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Long-term Outcome of Patients 
With 3VD Undergoing CABG
A Report from CASS Registry

The study was performed as 
a retrospective analysis of 
3,372 nonrandomized
surgical patients from the 
Coronary Artery Surgery 
Study (CASS) Registry who 
had three-vessel coronary
disease. Group 1 (894 
patients) had class I or H 
angina (Canadian 
Cardiovascular Society 
criteria) and group 2 (2,478 
patients) had class III or IV 
angina.

Group I Group II

Bell, et al. Circulation
1992;86;446-57



Solomon and Gersh. Ann Intern Med 1998;128:216-223

Management of Chronic Stable Angina: 
Lessons from the Randomized Trials



……..When revascularization is considered for the treatment of 

multivessel CAD, the selection of PTCA or CABG depends on the 

coronary anatomy, LV function, need for complete revascularization, 

and patient preference. In high-risk patients who have left main 

coronary artery disease or three-vessel coronary artery disease with

impaired LV function, current data support surgical revascularization 

as the treatment of choice to achieve complete revascularization……..

Solomon and Gersh. Ann Intern Med 1998;128:216-223

Management of Chronic Stable Angina: 
Lessons from the Randomized Trials



 About 40-50% of all cardiovascular deaths 

are sudden cardiac deaths. 

 Nearly 50% of all SCDs occurr in subjects 

without a prior history of heart disease.

Fox, et al. Circulation. 2004;110:522-527

Mehra R. J Electrocardiol 2007;40(6 Suppl):S118-22. 
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Reperfusion Management of CAD

 Pathogenesis  of atherosclerosis and its 
complications

 Coronary imaging 

 Target and mechanism of intervention

 Reperfusion techniques

 Prospective randomized trials and registries



Pathogenesis of Atherosclerosis



Pathogenesis of Atherosclerosis
 Atherosclerosis is a multifocal, smoldering, immuno-
inflammatory disease of medium-sized and large arteries 
fuelled by lipids. 

 The most devastating consequences of atherosclerosis, such 
as heart attack and stroke, are caused by superimposed
thrombosis. 

 Approximately 76% of all fatal coronary thrombi are 
precipitated by plaque rupture. Plaque rupture is a more 
frequent cause of coronary thrombosis in men (80%) than in 
women (60%). 

 Ruptured plaques are characterized by a large lipid-rich 
core, a thin fibrous cap that contains few smooth muscle
cells and many macrophages, angiogenesis, adventitial 
inflammation, and outward remodeling.

Falk E. J Am Coll Cardiol 2006;47:C7–12



Normal
Non-Obstructive Lesions
 Stress ischemia (--/+)
 Stress angina (--/+)
 Angiography (--/+)
 Coronary calcium score (-/+)
 IVUS (+)

Obstructive Lesions
 Stress ischemia (++/-)
 Stress angina (++/-)
 Calcium Score (++/-)
 Angiography (+)
 IVUS (+)

Coronary thrombosis
 Death
 Unstable angina
 Myocardial infarction

Positive Remodelling

Pathologic, Laboratory, and Clinical Correlates
in Chronic Coronary Artery Disease

Triposkiadis, Starling, Stefanadis
Curr Cardiol Rev 2007;3:221-31





Coronary Imaging



 Stenosis severity

 Qualitative descriptors of lesion complexity

-Eccentricity

-Irregularities

-Ulcerations

-Intraluminal filling defects and occlusions

(Sensitivity: 36%; Specificity: 86%)

Am J Cardiol 1998;82:1273-75

Coronary Angiography



Limitations of Projection Imaging

Circulation 1995;92:2333-2342

http://circ.ahajournals.org/content/vol92/issue8/images/large/hc2050332001.jpeg�


Coronary Remodeling Conceals
Extensive Disease

J Am Coll Cardiol 2003;41:103S–112S



Drawbacks of Coronary Angiography

 Depicts rather poor representation of cross-sectional coronary 
anatomy from simple planar silhouette or luminogram of the 
contrast-filled lumen.

