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the left main coronary artery a suitable candidate
for stenting, but current clinical evidence is incon-
clusive. Therefore, the aim of this review is to assess
the current evidence on the optimal management
of patients presenting with LMCAD.

REVASCULARIZATION IN PATIENTS WITH
LEFT MAIN DISEASE
In-hospital mortality of LMCAD patients under-
going CABG is approximately 2–3% and longer-
term follow-up showed 5.4, 6.7 and 15% mortality
at 1, 2 and 5 years, respectively (Table 1) [5–16].
Initially, left main stenting was performed with
bare-metal stents (BMS), which resulted in, approxi-
mately, 7 and 14% mortality at 1 and 2 years,
respectively (Table 2) [17,18]. Based on these data,
guidelines at the time stated that PCI should only be
considered in the absence of other revascularization
options.

Since the introduction of drug-eluting stents
(DES) in 2002 better results were expected due

to a reduction of restenosis. Numerous studies
with DES for left main disease were performed
and a meta-analysis summarizing these studies
found a mortality of approximately 6, 8 and 9%
at 6–12, 24 and 36 months, respectively (Table 2)
[18]. This meta-analysis also showed benefit for DES
over BMS with regard to 3-year mortality [odds ratio
(OR)¼0.70; 95% confidence interval (CI) 0.53–
0.92], myocardial infarction (MI; OR¼0.49; 95%
CI 0.26–0.92) and target vessel revascularization
(TVR; OR¼0.46; 95% CI 0.30–0.69) and major
adverse cardiovascular event (MACE) (OR¼0.78;
95% CI 0.57–1.07) [18]. The benefits of DES
may reflect lower rates of restenosis with DES, but
may also be caused by selection bias or residual
confounding inherent in observational studies.

EARLY NONRANDOMIZED COMPARISONS
BETWEEN CORONARY ARTERY BYPASS
GRAFTING AND PERCUTANEOUS
CORONARY INTERVENTION
The improved PCI results justified comparisons
between CABG and PCI with DES. Early and
small nonrandomized studies showed that there
was no difference in major adverse cardiovascular
and cerebrovascular events (MACCE), but TVR was
generally higher in the PCI with DES groups.

The larger Revascularization for Unprotected
Left Main Coronary Artery Stenosis: Comparison of
Percutaneous Coronary Angioplasty Versus Surgical
Revascularization propensity score-matched study
showed lower rates for PCI with DES than CABG
for the combined endpoint of death, Q-wave MI or
stroke (12.6 vs. 9.0% for CABG and PCI with DES,

KEY POINTS

" The development and refinement of techniques
increases the number of PCI in LMCAD patients.

" Randomized comparisons of PCI vs. CABG in LMCAD
patients are affected by methodological limitations and
lack power to be conclusive.

" The ongoing EXCEL trial is expected to provide a better
answer on the optimal treatment strategy for LMCAD
patients.

Table 1. Results of contemporary coronary artery bypass grafting in left main coronary artery disease patients

Mortality (%)

Author Year of surgery n Hospital
30

days
1

year
2

years
3

years
4

years
5

years
7

years
10

years
15

years
20

years

Wu et al. [6] 2000 2161 – – – – – – – 29.2 – – –

Chang et al. [7] 2003–2009 309 – – – – – 14.6 – – – – –

Murzi et al. [8] 1996–2009 1096 – – 3 – – – 12 – 29 – –

Park et al. [9] 2000–2006 1138 – – 4.8 8.1 10.5 12.3 13.6 – – – –

Sabik et al. [10] 1971–1998 3803 2.6 2.4 6.4 – – – 17 – 36 56 72

Jönsson et al. [11] 1970–1999 1888 2.7 – – – – – – – – – –

Lu et al. [12] 1997–2003 1197 2.8 3 5 6 – – – – – – –

Keogh et al. [13] 2003 5003 3 – – – – – – – – – –

Dewey et al. [14] 1998–1999 728 – 4.2 – – – – – – – – –

Yeatman et al. [15] 1996–2000 387 2.4 – – 5 – – – – – – –

Ellis et al. [16] 1990–1995 1585 2.3 – – – 15.6 – – – – – –

Weighted average – 15492 2.7 2.8 5.4 6.7 – – 15.4 – – – –

Adapted from Taggart et al. [5].
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adverse cardiovascular event (MACE) (OR¼0.78;
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may also be caused by selection bias or residual
confounding inherent in observational studies.
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BETWEEN CORONARY ARTERY BYPASS
GRAFTING AND PERCUTANEOUS
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The improved PCI results justified comparisons
between CABG and PCI with DES. Early and
small nonrandomized studies showed that there
was no difference in major adverse cardiovascular
and cerebrovascular events (MACCE), but TVR was
generally higher in the PCI with DES groups.

The larger Revascularization for Unprotected
Left Main Coronary Artery Stenosis: Comparison of
Percutaneous Coronary Angioplasty Versus Surgical
Revascularization propensity score-matched study
showed lower rates for PCI with DES than CABG
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stroke (12.6 vs. 9.0% for CABG and PCI with DES,
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respectively), but found a higher need for TVR
at 3 years (2.8 vs. 11.5% in CABG and PCI with
DES, respectively) [19&]. Although these studies
provide interesting hypotheses, they hampered firm
conclusions because of low power and the possibility
of residual confounding.

RANDOMIZED COMPARISONS
The Unprotected Left Main Stenting Versus
Bypass Surgery (LE MANS) study was the first
small randomized trial to compare PCI vs. CABG
for LMCAD [20]. No significant difference was found
in 1-year MACCE, as defined by any cardiac death,
acute MI, stroke, repeat intervention, and/or acute/
subacute in-stent thrombosis (24.5 vs. 30.8% for
CABG and PCI, respectively). The study confirmed
the significantly higher rate of TVR in PCI (9.4 vs.
28.9% for CABG and PCI, respectively, P¼0.01).
More and larger randomized trials were needed

to assess whether PCI was noninferior to CABG
and, therefore, the preferred treatment strategy.
The prospective, multinational Synergy between
PCI with TAXUS and Cardiac Surgery (SYNTAX)
trial randomized 1800 patients with de-novo
three-vessel and/or left main coronary artery
disease between PCI and CABG [21]. Almost 40%
of the included patients formed a prespecified sub-
group of LMCAD patients. At 1 year the MACCE
rates (cardiac death, stroke, MI and repeat
revascularization) were comparable (13.6% in
CABG vs. 15.8% in PCI; P¼0.44) [22]. A higher rate
of stroke in the CABG group (2.7 vs. 0.3%; P¼0.009)
was offset by a higher rate of repeat revasculari-
zation in the PCI group (12.0 vs. 6.7%; P¼0.02).
The MACCE rate at 4 years was higher for PCI as
compared with CABG in the highest baseline
SYNTAX score tercile ("33), whereas there was no
marked difference in the low and intermediate risk
terciles (<33), suggesting that PCI is a potential

Table 2. Results of contemporary percutaneous coronary intervention in left main coronary artery disease
patients

Follow-up

Outcome Stent type 6–12 months 2 years 3 years

Mortality DES 5.94% (4.73%–7.44%) n¼2691 7.89% (6.07%–10.20%) n¼4430 8.80% (6.20%–12.34%) n¼2912

BMS 7.24% (3.51%–14.33%) n¼763 14.14% (8.96%–21.62%) n¼1266 12.71% (6.94%–22.15%) n¼959

MI DES 6.26% (4.71%–8.27%) n¼2356 3.90% (1.98%–7.55%) n¼2182 4.04% (2.33%–6.91%) n¼2516

BMS 9.97% (6.09%–15.90%) n¼157 3.06% (1.18%–7.69%) n¼607 3.43% (1.87%–6.21%) n¼752

TVR/TLR DES 7.83% (5.95%–10.24%) n¼2257 10.20% (8.55%–12.13%) n¼4772 8.03% (5.62%–11.37%) n¼2912

BMS 16.95% (12.92%–21.92%) n¼985 16.15% (13.93%–18.66%) n¼1241 16.40% (12.23%–21.64%) n¼959

MACE DES 15.87% (12.93%–19.32%) n¼2593 18.99% (14.92%–23.86%) n¼2623 21.43% (14.85%–29.91%) n¼1652

BMS 39.31% (31.68%–47.50%) n¼554 32.69% (17.72%–52.26%) n¼441 31.60% (23.15%–41.47%) n¼399

BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiovascular event; MI, myocardial infarction; TLR, target lesion revascularization; TVR,
target vessel revascularization. Adapted from Pandya et al [18].
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provide interesting hypotheses, they hampered firm
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for LMCAD [20]. No significant difference was found
in 1-year MACCE, as defined by any cardiac death,
acute MI, stroke, repeat intervention, and/or acute/
subacute in-stent thrombosis (24.5 vs. 30.8% for
CABG and PCI, respectively). The study confirmed
the significantly higher rate of TVR in PCI (9.4 vs.
28.9% for CABG and PCI, respectively, P¼0.01).
More and larger randomized trials were needed

to assess whether PCI was noninferior to CABG
and, therefore, the preferred treatment strategy.
The prospective, multinational Synergy between
PCI with TAXUS and Cardiac Surgery (SYNTAX)
trial randomized 1800 patients with de-novo
three-vessel and/or left main coronary artery
disease between PCI and CABG [21]. Almost 40%
of the included patients formed a prespecified sub-
group of LMCAD patients. At 1 year the MACCE
rates (cardiac death, stroke, MI and repeat
revascularization) were comparable (13.6% in
CABG vs. 15.8% in PCI; P¼0.44) [22]. A higher rate
of stroke in the CABG group (2.7 vs. 0.3%; P¼0.009)
was offset by a higher rate of repeat revasculari-
zation in the PCI group (12.0 vs. 6.7%; P¼0.02).
The MACCE rate at 4 years was higher for PCI as
compared with CABG in the highest baseline
SYNTAX score tercile ("33), whereas there was no
marked difference in the low and intermediate risk
terciles (<33), suggesting that PCI is a potential

Table 2. Results of contemporary percutaneous coronary intervention in left main coronary artery disease
patients

Follow-up

Outcome Stent type 6–12 months 2 years 3 years

Mortality DES 5.94% (4.73%–7.44%) n¼2691 7.89% (6.07%–10.20%) n¼4430 8.80% (6.20%–12.34%) n¼2912
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MI DES 6.26% (4.71%–8.27%) n¼2356 3.90% (1.98%–7.55%) n¼2182 4.04% (2.33%–6.91%) n¼2516

BMS 9.97% (6.09%–15.90%) n¼157 3.06% (1.18%–7.69%) n¼607 3.43% (1.87%–6.21%) n¼752

