survival

Modifying factors

» Collaterals
* Ischemic preconditioning
[ ) Median U.S. Sx-ER: 2° - MVO,

60’ DBT
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Extent of salvage (% of area at risk)

Hours 1 3 6 12
Treatment objectives

ey Time to treatment is critical
Gy Opening the IRA (PCI = lysis)
Gersh, Stone, Holmes. JAMA 2005




Benefit of
Reperfusion
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Included Trials

Trials N Test Days to test FU duration
enrolled

EMERALD 2002-2003 SPECT 10[7, 13] 183 [179, 188]
AMIHOT-I] 2005-2007 SPECT 16 [14,18] 366 [353, 374]
IMMEDIATE ~ 2006-2011 42 SPECT 33.5[32,35] 365 [365, 365]
APEX-AMI 2004-2006 94 MR 43, 5] 365 [184, 367]
LIPSIA-ABCIX 2006 132 MRI 22, 3] 188 [184, 194]
LIPSIA-N-ACC  2006-2008 212 MRI 3[2, 4] 190 [185, 245.5]
LIPSIA-STEMI  2006-2009 135 MRI 3[2, 4] 192 [172, 257]
CRISP AMI 2009-2011 234 MRI 14[10,21] 183 [181, 189]
AIDA STEMI  2008-2011 522 MRI 312, 4] 380 [368, 400]

INFUSE-AMI 2009-2011 303 MRI 6 [4, 30] 365 [351, 377]

SPECT: 744 (31.3%)
MRI: 1,632 (68.7%)

Total 2,376 5[3,14] 340 [185, 370.5]




Median (IQR) Infarct Size (%LV
mass)

Test type N Days to test Infarct size

Al 2376 5.0[3.0,14.0] 18.0[8.0, 30.0]

_SPECT 744  13.0[8.5,17.0]  14.0[3.0, 30.0]

- MRI 1,632 4.0 [2.0, 6.0] 19.1 [10.2, 29.9]
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P=0.0001
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CORE: Relationship between infarct size
and 6 month mortality (n=1122)
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Burns RJ et al. J Am Coll Cardiol 2002;39:30-6




INFUSE-AMI: Impact of infarct size
Death or severe heart failure events™ at 1 year

15 - Infarct size <17% (median)

Infarct size 217% 12.7%
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6
| Months
Number at nsk:

Isz <17% 170 167 167 167
Isz 217% 183 163 160 156

*New onset severe heart failure or rehospitalization for heart failure
Stone GW. TCT 2013




Reduction in Infarct Size Correlates with
Improved Survival
RCT of PCI vs. tPA (n=140)

P=0 02 25 RR [95%Cl] 23.2
' ' 0.31 0.34

' [0.08, 1.16] [0.13, 0.88]
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Schomig A et al. NEJM 2000;343:385-91
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)< Meta-analysis (N=7,000)
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NRMI: Evolution in Reperfusion

774,279 reperfusion eligible STEMI pts at 2,157 hospitals from 1990-2006
Reductions in DBT and In-hospital Mortality

2507 226 All patients
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= MV analysis: 5.8% of the reduction in mortality was explained by |DBT
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Gibson CM et al. Am Heart J 2008;156:1035-44




Evolving Clinical Outcomes

7739 pts 265 yo w/o prior heart failure hospitalized for a 15t Ml
between 1994 and 2000 in Alberta, Canada, followed for 5 years

In-hospital mortality
¥ In-hospital heart failure

9-year trends
In-hosp death: |28%

=== Cumulative heart failure in next 5-years

Cumulative 5-years mortality I“'hOSP HF: T25%

e—

S-year survival in
hospital survivors
With in-hosp HF:
39.1%
Without in-hosp HF:
26.7%

1904 1995 1996 1997 1998 1999 P<0.0001
Year of Index Mi

Ezekowitz JA et al. JACC 2009;53:13-20




Reductions in National DBT and Mortality

96,738 primary PCls 7/05 — 6/09 at 515 hospitals in the CathPCI
Registry; 30d mortality data from CMS claims database
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STEMI Treatment

