How can we manage "“No Reflow”
during Primary PCI ?






Treatment after no reflow occurs

HHOFO| £ = (Unlikely to succeed)

Prevention Is the treatment
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Sebastiaan C et al, J Am Coll Cardiol 2010;55:1649




Mechanism of no reflow
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Mechanism of no reflow
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Glycolisis

- Myocardial cell swelling Myocardial cell rupture Cardiomyocytes necrosis

Mild mitochondrial swelling : Severe mitochondrial swelling
Ischaemic injury Reperfusion injury Distal embolization
Individual susceptibility to each of three mechanisms

Niccoli G et al, Eur Heart J 2010;31:2449




Extent of iIschemic injury & no reflow

BNP = 78 pg/m BNP High BNP Low BNP
Area under curve = 0.645 80 pg/ml— (n:43) (n:59)

P=0.008
ST
resolution

>70 % 21% 52.5%
< 70% 79% 47.5%

TIMI frame
count

MBG 0.01
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Seo SM, Chang K, Coron Artery Dis 2011;22:405



Prevalence of no reflow

Evaluation of
post-procedural
TIMI flow

Evaluation of
post-procedural
MBG

Evaluation of
post-procedural
STR>70%

100 pts with STEMI
treated by PPCI

93* pts with TIMI 3

49** pts with TIMI 3
and MBG 2 or 3

35** pts with TIMI 3
and MBG 2 or 3 and

1 pt with TIMI 0-1
6 pts with TIMI 2

44 pts with MBG 0/1

14 pts with STR<70%

Niccoli G et al, J Am Coll Cardiol 2009;54:281



Definition

« Epicardial coronary reperfusion without myocardial reperfusion
* Microvascular obstruction & resultant reduced myocardial flow

after opening an occluded artery

Angiographic defi.

 TIMI grade O to 2
« TIMI grade 3 with myocardial blush grade (MBG) 0-1




COREA-AMI registry—

« COREA-AMI : COnvergent REgistry of cAtholic and
chonnAm university for AMI

* Including STEMI and NSTEMI

 Data registered from January, 2004 to December
2009. in Catholic university and Chonnam university
* Total number of patients: 5694

* Median follow up: 25 months



Treatment modality of COREA-AM

No-reflow (n=492) Reflow (n=2745) p for trend

Treatment modality 0.001

Conventional PCI 350 (71.3) 1785 (65.2)

GPI only 79 (16.1) 578 (21.1)

Thrombus aspiration only 47 (9.6) 232 (8.5)

TA + GP 15 (3.1) 142 (5.2)




Clinical outcome of no reflow

Clinical outcomes Reflow (n=2745)  No reflow (n=492)

Death 303 (11.0) 82 (16.7)

M 32 (1.2) 9 (1.8)

TVR 195 (7.1) 32 (6.5)

Composite of Death, 320 (11.7) 88 (17.9)




Hazard ratio of no reflow

Unadjusted HR 95% ClI p Value Adjusted HR* 95% ClI p Value

Mi 1.273 0.554-2.921 0.57 1.491 0.599-3.708 0.39

TVR 0.898 0.618-1.307 0.575 0.88 0.577-1.343 0.553

Composite of Death, Ml 1.513 1.194-1.917 0.001 1.334 0.949-1.875 0.097

* Adjusted for age, sex, DM, hypertension, hyperlipidemia, current smoking, prior Ml, hsCRP,

Killip class, LV ejection fraction, culprit vessel, multivessel disease, treatment modality



Kaplan-Meler curve : DF
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Time after index PCI (year)
Number at risk
No 2745 2049 971 450 214 71 15
Yes 492 397 257 179 93 35 1



Kaplan-Meler curve : Deati
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0 365 730 1095 1460 1825 2190

Time after index PCI (year)
Number at risk

No 2745 2036 958 441 208 70 15
Yes 492 377 239 162 77 33 1



Prevention and treatment of
no reflow (MVO)
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Prevention of distal embolization

Manual thrombus aspiration
_|_

Intravenous or intracoronary
abciximab



Manual thrombus aspiration
REMEDIA : 15T RCT

100 patients eligible for randomization
(STEMI, <12 hours symptoms-to-angio time)

Informed consent refusal

49 patients randomized
to standard PCI

48 patients eligivle yor PC
with thrombus-aspiration

I
42 Latiens eligile 7or
standard PCI
with guidewire
n=2

Death during PCI

n=2 protocol violations:
CROSSOVER to standard CROSSOVER to thrombus-
PCI because of low aspiration because of high

thrombus burden thrombus burden/distal embolism

n=4 protocol violations:

