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GRACE Risk ScoreGRACE Risk Score
Mortality, In‐Hospital and at 6 MonthsMortality, In Hospital and at 6 Months



Relationship of Troponin Level 
to Early Mortality in ACS

Antman EM et al. NEJM 1996;335:1342-49;
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Accuracy of Cardiac Accuracy of Cardiac TroponinTroponin AssaysAssays
A di t Ti f O t f Ch t P iA di t Ti f O t f Ch t P iAccording to Time of Onset of Chest PainAccording to Time of Onset of Chest Pain

Reichlin T et al, N Engl J Med 2009;361:858-67



Differential 
Di iDiagnosis

Non‐Cardiac Causes
of Troponin
ElevationElevation

Hamm C et al Eur Heart J 2001Hamm C et al. Eur Heart J 2001



High‐Risk Indicators
E l I i St t W t dEarly Invasive Strategy Warranted
Class IA Indication for Early Invasive Strategy (ESC)

Primary

Class IA Indication for Early Invasive Strategy (ESC)

• Relevant rise or fall in troponin
• Dynamic ST- or T-wave changes

Secondary
• Diabetes mellitus
• Renal insufficiency (eGFR < 60 ml/min)
• Reduced LV function (LVEF <40%)
• Early post infarction angina
• Recent PCI
• Prior CABG
• Intermediate to high GRACE risk score



24,045 Patients

Major Bleeding: 3.9%
HR=1.64, 95% CI 1.2-2.3



Assessment of Bleeding‐RiskAssessment of Bleeding Risk 
Hamm C et al. ESC Guidelines UA/NSTEMI Eur Heart J 2011

 Age (>75y)

 Renal failure

 Low body weight (<60kg)

 Female gender

 AnemiaAnemia

 High dose antithrombotic agents

Duration of antithrombotic Rx Duration of antithrombotic Rx

 Combination of several 
tith b ti tantithrombotic agents

 Change between various 
antithrombotic agents
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(P2Y )(P2Y12)

Ticagrelor

Th bi t bl k

Cangrelor (iv)
Elinogrel (po/iv)

g

- Thrombin receptor blockers
- Thrombin inhibitors

- heparin
- low molecular weight heparin
- bivalirudin
- dabigatran (po)dabigatran (po)

- Xa inhibitors
- fondaparinux, otamixaban (iv)
- rivaroxaban
- apixaban



Benefit of Aspirin in Unstable Angina/NSTEMI: p g /
Four Randomized Trials
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CURRENT OASIS 7 – Acute Coronary Syndromes
A i i “D bl ” DAspirin “Double” Dosage
Mehta SR et al. N Engl J Med 2010;363:930‐42

Primary outcome: CV death, MI or stroke at 30 days

High dose

(300-325 mg)
Qa

(300 325 mg)

versus

low dose

(75-100 mg)

Aspirin

Major GI Bleeding: 0.4% (high dose) vs 0.2% (low dose), P=0.04



CURE: Early and Long‐Term y g
Benefits of Clopidogrel
The CURE Trial Investigators. N Engl J Med 2001;345:494–502

CV Death, Myocardial Infarction, or Stroke

0.12

0.14

ra
te Aspirin alone: 11.4%

(n = 6 303)

 RR 20%

p < 0.0001

, y ,

0 08

0.10

ha
za

rd
 r (n = 6,303)

Dual antiplatelet therapy

p

0 04

0.06

0.08

m
ul

at
iv

e Dual antiplatelet therapy

Clopidogrel and Aspirin: 9.3%

(n = 6,259)

0.02

0.04

C
um

m

First 30 days

HR 0 79 (0 67 0 92)

30 days – End of Study

HR 0.82 (0.70-0.95)
0.00

0 3 6 9 12

Months of follow-up

HR 0.79 (0.67-0.92) 0 8 (0 0 0 95)

p

Clopidogrel loading dose: 300 mg in CURE



Mehta SR et al Lancet 2010 376 1233 43

CURRENT OASIS 7 ‐ PCI Population

Primary outcome: CV death, MI or Stroke at 30 days
Mehta SR et al Lancet 2010;376:1233‐43

Clopidogrel 600mg loading dose and 150mg/d for 7d
Clopidogrel 300mg loading dose and 75mg/d  
Clopidogrel 600mg loading dose and 150mg/d for 7d

QuickTime?and a
 decompressor

are needed to see this pictureare needed to see this picture.