TVR/TLR DES 7.83% (5.95%–10.24%) n¼2257 10.20% (8.55%–12.13%) n¼4772 8.03% (5.62%–11.37%) n¼2912

BMS 16.95% (12.92%–21.92%) n¼985 16.15% (13.93%–18.66%) n¼1241 16.40% (12.23%–21.64%) n¼959

MACE DES 15.87% (12.93%–19.32%) n¼2593 18.99% (14.92%–23.86%) n¼2623 21.43% (14.85%–29.91%) n¼1652

BMS 39.31% (31.68%–47.50%) n¼554 32.69% (17.72%–52.26%) n¼441 31.60% (23.15%–41.47%) n¼399

BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiovascular event; MI, myocardial infarction; TLR, target lesion revascularization; TVR,
target vessel revascularization. Adapted from Pandya et al [18].
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FRIEND/TC-GACI 

ATC TC par stent actif Taxus° 
 
•  23 centres / Décembre 2004 à Juillet 2005 
•  Controverse +++ (Chirurgie = gold standard en 2004/2005) 
•  Etude « pionnière » avec n = 152  
   (83% hommes / 46% tritronculaires / 69% TC distal)  
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IDM sans 
onde Q 

IDM avec 
onde Q 

Revascularis.  
vaisseau cible 

AVC Décès  
cardiaques 

Décès 
toutes 
causes 

Evénements 
majeurs 

Angor  
stable 

12 mois 2 % 1,3 % 2,7 %  - 2 % 2,7 % 8 % / 

18 mois 2 % 2,7 % 4,7 %  2 % 2 % 3,3 % 14 % 21 % 

36 mois 2 % 3,3 % 6,1 %  2 % 2,7 % 6,7 % 21 % 3,3 % 

GACI

Dernières études terminées

EuroInterv 2009;4:443-448

Registre FRIEND:

GACI

Dernières études terminées

EuroInterv 2009;4:443-448

Registre FRIEND:



FRIEND/TC-GACI 

Restorer la configuration originale 
(fractale) de l’artère coronaire: 

Quels Sont Nos Objectifs ? 

  Branche secondaire ouverte (idéalement 
sans lésion significative)  

  3 diametres 

  Rhéologie Optimale 

  Stent bien apposé 

  Accès à la branche secondaire 

Quels Sont Nos Objectifs ? 
Provisionnal T stenting :  
« Faire le plus simple ! » pour le cas le plus complexe… 

Ormiston et al. J Am Coll Cardiol Intv 2008;1:351–7 

No Kiss 

“Crush” Technique 

2 steps Kiss 1 step Kiss 

Ormiston et al. J Am Coll Cardiol Intv 2008;1:351–7 

No Kiss 

“Crush” Technique 

2 steps Kiss 1 step Kiss 



Thuesen L et al. Presented at ACC 2011 

Nordic I 
Efficacité et Sécurité à 5 ans 
Provisionnal T stenting :  
« Faire le plus simple !! » pour le cas le plus complexe… 

Thuesen L et al. Presented at ACC 2011 

Nordic I 
Efficacité et Sécurité à 5 ans 

NORDIC I : Efficacité et sécurité 5 ans 



Ki Bae Seung, Seun-Whan Lee et al.   
Stents versus Coronary-Artery Bypass Grafting for Left Main Coronary Artery Disease 
N Engl J Med 2008;358:1781-1792. 

Registre 

The MAIN-COMPARE 
(Revascularisation for Unprotected Left Main Coronary Artery Stenosis : Comparaison of 
Percutaneous Coronary Angioplasty versus Surgical Revascularisation) registry 

 
•  2000 à 2006 sur 12 centres 
•  Stent 1 102 pts / CABG : 1 138 pts 

•  Groupe stent : Choix patient/médecin ou risque CABG 
•  Groupe CABG (Diabéte 35% vs 30%) / >> de 3VD 
 
•  Anatomie TC : bifurcation 54% CABG vs 49% stent 

•  Suivi 3 ans 
 



The MAIN-COMPARE 

N Engl J Med 2008;358:1781-1792. 

 
  

Suivi angiographique :  
73% si stent vs 15% si CABG  

Registre 
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Ong AT, Serruys PW, Mohr FW, Morice MC,et al.   
Am Heart J 2006;151:1194-1204. SYNTAX: Left Main Subset • Serruys TCT • 14 October 2008 • Slide 3

How does modern CABG compare to PCI in high-
risk patients eligible for both techniques? 
Which patient group continues to be solely eligible 
for CABG?
What characterizes complex patients not eligible 
for CABG?

Background 

SYNTAX designed to answer the following three 
questions in patients with left main and/or 3VD:

The SYNTAX study 
(The SYNergy between « PCI » with TAXus and cardiac surgery) 

SYNTAX: Left Main Subset • Serruys TCT • 14 October 2008 • Slide 8

TAXUS
n=903

PCI
n=198

CABG
n=1077

CABG
n=897

no f/u
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all captured w/ 

follow up
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2500
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N=3075

Stratification: 
LM and Diabetes

Two Registry ArmsRandomized Arms
n=1800

Two Registry Arms
N=1275
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N=1800

Heart Team (surgeon & interventionalist)

PCI
n=198

CABG
n=1077

Amenable for only one 
treatment approach

TAXUS*

n=903
CABG
n=897

vs

Amenable for both
treatment options

Stratification: 
LM and Diabetes

LM
33.7%

3VD
66.3%

LM
34.6%

3VD
65.4%

23 US Sites62 EU Sites +

SYNTAX Trial Design

*TAXUS Express
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SYNTAX: Left Main Subset • Serruys TCT • 14 October 2008 • Slide 3

How does modern CABG compare to PCI in high-
risk patients eligible for both techniques? 
Which patient group continues to be solely eligible 
for CABG?
What characterizes complex patients not eligible 
for CABG?

Background 

SYNTAX designed to answer the following three 
questions in patients with left main and/or 3VD:

SYNTAX score : Déterminer probabilité risque en fonction données angiographiques 

WWW.syntaxscore.com 
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Syntax score = 21  Syntax score = 52  
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The Synergy between Percutaneous Coronary 
Intervention with TAXUS and Cardiac Surgery:

The SYNTAX Study

Primary Endpoint Results at One Year in Subset of 
Patients With Left Main Disease

Patrick W. Serruys MD PhD
Friedrich W. Mohr MD

On behalf of the SYNTAX investigators
11:10-11:20, Oct 14, 2008

Ballroom, Third level, Washington Convention Center
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How does modern CABG compare to PCI in high-
risk patients eligible for both techniques? 
Which patient group continues to be solely eligible 
for CABG?
What characterizes complex patients not eligible 
for CABG?

Background 

SYNTAX designed to answer the following three 
questions in patients with left main and/or 3VD:
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Patient Characteristics (I)
Left Main Subset: Randomized Cohort

CABG
n=348

TAXUS
n=357 P value

Age, mean ± SD (y) 65.6 ± 10.1 65.4 ± 9.8 0.78
Male, % 75.6 72.0 0.28

BMI, mean ± SD 27.7 ± 5.0 28.2 ± 4.9 0.24

Medically-treated diabetes, % 22.4 21.8 0.86

Hypertension, % 76.5 70.5 0.07

Hyperlipidemia, % 75.4 81.0 0.07
Current smoker, % 24.0 17.9 0.0492

Prior MI, % 25.4 28.5 0.37

Unstable angina, % 29.0 30.5 0.66

Additive euroSCORE, mean ± SD 3.9 ± 2.9 3.9 ± 2.8 0.91

Total Parsonnet score , mean ± SD 9.1 ± 7.4 8.9 ± 7.8 0.77

Site-reported dataSYNTAX: Left Main Subset • Serruys TCT • 14 October 2008 • Slide 23

Heterogeneity  in  the  ‘Left  Main’  Group

Left Main Isolated

Left Main + 3VD

Left Main + 2VD

Left Main + 1VD

n=258

(37%)

n=218

(31%)

n=138

(20%)

n=91

(13%)

Site-reported data
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total occlusions, lesions !30 mm, and “extreme” left-
dominant coronary systems were excluded. A total of 201
patients were enrolled, providing 80% power assuming a
15% event rate in the surgical group and an allowable
relative risk difference of 10% between groups. Enrolled
patients had lower anatomic and surgical risk compared
with those in the SYNTAX trial: the mean SYNTAX score
was 23.5, the mean logistic EuroSCORE was 2.5, and 14%
had concomitant 3-vessel disease. A median of 2 sirolimus-
eluting stents per patient were implanted in the PCI group,
and 65% of the CABG group received total arterial revas-
cularization. Compared with PCI, significant periproce-
dural adverse events occurred more frequently after CABG
(4% vs. 30%, p " 0.001). At 12-month follow-up, the
combined endpoint of death, MI, and repeat revasculariza-
tion occurred in 19% of patients after PCI and in 13.9% of
patients after CABG, and therefore PCI did not satisfy the
statistical criteria for noninferiority (p # 0.19). The differ-
ence between groups was driven by increased repeat revas-
cularization in the patients undergoing PCI (14.0% vs.
5.9%). PCI was noninferior to CABG with respect to the
secondary endpoints of death (2% vs. 5%; 95% CI for
differences: $9.4 to 2.7; p " 0.001) and death or MI (5% vs.
7.9%; 95% CI for differences: $10.6 to 4.4; p " 0.001),
although these observations must be considered hypothesis-
generating given that the trial did not achieve its primary
endpoint. The rate of death and MI remained similar
between groups at an average of 3 years of follow-up.
Therefore, the results of this small trial are consistent
with those of SYNTAX and suggest that compared with
a surgical cohort treated with optimal arterial revascular-
ization, left main PCI with sirolimus-eluting stents in
patients at relatively low surgical risk and without highly
complex anatomy provides a similar longer-term rate of
death and MI at the cost of more repeat procedures.

Uniquely, this trial prospectively assessed the morbidity
of the 2 treatment strategies and demonstrated that any
differences in “hard endpoints” must be interpreted in the
context of a greater risk of periprocedural events with
CABG, including atrial fibrillation, major infection, and
stroke.