34 patients with MB6>2 22 patients with MB6>2
29 patients with STR>70% 18 patients with STR>70%

MBG22 &
STR>70%

White : thrombus aspiration
Black : standard PCI

34.0 32.7 42.8

MBG>2 &
STR<70%

MBG<2 &
STR<70%

Burzotta F et al, J Am Coll Cardiol 2005;46:371



Manual thrombus aspiration
TAPAS : 1-YEAR CLINICAL OUTCOME

Conventional PCl
—— Thrombus aspiration
Log-rank p=0-008
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Thrombus Conventional
Aspiration PCI

Cardiac death or non-fatal infarction (%)

O <30%
O 30-70% T

O >70% 180
Time (days)

Number at risk
Conventional PCI 536 495 484
Thrombus aspiration 535 512 504
Total 1071 1007 988

Percent of Patients

Svilaas T et al, N Engl J Med 2008;358:557
Vlaar PJ et al, Lancet 2008;371:1915
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Thrombus Conventional
Aspiration PCI




Manual thrombus aspiration in STEMI

1. Single center experience
2. Mixed results in infarct size reduction

3. Effect of abciximab?



2009 ACC/AH guideline on thrombus
aspiration during PCI for STEMI

Class lla
Aspiration thrombectomy Is reasonable for
patients undergoing primary PCI (evidence B)

Routine vs selective thrombus aspiration?



2009 ACC/AH guideline on glycoprotein
lIb/llla receptor antagonists for STEMI

Class lla
It IS reasonable to start treatment
with abciximab as early as possible
before primary PCI in patients with STEMI.

!

Class lla
It is reasonable to start treatment with glycoprotein
lIb/Illa receptor antagonists at the time of
primary PCI in selected patients with STEMI.




FINESSE (n=2452 STEMI)
Pre-PCI abcixima

-~~ Primary PCI
—— Abciximab-facilitated PCI
m Combination-facilitated PCI

Patients with Primary Composi
End Point (%)

N Engl J Med 2008;358:2205
HORIZONS-AMI (n=3602 STEMI)

Bivalirudin vs Heparin+abciximab

A Net Adverse Clinical Events B Major Bleeding

Heparin plus GP Iib/llla
Heparin plus GP llbjllla

IR B Y 40018 5 1 P

Bivalirudin alone

Net Adverse Clinical Events (%)
Major Bleeding (%)

15
Days Days
No. at Risk No. at Risk

Bivalirudin alone 1800 1660 1633 1626 1620 1607 Bivalirudin alone 1800 1697 1675 1668 1653
Heparin plus 1802 1635 1591 1578 1569 1552 Heparin plus 1802 1651 1617 1606 1581

GP lib/llla GPIIb/Illz

C Major Adverse Cardiovascular Events D Death from Cardiac and Noncardiac Causes

Heparin plus GP lIbfllla
=== Bivalirudin zlone

Bivalirudin alone.

Cardiac

Events (%)

Heparin plus GP llb/lila

Major Adverse Cardiovascular

Noncardiac

Days Days

No. at Risk No. at Risk
Bivalirudin alone 1800 1716 1701 1685 1673 Bivalirudin alone 1800 1758 1751 1746
Heparin plus 1744 1712 1699 1668 Heparinplus 1802 1764 1748 1736
GP llbjllla GPIb/llla

N Engl J Med 2008;358:2218

Meta-analysis:
abciximab vs tirofiban or eptifibatide

DEATH

Abciximab Small Molecules OR (fixed) Weight
95% Cl %

OR (fixad)
95% Cl

FATA
MULTISTRATEGY
STRATEGY 3/88 2/87

Total (95% CI) 24/1082 22/1115

Test for heterogeneity: Chiz=2.66, df =4 (P =0.62), 12=0%
Test for overall effect: Z = 0.44 (P = 0.66)

Not estimable
1 [0.01, 7.96]
[0.35, 2.76]
[0.23, 2.33]
[0.70, 7.47]
[0.24, 9.20]

[0.64, 2.04]

01 02 05 1 2 5 10
Favors Abciximab Favors Small Molecules

Reinfarction

Study Abciximab Small Molecules OR (fixed)
n/N n/N 95% Cl

OR (fixed)
95% CI

ERNST 0/30 0/29
EVA-AMI 3/201 0/226 — -

FATA 1/341 2/351 — 14.
MULTISTRATEGY 5/372 10/372 74.
STRATEGY 3/88 1/87 7.