 Confounded by observer variability, with differences in the 
estimation of stenosis approaching 50%.

 Functional testing often reveals discordance between the 
severity of angiographic lesions and physiologic effects.

 Necropsy studies and IVUS demonstrate that coronary lesions, 
particularly after plaque rupture, are complex, with distorted 
luminal shapes that are difficult to assess using a planar 
angiographic silhouette.

JACC 2003; 41: 103S-112S



Morphology vs. Activity Imaging

Thermography, Spectroscopy,
Molecular Imaging,

(radionuclear, MRI, CT……)
targeted to markers of activity

(MMP, Ox-LDL, LOX)

Different
Activity

Active and
inflamed
plaque

Inactive and
non-inflamed

plaque

Similar
Morphology

IVUS
OCT

MRI

Circulation 2003; 108:1064-72

http://circ.ahajournals.org/content/vol108/issue14/images/large/4FF5.jpeg�


Target and Mechanism 
of Intervention



Coronary Revascularization in CAD: 
Are We Treating The Wrong 

Plaques?

 PCI

 CABG

?



Methods of Coronary
Revascularization: Things May Not 

Be as They Seem !!

N Engl J Med 2005; 3522235-7



Coronary Bypass Grafting

Percutaneous Coronary Intervention

Stent

Triposkiadis, Starling, Stefanadis. Curr Cardiol Rev 2007;3:221-31



Reperfusion Techniques



POBA vs. Stent: Rate of Restenosis

Ann Intern Med 2003;138:777-786



POBA vs. Stent: Rate of Death or MI

Ann Intern Med 2003;138:777-786



Outcomes Associated with DES and 
BMS: A Collaborative Network Meta-

Analysis

• 38 trials (18,023 patients) 
with a follow-up of up to 4 
years were included. 
• Safety outcomes included 
mortality, MI, and definite stent 
thrombosis; the effectiveness 
outcome was TLR. 
• Trialists and manufacturers 
provided additional data on 
clinical outcomes for 29 trials. 
• We did a network meta-
analysis with a mixed-
treatment comparison method 
to combine direct within-trial 
comparisons between stents 
with indirect evidence from 
other trials while maintaining 
randomisation.

Stettler, et al. Lancet 2007; 370: 937–48



Stent Thrombosis TLR

Stettler, et al. Lancet 2007; 370: 937–48



Stratified Analysis According to 
Presence or Absence of Diabetes 

Mellitus

Stettler, et al. Lancet 2007; 370: 937–48



Randomized Controlled 
Trials and Registries: 

CABG vs. PCI



Long-Term Safety and Efficacy of PCI With 
Stenting and CABG for Multivessel CAD

A Meta-Analysis With 5-Year From ARTS,
ERACI-II, MASS-II, and SoS

We performed a pooled analysis 
of 3051 patients in 4 randomized 
trials evaluating the relative
safety and efficacy of PCI with 
stenting and CABG at 5 years for 
the treatment of multivessel 
coronary artery disease.
The primary end point was the 
composite end point of death, 
stroke, or myocardial infarction. 
The secondary end point was the 
occurrence of major adverse 
cardiac and cerebrovascular 
accidents, death, stroke, 
myocardial infarction, and
repeat revascularization.

Daemen, et al. Circulation 2008;118:1146-54



Daemen, et al. Circulation 2008;118:1146-54

Kaplan–Meier Event-Free 
Survival Analysis



 The trials involved almost 9000 patients but probably 

only around 5% οf the total eligible population

 There were no patients with left main stem stenosis

 Only about one third οf patients had true 3VD

 Only about 40% οf patients had proximal LAD disease 

 Most patients had a LVEF > 0.50. 

Characteristics of  Patients in CABG vs. 
PCI  Trials for Multivessel CAD



Long-Term Outcomes of CABG versus 
Stent Implantation (New York Registries)

N Engl J Med 2005;352:2174-83

New York’s cardiac 
registries were  used to 
identify 37,212 patients
with MVD who underwent 
CABG and 22,102 patients 
with MVD who underwent
PCI from January 1, 
1997, to December 31, 
2000. The rates of death 
and subsequent 
revascularization
within three years after 
the procedure were 
determined in various 
groups of patients 
according to the number 
of diseased vessels and 
the presence or absence 
of involvement of the LAD. 