The PRECOMBAT (Premier of Randomized Com-
parison of Bypass Surgery Versus Angioplasty Using
Sirolimus-Eluting Stent in Patients with Left Main
Coronary Artery Disease) trial is the largest dedicated
unprotected left main RCT to compare DES with CABG
to date (7). The primary endpoint was the composite of
death, MI, ischemia-driven target vessel revascularization,
and stroke at 1-year follow-up. A total of 600 patients
suitable for either treatment approach were enrolled, which
provided 80% power to show noninferiority assuming a 13%
event rate in the CABG group and an absolute risk
difference !7%. The enrolled population was at low surgical
risk, with a mean EuroSCORE of 2.7, and the coronary
anatomy was less complex than SYNTAX (mean SYNTAX
score: 25). According to the criteria used in the trial, the
1-year rate of the primary endpoint after PCI was nonin-
ferior to CABG (8.7% vs. 6.7%; absolute risk difference:
2.0% [95% CI: $1.6 to 5.6]; p # 0.01). At 2 years, the rate
of death, MI, and stroke was numerically lower with PCI
and did not differ between the groups (4.4% vs. 4.7%;
hazard ratio [HR]: 0.92 [95% CI: 0.43 to1.96]; p # 0.83),
although repeat revascularization was significantly higher
after PCI (9.0% vs. 4.2%; HR: 2.18 [95% CI: 1.10 to 4.32];
p # 0.02). This increased rate of repeat revascularization
was restricted to the patients who had concomitant 3-vessel
disease. The findings of PRECOMBAT have substantial
limitations. The study was underpowered given the lower-
than-expected rates of the primary endpoint in the CABG
group, and the margin for noninferiority was set so wide
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Figure 1 3-Year Clinical Outcomes in Patients With Left Main Disease in the SYNTAX Trial, According to Treatment Group

p values from log-rank test. CABG # coronary artery bypass graft; MACCE # major adverse cerebrovascular and cardiovascular events; MI # myocardial infarction;
PCI # percutaneous coronary intervention; Revasc # repeat revascularization; SYNTAX # Synergy Between Percutaneous Coronary Intervention with TAXUS and Cardiac
Surgery. Adapted from Kappetein et al. (5).
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Left Main Percutaneous Coronary Intervention

Paul S. Teirstein, MD, Matthew J. Price, MD

La Jolla, California

The introduction of drug-eluting stents and advances in catheter techniques have led to increasing acceptance of
percutaneous coronary intervention (PCI) as a viable alternative to coronary artery bypass graft (CABG) for unpro-
tected left main disease. Current guidelines state that it is reasonable to consider unprotected left main PCI in
patients with low to intermediate anatomic complexity who are at increased surgical risk. Data from randomized
trials involving patients who are candidates for either treatment strategy provide novel insight into the relative
safety and efficacy of PCI for this lesion subset. Herein, we review the current data comparing PCI with CABG for
left main disease, summarize recent guideline recommendations, and provide an update on technical consider-
ations that may optimize clinical outcomes in left main PCI. (J Am Coll Cardiol 2012;60:1605–13) © 2012 by
the American College of Cardiology Foundation

More than 30 years have passed since the first—and
failed—attempt at left main percutaneous coronary inter-
vention (PCI) by Andreas Gruentzig. Given the low prev-
alence of this lesion subset, robust data from dedicated
randomized controlled trials (RCTs) comparing PCI with
coronary artery bypass graft (CABG) are lacking, and
CABG remains the traditional standard for the treatment of
left main obstruction according to society guidelines (1).
The introduction of drug-eluting stents (DES), combined
with a culture within interventional cardiology that pro-
motes shared experience through prompt dissemination of
new techniques and outcomes, has led to a rapid evolution
in the percutaneous approach to left main disease and broad
clinical adoption of PCI that outpaces current guidelines.
Herein, we summarize these guidelines, review the current
state of observational and RCT data that pertain to left
main intervention, and provide an update on technical
considerations that may optimize clinical outcomes in left
main PCI.

RCTs of Left Main PCI Disease
Compared With CABG

To date, 4 RCTs have compared the efficacy of PCI with
CABG for the treatment of left main disease, 1 using
surrogate endpoints and 3 having a noninferiority design

(Table 1). The LE MANS (Study of Unprotected Left
Main Stenting Versus Bypass Surgery) enrolled 105 patients
with !50% left main narrowing, with or without multives-
sel coronary artery disease, who were equally suitable for
PCI or CABG (2). The primary endpoint was the change in
left ventricular ejection fraction according to echocardiog-
raphy at 12 months; clinical outcomes were key secondary
endpoints. At 1-year follow-up, the mean ejection fraction
increased with PCI compared with CABG (3.3 " 6.7% vs.
0.5 " 0.8%, p # 0.047), resulting in a greater ejection
fraction in the PCI group (58.0 " 6.8% vs. 54.1 " 8.9%,
p # 0.01). The risk of major adverse cardiac and cardiovas-
cular events (MACCE) at 30 days was lower with PCI (2%
vs. 13%; relative risk: 0.88 [95% confidence interval (CI):
0.79 to 0.99]; p # 0.03), whereas the risk of MACCE at 1
year was similar (31% vs. 25%; relative risk: 1.09 [95% CI:
0.85 to 1.38]), primarily due to the need for repeat revas-
cularization in the PCI group. Left main restenosis occurred
in 5 patients (9.6%), 4 of whom had received bare-metal
stents (BMS). At a longer-term follow-up of 28.0 " 9.9
months, there was a trend toward better survival after PCI
(p # 0.08).

The SYNTAX (Synergy Between Percutaneous Coro-
nary Intervention with TAXUS and Cardiac Surgery) trial
provides the largest randomized dataset from which to
assess the early and longer-term safety and efficacy of PCI
for left main disease (3,4). A total of 1,800 patients with
3-vessel and/or left main disease (angiographic stenosis
!50%) were randomly assigned to PCI with paclitaxel-
eluting stents or to CABG; randomization was stratified
according to the presence or absence of left main disease.
The primary endpoint was MACCE at 1 year, and PCI
would be deemed noninferior to CABG if the upper bound
of the 95% CI for the absolute risk difference between the 2
strategies was $6.6%. The prespecified statistical analysis
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plan was to first compare the
overall population, with the left
main subgroup compared subse-
quently only if noninferiority was
concluded for the overall com-
parison. PCI was not noninferior
to CABG for the prevention of
MACCE in the overall trial
(17.8% vs. 12.4%) (3), and there-
fore the findings within the left
main cohort must be interpreted
as observational and hypothesis-
generating only. The trial used a
novel method to calculate angio-
graphic complexity, called the
SYNTAX score, which incorpo-
rates the number of lesions, lesion
location, lesion length, the pres-
ence of chronic total occlusions, bi-
furcations or trifurcations, aorto-
osital stenoses, vessel tortuosity,
calcification, thrombus, and diffuse
disease. A higher SYNTAX score
reflects greater anatomic complex-
ity. Among the 750 patients in
the unprotected left main cohort,
the mean EuroSCORE (a mea-
sure of surgical risk) was 3.9, the
mean SYNTAX score was 30,
and slightly more than one-third
of the patients had 3-vessel dis-
ease in addition to left main ob-
struction. The 1-year MACCE

rates were similar for PCI and CABG (15.8% vs. 13.7%,
p ! 0.48), with significantly lower rates of repeat revascu-
larization in the patients randomly assigned to CABG
(11.8% vs. 6.5%, p ! 0.02) at the cost of more strokes (0.3%

vs. 2.7%, p ! 0.009). In patients with low and intermediate
SYNTAX scores (0 to 22 and 23 to 32), 1-year MACCE
rates were numerically lower with PCI (7% vs. 13% [p !
0.19]; 12.6% vs. 15.5% [p ! 0.54]), whereas in those with
SYNTAX scores "32, MACCE rates after CABG were
significantly better (25.3% vs. 12.9%, p ! 0.008). At the
3-year follow-up, there continued to be no significant
difference within the overall left main cohort in the rate of
MACCE between treatment strategies (26.8% vs. 22.3%,
p ! 0.20); repeat revascularization was still more frequent
with PCI (20.0% vs. 11.7%, p ! 0.004), whereas the risk of
stroke after PCI remained lower (1.2% vs. 4.0%, p ! 0.02)
(Fig. 1) (5). Consistent with the 1-year results, patients with
the greatest anatomic complexity (SYNTAX score "32)
had inferior outcomes when treated with PCI at 3 years
(MACCE rates: 37.3% vs. 21.2%; p ! 0.003). With regard
to safety, patients randomized to PCI had a numerically
lower but not significantly different rate of the composite
endpoint of death, myocardial infarction (MI), or stroke
(13.0% vs. 14.3%, p ! 0.60) and of all-cause death (7.3% vs.
8.4%, p ! 0.64). Therefore, within SYNTAX, with the
exception of the highest-risk anatomy (SYNTAX score
"32), unprotected left main PCI seemed to be as safe as
CABG at 3 years, and PCI outcomes were most favorable in
the patients with low to intermediate anatomic complexity.
Although there are many limitations to the SYNTAX trial,
it currently remains the largest RCT comparing PCI with
CABG in a prespecified left main subgroup.

Although the SYNTAX trial stratified randomization
according to the presence of left main disease and prespeci-
fied the left main subgroup as a secondary analysis, Boudriot
et al. (6) performed a small, multicenter, randomized trial
dedicated to patients with significant ("50%) left main
disease. The goal of the trial was to assess whether PCI with
sirolimus-eluting stents would be noninferior to CABG
with respect to the rate of the combined endpoint of death,
MI, and repeat revascularization. Patients who had chronic

Abbreviations
and Acronyms

ACCF ! American College
of Cardiology Foundation

AHA ! American Heart
Association

BMS ! bare metal stent(s)

CABG ! coronary artery
bypass graft

CI ! confidence interval

DES ! drug-eluting stent(s)

FFR ! fractional flow
reserve

HR ! hazard ratio

IVUS ! intravascular
ultrasound

MACCE ! major adverse
cardiac and cardiovascular
events

MACE ! major adverse
cardiovascular events

MI ! myocardial infarction

MLA ! minimal luminal
area

OR ! odds ratio

PCI ! percutaneous
coronary intervention

RCT ! randomized
controlled trial

SCAI ! Society of
Cardiovascular Angiography
and Interventions

Completed and Planned RCTs of PCI Compared With CABG for the Treatment of Unprotected Left Main CADTable 1 Completed and Planned RCTs of PCI Compared With CABG for the Treatment of Unprotected Left Main CAD

Trial Name n Follow-up Primary Endpoint

Event Rate

p Value

Major
Secondary
Endpoint

Event Rate

p ValuePCI CABG PCI CABG

LE MANS 105 1 yr Change in LVEF 3.3 # 6.7% 0.5 # 0.8% 0.047 Death, MI, TVR,
CVA, ST

30.7% 24.5% NS

Boudriot et al. (6) 201 1 yr Death, MI, TVR 19% 13.9% 0.19* Death, MI 5.0% 7.9% 0.01*

PRECOMBAT 600 1 yr Death, MI, TVR, CVA 8.7% 6.7% 0.01* Death, MI, CVA 3.3% 4.0% 0.83

SYNTAX 705 3 yrs Death, MI, TVR, CVA 26.8% 22.3% 0.20 Death, MI, CVA 13.0% 14.3% 0.60

EXCEL 2,634 3 yrs Death, MI, CVA NA NA Noninferiority and
superiority

Death, MI, TVR NA NA NA

MILESTONE 1,000 1 yr Death NA NA Noninferiority Death, MI, CVA,
TVR

NA NA NA

*Noninferiority comparison.
CABG ! coronary artery bypass graft; CAD ! coronary artery disease; CVA ! cerebrovascular event; EXCEL ! Evaluation of XIENCE PRIME Everolimus Eluting Stent System (EECSS) or XIENCE V EECSS

Versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization; LE MANS ! Study of Unprotected Left Main Stenting Versus Bypass Surgery; LVEF ! left ventricular ejection fraction;
MI ! myocardial infarction; MILESTONE ! Revascularization Strategy (PCI With DES Implantation vs CABG) in Patients With Non ST Elevation Acute Coronary Syndrome With Multivessel and/or Unprotected
Left Main Coronary Disease; NA ! not applicable; PCI ! percutaneous coronary intervention; PRECOMBAT ! Premier of Randomized Comparison of Bypass Surgery versus Angioplasty Using
Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; RCT ! randomized clinical trial; ST ! stent thrombosis; SYNTAX ! Synergy between Percutaneous Coronary Intervention with
Taxus and Cardiac Surgery; TVR ! target vessel revascularization.