Total (95% CI) 12/1032 13/1065

Test for heterogeneity: Chiz = 4.62, df = 3 (P = 0.20), 2= 35.0%
Test for overall effect: Z = 0.15 (P = 0.88)

Not estimable
[0.41, 155.58]
[0.05,

[0.17,
[0.31,

[0.44,

01 02 05 1 2 5 10
Favors Abciximab Favors Small Molecules

Postprocedural TIMI 3

Abciximab Small Molecules OR (fixed) Weight
n/N n/N 95% ClI %

OR (fixed)
95% Cl

43/50 44/50

26/28 24/28

171/203 186/226
FATA 304/341 318/351
MULTISTRATEGY 346/372 338/372
STRATEGY 82/88 84/87
Total (95% CI) 972/1082 994/1114

Test for heterogeneity: Chi? =3.50, df =5 (P = 0.62), P =0%
Test for overall effect: Z = 0.36 (P = 0.72)

.26, 2.70]
.36,
.69,
.52,
.79,
.12,

.80,

01 02 05 1 2 5 10
Favors Small Molecules Favors Abciximab

ST-resolution

Study Abciximab Small Molecules OR (fixed)
n/N n/N 95% Cl

OR (fixed)
5% CI

EVA-AMI 95/200 113/225
FATA 236/335 231/346
MULTISTRATEGY 302/361 308/361
STRATEGY 34/88 43/87

Total (95% Cl) 667/984 695/1019

Test for heterogeneity: Chi2 = 3.63, df = 3 (P = 0.30), 2= 17.4%
Test for overall effect: Z = 0.44 (P = 0.66)

[0.61, 1.31]
[0.86, 1.64]
[0.59, 1.32]
[0.35, 1.17]

[0.78, 1.17]

01 02 05 1 5 10
Favors Small Molecules Favors Abciximab

Luca GD et al, J Am Coll.Cardiol 2009:53:1668




e

<

Glycoprotein llb/llla receptor antagonists
iIn PCI for STEMI

In the setting of DAT with UFH or bivalirudin, the
role of GP lIb/llla receptor antagonists should be
reevaluated.

Esp. in the era of strong oral antiplatelet agents
(prasugrel or ticagrelor)

No routine therapy but in selected cases
®  Large thrombus burden

Intracoronary bolus abciximab?



Intracoronary vs. intravenous abciximab?

MR IC abciximab | IV abciximab
(n=67) (n=71)

30 day estimator;
P 0.146 (95% CI 0.070 ; 0.222)

-
wn

Abciximab iv.

-
o

Infarct
size

p=0.06

15.1% 23.4% 0.01

30 day estimator.
0.052 (85% C10.003; 0.101)
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MVO,

early

5 10 15 20 25
Time (days after randomization)

MVO,
late

73 73 73 73

Thiele H et al, Circulation 2008;118:49



Intracoronary vs. intravenous abciximab?

30-day Mortality

Intracoronary abciximabintravenous abciximab Odds ratio Odds ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed 95% M-H, Fixed 95%
CICERO 2010 5 271 7 263 33.7% 0.69 A
CRYSTAL AMI 2010 0 25 1 23 7.4% 0.29 (0.01;7.59)
Dominguez-Rodriguez 2009 0 25 0 25 Not estimable
EASY-MI 2010 (i} 53 0 52 Not estimable
Iversen 2011 2 185 9 170 44.8% 0.20 (0.04;0.92) e
Thiele 2008 2 77 3 77  141% 0.66 (0.11;4.05)
Total (95%) 636 610 100.0% 0.43 (0.20;0.94) -
Total events " 9 o 20 _
Heterogeneity: Chi2=1.88, df=3 (P=0.60);1>=0% T T T »
Test for overall effect: Z=2.11 (P=0.03) 001 01 1 10 100
Favors IC Favors IV
30-day Myocardial Infarction
Intracoronary abciximab Intravenous abciximab Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed 95% M-H, Fixed 95%
CICERO 2010 3 2711 4 263 27.5%  0.72(0.16;3.27) A
EASY-MI 2010 0 53 0 52 Not estimable
lversen 2011 5 185 8 170 555%  0.56 (0.18;1.75) —B
Thiele 2008 0 77 2 77 17.0%  0.19 (0.01;4.13) ¢ -
Total (95%) 586 o 562 100.0%  0.54 (0.23;1.28) i
Total events 8 14
Heterogeneity: Chi2=0.58, df=2 (P=0.75);1%=0% - - e
Test for overall effect: Z=1.39 (P=0.17) e 4 L B
Favors IC Favors IV
30-day Target Vessel Revascularization
Intracoronary abciximab Intravenous abciximab Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed 95% M-H, Fixed 95%
CICERO 2010 9 271 10 263 27.5% 0.87 (0.35;2.17) i
EASY-MI 2010 0 53 0 52 Not estimable
Iversen 2011 7 185 16 170 555% 0.38 (0.15;0.94) ——
Thiele 2008 0 77 2 77 17.0% 0.19 (0.01;4.13)« =
Total (95%) 586 562 100.0% 0.53 (0.29;0.99) >
Total events 16 636 28
Heterogeneity: Chi2=2.58, df=2 (P=0.36);1%=2% i . e
Test for overall effect: Z=2.00 (P=0.05) 0.01 0.1 1 10 100
Favors IC Favors IV