Inhibition of Platelet Aggregation After Loading 
D  i  P i  Wi h El i  PCIDose in Patients With Elective PCI
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Triton TIMI 38 – Prasugrel vs. Clopidogrel
Wiviott SD et al. N Engl J Med 2007;357:2001‐15

15 Primary Endpoint: CV Death, MI, Stroke
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Triton TIMI 38 – Prasugrel vs. Clopidogrel
Wiviott SD et al N Engl J Med 2007;357:2001‐15

Individual Ischemic Endpoints

Wiviott SD et al. N Engl J Med 2007;357:2001 15

Individual Ischemic Endpoints
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Triton TIMI 38 – Prasugrel vs. Clopidogrel
Wiviott SD et al N Engl J Med 2007;357:2001‐15

CABG and Non-CABG Related Bleeding

Wiviott SD et al. N Engl J Med 2007;357:2001 15

CABG and Non-CABG Related Bleeding
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PLATO ‐ Ticagrelor versus Clopidogrel in ACS 
Wallentin L, et al. N Engl J Med 2009;361:1045‐57

Primary Endpoint: CV Death, MI or Stroke 

9 8%
11.7%

y p

p=0.0003

9.8%

HR 0.84 (95% CI 0.77–0.92)

RRR = 16%, ARR = 1.87%, NNT = 54



Ticagrelor versus Clopidogrel in ACSTicagrelor versus Clopidogrel in ACS
Wallentin L, et al. N Engl J Med 2009;361:1045‐57

Individual Ischemic Endpoints
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PLATO – Ticagrelor vs. Clopidogrel

CABG and Non-CABG Related Bleeding

Wallentin L, et al. N Engl J Med 2009;361:1045‐57

CABG and Non-CABG Related Bleeding
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Ticagrelor vs. Clopidogrel for ACS 
i P ti t I t d d t T t N I i lin Patients Intended to Treat Non‐Invasively

James SK et al. BMJ 2011, 342:d3527. doi: 10.1136/bmj.d3527
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Prasugrel vs. Clopidogrel for ACS 
With t R l i ti TRILOGY ACSWithout Revascularization – TRILOGY ACS

Roe MT et al. N Eng J Med 2012

Primary EP: CV Death, MI, or Stroke at 30 Months

HR 0.91
(0.79‐1.05)

%

HR 1.31
(0.81‐2.11)

Prasugrel N=3620

Clopidogrel N=3623
Days



Net Clinical Benefit: Bleeding Risk Subgroupsg g p

Ri k (%)

PostPost--hoc analysishoc analysis

N

Yes
Prior

Stroke / TIA

Risk (%)
+ 54

16No -16Pint = 0.006

< 75

>=75
Age

-1

-16Pint = 0.18

< 60 kg

< 75

+3

Pint  0.18

>=60 kg

< 60 kg
Wgt

3

-14Pint = 0.36

OVERALL -13
0.5 1 2

Prasugrel Better Clopidogrel Better
HR



Ticagrelor versus Clopidogrel ‐ PLATO
Wallentin L, et al. N Engl J Med 2009;361:1045‐57

Outcomes by Geography and Aspirin Dosey g p y p



Prasugrel and Ticagrelor loading doses (LD) in PCI for STEMI (RAPID)

50 pts with PCI for STEMI (bivalirudin monotherapy) 
• randomized to

- 60 mg prasugrel LD
- 180 mg ticagrelor LD

• platelet reactivity assessed by VerifyNow

Percentage of High Residual Platelet ReactivityInhibition of Platelet Aggregation

*p<0.01 vs Ticagrelor

Parodi G, Antoniucci D, J Am Coll Cardiol 2013;61:1601–6



Bhatt DL, N Engl J Med 2013;368:1303-13CHAMPION PHOENIX 

Death / MI / ILR / Stent Thrombosis within 48 Hours
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Log Rank P Value = 0.006