New York Registries

N Engl J Med 2005;352:2174-83



N Engl J Med 2005;352:2174-83

New York Registries



 More than 6,000 patients who underwent revascularization 
between 1995 and 2000 were followed for 5 years.

 CABG patients were more likely to have significant comorbidities 
such as diabetes and heart failure, while the PCI patients were 
slightly older and more likely to present with an ACS. 

 Left main trunk stenosis and chronic total occlusions were 
significantly more common in the CABG cohort.

 The unadjusted mortality rate was 16% for PCI and 14% for 
CABG (P = .07). However, after adjusting for all baseline 
characteristics and the propensity to be selected for one 
revascularization method or the other, PCI was associated with a 
higher mortality rate at 5 years (hazard ratio 2.3 [1.9–2.9], P 
<0.001).

 The excess mortality with PCI was present in nearly all 
subgroups of patients—just as in the New York registry 
study.

The Cleveland Clinic Experience

Clev Clin J Med 2006; 73: 340-3



DES vs. CABG in Multivessel CAD

We identified patients with 
multivessel disease who 
received drug-eluting stents 
or underwent CABG in New 
York State between October 
1, 2003, and December 31,
2004, and we compared 
adverse outcomes (death, 
death or myocardial 
infarction, or repeat
revascularization) through 
December 31, 2005, after 
adjustment for differences in 
baseline risk factors among 
the patients.

Hannan, et al. N Engl J Med 2008;358:331-41.



Revascularization within 18 Months 
after Initial Procedure

Hannan, et al. N Engl J Med 2008;358:331-41.



Adjusted Curves for Long-Term Survival 
and Survival Free from MI

Hannan, et al. N Engl J Med 2008;358:331-41



Synergy Between PCI With Taxus and 
Cardiac Surgery (SYNTAX) Trial

Conducted at 62 European 
sites and 23 sites in the US, 
SYNTAX randomized 1800 
patients to either CABG 
(n=897) or PCI (n=903) with 
the Taxus DES, with a 
primary end point of 12-
month major adverse 
cardiac and cerebrovascular 
events (MACCE), defined as
all-cause death, 
cerebrovascular event, MI, 
and repeat revascularization 
(PCI and/or CABG). 

-4%   -2%   0     2%   4%     6%    8%    10%

Zone of Non-inferiority
Pre-specified Margin=6.6%

Difference in MACCE Rates
(CABG-PCI with Taxus Express)

Non-inferior

Non-inferior

Inferior

Inferior

Difference in
MACCE rates

Upper 1-sided
95% CI

Ong, et al. Am Heart J 2006;151:1194-204
Piaggio, et al. JAMA 2006;295:1152-60



End point CABG (%) DES (%) p

MACCE 12.1 19.8 0.0015
Death/MI/stroke 7.7 7.6 0.98
Revascularization 5.9 13.7 <0.0001
Stroke 2.2 0.6 0.003
MI 3.2 4.8 0.11
All-cause death 3.5 4.3 0.37

Serruys PW et al. European Society of Cardiology 
Congress 2008; September 1, 2008; Munich, Germany.

Main Results from SYNTAX Randomized Trial

Patrick W Serruys : “People shouldn't leave the room thinking that PCI is 
inferior just because it did not pass the test for noninferiority. It's basically up 
to the patient to assess the different risks.”
Friedrich W Mohr : “We did not meet the noninferiority test, so that says that 
CABG is the treatment of choice—that's clear from those data. And I didn't 
expect to see that at one year”. 

HeartWire September 1, 2008



CARDIA: Stents vs. CABG in Diabetics

Kapur A. European Society of Cardiology Congress 
2008;September 1, 2008; Munich, Germany.