Impacting outcomes

Introduction primary PCI — 1985-1990
— 1990-2000
— 2000-2008

—— Thrombolysis
- PCI
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Overall Log-rank P < 0.001
1 1 ] I 1

10 15 20 25 30

Use of therapy (%)

No. at Risk

1985-1990 932 823 803 795 788
1991-2000 1901 1703 1680 1667 1656
2000-2008 3892 3702 3682 3671 3657

Nauta, S. et al, available at
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjo
urnal.pone.0026917




Mortality From a Heart Attack
How Did We Get Here?

19751975 | ' B o>/ B - 005
Dauerman et al. Am J Cardiol 2002: The Worcester Heart Attack Study




RNCDR" ACTION Registry-GWTG

In-Hospital Outcomes - STEMI

STEMI
Variable (n=20,681)
Death* 5.7%
Re-infarction 1.0%
CHF 6.2%
Cardiogenic Shock 9.8%
Stroke 0.8%
RBC Transfusion# 6.6%

* Unadjusted mortality
ACTION Reagistry-GWTG DATA: July 1, 2007 = June 30, 2008 # Transfusion among non-CABG patients

Y VA ERLICAN . d
_:__-'- ‘3 coucer- - American Heart
# LOUNDATION Associalion.
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NIAP Findings

In-hospital mortality (all patient s)
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Prognostic Significance of Periprocedural vs.

Spontaneously Occurring Mi After PCI

7773 pts with ACS underwent PCI in ACUITY; peri-procedural Ml
(CK-MB >3x nl) developed in 466 pts (6.0%), and a spontaneous Mi
unrelated to PCI (troponin >nl) subsequently developed in 200 pts (2.6%)

25,

Periprocedural Ml P<0.0001 Multivariate mOdel
Post PCI MI

Spontaneous MI —— of 1-yl’ mortality

160% Spontaneous Ml
HR = 7.49 [4.95, 11.33],

p<0.0001

°0% Periprocedural Ml
2.6% HR =1.30 [085, 198],
p=0.22
3|0 6|0 9|0 150 150 1é0 2’IIO 24|10 2%0 3(|)0 31|30 3é5
Days from Randomization
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Prasad A et al. Submitted




PCl-related delay

Boersma et al. European Heart Journal 2006

Prasantation Mumber of 30-day PCl-ralated MNumberof 30-day
delay (h) patients  death (%) delay (min) patients  death (%)

FL PPCI OR and 95% Cl OR and 95% Cl FL PP

6.0 4.7 —— B2 28

All patients i i 0.63 (0.42, 0.84) ' All patients

PPCI battar FL battar PPCI batlar FL batler

Q.0 0.3 . . ! , 1.0 12




PCl-related Delay

Pinto et al Circulation 2006
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STAT-MI (ST-Segment Analysis Using Wireless
Technology in Acute Myocardial Infarction) Trial

EMS transmitted ECGs to on-call cardiologists for triage to cath lab.
Controls presented at hospital as walk-ins or by regular ambulance.

Median Outcomes Control Group STAT-MI Group P VValue
(n =43) (n=72)

D2B, min* 119 63 < 0.00004
LVEF 35% 50% 0.004
Peak Troponin, ng/mL 87.6 39.5 0.005

* Primary endpoint.

Conclusion: A fully automated wireless network that allows emergency
medical personnel to transmit ECGs to cardiologists via handheld phones
substantially shortens D2B times for patients with suspected STEMI.

Sanchez-Ross M, et al. J Am Coll Cardiol
Intv. 2011:;4:222-227.




