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Impact of ProceduralImpact of Procedural
Complications of PCIComplications of PCI

BleedingBleeding
Ischemic events:Ischemic events:

MI/CKMBMI/CKMB↑↑
StentStent ThrombosisThrombosis



PeriproceduralPeriprocedural CKCK--MB ElevationsMB Elevations
After PCI Represent After PCI Represent MyonecrosisMyonecrosis

14 pts with 14 pts with nlnl LV function LV function 
underwent successful underwent successful stentstent
placement placement without distal without distal 
embolizationembolization, thrombus, , thrombus, 
transient abrupt closure, or transient abrupt closure, or 
transient slow flow. transient slow flow. 

9 pts had CKMB9 pts had CKMB↑↑ (median (median 21 
ng/mL (range, 12 to 93 ng/mL); 
5 of these had occlusion of a 
minor side branch (<1.5 mm 
dia.); 5 pts had no CKMBCKMB↑↑

MRI hyperenhancement was 
seen in all 9 with and none  of 
5 without CKMB↑; median 
1.5% of the LV (range 0.4% -
6.0%). 

Pt A: Pt A: RCA RCA stentstent. . Pt B: Pt B: DLCX DLCX stentstent..

RicciardiRicciardi MJ et al. Circulation. 2001;103:2780MJ et al. Circulation. 2001;103:2780--33



Impact of Impact of PeriproceduralPeriprocedural
CKCK--MB Elevations After PCIMB Elevations After PCI

2099 high risk pts undergoing PTCA in the EPIC trial; 2099 high risk pts undergoing PTCA in the EPIC trial; 
followed for up to 3 yrsfollowed for up to 3 yrs

TopolTopol EJ et al. JAMA 1997;278:479EJ et al. JAMA 1997;278:479––8484
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††p = 0.016 p = 0.016 vsvs NormalNormal

≥≥10x 10x ↑↑ (N = 118) 16.5%*(N = 118) 16.5%*

≥≥5x 5x ↑↑ (N =205) 14.8%*(N =205) 14.8%*

≥≥3x 3x ↑↑ (N =285) 13.1%*(N =285) 13.1%*

≥≥1x 1x ↑↑ (N =562) 10.2% (N =562) 10.2% ††

Normal (N =1519) 7.3%Normal (N =1519) 7.3%



Impact of Impact of PeriproceduralPeriprocedural
CKCK--MB Elevations After PCIMB Elevations After PCI

8409 non AMI pts 8409 non AMI pts at CCF underwent successful, at CCF underwent successful, 
uncomplicated PCI; followed for mean ~3 yearsuncomplicated PCI; followed for mean ~3 years

1446 pts (17.2%) had post1446 pts (17.2%) had post--PCI CKPCI CK--MB > ULNMB > ULN

By multivariate By multivariate 
analysis, analysis, ↑↑CKMB CKMB 
(as a continuous (as a continuous 
measure)measure) was an was an 

independent independent 
correlate of death correlate of death 

at 4 months at 4 months 
(p<0.0001)(p<0.0001)

Ellis GS et al. Circulation 2002;106:1205Ellis GS et al. Circulation 2002;106:1205--1010

No. at Risk:No. at Risk:

CKMB <1x ULNCKMB <1x ULN 69636963 69536953 55765576 55495549 55335533 55155515 55155515

CKMB >1xCKMB >1x--<5x ULN<5x ULN 11461146 11431143 11331133 11251125 11171117 11031103 11031103

CKMB >5x ULNCKMB >5x ULN 300300 288288 282282 279279 273273 269269 269269

DaysDays
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Impact of Impact of PeriproceduralPeriprocedural
CKCK--MB Elevations After PCIMB Elevations After PCI

JeremiasJeremias A et al. JACC 2004;44:1210A et al. JACC 2004;44:1210––44

5850 pts enrolled in 6 5850 pts enrolled in 6 stentstent trials; trials; 1248 (23.1%) had CKMB 1248 (23.1%) had CKMB ↑↑ >ULN.>ULN.
Procedure failure (115 [2.0%] of pts) Procedure failure (115 [2.0%] of pts) waswas defined as final DS >50%, TIMI flow defined as final DS >50%, TIMI flow ≤≤2, 2, 
NHLBI dissection >C, NHLBI dissection >C, stentstent thrombosis or thrombosis or urgurg TVR within 24TVR within 24ºº. . Unsuccessful vs. Unsuccessful vs. 
successful procedures more commonly had CKMB successful procedures more commonly had CKMB ↑↑ >ULN >ULN (69.6% vs. 20.4%, (69.6% vs. 20.4%, 

p<0.0001) p<0.0001) and CKMB and CKMB ↑↑ ≥≥8x ULN or Q8x ULN or Q--MI MI (32.2% vs. 2.0%, p<0.0001).(32.2% vs. 2.0%, p<0.0001).