1606 Teirstein and Price JACC Vol. 60, No. 17, 2012
Left Main PCI October 23, 2012:1605–13

total occlusions, lesions !30 mm, and “extreme” left-
dominant coronary systems were excluded. A total of 201
patients were enrolled, providing 80% power assuming a
15% event rate in the surgical group and an allowable
relative risk difference of 10% between groups. Enrolled
patients had lower anatomic and surgical risk compared
with those in the SYNTAX trial: the mean SYNTAX score
was 23.5, the mean logistic EuroSCORE was 2.5, and 14%
had concomitant 3-vessel disease. A median of 2 sirolimus-
eluting stents per patient were implanted in the PCI group,
and 65% of the CABG group received total arterial revas-
cularization. Compared with PCI, significant periproce-
dural adverse events occurred more frequently after CABG
(4% vs. 30%, p " 0.001). At 12-month follow-up, the
combined endpoint of death, MI, and repeat revasculariza-
tion occurred in 19% of patients after PCI and in 13.9% of
patients after CABG, and therefore PCI did not satisfy the
statistical criteria for noninferiority (p # 0.19). The differ-
ence between groups was driven by increased repeat revas-
cularization in the patients undergoing PCI (14.0% vs.
5.9%). PCI was noninferior to CABG with respect to the
secondary endpoints of death (2% vs. 5%; 95% CI for
differences: $9.4 to 2.7; p " 0.001) and death or MI (5% vs.
7.9%; 95% CI for differences: $10.6 to 4.4; p " 0.001),
although these observations must be considered hypothesis-
generating given that the trial did not achieve its primary
endpoint. The rate of death and MI remained similar
between groups at an average of 3 years of follow-up.
Therefore, the results of this small trial are consistent
with those of SYNTAX and suggest that compared with
a surgical cohort treated with optimal arterial revascular-
ization, left main PCI with sirolimus-eluting stents in
patients at relatively low surgical risk and without highly
complex anatomy provides a similar longer-term rate of
death and MI at the cost of more repeat procedures.

Uniquely, this trial prospectively assessed the morbidity
of the 2 treatment strategies and demonstrated that any
differences in “hard endpoints” must be interpreted in the
context of a greater risk of periprocedural events with
CABG, including atrial fibrillation, major infection, and
stroke.

The PRECOMBAT (Premier of Randomized Com-
parison of Bypass Surgery Versus Angioplasty Using
Sirolimus-Eluting Stent in Patients with Left Main
Coronary Artery Disease) trial is the largest dedicated
unprotected left main RCT to compare DES with CABG
to date (7). The primary endpoint was the composite of
death, MI, ischemia-driven target vessel revascularization,
and stroke at 1-year follow-up. A total of 600 patients
suitable for either treatment approach were enrolled, which
provided 80% power to show noninferiority assuming a 13%
event rate in the CABG group and an absolute risk
difference !7%. The enrolled population was at low surgical
risk, with a mean EuroSCORE of 2.7, and the coronary
anatomy was less complex than SYNTAX (mean SYNTAX
score: 25). According to the criteria used in the trial, the
1-year rate of the primary endpoint after PCI was nonin-
ferior to CABG (8.7% vs. 6.7%; absolute risk difference:
2.0% [95% CI: $1.6 to 5.6]; p # 0.01). At 2 years, the rate
of death, MI, and stroke was numerically lower with PCI
and did not differ between the groups (4.4% vs. 4.7%;
hazard ratio [HR]: 0.92 [95% CI: 0.43 to1.96]; p # 0.83),
although repeat revascularization was significantly higher
after PCI (9.0% vs. 4.2%; HR: 2.18 [95% CI: 1.10 to 4.32];
p # 0.02). This increased rate of repeat revascularization
was restricted to the patients who had concomitant 3-vessel
disease. The findings of PRECOMBAT have substantial
limitations. The study was underpowered given the lower-
than-expected rates of the primary endpoint in the CABG
group, and the margin for noninferiority was set so wide
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Figure 1 3-Year Clinical Outcomes in Patients With Left Main Disease in the SYNTAX Trial, According to Treatment Group
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Surgery. Adapted from Kappetein et al. (5).
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How does modern CABG compare to PCI in high-
risk patients eligible for both techniques? 
Which patient group continues to be solely eligible 
for CABG?
What characterizes complex patients not eligible 
for CABG?

Background 

SYNTAX designed to answer the following three 
questions in patients with left main and/or 3VD:
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(fi gure 3A), driven by better survival, lower myocardial 
infarction rates, and less repeat revascularisation than in 
patients assigned to PCI (table 1). In patients with left 
main coronary disease, MACCE rates did not signifi cantly 
diff er between groups in patients with low or intermediate 
SYNTAX scores (fi gure 3B), but signifi  cantly more 
patients in the PCI group with high SYNTAX scores had 
MACCE than those in the CABG group (fi gure 3B). By 
contrast, in the three-vessel disease subgroup, MACCE 
rates did not signifi cantly diff er between groups in 
patients with low SYNTAX scores, but were signifi cantly 

increased in patients in the PCI group with intermediate 
or high SYNTAX scores (fi gure 3C). The p value for the 
interaction of treatment group by SYNTAX score tercile 
was 0·07 for MACCE at 5 years.

Of the 192 patients analysed per protocol in the PCI 
registry, 57 (30·0%) had died at 5 years, and 184 (95·8%) 
completed 5 years’ follow-up. In the CABG registry, 
1077 patients were enrolled and, per protocol, 644 were 
randomly selected for clinical follow-up post procedure. 
Of the 644 patients selected for clinical follow-up, 
79 (12·3%) had died at 5 years, and 607 (94·3%) 

Figure 3: Kaplan-Meier cumulative event curves for MACCE by baseline SYNTAX score tercile
(A) overall cohort; (B) left main coronary disease subgroup; and (C) three-vessel disease subgroup. 
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(fi gure 3A), driven by better survival, lower myocardial 
infarction rates, and less repeat revascularisation than in 
patients assigned to PCI (table 1). In patients with left 
main coronary disease, MACCE rates did not signifi cantly 
diff er between groups in patients with low or intermediate 
SYNTAX scores (fi gure 3B), but signifi  cantly more 
patients in the PCI group with high SYNTAX scores had 
MACCE than those in the CABG group (fi gure 3B). By 
contrast, in the three-vessel disease subgroup, MACCE 
rates did not signifi cantly diff er between groups in 
patients with low SYNTAX scores, but were signifi cantly 

increased in patients in the PCI group with intermediate 
or high SYNTAX scores (fi gure 3C). The p value for the 
interaction of treatment group by SYNTAX score tercile 
was 0·07 for MACCE at 5 years.

Of the 192 patients analysed per protocol in the PCI 
registry, 57 (30·0%) had died at 5 years, and 184 (95·8%) 
completed 5 years’ follow-up. In the CABG registry, 
1077 patients were enrolled and, per protocol, 644 were 
randomly selected for clinical follow-up post procedure. 
Of the 644 patients selected for clinical follow-up, 
79 (12·3%) had died at 5 years, and 607 (94·3%) 

Figure 3: Kaplan-Meier cumulative event curves for MACCE by baseline SYNTAX score tercile
(A) overall cohort; (B) left main coronary disease subgroup; and (C) three-vessel disease subgroup. 
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(fi gure 3A), driven by better survival, lower myocardial 
infarction rates, and less repeat revascularisation than in 
patients assigned to PCI (table 1). In patients with left 
main coronary disease, MACCE rates did not signifi cantly 
diff er between groups in patients with low or intermediate 
SYNTAX scores (fi gure 3B), but signifi  cantly more 
patients in the PCI group with high SYNTAX scores had 
MACCE than those in the CABG group (fi gure 3B). By 
contrast, in the three-vessel disease subgroup, MACCE 
rates did not signifi cantly diff er between groups in 
patients with low SYNTAX scores, but were signifi cantly 

increased in patients in the PCI group with intermediate 
or high SYNTAX scores (fi gure 3C). The p value for the 
interaction of treatment group by SYNTAX score tercile 
was 0·07 for MACCE at 5 years.

Of the 192 patients analysed per protocol in the PCI 
registry, 57 (30·0%) had died at 5 years, and 184 (95·8%) 
completed 5 years’ follow-up. In the CABG registry, 
1077 patients were enrolled and, per protocol, 644 were 
randomly selected for clinical follow-up post procedure. 
Of the 644 patients selected for clinical follow-up, 
79 (12·3%) had died at 5 years, and 607 (94·3%) 

Figure 3: Kaplan-Meier cumulative event curves for MACCE by baseline SYNTAX score tercile
(A) overall cohort; (B) left main coronary disease subgroup; and (C) three-vessel disease subgroup. 
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risk patients eligible for both techniques? 
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questions in patients with left main and/or 3VD:
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(fi gure 3A), driven by better survival, lower myocardial 
infarction rates, and less repeat revascularisation than in 
patients assigned to PCI (table 1). In patients with left 
main coronary disease, MACCE rates did not signifi cantly 
diff er between groups in patients with low or intermediate 
SYNTAX scores (fi gure 3B), but signifi  cantly more 
patients in the PCI group with high SYNTAX scores had 
MACCE than those in the CABG group (fi gure 3B). By 
contrast, in the three-vessel disease subgroup, MACCE 
rates did not signifi cantly diff er between groups in 
patients with low SYNTAX scores, but were signifi cantly 

increased in patients in the PCI group with intermediate 
or high SYNTAX scores (fi gure 3C). The p value for the 
interaction of treatment group by SYNTAX score tercile 
was 0·07 for MACCE at 5 years.