E

Patient at Risk Hours from Randomization
Cangrelor: 5472 5233 5229 5225 5223 5221 5220 5217 5213Cangrelor: 5472 5233 5229 5225 5223 5221 5220 5217 5213

Clopidogrel: 5470 5162 5159 5155 5152 5151 5151 5147 5147



Vorapaxar (Thrombin-Receptor (PAR-1) Antagonist) in ACS (TRACER)

• Death
  (cardiovascular)
• MI
• Stroke• Stroke

Tricoci P, N Engl J Med 2012;366:20-33Merck (MSD)



Vorapaxar (Thrombin-Receptor (PAR-1) Antagonist) in ACS (TRACER)

TIMI Bl diTIMI Bleeding

Tricoci P, N Engl J Med 2012;366:20-33
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Antithrombin Agents in Acute Coronary Syndromesg y y

• UFH
– Glycosaminoglycan MW 3000-30 000y g y
– UFH inhibits factor II and Xa via 

binding AT III
Unpredictable pharmacokinetics– Unpredictable pharmacokinetics
requiring monitoring of coagulation
status
Intravenous infusion– Intravenous infusion

• LMWH
– Short chain (18 saccharides) ( )

fragments MW 4000 – 6000 
– Anti-factor Xa:factor IIa ratio: 1.9-3.8

Predictable pharmacokinetic profile– Predictable pharmacokinetic profile
– No monitoring of anticoagulation
– Ease of administration



Acute Non-ST Elevation Myocardial Infarction
Unfractionated Heparin versus Low Molecular Weight Heparin

RRDeath or MI RR

Unfractionated heparin
vs placebo * 33%

LMWH vs placebo ** 47%

LMWH vs unfractionated
heparin ** 12%p

* JAMA   1996;276:811-5
** Lancet  2000;355:1936-1942

0 0.2 0.4 0.6 0.8 1.0 1.2



FondaparinuxFondaparinux
A Synthetic Inhibitor of Factor Xa, Mechanism of Action

Extrinsic Extrinsic 
pathwaypathway

IntrinsicIntrinsic
pathwaypathway

Antithrombin

AT XaXaAT AT XaXa

F d iF d i IIa IIa IIIIFondaparinux Fondaparinux THROMBIN

FibrinogenFibrinogen Fibrin clotFibrin clotRecycled

Turpie AGG Turpie AGG et al. Net al. N EnEngl J Med. 2001;344gl J Med. 2001;344:619.:619.



Antithrombotic Agents: 
F d i i th T t t f UA/NSTEMIFondaparinux in the Treatment of UA/NSTEMI

St d D iStudy Design: 
Randomized, Double Blind

Patients with NSTE ACS, Chest discomfort < 24 hours
2 of 3: Age>60, ST Segment Δ,  cardiac markers

Patients with NSTE ACS, Chest discomfort < 24 hoursPatients with NSTE ACS, Chest discomfort < 24 hours
2 of 3: Age>60, ST Segment 2 of 3: Age>60, ST Segment ΔΔ, ,  cardiac markerscardiac markers

ASA, Clop, GP IIb/IIIa, 
planned Cath/PCI as per
ASA, Clop, GP ASA, Clop, GP IIb/IIIaIIb/IIIa, , 

plannedplanned CathCath/PCI as per/PCI as per

Exclude
Age < 21
Any contra-ind to Enox
Hem stroke< 12 mo

FondaparinuxFondaparinuxFondaparinux

planned Cath/PCI as per 
local practice

planned planned CathCath/PCI as per /PCI as per 
local practicelocal practice

RandomizeRandomize
Enoxaparin

1 /k t i d il
EnoxaparinEnoxaparin

1 /k t i d il1 /k t i d il

Hem stroke< 12 mo.
Creat> 3 mg/dL/265 umol/L

N=20,000N=20,078
2.5 mg sc once daily2.5 mg sc once daily2.5 mg sc once daily 1 mg/kg sc twice daily1 mg/kg sc twice daily1 mg/kg sc twice daily