Mortality as a function of CKMBMortality as a function of CKMB↑↑ and procedure successand procedure success
Mean FU 300 Mean FU 300 ±± 90 days90 days
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p = 0.01p = 0.01

p = 0.03p = 0.03

p = 0.04p = 0.04

p= = NSp= = NS



Prognostic Significance of Periprocedural
vs. Spontaneously Occurring MI After PCI

7773 pts with ACS underwent PCI in ACUITY; 7773 pts with ACS underwent PCI in ACUITY; peri-procedural MI           
(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%) 

Prasad A et al. inPrasad A et al. in--press press 

Multivariate model    Multivariate model    
of 1of 1--yr mortalityyr mortality
Spontaneous MISpontaneous MI

HR = 7.49 [4.95, 11.33], HR = 7.49 [4.95, 11.33], 
p<0.0001p<0.0001

PeriproceduralPeriprocedural MI MI 
HR = 1.30 [0.85, 1.98], HR = 1.30 [0.85, 1.98], 

p=0.22p=0.22

P<0.0001P<0.0001

Days from RandomizationDays from Randomization
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Post PCI MIPost PCI MI
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Publication of Primary Results

NEJM 357: 2001-2015, 2007 www.NEJM.org
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Stent Thrombosis
(ARC Definite + Probable)
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Death Following STDeath Following ST

Mortality During Follow up  (%) Post-Stent Thrombosis

STENT ANALYSIS

N=210 N=12634

HR 13.1 (9.8 – 17.5) 
P<0.0001
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Net Clinical Benefit
Death, MI, Stroke, Major Bleed (non CABG)
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Major bleeding (with or without 
blood product transfusions)         
has emerged as a powerful 

independent predictor of early 
and late mortality in pts with 
NSTEMI, STEMI and in those 

undergoing PCI

Major bleeding Major bleeding (with or without (with or without 
blood product transfusions)         blood product transfusions)         
has emerged as a has emerged as a powerful powerful 

independent predictor of early independent predictor of early 
and late mortality and late mortality in pts with in pts with 
NSTEMI, STEMI and in those NSTEMI, STEMI and in those 

undergoing PCIundergoing PCI



Impact of InImpact of In--hospital Bleeding in ACShospital Bleeding in ACS
34,146 Pts with ACS in the OASIS34,146 Pts with ACS in the OASIS--1/2 and CURE1/2 and CURE

EikelboomEikelboom JW. JW. CirculationCirculation 2006;114:7742006;114:774––782 782 

M
or

ta
lit

y 
(%

)
M

or
ta

lit
y 

(%
)

DaysDays

No major bleedingNo major bleeding

Major bleedingMajor bleeding
(2.3% of pts)(2.3% of pts)

12.8%12.8%

2.5%2.5%

P<0.0001P<0.0001

00 55 1010 1515 2020 2525 3030
00

22

44

66

88

1010

1212

1414



Mehran RM et al. In press EHJ

ACUITY: Influence of Major Bleeding and MI in 
the First 30 Days on Risk of Death Over 1 Year

Cox model adjusted for 36 baseline predictors, with MI and 
major bleeding (non-CABG) as time-updated covariates 

Cox model adjusted for 36 baseline predictors, with MI and 
major bleeding (non-CABG) as time-updated covariates 

Of 13,819 enrolled pts, 524 (3.8%) died within 1 yearOf 13,819 enrolled pts, 524 (3.8%) died within 1 year

Myocardial infarctionMyocardial infarction 2.51 (1.952.51 (1.95--3.25)3.25) <0.0001<0.0001

Major bleeding without Major bleeding without 
or before transfusionor before transfusion 2.00 (1.302.00 (1.30--3.06)3.06) <0.0001<0.0001

Major bleeding after Major bleeding after 
transfusiontransfusion 3.93 (2.953.93 (2.95--5.24)5.24) <0.0001<0.0001

HR HR ±± 95% CI95% CI PP--valuevalueHR (95% CI)HR (95% CI)



Attributable deaths = N deathsAttributable deaths = N deaths
among pts with the time updatedamong pts with the time updated
event (attribute) X (adj. HR event (attribute) X (adj. HR –– 1)/adj. HR1)/adj. HR

Myocardial infarctionMyocardial infarction 2.51 (1.952.51 (1.95--3.25)3.25) <0.0001<0.0001

Major bleeding without Major bleeding without 
or before transfusionor before transfusion 2.00 (1.302.00 (1.30--3.06)3.06) <0.0001<0.0001

Major bleeding after Major bleeding after 
transfusiontransfusion 3.93 (2.953.93 (2.95--5.24)5.24) <0.0001<0.0001