Of the 192 patients analysed per protocol in the PCI 
registry, 57 (30·0%) had died at 5 years, and 184 (95·8%) 
completed 5 years’ follow-up. In the CABG registry, 
1077 patients were enrolled and, per protocol, 644 were 
randomly selected for clinical follow-up post procedure. 
Of the 644 patients selected for clinical follow-up, 
79 (12·3%) had died at 5 years, and 607 (94·3%) 

Figure 3: Kaplan-Meier cumulative event curves for MACCE by baseline SYNTAX score tercile
(A) overall cohort; (B) left main coronary disease subgroup; and (C) three-vessel disease subgroup. 
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(fi gure 3A), driven by better survival, lower myocardial 
infarction rates, and less repeat revascularisation than in 
patients assigned to PCI (table 1). In patients with left 
main coronary disease, MACCE rates did not signifi cantly 
diff er between groups in patients with low or intermediate 
SYNTAX scores (fi gure 3B), but signifi  cantly more 
patients in the PCI group with high SYNTAX scores had 
MACCE than those in the CABG group (fi gure 3B). By 
contrast, in the three-vessel disease subgroup, MACCE 
rates did not signifi cantly diff er between groups in 
patients with low SYNTAX scores, but were signifi cantly 

increased in patients in the PCI group with intermediate 
or high SYNTAX scores (fi gure 3C). The p value for the 
interaction of treatment group by SYNTAX score tercile 
was 0·07 for MACCE at 5 years.

Of the 192 patients analysed per protocol in the PCI 
registry, 57 (30·0%) had died at 5 years, and 184 (95·8%) 
completed 5 years’ follow-up. In the CABG registry, 
1077 patients were enrolled and, per protocol, 644 were 
randomly selected for clinical follow-up post procedure. 
Of the 644 patients selected for clinical follow-up, 
79 (12·3%) had died at 5 years, and 607 (94·3%) 

Figure 3: Kaplan-Meier cumulative event curves for MACCE by baseline SYNTAX score tercile
(A) overall cohort; (B) left main coronary disease subgroup; and (C) three-vessel disease subgroup. 
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How does modern CABG compare to PCI in high-
risk patients eligible for both techniques? 
Which patient group continues to be solely eligible 
for CABG?
What characterizes complex patients not eligible 
for CABG?

Background 

SYNTAX designed to answer the following three 
questions in patients with left main and/or 3VD:



Méta-analyse 

Figure 2. Forest plot of odds ratio for mortality after treatment for unprotected left main coronary artery disease in patients treated with drug-eluting stents
versus coronary artery bypass grafting stratified according to study design. CUSTOMIZE ! Customized Strategy for Left Main Revascularization; M-H !
Mantel–Haenszel; MAIN-COMPARE ! Revitalization for Unprotected Left Main Coronary Artery Stenosis: Comparison of Percutaneous Coronary
Angioplasty versus Surgical Revascularization.

Figure 3. Forest plot of odds ratio for composite end points in patients treated with drug-eluting stents versus coronary artery bypass grafting. Composite end
points were mortality, myocardial infarction, or stroke. Abbreviations as in Figure 2.
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did not differ significantly between the DES and CABG
groups (OR 1.07, 95% CI 0.65 to 1.76). Data on stroke were
provided in 6 studies.5,6,9,15,16,19 Rate of stroke in the DES
group was 0.36% (4 of 1,114 patients) and that in the CABG
group was 2.35% (36 of 1,530 patients). There was a sig-
nificantly lower risk of stroke in the DES group compared to
the CABG group (OR 0.23, 95% CI 0.09 to 0.58).

Discussion

In the present updated meta-analysis, we found a lower
risk of death and composite end point of death, MI, or stroke
at 1-year follow-up in patients who underwent PCI with
DESs compared to patients receiving CABG for ULMCA
disease with marginal statistical significance. Nonetheless,
there was a significantly lower risk for target vessel revas-

cularization in the CABG group compared to the DES
group.

Significant LMCA disease has been found in 4% to 6%
of all patients undergoing coronary angiography21,22 and in
10% to 30% of all patients who undergo bypass sur-
gery.21,23 Because CABG has a proved track record of
safety and efficacy in patients with ULMCA disease,1,2

current practice guidelines recommend CABG as standard
procedure for treatment of ULMCA disease.3,4 However,
recently published registries comparing DESs to CABG
have confirmed that treatment of ULMCA disease with PCI
results in lower or similar rates of cardiovascular events
at mid- to long-term follow-up and have indicated that PCI
may be an acceptable alternative or possibly even pre-
ferred strategy.5,7,18,24 Accordingly, recent guidelines have
been revised. The 2011 focused update of previous guide-
lines have concluded that PCI with stenting of LMCA
lesions may be considered in patients with anatomic condi-
tions associated with a low risk of PCI procedural compli-
cations and a high likelihood of good long-term outcomes
(e.g., low SYNTAX score [!22], ostial or trunk LMCA
disease) and clinical characteristics that predict a signifi-
cantly increased risk of adverse surgical outcomes (class
IIa).25 Furthermore, 4-year results of the SYNTAX study
were presented at an annual meeting of transcatheter car-
diovascular therapeutics.26 Serruys26 reported that revascu-
larization with PCI has comparable safety and efficacy out-
comes to CABG for patients with LMCA disease. However,
patients with ULMCA disease and high ("33) SYNTAX
scores who underwent PCI were at increased risk of death
(17.9% vs 10.5%, p ! 0.06) and major adverse cardiac and
cerebrovascular events (42.6% vs 26.3%, p ! 0.003) up to
4 years compared to patients after CABG, whereas PCI had
a comparable results in patients with low (!22) or interme-
diate (23 to 32) SYNTAX scores.

Although most nonrandomized studies have reported
equivalent or improved safety (determined by rates of death,

Figure 4. Forest plot of odds ratio for target vessel revascularization in patients treated with drug-eluting stents versus coronary artery bypass grafting.
Abbreviations as in Figure 2.

Figure 5. Funnel plot of composite end point of death, myocardial infarc-
tion, or stroke indicates the existence of publication bias with an asym-
metrical funnel plot in the direction favoring coronary artery bypass graft-
ing. Also depicted are hypothetical missing studies by the trim-and-fill
method (open circles).

1416 The American Journal of Cardiology (www.ajconline.org)
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Revascularisation du Tronc Commun :  
 

Influence Bifurcation sur le choix du stent ?  

Young-Hak Kim, Duk-Woo Park,et al.   
Long-Term Safety and Effectiveness of Unprotected Left Main Coronary Stenting With Drug-
Eluting Stents Compared With Bare-Metal Stents 
Circulation 2009;120:400-407. 

 DES 
(Drug Eluting Stent) 

 BMS 
 (Bare Metal Stent) 



Décès à 3 ans 

Décès et/ou IDM 

TLR / TVR 

TC sans Bifurcation TC avec Bifurcation 

Young-Hak Kim, Duk-Woo Park,et al.  Circulation 2009;120:400-407. 



QUID de la revascularisation du  
Tronc commun chez le sujet agé ?  



Comparative One-Year Effectiveness of Percutaneous Coronary
Intervention Versus Coronary Artery Bypass Grafting in

Patients <75 Versus >75 Years With Unprotected Left Main
Disease (from the CUSTOMIZE Registry)

Davide Capodanno, MD, PhDa,b,*, Anna Caggegi, MDa, Piera Capranzano, MDa,
Viviana Milino, MDa, Alberto Chisari, MDa, Andrea Mangiameli, MDa, Sergio Monaco, MDa,
Giombattista Barrano, MDa, Maria Elena Di Salvo, MDa, and Corrado Tamburino, MD, PhDa,b

There is a lack of knowledge on the interaction between age and left main coronary artery
revascularization. The aim of this study was to investigate the comparative effectiveness of
percutaneous coronary intervention (PCI) with drug-eluting stents and coronary artery
bypass grafting (CABG) in patients with left main coronary artery disease aged <75 versus
>75 years. Of a total of 894 patients included, 692 (77.4%) were aged <75 years and 202
(23.6%) >75 years. PCI was found to be significantly different from CABG with respect to
the composite of major adverse cardiac events at 1-year follow-up in patients aged <75
years (15.5% vs 8.5%, p ! 0.01) but not in those aged >75 years (16.4% vs 13.9%, p ! 0.65).
This finding was consistent after statistical adjustment for baseline confounders in the 2
groups (adjusted hazard ratio [AHR] 2.2, 95% confidence interval 1.2 to 4.1, p ! 0.016 in
younger patients; AHR 0.9, 95% confidence interval 0.3 to 3.0, p ! 0.88 in older patients).
In the 2 groups, PCI and CABG showed similar adjusted risks for all-cause death, cardiac
death, and myocardial infarction. Target lesion revascularization occurred more frequently
in patients aged <75 years treated with PCI compared to CABG (AHR 5.1, 95% confidence
interval 1.9 to 13.6, p ! 0.001) but not in those aged >75 years. A significant interaction
between age and treatment with regard to major adverse cardiac events was identified
(adjusted p for interaction ! 0.034). In conclusion, compared to younger patients, elderly
patients with left main disease are likely to derive the maximal gain from a less invasive
procedure such as PCI. © 2012 Elsevier Inc. All rights reserved. (Am J Cardiol 2012;110:
1452–1458)

Coronary artery bypass grafting (CABG) is the standard
of care in patients with unprotected left main (LM) coronary
artery disease.1,2 In a recent meta-analysis of randomized
clinical trials, percutaneous coronary intervention (PCI) of
the LM coronary artery was found to be associated with
more revascularization at 1 year compared to CABG but
fewer strokes and similar rates of death and myocardial
infarction.3 Given these results, PCI might be an attractive
option for elderly patients, who represent a fast growing
segment of the population in Western countries.4–6 Elderly
subjects, in fact, are typically affected by co-morbidities and
extensive coronary artery disease, features that put them at
higher risk for adverse events after surgical procedures.7–10

Aged patients, however, are generally not included or are
typically underrepresented in studies comparing the effec-
tiveness of PCI versus CABG in LM revascularization. As
a consequence, there is a comparably low level of evidence
to take therapeutic decisions in this high-risk segment of the

population. In this analysis, we aimed to investigate the
comparative effectiveness of PCI with drug-eluting stents
(DES) and CABG in patients aged !75 and !75 years old
who underwent LM revascularization.

Methods

The Appraise a Customized Strategy for Left Main Re-
vascularization (CUSTOMIZE) registry includes data from
2 centers that performed PCI with DES or CABG in con-
secutive patients with unprotected LM coronary artery dis-
ease from March 2002 to March 2009.11 This subanalysis
focused on 2 subgroups stratified by age at enrollment (!75
or !75 years) to address the impact of treatment by age
interaction in LM disease. The local ethics committee at
each center approved the use of clinical data for this anal-
ysis, and all patients provided written informed consent.