12-mo events CABG PCI Odds ratio

(95% CI)

p

Death/MI/stroke 10.2 11.6 1.15 (0.65–2.03) 0.63

Stroke 2.5 0.4 0.16 (0.02–1.33) 0.09

Revascularization 2.0 9.9 5.31 (2.0–14.11) 0.001

CARDIA trial was designed 
to demonstrate 
noninferiority of PCI to 
CABG, in diabetic patients 
with multivessel disease.
CARDIA fell short of its
planned recruitment, 
enrolling only 510 patients 
out of the intended 600, 
meaning that the 
noninferiority parameters 
set for the trial were not 
reached due to insufficient 
power. 



Anatomy of Left Main Stenosis

Cardiovasc Surg 2003;11:497–505
Catheter Cardiovasc Interv 2006;68:357– 62

 Left main stem stenosis occurs as an isolated lesion in only 

6% to 9% of patients, whereas over 70% to 80% of patients 

also have multivessel CAD.

 Most LMS stenoses (40% to 94%) occur in the distal segment 

of the artery and extend into the proximal coronary arteries.

 Morphologically, around one-half of LMS lesions have

significant calcification.



Revascularization for Unprotected
Left Main Stem Coronary Artery 

Stenosis
CABG in Left Main Stenosis

BMS in Left Main Stenosis

Taggart, et al. J Am Coll Cardiol 2008;51:885–92



DES in Left Main
Stem Stenosis

Taggart, et al. J Am Coll Cardiol 2008;51:885–92



Stents vs. CABG for Left Main
Coronary Artery Disease

We evaluated 1102 patients
with unprotected left main 
coronary artery disease who
underwent stent implantation 
and 1138 patients who 
underwent CABG in Korea 
between January 2000 and 
June 2006. 

Seung, et al. N Engl J Med 2008;358:1781-92



Stents vs. CABG for Left Main
Coronary Artery Disease

Seung, et al. N Engl J Med 2008;358:1781-92



PCI Still Inferior but Approaching
CABG Effectiveness. Why?



Baseline Risk: A Major Determinant  of 
the Effectiveness of an Intervention !!
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Effects of Medical Management on 
Baseline Risk in CAD

 Aspirin
 BBs (LVEF<50%)
 ACEi (LVEF<50%)
 Statins
 Clopidogrel

Increase in HDL?
New antiplatelets?

 Gene therapy?
 Cell therapy?
 Other?

Baseline
Risk

Time



Swedish low-dose aspirin trial (SAPAT; 2035 patients; median 
follow-up 4.2 years). Cardiac death rate of 0.9% per year. 

Lancet 1992;12;340:1421-5

Total Ischaemic Burden European Trial (TIBET; 682 patients; 2 
years) Cardiac death rate of 1% per year among patients 
with a positive exercise test. 

Eur Heart J 1996;17:96-103

Angina Prognosis Study In Stockholm (APSIS;809 patients; 3.4 
years) Cardiac death rate of 1.2% per year. 

Eur Heart J 1996;17:76-89

ACTION trial. Cardiovascular mortality rate of 0.9% per 
year.

Lancet 2004;364:849-57

Jabbour,  et al (693 patients; 4.6 years) Cardiac death rate 
0.8 per year.

Am J Cardiol 2004; 93: 294-99

Rates of non-fatal myocardial infarction ranged from 
1.0% (APSIS) to 2.6% (TIBET) per year. 

Symptomatic/Ischemic CAD:Prognosis



Baseline risk

 Aspirin
 BBs (LVEF<50%)
 ACEi (LVEF<50%)
 Statins

PCI
CABG

PCI
 BMS
 DES
 Drugs

CABG
 Arterial grafts
 Cardioprotection
 Minimally invasive
 Off pump
 Aspirin    
preoperatively

Effectiveness

Medical (?)

Past

Present

Future

 Increase in HDL?
 New antiplatelets?

 Medical reduction of 
atheroma volume?