HR HR ±± 95% CI95% CI PP--valuevalueHR (95% CI)HR (95% CI)
AttributableAttributable

deathsdeaths

51.5*51.5*

66.5**66.5**

**9.8% of all deaths9.8% of all deaths
**12.7% of all deaths**12.7% of all deaths

Mehran RM et al. In press EHJ

ACUITY: Influence of Major Bleeding and MI in 
the First 30 Days on Risk of Death Over 1 Year

Cox model adjusted for 36 baseline predictors, with MI and 
major bleeding (non-CABG) as time-updated covariates 

Cox model adjusted for 36 baseline predictors, with MI and 
major bleeding (non-CABG) as time-updated covariates 

Of 13,819 enrolled pts, 524 (3.8%) died within 1 yearOf 13,819 enrolled pts, 524 (3.8%) died within 1 year



ACUITY (N=13,819)
Impact of MI and Major Bleeding in the First 

30 Days on Risk of Death Over 1 Year
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HHarmonizing armonizing OOutcomes with utcomes with RRevascularevascularizizatiationon and and SStentstents in in AMIAMI

3602 pts with STEMI with symptom onset 3602 pts with STEMI with symptom onset ≤≤12 hours12 hours

UFH + GP UFH + GP IIb/IIIaIIb/IIIa inhibitorinhibitor
((abciximababciximab or or eptifibatideeptifibatide))

N=1802N=1802

BivalirudinBivalirudin monotherapymonotherapy
((±± provisional GP provisional GP IIb/IIIaIIb/IIIa))

N=1800N=1800

Aspirin, Aspirin, thienopyridinethienopyridine
R 

1:1

Emergent angiography, followed by triage to             Emergent angiography, followed by triage to             
primary PCI (93%), CABG (2%) or medical therapy (5%)primary PCI (93%), CABG (2%) or medical therapy (5%)

Primary EndpointsPrimary Endpoints
30 Days by ITT30 Days by ITT



HR [95% CI] P-value
Attributable

DeathsRisk Factor

TimeTime--updated covariate adjusted Cox model updated covariate adjusted Cox model 
relating 30relating 30--day events to 30day events to 30--day mortalityday mortality

-- Complete modelComplete model with MACE components and major bleeding with MACE components and major bleeding --

Hazard Ratio [95% CI]Hazard Ratio [95% CI]
0.01 0.1 1 10 100

CC--statistic = 0.87. statistic = 0.87. Attributable deaths = Attributable deaths = N deaths among pts N deaths among pts 
with the time updated event (attribute) X (adj. HR with the time updated event (attribute) X (adj. HR –– 1)/adj. HR1)/adj. HR

**9.7% of 93 total deaths9.7% of 93 total deaths
**21.9% of 93 total deaths**21.9% of 93 total deaths

Major bleeding
(Non CABG)
Incidence 238 (6.8%)
26 deaths with event

4.66
[2.84, 7.63] <0.001 20.4**

[16.8, 22.6]

Reinfarction
Incidence 69 (2.2%)
10 deaths with event

9.75
[2.72,34.91] <0.001 9.0*

[6.3, 9.7]



HR [95% CI] P-value
Attributable

DeathsRisk Factor

TimeTime--updated covariate adjusted Cox model updated covariate adjusted Cox model 
relating 30relating 30--day events to 30day events to 30--day mortalityday mortality

-- Complete modelComplete model in 3,124 pts with successfully implanted in 3,124 pts with successfully implanted stentsstents --

Hazard Ratio [95% CI]Hazard Ratio [95% CI]
0.01 0.1 1 10 100

CC--statistic = 0.87. statistic = 0.87. Attributable deaths = Attributable deaths = N deaths among pts N deaths among pts 
with the time updated event (attribute) X (adj. HR with the time updated event (attribute) X (adj. HR –– 1)/adj. HR1)/adj. HR

**8.3% of 54 total deaths8.3% of 54 total deaths
**28.0% of 54 total deaths**28.0% of 54 total deaths

Major bleeding
(non CABG)
Incidence 195 (6.2%)
18 deaths with event

6.22
[3.33, 11.60]

<0.001 15.1**  15.1**  
[12.6, 16.4][12.6, 16.4]

Stent thrombosis
(definite)
Incidence 57 (1.8%)
5 deaths with event

10.62
[3.96, 28.48]

<0.001 4.5*             4.5*             
[3.7, 4.8][3.7, 4.8]



30 Day Mortality: 30 Day Mortality: Cardiac and Non CardiacCardiac and Non Cardiac

Number at riskNumber at risk
BivalirudinBivalirudin 18001800 17581758 17511751 17461746

17421742 17291729 16661666
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa 18021802 17641764 17481748 17361736

17281728 17071707 16301630
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Time in DaysTime in Days

2.9%

1.8%

Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)

0.3%
0.2%

Cardiac

Non cardiac

HR [95%CI] =
0.62 [0.40, 0.96]

