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1. What Coronary Revascularization ?

2. Which Trials ?
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1. What is Coronary Revascularization ?

2. Which Trials ?



Guidelines are based on Evidence:

What is Evidence ?





Only Randomized Trials
(no „adjustments“ necessary)



The Power for the Clinical Outcome 

must also be considered !
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ASSENT IV - Trial Design

ASSENT IV Study Design

Primary Endpoint: Composite of Death or Cardiogenic Shock or 

Congestive Heart Failure within 90 Days

Randomization 1:1, Open Label

STEMI patients < 6 hrs, PCI within 1-3 hrs

N=4000

Pre-treatment with 

TNK followed by PCI

IIb/IIIa not allowed

Primary PCI

IIb/IIIa if needed

UFH and Aspirin UFH and Aspirin

Clopidogrel only after angiogram when decision for stent 

implantation is made



Kaplan-Meier Curves for 

30 DAY MORTALITY

TNK + PCI

N = 829

PCI alone

N = 838

Log rank test 

p<0.05







 If thrombolysis is performed, do not start PCI within 3 hours.

 This is a prothrombotic period, potentially dangerous for stenting.

 ASSENT-4 did not change the ESC PCI guidelines (no 

recommendation of facilitated PCI) and was implemented in the 

recent ESC STEMI guidelines.

Take Home Messages from ASSENT-4:
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Stent Thrombosis presents usually as an Acute Myocardial Infarction







Mortality



In-Stent Restenosis is NOT

a benign Disease !







Stent Thrombosis solved ?



immediately 

after stent Implantation
Endothelialization:

- bare metal stents: 4 weeks

- DES: at least 6-12 months

Endothelialisization after Stent Implantation:



Angiographically confirmed Bare Metal Stent Thrombosis 

(1.56%, 95/6058)

Acute/

subacute

1.16 %

Late 
thrombosis

0.4 %

Very Late 
thrombosis

P. Wenaweser, European Heart J, 2005, 26,1180-87



- small thrombi

- thin Neointima

- Foci without 

endothelialization





very late





 The wild beast „increased mortality after DES“ was born in 

Barcelona at the ESC 2006.

Take Home Messages from DES FIRESTORM:



 It was finally buried in Barcelona at the ESC 2009.

 The „Barcelona Firestorm“ did not change the ESC guidelines.

 Late and very late stent thrombosis occurs also with bare metal 

stents - but more often with DES, so - although rare - this 

concern still remains.

 The highly effective reduction of restenosis after DES also 

reduces ACS with subsequent reduction of mortality.

 For optimal treatment, new DES must be developed for faster 

healing to enable shorter need of dual antiplatelet medication, 

thus hopefully decreasing mortality following DES implantation.

 The wild beast „increased mortality after DES“ was born in 

Barcelona at the ESC 2006.

Take Home Messages from DES FIRESTORM:
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Occluded Artery Trial (OAT)

Presented at

The American Heart Association 

Scientific Session 2006

Presented by Dr. Judith S. Hochman



OAT Trial: Background
Objective:  

To evaluate outcomes of percutaneous coronary 

intervention (PCI) versus medical therapy among 

high-risk but stable patients with persistent total 

occlusion of the infarct-related artery post-myocardial 

infarction (MI).

Presented at AHA 2006

Hypothesis:

Routine PCI for total occlusion of the infarct-related 

artery 3-28 days after acute MI would reduce the 

composite end point of death, reinfarction, or New 

York Heart Association (NYHA) class IV heart failure.



Result:

• The primary 

endpoint:  death, 

reinfarction, or 

NYHA class IV 

heart failure 

occurred in 

17.2% of the PCI 

group and 

15.6% of the 

medical therapy 

group ([HR] 

1.16, p=0.20).

Primary Endpoint of death, reinfarction, 

NYHA class IV heart failure (% patients)

Hazard Ratio 1.16, p=0.20

Presented at AHA 2006

n=1082

n=1084











 No reperfusion is the worst „treatment“ of myocardial infarction.

 Reopening an occluded infarct artery one week later is not helpful, 

especially if there is no proof of residual ischemia.

 OAT (and TOSCA-2) were no CTO studies (no chronic occlusion).

 OAT (and TOSCA-2) did not change the ESC guidelines.