Navarese EP Platelets 2011 Oct



AIDA STEMI trial

toe) p=0.54

2065 patients with suspected STEMI
- STEMI with symptoms <12 h
- Planned primary PCI
- no contraindication for abciximab

Intracoronary Abciximab

UFH 50-70 1U/kg
Aspirin 500 mg, Clopidogrel 600 mg/Prasugrel 60 mg
Abciximab bolus 0.25 mg/kg plus 12 h infusion 0.125 pg/kg/min

Intravenous Abciximab

Cumulative event free survival from
death, reinfarction and
congestive heart failure [%)]

1032 patients randomized patients randon
to IC abciximab to IV abciximab

Time from randomization [days]

o p=0.03

1002 patients PCl started patients PCI stz
Intracoronary Abciximab
B, T,

995 patients abciximab ‘ atients abcixin

g6 Intravenous Abciximab

bolus given; PCI bolus given; P ‘
completed completed

935 patients with 90 day patients with 90
follow-up - follow-up

92—

Cumulative event free survival of
congestive heart failure [%)]

T T U T T
20 40 &0 80 100

Time from randomization [days]

o-

Thiele H et al, AHA 2011



INFUSE-AMI trial (Gregg W Stone)

452 Patients with anterior STEMI <5 hours

I

Clopidogrel 600 mg or Prasugrel 60 mg LD

|

LV ventriculography & CAG

l

TIMI 0,1 or 2 in proximal or mid LAD & bivalirudin

Stratification
= <3vs >3 hrs
= Prox vs Mid LAD

Aspiration No aspiration Aspiration No aspiration
IC abciximab IC abciximab || No abciximab No abciximab

CMR at 30 days & Clinical follow up 1, 6-month

* Primary endpoint: infarct size at 30 days




Prevention of reperfusion injury

Myocardial ischemia in absence S Acute myocardial e Cardioprotective ey MyoO Cardial S— -3 P

I‘r’;a:ftpseirz?s;g; } infarction strategy reperfusion reperfusion injury
5 6 .

Ischemic postconditioning

Thrombolytic

Pharmacologic activation
therapy

of the RISK pathway

Pharmacologic inhibition '

Myocardial ischemia with reperfusion ' of mitochondrial PTP opening
= Reperfusion reduces infarct size by 40% { \ Percutaneous

Part of the remaining 30% infarct is due 3 W . ;
b / i i coronary intervention
to lethal reperfusion injury and \ Combined pharmacologic L

is therefore preventable k ’ 4 . ‘ ! approach

Infarct Size (%)

Myocardial ischemia with reperfusion
o and cardioprotection
Preventing lethal reperfusion injury reduces
infarct size by a further 25%, realizing the
full benefits of reperfusion

Appropriate treatment Avoidance of lachaeinic tiine Thrombus
aspiration

of risk factors substances which abolish reduction

Chemoattractants favouring no-reflow IPC
Endothelial cell . Reactive oxygen species Washout of

Cytokines —* ladtic acid
Activated complement 3

Lipid lowering Glycaemic

Neutrophil
Vascular plugging /
Degradative enzymes [ therapy control - Remote IPC
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Take home messages

Prevention is the best treatment for no-reflow in PCI for
STEMI.
Reduction in ischemic time Is mandatory.

Thrombus aspiration should be the first procedure If
possible. INFUSE-AMI may tell who is winner: routine
vS. selective thrombus aspiration.

|IC or IV abciximab should be given in selected patients.

Remote IPC, ischemic PC, or IC high-dose adenosine,
abciximab should be reevaluated in the era of prasugrel
or ticagrelor.

Novel therapy (drugs) against reperfusion injury
becomes the remaining blue ocean in STEMI therapy.



THANK YOU for
your attention!