PCI< 6 hPCI< 6 h,, No additional UFHNo additional UFH
PCI >6 hPCI >6 h,, IV UFHIV UFH
With With IIb/IIIaIIb/IIIa 65 U/kg65 U/kg
With tWithout IIb/IIIIIb/IIIa 100 U/k100 U/kg

PCI <6 hPCI <6 h:: IV Fonda 2.5 mgIV Fonda 2.5 mg
without without IIb/IIIaIIb/IIIa, 0 with , 0 with IIb/IIIaIIb/IIIa
PCI> 6 hPCI> 6 h:: IV Fonda 2.5 mg withIV Fonda 2.5 mg with

Primary: Efficacy: Death, MI, refractory ischemia at 9 days 
Safety: Major bleeding at 9 days

Primary:Primary: EfficacyEfficacy:: Death, MI, refractory ischemiaDeath, MI, refractory ischemia at 9 days at 9 days 
SafetySafety:: Major bleeding at 9 daysMajor bleeding at 9 days

Outcomes
Without Without IIb/IIIaIIb/IIIa 100 U/kg100 U/kgand 5.0 mg without and 5.0 mg without IIb/IIIaIIb/IIIa

Risk benefit: Death, MI, refractory ischemia, major bleeds 9 days
Secondary: Above & each component separately at day 30 & 6 months
Hypothesis: First test non-inferiority, then test superiority

Risk benefitRisk benefit:: Death, MI, refractory ischemia, major bleeds 9 daysDeath, MI, refractory ischemia, major bleeds 9 days
SecondarySecondary:: Above & each component Above & each component separatelyseparately at day 30 & 6 monthsat day 30 & 6 months
HypothesisHypothesis:: First test nonFirst test non--inferiority, then test superiorityinferiority, then test superiority

Yusuf OASIS 5 N Engl J Med 2006;354.



Mortality at 6 MonthsMortality at 6 Months
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Death, MI, RI, Major Bleedingj g
at 6 Months
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Bleeding Femoral vs Radial AccessBleeding Femoral vs. Radial Access

Major bleeding in PCI patients at day nine during blinded study drug administration

EuroIntervention 2011;7:91-97



Acuity Trial (Bivalirudin)
13 819 patients with moderate to high risk non-ST-segment-elevation ACS with invasive management

(30 days)

13,819 patients with moderate to high risk non-ST-segment-elevation ACS with invasive management

Meier B, Cardiovasc Med 2006;9:353–358
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Routine Routine vsvs SelectiveSelective Invasive Invasive StrategyStrategy
ii P ti tP ti t WithWith NSTENSTE ACSACSin in PatientsPatients WithWith NSTENSTE‐‐ACSACS

Fox K et al. J Am Coll Cardiol 2010

An IPD Meta Analysis of FRISC II ICTUS and RITA 3 Trials

Cardiac DeathCardiac Death or MI @ 5 Years

An IPD Meta-Analysis of FRISC-II, ICTUS, and RITA-3 Trials

HR 0 81 Myocardial InfarctionHR 0.81 
(95% CI 0.71 to 0.93)

P=0.002
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RiskRisk of of IschemicIschemic Events and Events and StentStent ThrombosisThrombosis StratifiedStratified
AccordingAccording toto Time andTime and StentStent Type (DESType (DES vsvs BMS) in STEMIBMS) in STEMI

15 RCTs Comparing DES and BMS in 7,843 STEMI Patients 

AccordingAccording toto Time and Time and StentStent Type (DES Type (DES vsvs BMS) in STEMIBMS) in STEMI

Favors SES/PES Favors BMS Kalesan et al. Eur Heart J 2012



Recommendations for the Use of DES in 
Acute Coronary Syndromes

• No safety concerns 
C i t t d ti i t l i ti• Consistent reduction in repeat revascularization 
procedures with the use of DES

NSTE-ACS  Hamm C et al. Eur Heart J 2011 

- DES are indicated based on an individual basis taking into
account baseline characteristics, coronary anatomy, and
bleeding risk
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