Take Home Messages from OAT (TOSCA-2):
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PCI + Optimal Medical Therapy 

will be Superior to 

Optimal Medical Therapy Alone

Hypothesis



Survival Free of Death from Any 

Cause and Myocardial Infarction

Number at Risk

Medical Therapy     1138            1017              959 834 638 408 192 30

PCI 1149            1013              952 833 637 417 200 35

Years
0 1 2 3 4 5 6
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0.6

0.7
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0.9

1.0

PCI + OMT

Optimal Medical Therapy (OMT)

7



Overall Survival

Number at Risk

Medical Therapy     1138            1073             1029 917 717 468 302 38

PCI 1149            1094             1051 929 733 488 312 44

Years
0 1 2 3 4 5 6

0.0

0.5

0.6

0.7

0.8

0.9

1.0

PCI + OMT

OMT

7



Survival Free of Hospitalization 

for ACS

Number at Risk

Medical Therapy     1138            1025              956 833 662 418 236 127

PCI 1149            1027              957 835 667 431 246 134

Years
0 1 2 3 4 5 6

0.0

0.5

0.6

0.7

0.8

0.9

1.0

PCI + OMT

OMT

7









Improvement of Prognosis depends 

on the Extent of Myocardial Ischemia

% Myocardial Ischemia
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7110  16 1331  56 718  109 545  243 252  267

P > .0001

Hachamovitch et al  Circulation. 2003;107:2900-07.



Exercise Rest



Exercise Rest Reinjection





PCI for stable CAD



PCI for stable CAD





 Conservative treatment in patients with stable CAD is an option, if

 Coronary anatomy is known

 Patients with left main stenosis, depressed LV-EF etc. are excluded

 No major signs of myocardial ischemia

 COURAGE did not change the ESC guidelines.

Take Home Messages from COURAGE:













 FINESSE corroborated the concept of avoiding routine upstream 

administration of abciximab before primary PCI in STEMI.

 FINESSE further confirmed previous ESC guidelines.

Take Home Messages from FINESSE:
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Prasugrel 2.4%

2.1%

Montalescot G et al Lancet 2009 

STEMI Subgroup (n = 3534)



Diabetic Subgroup  (n =3146)
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Wiviott SD et al. Circulation 2008; 118: 1626-1636



 Prasugrel is a serious alternative to Clopidogrel in PCI for ACS.

 The most benefit is achieved in patients with STEMI and/or 

Diabetes with a reduction of ischemic events without increased 

bleeding complications. 

 In patients with stent thrombosis during Clopidogrel, a switch to 

Prasugrel may be strongly considered.

 Prasugrel will change future guidelines.

Take Home Messages from TRITON:
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TAPAS





1. Primary endpoint was a surrogate (myocardial blush), therefore not 

powered to show a mortality reduction.

2. Aspiration was performed only in 84% of the patients.

3. PCI was performed only in 94%.

The huge and statistically significant reduction in mortality after 1y 

from 7.6% to 4.0% (almost 50%) is surprising in the light of:

 Only a modest benefit in improvement of the surrogate parameters, 

like myocardial blush and ST-segment resolution. 

 No improvement of peak CK and peak CK-MB.

Limitations and open Questions for TAPAS:









 Before stenting patients with STEMI, manual thrombus extraction 

should be strongly considered.

 TAPAS was a single center study and should be confirmed by a 

large multicenter trial.

 TAPAS has already changed the ESC guidelines.

Take Home Messages from TAPAS:



















ITT population
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Repeat Revascularization to 2 Years
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SYNTAX: Diabetic Patients

TAXUS Stent (n=227)Bypass-Surgery (n=204)
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P=0.83 P=0.26 P<0.001



Bypass Bypass Bypass

Bypass

Bypass

DES

or

Bypass

DES

or

Bypass

DES

or

Bypass

DES

or

Bypass



 SYNTAX did not reach its primary endpoint, because repeat 

revascularization was a part of it.

 After 2 years, repeat revascularization was 17.4% in the TAXUS-DES 

group and still significantly higher than the 8.6% in the CABG group.

 The advantage of bypass surgery over PCI was especially prominent in 

patients with diabetes.

 However, stroke was significantly higher after bypass surgery.

 With the data from SYNTAX, PCI of unprotected left main stenosis is a 

true option for some patients with stable CAD.

 The SYNTAX-Score is purely anatomic and is helpful for decision making 

of DES vs. surgery, esp. after correction for functional parameters.

 SYNTAX will change future ESC guidelines.