Details of procedural and postprocedural practice in pa-
tients enrolled in the CUSTOMIZE registry were previously
reported.11 Briefly, the use of predilatation, intra-aortic bal-
loon pump, or intravascular ultrasound and the choice of
stents in patients who underwent PCI were at each opera-
tor’s discretion. Lesions located at the ostium or shaft of the
LM coronary artery were usually treated with single stents.
For bifurcation lesions, different stenting strategies were
used, including provisional stenting or mini-crush in most

aCardiovascular Department, Ferrarotto Hospital, University of Cata-
nia, Catania; and bExcellence Through Newest Advances Foundation,
Catania, Italy. Manuscript received May 26, 2012; revised manuscript
received and accepted July 10, 2012.
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Table 1
Baseline characteristics in patients with left main coronary artery disease who underwent percutaneous coronary intervention or coronary artery bypass
grafting, stratified by age

Variable !75 Years Old !75 Years Old

PCI
(n " 241)

CABG
(n " 451)

p Value PCI
(n " 84)

CABG
(n " 118)

p Value

Age (years) 62.0 # 8.2 62.5 # 8.6 0.41 78.8 # 2.9 78.1 # 2.9 0.14
Men 83.0% 82.7% 1.00 67.9% 66.9% 1.00
Systemic hypertension 65.6% 71.2% 0.15 79.8% 80.5% 1.00
Hypercholesterolemia* 59.3% 54.1% 0.21 56.0% 56.8% 1.00
Smoking 45.2% 52.5% 0.08 34.5% 29.7% 0.56
Diabetes mellitus 34.4% 41.2% 0.10 29.8% 39.0% 0.23
Creatinine $2 mg/dl 2.1% 0.9% 0.34 8.3% 3.4% 0.23
Previous myocardial infarction 36.1% 31% 0.20 33.3% 31.4% 0.89
Peripheral artery disease 14.9% 12.9% 0.52 27.4% 17.8% 0.15
Chronic obstructive pulmonary disease 9.1% 5.1% 0.06 16.7% 7.6% 0.07
Previous PCI 31.1% 13.5% !0.001 20.2% 6.8% 0.008
Clinical presentation

Unstable angina pectoris/non–ST-segment elevation
myocardial infarction

53.9% 57.4% 0.42 63.1% 57.6% 0.52

Acute myocardial infarction 7.9% 0.4% !0.001 6.0% 0.8% 0.09
Left ventricular ejection fraction (%) 50.4 # 9.8 52.0 # 8.6 0.032 45.0 # 11.5 49.9 # 9.4 0.001

!30% 3.7% 2.0% 0.26 15.5% 3.4% 0.005
European System for Cardiac Operative Risk

Evaluation score
3.9 # 2.2 4.0 # 2.5 0.53 8.5 # 2.4 7.3 # 2.2 !0.001

Lesion location
Ostium 31.5% 15.8% !0.001 44.0% 14.0% !0.001
Shaft 15.4% 5.0% !0.001 11.9% 9.3% 0.74
Distal 53.1% 79.2% !0.001 44.1% 76.7% !0.001

Extent of coronary artery disease
Isolated LM disease 9.8% 5.8% 0.08 7.5% 1.7% 0.12
LM plus 1-vessel disease 35.1% 12.8% !0.001 37.3% 16.7% 0.003
LM plus 2-vessel disease 33.8% 31.2% 0.52 26.9% 31.3% 0.64
LM plus 3-vessel disease 21.3% 50.2% !0.001 28.3% 50.3% 0.006
Right coronary artery disease 44.0% 70.8% !0.001 50.7% 74.8% 0.002

SYNTAX Score 24.9 # 11.1 32.2 # 12.6 !0.001 26.3 # 10.2 36.4 # 12.3 !0.001
Complete revascularization† 49.3% 77.4% !0.001 36.8% 66.0% !0.001

Data are expressed as mean # SD or as percentages.
* Defined as serum cholesterol $200 mg/dl.
† Defined as the successful treatment of all vessels !1.5 mm in diameter with stenoses !50%, as identified by the interventional cardiologist and cardiac

surgeon after coronary angiography and estimated after the procedure by the investigators.

Table 2
Unadjusted and adjusted risk for 1-year adverse outcomes

PCI CABG Unadjusted Adjusted

HR (95% CI) p Value HR (95% CI) p Value

Age !75 years
MACEs 15.50% 8.50% 1.9 (1.2–3.0) 0.01 2.2 (1.2–4.1) 0.016
Death 5.40% 5.40% 0.1 (0.5–2.0) 0.92 1.1 (0.4–2.7) 0.87
Cardiac death 3.60% 4.90% 0.7 (0.3–1.6) 0.42 0.9 (0.3–2.7) 0.89
MI 1.30% 0.80% 1.7 (0.3–8.4) 0.52 1.4 (0.2–13.6) 0.75
TLR 9.40% 2.40% 4.0 (1.8–8.7) 0.001 5.1 (1.9–13.6) 0.001

Age !75 years
MACEs 16.40% 13.90% 1.2 (0.6–2.6) 0.65 0.9 (0.3–3.0) 0.88
Death 9.90% 11.20% 0.9 (0.3–2.9) 0.77 0.4 (0.1–1.5) 0.18
Cardiac death 5.50% 8.40% 0.6 (0.2–2.1) 0.49 0.3 (0.1–1.2) 0.08
MI* 1.40% 2.00% 0.7 (0.1–8.1) 0.8 — —
TLR 5.80% 1.10% 6.0 (0.7–53.6) 0.11 16.9 (0.8–334.3) 0.06

Crude event rates are shown as Kaplan-Meier estimates.
CI " confidence interval; HR " hazard ratio.
* Adjusted value not calculated because of small event rate.
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Baseline characteristics in patients with left main coronary artery disease who underwent percutaneous coronary intervention or coronary artery bypass
grafting, stratified by age

Variable !75 Years Old !75 Years Old

PCI
(n " 241)

CABG
(n " 451)

p Value PCI
(n " 84)

CABG
(n " 118)

p Value

Age (years) 62.0 # 8.2 62.5 # 8.6 0.41 78.8 # 2.9 78.1 # 2.9 0.14
Men 83.0% 82.7% 1.00 67.9% 66.9% 1.00
Systemic hypertension 65.6% 71.2% 0.15 79.8% 80.5% 1.00
Hypercholesterolemia* 59.3% 54.1% 0.21 56.0% 56.8% 1.00
Smoking 45.2% 52.5% 0.08 34.5% 29.7% 0.56
Diabetes mellitus 34.4% 41.2% 0.10 29.8% 39.0% 0.23
Creatinine $2 mg/dl 2.1% 0.9% 0.34 8.3% 3.4% 0.23
Previous myocardial infarction 36.1% 31% 0.20 33.3% 31.4% 0.89
Peripheral artery disease 14.9% 12.9% 0.52 27.4% 17.8% 0.15
Chronic obstructive pulmonary disease 9.1% 5.1% 0.06 16.7% 7.6% 0.07
Previous PCI 31.1% 13.5% !0.001 20.2% 6.8% 0.008
Clinical presentation

Unstable angina pectoris/non–ST-segment elevation
myocardial infarction

53.9% 57.4% 0.42 63.1% 57.6% 0.52

Acute myocardial infarction 7.9% 0.4% !0.001 6.0% 0.8% 0.09
Left ventricular ejection fraction (%) 50.4 # 9.8 52.0 # 8.6 0.032 45.0 # 11.5 49.9 # 9.4 0.001

!30% 3.7% 2.0% 0.26 15.5% 3.4% 0.005
European System for Cardiac Operative Risk

Evaluation score
3.9 # 2.2 4.0 # 2.5 0.53 8.5 # 2.4 7.3 # 2.2 !0.001

Lesion location
Ostium 31.5% 15.8% !0.001 44.0% 14.0% !0.001
Shaft 15.4% 5.0% !0.001 11.9% 9.3% 0.74
Distal 53.1% 79.2% !0.001 44.1% 76.7% !0.001

Extent of coronary artery disease
Isolated LM disease 9.8% 5.8% 0.08 7.5% 1.7% 0.12
LM plus 1-vessel disease 35.1% 12.8% !0.001 37.3% 16.7% 0.003
LM plus 2-vessel disease 33.8% 31.2% 0.52 26.9% 31.3% 0.64
LM plus 3-vessel disease 21.3% 50.2% !0.001 28.3% 50.3% 0.006
Right coronary artery disease 44.0% 70.8% !0.001 50.7% 74.8% 0.002

SYNTAX Score 24.9 # 11.1 32.2 # 12.6 !0.001 26.3 # 10.2 36.4 # 12.3 !0.001
Complete revascularization† 49.3% 77.4% !0.001 36.8% 66.0% !0.001

Data are expressed as mean # SD or as percentages.
* Defined as serum cholesterol $200 mg/dl.
† Defined as the successful treatment of all vessels !1.5 mm in diameter with stenoses !50%, as identified by the interventional cardiologist and cardiac

surgeon after coronary angiography and estimated after the procedure by the investigators.