Triposkiadis, Starling, Stefanadis
Curr Cardiol Rev 2007;3:221-31



……..When revascularization is considered for the treatment of 
multivessel CAD, the selection of PTCA or CABG depends on the 
coronary anatomy, LV function, need for complete revascularization, 
and patient preference. In high-risk patients who have left main 
coronary artery disease or three-vessel coronary artery disease with
impaired LV function, current data support surgical revascularization 
as the treatment of choice to achieve complete revascularization……..

Solomon and Gersh. Ann Intern Med 1998;128:216-223

Management of Chronic Stable Angina: 
Lessons from the Randomized Trials

+
“ It's basically up to the patient to assess the different risks.”



?

CABGPCI



2000

2010

2015

2020

PCI CABG

Decrease in
baseline risk
by medical treatment!!!



Leon M. American College of Cardiology 2007 Scientific 
Sessions; March 24-27, 2007; New Orleans, LA.

ENDEAVOR III: Clinical events at two years

Event Endeavor, n=313 
(%) 

Cypher, n=112 
(%) 

p

All death 1.6 4.5 0.14
Q-wave MI 0 0 —
Non-Q-wave MI 0.6 3.6 0.04
Stent thrombosis 0 0 —
TLR 7.0 4.5 0.50
MACE 9.3 11.6 0.47

Two-year follow-up from the ENDEAVOR III trial suggests that the Endeavor zotarolimus-
eluting stent may be equivalent to the sirolimus-eluting Cypher stent, in terms of clinical 
end points. Rates of major adverse cardiac events (MACE) and target lesion 
revascularizations (TLR) at two years were not statistically different for the two drug-eluting 
stents (DES), although fewer patients randomized to the Endeavor experienced 
periprocedural non-Q-wave MI, a difference that was maintained over the two years of 
follow-up. HeartWireApril 4, 2007



Leon M. TCT 2007; October 20-25, 2007; Washington, 
DC. 

ENDEAVOR IV: Nine- and 12-month clinical 
results

End point Endeavor (%) Taxus 
(%)

p

9-mo TVF 6.6 7.2 <0.001*
12-mo TVF 7.7 9.4 0.267
9-mo TVR 5.4 4.9 0.728

12-mo TVR 6.3 6.7 0.753



ENDEAVOR IV: Eight-month angiographic 
follow-up

Leon M. TCT 2007; October 20-25, 2007; Washington, 
DC. 

End point Endeavor Taxus p

% diameter stenosis, in-stent 26 16 <0.001

% diameter stenosis, in-
segment

32 26 0.004

Late loss, in-stent (mm) 0.67 0.42 <0.001

Late loss, in-segment (mm) 0.36 0.23 0.023



End point Hazard ratio
(95% CI)

All-cause mortality 1.45 (0.75–2.79)

Cardiac mortality 2.17 (0.75–6.24)

MI 3.47 (1.14–10.5)

Definite stent thrombosis 4.62 (1.33–16.1)

Target lesion revascularization 4.19 (2.10–8.35)

Clinically significant restenosis 6.59 (2.57–16.9)

Lassen JF. TCT 2008; October 12-17, 2008; 
Washington, DC.

Endeavor vs Cypher SORT-OUT III: Efficacy and 
Safety End Points at Nine Months



Endeavor vs Cypher in the Western 
Denmark Heart Registry

Thuesen L. TCT 2008; October 12-17, 2008; 
Washington, DC.

End point Hazard ratio (95% CI)

All-cause mortality 1.34 (1.04–1.71)

Cardiac mortality 1.83 (0.99–3.41)

MI >28 days 1.01 (0.88–1.16)

Definite stent thrombosis 1.78 (1.06–3.00)

Target lesion revascularization 2.39 (1.82–3.13)

In-segment restenosis (lesion) 2.44 (1.76–3.37)



Comparison of Paclitaxel- and Sirolimus-
Eluting Stents in Everyday Clinical 

Practice
The SORT OUT II Randomized Trial

Randomized, blinded trial 
conducted August 2004
to January 2006 at 5 university 
hospitals in Denmark. Patients 
were 2098 men and women 
(mean [SD] age, 63.6 [10.8] 
years) treated with 
percutaneous coronary 
intervention (PCI) and 
randomized to receive either 
sirolimus-eluting (n = 1065) or 
paclitaxel-eluting (n = 1033) 
stents. Indications for PCI 
included ST-segment elevation
myocardial infarction (STEMI), 
non-STEMI or unstable angina 
pectoris, and stable angina.