Take Home Messages from SYNTAX:



CARDia Trial Design

Diabetic patients with multivessel disease

or complex single vessel disease 

Suitable for PCI 

or CABG

Inclusion and exclusion

criteria met

CONSENT

Randomisation

Conventional CABG

N=254 

Optimal PCI 

stent +abciximab

N=256

DES 71% 

BMS 29%



CARDIA
(Coronary Artery Revascularization Diabetes Trial)

ESC, 2008

• 510 diabetic pts randomized to CABG vs PCI (71% DES)

p=0.02

p=0.65



TCT, October 14 th , 2008

Nico H.J.Pijls, MD, PhD

Catharina Hospital, Eindhoven

The Netherlands,

on behalf of the FAME investigators

FRACTIONAL  FLOW  RESERVE  

versus ANGIOGRAPHY

FOR  GUIDING  PCI  IN  PATIENTS  WITH 

MULTIVESSEL CORONARY ARTERY DISEASE

Late Breaking Trial at



Angiography-guided PCI FFR-guided PCI

Measure FFR in all 

indicated stenoses

Stent all indicated 

stenoses

Stent only those 

stenoses with FFR ≤ 0.80

Randomization

Indicate all stenoses ≥ 50% 

considered for stenting

Patient with stenoses ≥ 50% 

in at least 2 of the 3 major 

epicardial vessels

1-year follow-up

FLOW CHART



FFR-guided

30 days

2.9% 90 days

3.8% 180 days

4.9% 360 days

5.3%

Angio-guided

absolute difference in MACE-free survival

FAME study:  Event-free Survival 



FAME study:  CONCLUSIONS (2)

Routine measurement of FFR during PCI with DES 

in patients with multivessel disease, when 

compared to current angiography guided strategy,

furthermore:

• is cost-saving and does not prolong the procedure

• reduces the number of stents used

• decreases the amount of contrast agent used

• results in a similar, if not better, functional status





FFR vs. Angiography for 
Multivessel Evaluation

FAME
2 Year Follow-Up

William F. Fearon, Pim A.L. Tonino, Bernard De Bruyne, 

Uwe Siebert and Nico H.J. Pijls, 

on behalf of the FAME Study Investigators



2 Year Survival Free of MACE

FFR-Guided

Angio-Guided

730 days

4.5%



 FAME corrobrated the findings of DEFER for multivessel disease 

suggesting to obstain from stenting, if FFR is > 0.8.

 Thus, FFR may be cost saving, avoiding unnecessary stenting

 FAME further confirmed previous ESC guidelines.

Take Home Messages from FAME:



TRANSFER-AMI: Should 
urgent transfer after 

fibrinolysis now be standard of 
care?

Warren J. Cantor, MD

Medical Director, Interventional / Invasive Program, 

Southlake Regional Health Centre

Newmarket, Ontario, Canada

Assistant Professor, University of Toronto 



PCI Centre

Cath Lab

Community

Hospital

Emergency

Department

Cath / PCI within 6 

hrs regardless of 

reperfusion status

Cath and 

Rescue PCI  GP 

IIb/IIIa Inhibitor

TNK + ASA + Heparin or Enoxaparin + Clopidogrel

Pharmacoinvasive

Strategy
Urgent Transfer to PCI 

Centre Assess chest pain, ST resolution

at 60-90 minutes after randomization

High Risk ST Elevation MI within 12 hours of symptom onset 

Failed Reperfusion** Successful Reperfusion

Elective Cath 

 PCI

> 24 hrs later

Standard Treatment

** ST segment resolution < 50% & persistent chest pain, or hemodynamic instability

Repatriation of stable patients within 24 hrs of PCI

Randomization



TRANSFER-AMI Sites

Ontario 

8 PCI Centres

30 Sites

Montreal 

1 PCI Centre

1 Site

Manitoba

2 PCI Centres

5 Sites



Primary Endpoint:
30-Day Death, re-MI, Heart Failure, Severe 

Recurrent Ischemia, Cardiogenic Shock 

% of Patients

16.6

10.6

0
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20

25
Standard (n=496)

Pharmacoinvasive (n=508)

OR=0.537

(0.368, 0.783) 

p=0.0013 







Francisco F. Avilés

(on behalf on the GRACIA group)

The GRACIA – 1 trial

(GRupo de Análisis de la Cardiopatía Isquémica Aguda)

ESC 2003

Randomised trial comparing 

stenting within 24 hours of 

thrombolysis 

versus 

conservative ischaemia-guided 

approach to STEMI

One-year Results



GRACIA – 1

One – year outcome
REVASCULARIZATION
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 TRANSFER-AMI corroborated the concept of routine coronary 

angiography with PCI, if applicable, after thrombolysis.

 TRANSFER-AMI further confirmed previous ESC guidelines.