Table 2
Unadjusted and adjusted risk for 1-year adverse outcomes

PCI CABG Unadjusted Adjusted

HR (95% CI) p Value HR (95% CI) p Value

Age !75 years
MACEs 15.50% 8.50% 1.9 (1.2–3.0) 0.01 2.2 (1.2–4.1) 0.016
Death 5.40% 5.40% 0.1 (0.5–2.0) 0.92 1.1 (0.4–2.7) 0.87
Cardiac death 3.60% 4.90% 0.7 (0.3–1.6) 0.42 0.9 (0.3–2.7) 0.89
MI 1.30% 0.80% 1.7 (0.3–8.4) 0.52 1.4 (0.2–13.6) 0.75
TLR 9.40% 2.40% 4.0 (1.8–8.7) 0.001 5.1 (1.9–13.6) 0.001

Age !75 years
MACEs 16.40% 13.90% 1.2 (0.6–2.6) 0.65 0.9 (0.3–3.0) 0.88
Death 9.90% 11.20% 0.9 (0.3–2.9) 0.77 0.4 (0.1–1.5) 0.18
Cardiac death 5.50% 8.40% 0.6 (0.2–2.1) 0.49 0.3 (0.1–1.2) 0.08
MI* 1.40% 2.00% 0.7 (0.1–8.1) 0.8 — —
TLR 5.80% 1.10% 6.0 (0.7–53.6) 0.11 16.9 (0.8–334.3) 0.06

Crude event rates are shown as Kaplan-Meier estimates.
CI " confidence interval; HR " hazard ratio.
* Adjusted value not calculated because of small event rate.
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Comparative One-Year Effectiveness of Percutaneous Coronary
Intervention Versus Coronary Artery Bypass Grafting in

Patients <75 Versus >75 Years With Unprotected Left Main
Disease (from the CUSTOMIZE Registry)

Davide Capodanno, MD, PhDa,b,*, Anna Caggegi, MDa, Piera Capranzano, MDa,
Viviana Milino, MDa, Alberto Chisari, MDa, Andrea Mangiameli, MDa, Sergio Monaco, MDa,
Giombattista Barrano, MDa, Maria Elena Di Salvo, MDa, and Corrado Tamburino, MD, PhDa,b

There is a lack of knowledge on the interaction between age and left main coronary artery
revascularization. The aim of this study was to investigate the comparative effectiveness of
percutaneous coronary intervention (PCI) with drug-eluting stents and coronary artery
bypass grafting (CABG) in patients with left main coronary artery disease aged <75 versus
>75 years. Of a total of 894 patients included, 692 (77.4%) were aged <75 years and 202
(23.6%) >75 years. PCI was found to be significantly different from CABG with respect to
the composite of major adverse cardiac events at 1-year follow-up in patients aged <75
years (15.5% vs 8.5%, p ! 0.01) but not in those aged >75 years (16.4% vs 13.9%, p ! 0.65).
This finding was consistent after statistical adjustment for baseline confounders in the 2
groups (adjusted hazard ratio [AHR] 2.2, 95% confidence interval 1.2 to 4.1, p ! 0.016 in
younger patients; AHR 0.9, 95% confidence interval 0.3 to 3.0, p ! 0.88 in older patients).
In the 2 groups, PCI and CABG showed similar adjusted risks for all-cause death, cardiac
death, and myocardial infarction. Target lesion revascularization occurred more frequently
in patients aged <75 years treated with PCI compared to CABG (AHR 5.1, 95% confidence
interval 1.9 to 13.6, p ! 0.001) but not in those aged >75 years. A significant interaction
between age and treatment with regard to major adverse cardiac events was identified
(adjusted p for interaction ! 0.034). In conclusion, compared to younger patients, elderly
patients with left main disease are likely to derive the maximal gain from a less invasive
procedure such as PCI. © 2012 Elsevier Inc. All rights reserved. (Am J Cardiol 2012;110:
1452–1458)

Coronary artery bypass grafting (CABG) is the standard
of care in patients with unprotected left main (LM) coronary
artery disease.1,2 In a recent meta-analysis of randomized
clinical trials, percutaneous coronary intervention (PCI) of
the LM coronary artery was found to be associated with
more revascularization at 1 year compared to CABG but
fewer strokes and similar rates of death and myocardial
infarction.3 Given these results, PCI might be an attractive
option for elderly patients, who represent a fast growing
segment of the population in Western countries.4–6 Elderly
subjects, in fact, are typically affected by co-morbidities and
extensive coronary artery disease, features that put them at
higher risk for adverse events after surgical procedures.7–10

Aged patients, however, are generally not included or are
typically underrepresented in studies comparing the effec-
tiveness of PCI versus CABG in LM revascularization. As
a consequence, there is a comparably low level of evidence
to take therapeutic decisions in this high-risk segment of the

population. In this analysis, we aimed to investigate the
comparative effectiveness of PCI with drug-eluting stents
(DES) and CABG in patients aged !75 and !75 years old
who underwent LM revascularization.

Methods

The Appraise a Customized Strategy for Left Main Re-
vascularization (CUSTOMIZE) registry includes data from
2 centers that performed PCI with DES or CABG in con-
secutive patients with unprotected LM coronary artery dis-
ease from March 2002 to March 2009.11 This subanalysis
focused on 2 subgroups stratified by age at enrollment (!75
or !75 years) to address the impact of treatment by age
interaction in LM disease. The local ethics committee at
each center approved the use of clinical data for this anal-
ysis, and all patients provided written informed consent.

Details of procedural and postprocedural practice in pa-
tients enrolled in the CUSTOMIZE registry were previously
reported.11 Briefly, the use of predilatation, intra-aortic bal-
loon pump, or intravascular ultrasound and the choice of
stents in patients who underwent PCI were at each opera-
tor’s discretion. Lesions located at the ostium or shaft of the
LM coronary artery were usually treated with single stents.
For bifurcation lesions, different stenting strategies were
used, including provisional stenting or mini-crush in most
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patients. Antiplatelet therapy and periprocedural anticoagu-
lation followed standard regimens. After the procedure, PCI
patients were prescribed clopidogrel for !6 months. Life-
long aspirin was prescribed. Surgical revascularization was
performed using standard bypass techniques. Mammary ar-
tery conduits were used whenever possible. For those pa-
tients receiving aspirin and clopidogrel, if possible, surgery
was delayed for 5 days. CABG surgery was performed
either “on pump” or “off pump”; in on-pump surgeries, the
type of cardioplegia was left to surgical judgment. Postpro-
cedural medication was chosen according to local clinical
practice. All patients received aspirin indefinitely.

The primary end point was the incidence of major ad-
verse cardiac events (MACEs) at 1-year follow-up. MACEs
were defined as the composite of all-cause death, myocar-
dial infarction, or target lesion revascularization (TLR). Sec-
ondary end points were the components of the primary end
point (death, myocardial infarction, and TLR) and cardiac
death. Myocardial infarction was defined as any typical in-
crease and decrease of biochemical markers of myocardial
necrosis with !1 of the following: cardiac symptoms, devel-
opment of Q waves on electrocardiography, or electrocardio-
graphic changes indicative of ischemia. TLR was defined as

any repeat revascularization in the target segment. All out-
comes of interest were confirmed by collecting source docu-
mentation at each center and were centrally adjudicated by an
independent, blinded end points committee.

Clinical follow-up data on medical therapy and clinical
status were prospectively collected through scheduled out-
patient clinic evaluations. Additional information, if neces-
sary, was derived from referring cardiologists, general prac-
titioners, and patients themselves. All revascularization
(surgical or percutaneous) and rehospitalization data were
prospectively gathered during follow-up through the cen-
tralized system of the participating centers or direct contact
with the hospitals to which patients were admitted or re-
ferred. Angiographic follow-up was recommended at 6 to 9
months from the index procedure in all patients who had
undergone PCI; it was carried out earlier if clinically indi-
cated. For CABG-treated patients, angiographic follow-up
was suggested only in the occurrence of signs and symp-
toms of ischemia during follow-up.

Continuous variables are presented as mean ! SD or as
median (interquartile range) and were compared using Stu-
dent’s unpaired t tests or Mann-Whitney rank-sum tests, on
the basis of appropriate testing for a normal distribution.

Figure 1. One-year Kaplan-Meier survival free from MACEs (A), death (B), TLR (C), and myocardial infarction (MI) (D) in patients aged "75 years.
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Categorical variables are presented as counts and percent-
ages and were compared using chi-square tests when appro-
priate (expected frequency !5); otherwise, the Fisher’s
exact test was used. The Kaplan-Meier method was used to
estimate the incidences of clinical end points in PCI and
CABG patients and differences between groups were ana-
lyzed using the log-rank test. To reduce the effect of selec-
tion bias and potential confounding in this observational
study, the outcome parameters were adjusted by means of a
Cox multivariate proportional-hazard regression model for
observed differences with respect to variables with p values
"0.01 in the univariate analysis, which were previous PCI,
ST-segment elevation myocardial infarction at presentation,
left ventricular ejection fraction, European System for Car-
diac Operative Risk Evaluation score, SYNTAX Score,
distal LM coronary artery disease, LM coronary artery ste-
nosis plus concomitant 3-vessel disease, right coronary ar-
tery disease, and complete revascularization. The assump-
tion of the proportional hazard was verified by a visual
examination of the log (minus log) curves, and the linearity
assumption was assessed by plotting the Martingale resid-
uals against continuous covariates. Results are presented as
hazard ratios and 95% confidence intervals. The interaction
effect of age with revascularization strategy was determined

using a Cox proportional-hazard regression analysis with
age, treatment, their multiplicative interaction term, and
adjusting covariates entered in the model. Statistical analy-
ses were performed using SPSS version 17.0 (SPSS, Inc.,
Chicago, Illinois).

Results

Of a total of 894 patients, 692 (77.4%) were aged "75
years and 202 (22.6%) !75 years. Their baseline charac-
teristics are listed in Table 1.

Among younger patients, PCI and CABG were per-
formed in 35% and 65% of patients, respectively. Patients
who underwent PCI were more likely to present with ST-
segment elevation myocardial infarction and history of re-
vascularization. Patients who underwent CABG had higher
SYNTAX Scores (32 # 13 vs 25 # 11, p "0.001) and were
more likely to present with distal LM coronary artery dis-
ease and concomitant 3-vessel involvement compared to
those who underwent PCI. Not surprisingly, CABG
achieved a higher rate of complete revascularization com-
pared to PCI (77% vs 49%, p "0.001). The rate of fol-
low-up angiography was higher in patients who underwent
PCI compared to CABG (74% vs 11%, p "0.001).

Figure 2. One-year Kaplan-Meier survival free from MACEs (A), death (B), TLR (C), and myocardial infarction (MI) (D) in patients aged !75 years.
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% de patients non revascularisés :  stable entre 2000 et 2007 (39 vs 35%) 

Le score de gravité est plus élevé dans le groupe PCI / groupe CABG 
De + en + de patients sont traités par PCI 
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Homme 53 ans… 
Sd douloureux thoracique TNT – 
Troponine + 

Le 15 Juillet 2013 vers 1 h du matin.. 

 Sus décalage ST aVR +++ 
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Value of lead aVR in predicting acute occlusion of proximal left anterior 
descending coronary artery and in-hospital outcome in ST-elevation myocardial 
infarction: an electrocardiographic predictor of poor prognosis. 



Marginale G 

IVA 
Q

u
el

s 
S

o
n

t 
N

o
s 

O
b

je
ct

if
s 

?
 

Marginale G 

IVA 

IVA 



PréATC Tronc commun PostATC Tronc commun 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mr MAL…. 92 ans 
 
 

SCA avec Troponine 9 
 
+ 1 mm aVR … 
Lésion sous endocardique antérieure étendue 
Séquelle INF limitée 
 
BNP > 450 
 
Occlusion ostiale CDTE 
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QUID du résulat immédiat ? 
Optimisation ATC du Tronc commun ? 