Galløe , et al. JAMA 2008;299:409-416



Balancing the Risks of Restenosis and 
Stent Thrombosis in BMS vs. DES

Garg, et al. JACC 2008;51:1844–53



ALL PATIENTS
Lifestyle modifications + ASA + Statins

AloneRegular
Follow-up

+PCI

Antiischemic
treatment

CABG PCI
(CABG)

YesNo

Beta-blockers
(PCI)

Operative
Mortality<2%

Asymptomatic/
non-ischemic Asymptomatic/

ischemic

Symptomatic/
ischemic

NoYes

CABG

•Left main
•LVEF<50%+3VD 
•LVEF<50%+2VD with 
proximal LAD

Symptoms

Triposkiadis, Starling, Stefanadis
Curr Cardiol Rev 2007, in press



IVUS Cross-Sectional Image of an Atherosclerotic 
Human Coronary Artery

J Am Coll Cardiol 2007;49;925-932



Concealment of Severe Coronary Disease 
by Diffuse Concentric Involvement

Circulation 1995;92:2333-2342

http://circ.ahajournals.org/content/vol92/issue8/images/large/hc2050332003.jpeg�


Concealment of Atherosclerosis by a 
Coronary Bifurcation

Circulation 1995;92:2333-2342

http://circ.ahajournals.org/content/vol92/issue8/images/large/hc2050332006.jpeg�


Angiograms Difficult to Evaluate by Quantitative Angiography

Circulation 1995;92:2333-2342

http://circ.ahajournals.org/content/vol92/issue8/images/large/hc2050332007.jpeg�


J Am Coll Cardiol 2003;41:103S–112S

Angiogram of Complex Lesion of RCA: 
Which Segment is Normal?



Diffuse Disease Masquerading as a Normal Artery

J Am Coll Cardiol 2003;41:103S–112S



Positive Remodeling in a Ruptured Plaque

J Am Coll Cardiol 2003;41:103S–112S



The Non-Stenotic Lesion as Culprit

J Am Coll Cardiol 2003;41:103S–112S



Plaque Rupture by IVUS

J Am Coll Cardiol 2003;41:103S–112S



Stable and Vulnerable Coronary Atheromata

J Am Coll Cardiol 2003;41:103S–112S



Remodeling and Clinical Presentation

Circulation 2002; 101:598-603

Stable clinical
presentation

Unstable clinical
presentation

http://circ.ahajournals.org/content/vol101/issue6/images/large/hc0503473002.jpeg�
http://circ.ahajournals.org/content/vol101/issue6/images/large/hc0503473003.jpeg�


Narrative Review: Drug-Eluting 
Stents for the Management of 
Restenosis: A Critical Appraisal 
of the Evidence

Roderick Tung, MD; Sanjay Kaul, MD; George 
A. Diamond, MD; and Prediman K. Shah, MD

Ann Intern Med 2006;144:913-919



J Am Coll Cardiol 2001;38;297-306

Positive and Negative Arterial Remodeling

Positive
Remodeling

RR>1.05

Negative
Remodeling

RR<1.05

EEM Contour

EEM Contour

Proximal
Reference

Proximal
Reference

Culprit Lesion

Culprit Lesion



Plaque Accumulation in Coronary Arteries is Associated 
with Compensatory Changes in Vessel Size

J Am Coll Cardiol 2001;38;297-306

Progression

Regression



J Am Coll Cardiol 2001;38;297-306

Progression

Regression

Direction of Remodeling and Temporal 
Development of Plaques

Stable plaque Unstable plaque

Negative
Remodeling

Positive
Remodeling

EEM
Lipid pool

Fibrous Cap
Shoulder

Lumen



New York Registries

N Engl J Med 
2005;352:2174-83





Baseline Risk vs. Effectiveness 
Of  Intervention
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