Take Home Messages from TRANSFER-AMI:
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SIRTAX



SIRTAX-LATE

5-Year Clinical and Angiographic Follow-up

From a Prospective, Randomized Trial

Comparing Sirolimus-Eluting 

With Paclitaxel-Eluting Stents

Lorenz Räber, Mario Togni, Simon Wandel

Mathias Wigger, Lea Wohlwend, Stéphane Cook, 

Peter Wenaweser, Christian Seiler, Franz Eberli, 

Thomas Lüscher, Bernhard Meier, Peter Jüni

and Stephan Windecker

Funded by Bern University Hospital, Switzerland



Randomized

(N=1,012)

PES

(N=509)

1-year follow-up

(N=1,006; 99.4%)

Lost to f/u = 3

Patient withdrawal = 0

3 = Lost to f/u

0 = Patient withdrawal

SES

(N=503)

SES

(N=500)
PES

(N=506)

5-year follow-up

(N= 974; 96.8%)

Lost to f/u = 12

Patient withdrawal = 0

20 = Lost to f/u

0 = Patient withdrawal

SES

(N=488)

PES

(N=486)

Flow of Patients – Clinical F/U Through 5 Years



0

5

10

15

20

25

30

C
u

m
u

la
ti
v
e

 I
n

c
id

e
n

c
e

 o
f 

M
A

C
E

 (
%

)

0 1 2 3 4 5

Major Adverse Cardiac Events @ 5 Years 

Years

1 year HR

0.59 [0.40 – 0.86]

P<0.01

13.8%

8.3%

Δ 5.5%

5 year HR

0.85 [0.65 – 1.10]

P=0.21

24.2%

21.3%

Δ 2.9%

SES
PES



Major Adverse Cardiac Events 
Landmark-Analysis
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Target lesion Revascularization
Landmark-Analysis
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 There is no clinical difference between Cypher and Taxus.

 SIRTAX-LATE further confirmed previous ESC guidelines.

 The problem of long-term follow-up with DES:

when the results are available, the DES will be replaced:

- Cypher will be replaced by the Nevo Sirolimus-eluting stent

- Taxus Liberté will be replaced by the Taxus Element Paclitaxel-eluting stent

Take Home Messages from SIRTAX-LATE:



A Natural History Study of 

Atherosclerosis Using 

Multimodality Intracoronary 

Imaging to Prospectively Identify 

Vulnerable Plaque

Gregg W. Stone, MD
PROSPECT Investigators

Providing Regional Observations to Study Predictors               

of Events in the Coronary Tree

The PROSPECT Trial



3-vessel imaging post PCI
Culprit artery, followed by

non-culprit arteries

Angiography (QCA of entire coronary tree)

IVUS

Virtual histology

Palpography (n=~350)

Repeat imaging

in pts with events 

Meds rec

Aspirin

Plavix 1yr

Statin

Repeat biomarkers

@ 30 days, 6 months 

Proximal 6-8 

cm of each 

coronary 

artery

MSCT

Substudy

N=50-100F/U: 1 mo, 6 mo,

1 yr, 2 yr,

±3-5 yrs

The PROSPECT Trial



Lesions are classified into 5 main types

1. Fibrotic

2. Fibrocalcific

3. Pathological intimal thickening (PIT)

4. Thick cap fibroatheroma (ThCFA)

5. VH-thin cap fibroatheroma (VH-TCFA)
(presumed high risk)

PROSPECT: Methodology

Virtual histology lesion classification



PROSPECT: Correlates of                   

Non Culprit Lesion Related Events

Lesion HR 3.8 (2.2, 6.6) 5.0 (2.9, 8.7) 7.9 (4.6, 13.8) 6.4 (3.4, 12.2) 6.7 (3.4, 13.0) 10.8 (5.5, 21.0) 10.8 (4.3, 27.2) 

P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Prevalence* 51.2% 49.1% 30.7% 17.4% 15.4% 11.0% 4.6%

*Likelihood of one or more such lesions being present per patient. PB = plaque burden at the MLA



 The combination of IVUS and Virtual Histology is a useful 

diagnostic tool to assess the non-culprit lesions after having 

stented the culprit lesion in patients with ACS.

 PROSPECT may possibly change future ESC guidelines.

Take Home Messages from PROSPECT:



 Most of the recent randomized trials have further underlined the 
existing concepts of coronary revascularization and confirmed 
the ESC guidelines.

 SYNTAX has probably the greatest impact on changing the 
approaches to coronary revascularization:

 identifying patients predominantly benefiting from bypass surgery

 stenting of unprotected left main as an option

 Based on DEFER, FAME and PROSPECT, the combination of 
FFR (fractional flow reserve), IVUS and VH (virtual histology) 
may better identify „insignificant“ lesions to be stented or to be 
treated conservatively in order to improve patients‘ prognosis.

Has the Approach to Coronary Revascularization Changed 

after Recent Clinical Trials ?

Summary:

Conservative Bypass SurgeryPCI





ESC Stockholm 

2010