Table 1. Outcomes According
to Transport Method

Interhospital P Value
(n=127)

First-Medical-Contact-to-
Balloon Time < 90 Minutes

Median Symptom-to-Balloon
Time, min

TIMI Flow Grade 3

One-Year Mortality




Survival Benefits in Patients Undergoing
Late Percutaneous Coronary Intervention of
the Infarct-Related Artery

Meta-analysis of randomized ftrials

Conservative therapy P=0.03

1 Invasive therapy 3560 pts

8.4%

Event rate

Death at 3 yrs

Abbate et al. J Am Coll Cardiol,
2008; 51:956-964
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212PCI 6/430 ( ) 118/5891 ( )
FHAPCI 6/1523 (0.39%) 32/42418 (0.08%)

S PCI 12/1953 (0.61%) 150/48309 (0.31%)

B 22 PCIFL T ) N O VR AR T 5O I A 24
FEHHPCIULT- A Z N R g EE il & H 2 A,
RELERFIPCIE A K2 GHE, mIKEBNBES,
AR AN N2TE 2 M5 NS R, e ah B




FT-HE: 126 (0.61%)
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=28 % Bl—Endeavor4i vs. Cypher4

1 Z)iagﬁ%w%wl‘m: 2151140 vs. 235+ 167 73%k,

1 )\_Bj%ﬁofﬁ’*?ﬁﬁl‘m : 53161 vs. 59+73 4r%h, P=0.28
1 é?i%"ﬂiﬂﬁﬁl‘mz 39+21 vs. 43+33 435, P=0.05
1 %ﬁﬂ%}ﬁ%aﬂm: 21110 vs. 24424 43450, P=0.04

% Door 2 Balloon I’ [A]: 113+64 vs. 127+91 435,
P=0.04.
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Temporal Trends in Cardiogenic Shock
Complicating Acute MI

Cardiogenic In-Hospital

o
Shock Mortality (OR) el

1975-1978
1981-1984 (0.56-1.85)
1986-1988 (0.70-2.42)
1990-1991 (0.45-1.60)
1993-1995 (0.28-0.86)
1997 (0.26-0.86)

Goldberg RJ, et al. NEJM 1999; 340:1162-1168




Cardiogenic Shock

Incidence

NRMI Registry STEMI _
e ~“8% of STEMI in NRMI

e 2% of NSTEMI
* ~50,000 patients
per year

Babaev et al: JAMA 294:448, 2005




Cardiogenic Shock

Etiology
Shock Trial and Registry

Shock Categories
“Isolated™

Ventricular Tamponade/
Septal Rupture R/ Shock Rupture

8.3%

(1]
4.6% S8 7 1.7 %
Acute Other
Severe W‘IR ?.5 %

Predominant

Shock Registry LY Failure
Hochman, JACC 36: 1063, 2000 74.5%

Hochman et al.

JACC 2000; 36: 1063




SHOCK Registry:
Mortality by Shock Categories

55.1% 55.0% 55.0%

All (1422) LVF (1116) VSR(55) MR (98) RVF (40) Tamp (20) Other (95)

p=0.001 6 Group; VSR
vs each p<0.01

Hochman, JACC 36: 1063, 2000




PCl in Cardiogenic Shock:
Importance of Time to Reperfusion

ALKK Registry

(80 centers in Germany 1992-2003) Moses Cone (1984-2000)

S0 0

In-hospital Mortality %

hsprita oty (" —
I l ' : <3 3-<6

-3 b (w=737) 3o h(n=359) G612k (n=139) 12-24 h(0=9%) (n=20) {n=72)

Torme onteerval between symplom=onset and admigsion Time to Rtlltrﬁmlun fhrs}

Fig. 2 Increasing in-hospital mortality with increasing time interval Inhospital mortality rate by time-to-reperfusion in patients with
between symptom onset and admission in patients with primary PCI for shack The inhﬂspii’n’ mor I“}' increnses progreasi'-rely with
cardiogenic r.i_.. X i 5

-ardlogenic 3o Increasing #lme~fo-raparfu5|m1.

Zeymer, EHJ 2004; 25:322-8. Brodie, AHJ 2003; 145:708-15.