P=0.029

Stone GW et al. NEJM 2008;358:2218-30



11--Year Net Adverse Clinical Events*Year Net Adverse Clinical Events*

**MACE or major bleeding (non CABG)MACE or major bleeding (non CABG)

Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

18001800 15591559 15141514 14831483 13431343
18021802 14991499 14591459 14271427 12811281
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2020

Time in MonthsTime in Months

00 11 22 33 44 55 66 77 88 99 1010 1111 1212

18.3%18.3%
15.7%15.7%

Diff [95%CI] =         Diff [95%CI] =         
--2.6% [2.6% [--5.1, 5.1, --0.1]0.1]

HR [95%CI] =                  HR [95%CI] =                  
0.84 [0.71, 0.98] 0.84 [0.71, 0.98] 

P=0.03P=0.03

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)



Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

18001800 16211621 16011601 15861586 14481448
18021802 15441544 15321532 15151515 13681368
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Time in MonthsTime in Months

00 11 22 33 44 55 66 77 88 99 1010 1111 1212

9.2%9.2%

5.8%5.8%
Diff [95%CI] =                    Diff [95%CI] =                    

--3.4% [3.4% [--5.2, 5.2, --1.7]1.7]22

HR [95%CI] =HR [95%CI] =
0.61 [0.48, 0.78] 0.61 [0.48, 0.78] 

P<0.0001P<0.0001

11--Year Major Bleeding (nonYear Major Bleeding (non--CABG)CABG)
BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)



11--Year Major Adverse CV Events*Year Major Adverse CV Events*

Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

18001800 16271627 15791579 15441544 13941394
18021802 16191619 15731573 15401540 13801380
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Time in MonthsTime in Months

00 11 22 33 44 55 66 77 88 99 1010 1111 1212

11.9%11.9%
11.9%11.9%

Diff [95%CI] =         Diff [95%CI] =         
0.0% [0.0% [--2.1, 2.2]2.1, 2.2]

HR [95%CI] =             HR [95%CI] =             
1.00 [0.83, 1.21] 1.00 [0.83, 1.21] 

P=0.98P=0.98

**MACE = All cause death, MACE = All cause death, reinfarctionreinfarction, ischemic TVR or stroke, ischemic TVR or stroke



1-Year All-Cause Mortality

Number at risk
Bivalirudin alone
Heparin+GPIIb/IIIa

1800 1705 1684 1669 1520
1802 1678 1663 1646 1486
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Heparin + GPIIb/IIIa (n=1802) 4.8%

3.4%

Diff [95%CI] = 
-1.5% [-2.8,-0.1]
HR [95%CI] =

0.69 [0.50, 0.97] 
P=0.029

3.1%

2.1%

∆ = 1.0%
P=0.049

∆ = 1.4%



Possible Mechanisms LinkingPossible Mechanisms Linking
Hemorrhagic Complications to MortalityHemorrhagic Complications to Mortality

1.1. Fatal hemorrhage (e.g. intracranial bleed)Fatal hemorrhage (e.g. intracranial bleed)

2.2. Vol. depletion Vol. depletion Hypotension, ischemia, arrhythmiasHypotension, ischemia, arrhythmias

3.3. Complications from procedures to manage bleedingComplications from procedures to manage bleeding

4.4. Discontinuation of lifesaving medications Discontinuation of lifesaving medications 
((antiplateletantiplatelet agents, beta blockers, agents, beta blockers, statinsstatins))

5.5. Blood transfusions depleted in NO Blood transfusions depleted in NO systemic systemic 
vasoconstriction, inflammation, apoptosisvasoconstriction, inflammation, apoptosis

6.6. Unmeasured confoundersUnmeasured confounders



Post AMI 
Meds in 
bleeding 
patients

Wang et al. 
Circulation. 
2008;118:000-
000



Conclusions
Pharmacologic treatment of patients with ACS Pharmacologic treatment of patients with ACS 
undergoing PCI has improved over the years to undergoing PCI has improved over the years to 
decrease ischemic and bleeding complicationsdecrease ischemic and bleeding complications

As most drugs which As most drugs which ↓↓ ischemia also ischemia also ↑↑ bleeding, bleeding, 
the offsetting impact of adverse ischemic and the offsetting impact of adverse ischemic and 
hemorrhagic events must be carefully examined hemorrhagic events must be carefully examined 

The net balance of ischemia and bleeding may vary The net balance of ischemia and bleeding may vary 
tremendously with the risk profile of the individual pt tremendously with the risk profile of the individual pt 
for each complication, and the followfor each complication, and the follow--up durationup duration

Models are needed to assess a patientModels are needed to assess a patient’’s risk for s risk for 
bleeding as well as ischemic complications to bleeding as well as ischemic complications to 
further enhance treatment of the patients with further enhance treatment of the patients with 
therapies that are efficacious and also safetherapies that are efficacious and also safe