Hemodynamic Status in AMI

Spectrum of AMI Risk

Non-Shock Impending CS Profound CS

Circulatory
support indicated







Most Commonly Used Mechanical Devices
in the CathLab

Impella

TandemHeart




Intra-aortic Balloon Counterpulsation and Infarct Size
in Patients with Acute Anterior Ml Without Shock

: 337 pts randomized to primary PCI with or without intra-
aortic balloon pump (IABP) pre-intervention.

IABP therapy fails to reduce infarct size or improve clinical
outcomes when added prior to primary PCI in patients with high-risk
STEMI but no cardiogenic shock.

Patel MR, et al. JAMA.
2011;Epub ahead of print.




CRISP-AMI substudy: 36 patients with large STEMI and poor ST-segment
resolution (n = 15 IABP and 21 control), representing 11% of overall trial.

1 At 6 months, none of the patients in the IABP group had died,
compared with 5 in the control group (0 vs 24%; P = .046)

1 Trend favoring IABP therapy also seen for the composite endpoint
of death, cardiogenic shock, or new/worsening heart failure (7% vs
33%; log-rank P = .06).

van Nunen LX, et al. Eurolntervention.
2014;Epub ahead of print.
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Courtesy of Aaron Kaplan, MD




POST: Ischemic Postconditioning During Primary
Percutaneous Coronary Intervention

700 STEMI patients undergoing primary PCI within 12 hours of symptom
onset were randomized to direct postconditioning or conventional care.

Postconditioning Conventional PCI
(n = 350) (n = 350) -

Aot D SRR e 40.5% 41.5% 0.79
Resolution at 30 min

MACE at 30 Days 4.3% 3.7% 0.70

Conclusion: Ischemic postconditioning during primary PCI improves
neither myocardial perfusion nor clinical outcomes in STEMI patients.

Hahn J-Y, et al. Circulation.
2013;Epub ahead of print.




STEMI Success has Plateaued!

Remaining challenges in STEMI reperfusion therapy

* Further reductions in DBT (apparently) not beneficial
= Symptom time to first medical contact unchanged

* Suboptimal salvage of myocardium
» Reperfusion success only ~65%
* |n part due to distal embolization
= Reperfusion injury

* Mortality remains high in cardiogenic shock and
out-of-hospital cardiac arrest

* Ongoing inflammation — high rates of non-culprit
lesion-related events




Therapies to Enhance Myocardial Recovery

Epicardial Reperfusion/ Microvascular integrity/

Systems of care function
Regionalization of STEMI care Thrombus aspiration

Pre-hospital ECGs Intracoronary abciximab
Pre-hospital cath lab activation \ MGuard stent
Bypass non-PCl hospital Adenosine

Bypass PCl-hospital ED . Sodium nitroprusside
Onsite primary PCI team Myocardial Ca*2 channel blockers

Reperfusion/

Recovery \

/1 Cardioprotection

Pre- and post-ischemic conditioning
Cell Non-infarct related artery reperfusion
e Mechanical LV unloading

Therapy _ Cyclosporine _
Autologous endothelial/bone Mitochondrial targeting peptides

marrow progenitor cells Losmapimod

Cardiac stem cells Exenatide
Nitric oxide
Supersaturated nx&rgen

[ TEL Y T Limarrens Y
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Treatment of STEMI
Conclusions

« STEMI comprises ~22% of all ACS admissions; the
Incidence Is falling, and the case fatality rate is also
markedly decreasing, explaining much of the survival in pts
with coronary heart disease

* Rapid reperfusion with primary PCI saves lives and
prevents recurrent ischemia and reinfarction with STEMI —
the faster the better! But there may be diminishing gains...

* The evolution from PTCA to BMS to DES has reduced
recurrent ischemia and restenosis, but not death or Ml

* Myocardial salvage is suboptimal in STEMI, and new
strategies are required to reduce infarct sizel

@ Cowmscma Limrvren MTY
Meracas Centen

3 Mew'ork-Presbyterian




Improving the STEMI Process (3)

Team Work!
Training & In Situ Simulation