 

Ehographie endocoronaire (IVUS) 



Three-year Clinical Outcomes
Overall population (N=8371), AMC registry 2009

P<0.001

p=0.291

p=0.86
p=0.002

p=136

Park SJ, Kim YH et al. Circulation Cardiovasc Interven 2009;2:167

Three-year Clinical Outcomes
Overall population (N=8371), AMC registry 2009

P<0.001

p=0.291

p=0.86
p=0.002

p=136

Park SJ, Kim YH et al. Circulation Cardiovasc Interven 2009;2:167

• Lesion assessment
• Selection of PCI technique
• Selection of appropriate device
• Procedural optimization
• Assessment of DES failures

IVUS-Guided LM Stenting



Prediction of FFR (0.75) with IVUS parameter  

Jasti V  et al. Circulation 2004;110:2831

2.8mm 5.9mm2

67% 50%

We can treat the LM disease 
in a case of  MLA < 6.0 mm2   
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QUID de la selection « optimale » du patient ? 
 

Etablir le risque préopératoire +++ 
   Evaluer le pronostic à moyen terme …  



Vasim Farooq, David van Klaveren,et al.   
Anatomical and clnical caracteristics to guide decision making between coornary artery bypass 
surgery and PCI for individual patients :  development and validation on SYNTAX score II 
Lancet 2013;381:639-650. 

Articles

646 www.thelancet.com   Vol 381   February 23, 2013

addition to the anatomical SYNTAX score, other factors 
had a direct eff ect on decision making between CABG 
and PCI, requiring lower (younger age, female sex, lower 
LVEF) and higher (older age, COPD, ULMCA disease) 
SYNTAX scores to achieve similar 4-year mortality, 
fi ndings that were validated in the DELTA registry, with 

the exception of age and LVEF; third, the presence of 
diabetes in itself was shown not to be important for 
decision making between CABG and PCI; fourth, that 
the SYNTAX score II clearly identifi ed patients for whom 
either CABG or PCI had a more favourable long-term 
outlook, and patients for whom long-term outlooks 
between CABG and PCI were much the same; and fi fth, 
that the individualised approach of the SYNTAX score II, 
using anatomical and clinical variables that directly 
improved decision making between CABG and PCI, was 
more useful than the anatomical SYNTAX score (panel).

During development of SYNTAX score II, we sug-
gested and then showed that the low, intermediate, 
and high categories of anatomical complexity in the 
SYNTAX score were concealing lower risk patients in 
the higher SYNTAX score groups, and vice versa. This 
principle is well established in epidemiological litera-
ture, and necessitates careful reclassifi cation analyses 
to ensure that patients with high or low risk are appro-
priately recategorised.22,27,37 With the individualised 
approach of SYNTAX score II, a subset of patients 
with low (<23), intermediate (23–32), or high (>32) 
anatomical SYNTAX scores were objectively identifi ed, 
that would have lower, similar, or higher 4-year 
mortality predictions for CABG or PCI. Importantly, 
these fi ndings were validated in the DELTA registry.28

Additionally, the present study shows the important 
principle of combination of anatomical and clinical 
variables, which interact with CABG and PCI to aff ect 
4-year mortality (ie, are more predictive of mortality in 
one or the other revascularisation methods), and 
therefore drive decision making between CABG and 
PCI. The presence of ULMCA disease drove mortality 
predictions in favour of PCI, requiring higher anatomical 
SYNTAX scores among PCI patients to achieve similarity 
in long-term prognosis between CABG and PCI. The 
main explanation for this fi nding is that a sizeable 
proportion of the SYNTAX score can be attributed to the 
presence of the left main disease. Conversely, in patients 
with three-vessel disease and no left main involve ment, 
the SYNTAX score would represent more complex 
downstream coronary anatomical disease, compared 
with a left main patient with an identical anatomical 
SYNTAX score, and therefore patients with three-vessel 
disease would derive a greater prognostic benefi t in 
undergoing CABG.9,10

Notably, diabetes was not a useful variable in the 
SYNTAX score II, despite medically treated diabetes being 
stratifi ed at randomisation in the SYNTAX trial and 
reported in more than a quarter of patients. Several 
reasons might explain this apparent paradox. First, 
diabetes in itself did not produce an interaction eff ect in 
aff ecting long-term mortality between CABG and PCI 
(fi gure 1). Second, diabetes is a metabolic, systemic 
disorder, the severity and duration of which has a specifi c 
eff ect on organs such as the heart, detected by complex 
coronary anatomy (anatomical SYNTAX score) and LVEF; 

Figure 4: SYNTAX Score II nomogram for bedside application
Total number of points for 8 factors can be used to accurately predict 4-year mortality for the individual patient 
proposing to undergo for CABG or PCI. For example, a 60 year old man with an anatomical SYNTAX score of 30, 
unprotected left main coronary artery disease, creatinine clearance of 60 mL/min, an LVEF of 50%, and COPD, would 
have 41 points (predicted 4-year mortality 16·3%) to undergo CABG and 33 points (predicted 4-year mortality 
8·7%) to undergo PCI respectively. The same example without COPD included would lead to identical points 
(29 points) and 4-year mortality predictions (6·3%) for CABG and PCI. COPD defi ned with EuroSCORE11 defi nition, 
long-term use of bronchodilators or steroids for lung disease. PVD defi ned according to ARTS I19 defi nition, aorta 
and arteries other than coronaries, with exercise-related claudication, or revascularisation surgery, or reduced or 
absent pulsation, or angiographic stenosis of more than 50%, or combinations of these characteristics. 
CABG=coronary artery bypass surgery. PCI=percutaneous coronary intervention. CrCl=creatinine clearance. 
LVEF=left ventricular ejection fraction. Left main=unprotected left main coronary artery disease. 3VD=three-vessel 
disease. COPD=chronic obstructive pulmonary disease. PVD=peripheral vascular disease. *Because of the rarity of 
complex coronary artery disease in premenopausal women, mortality predictions in younger women are 
predominantly based on the linear relation of age with mortality. The diff erences in mortality predictions in younger 
women between CABG and PCI will therefore be aff ected by larger 95% CIs than those in older women.
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SYNTAX score II 

Homme 60 ans 
Syntax score 30 et ULMACD  
Clearance creat. 60ml/mn 
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  Mortalité 4 ans : 
16,3% si CABG vs 8,7% si ATC 

UN patient sauvé pour 
110 scores calculés !!! 
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during the second half of the 5-year follow-up. In the ASCERT regis-
try of elective patients .65 years of age with two- or three-vessel
CAD, 86 244 patients underwent CABG and 103 549 patients under-
went PCI (78% with early-generation DES). Using propensity scores
and inverse probability adjustment, mortality at 4 years—but not at
1 year—was lower for CABG than for PCI (16.4% vs. 20.8%; RR
0.79; 95% CI 0.76–0.82).26 The observational nature of the studies
does not permit assessment of how each patient was selected for
each kind of treatment and, despite statistical adjustments, residual con-
founders cannot be excluded. Early-generation DES were used, which
are devoid of the advantages of the newer generation.125 –131,133

There is notable consistency in the findings on the survival advantage
of CABG over PCI for more severe three-vessel CAD.

7. Revascularization in
non-ST-segment elevation acute
coronary syndromes
Non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
is the most frequent manifestation of ACS, and mortality and morbid-
ity remain high and equivalent to those of patients with ST-segment
elevation myocardial infarction (STEMI) during long-term follow-up.
The key objectives of coronary angiography and subsequent revascu-
larization are symptom relief and improvement of prognosis. Overall
quality of life, length of hospital stay, and potential risks associated
with invasive and pharmacological treatments must also be consid-
ered when deciding on a treatment strategy.

Early risk stratification is important, in order to identify patients at
high immediate- and long-term risk for death and cardiovascular
events, in whom an early invasive strategy with adjunctive medical
therapy may reduce that risk. Patients in cardiogenic shock, or after
resuscitation, should undergo immediate angiography (within 2
hours) because of the high likelihood of critical CAD, but it is

equally important to identify patients at low risk, in whom invasive
and medical treatments provide little benefit or may even cause
harm. Details on risk stratification, particularly with respect to the in-
terpretation of troponins, are found in the ESC Guidelines on
NSTE-ACS.180

7.1 Early invasive vs. conservative strategy
A meta-analysis of seven RCTs that compared routine angiography
followed by revascularization against a selective invasive strategy,
showed reduced rates of combined death and myocardial infarction
[odds ratio (OR) 0.82; 95% CI 0.72–0.93; P ¼ 0.001].181 The routine
revascularization strategy was associated with a risk of early death
and myocardial infarction during the initial hospitalization;
however, four of the seven trials included in this meta-analysis
were not contemporary, due to marginal use of stents and glycopro-
tein (GP) IIb/IIIa receptor inhibitors. Another meta-analysis, covering
seven trials with more up-to-date adjunctive medication, showed a
significant reduction in risk for all-cause mortality (RR ¼ 0.75; 95%
CI 0.63–0.90; P , 0.001) and myocardial infarction (RR ¼ 0.83;
95% CI 0.72–0.96; P ¼ 0.012), for an early invasive vs. conservative
approach at 2 years without excess of death and myocardial infarc-
tion at 1 month.182 A further meta-analysis of eight RCTs showed a
significant lower incidence of death, myocardial infarction, or rehos-
pitalization for ACS (OR ¼ 0.78; 95% CI 0.61–0.98) for the invasive
strategyat 1 year.183 The benefit was carried mainly by improved out-
comes in biomarker-positive (high-risk) patients. In a gender-specific
analysis, a similar benefit was found in biomarker-positive women,
compared with biomarker-positive men. Importantly, biomarker-
negative women tended to have a higher event rate with an early in-
vasive strategy, suggesting that early invasive procedures should be
avoided in low-risk, troponin-negative, female patients. A more
recent meta-analysis, based on individual patient data from three
studies that compared a routine invasive- against a selective invasive
strategy, revealed lower rates of death and myocardial infarction at

Recommendation for the type of revascularization (CABG or PCI) in patients with SCAD with suitable coronary anatomy
for both procedures and low predicted surgical mortality

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb Ref c

One or two-vessel disease without proximal LAD stenosis. IIb C I C

One-vessel disease with proximal LAD stenosis. I A I A 107,108,160, 161,178,179

Two-vessel disease with proximal LAD stenosis. I B I C 108,135,137
Left main disease with a SYNTAX score 22. I B I B 17,134,170

Left main disease with a SYNTAX score 23–32. I B IIa B 17

Left main disease with a SYNTAX score >32. I B III B 17

Three-vessel disease with a SYNTAX score 22. I A I B 17,157,175,176
Three-vessel disease with a SYNTAX score 23–32. I A III B 17,157,175,176

Three-vessel disease with a SYNTAX score >32. I A III B 17,157,175,176

CABG ¼ coronary artery bypass grafting; LAD ¼ left anterior descending coronary artery; PCI ¼ percutaneous coronary intervention; SCAD ¼ stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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during the second half of the 5-year follow-up. In the ASCERT regis-
try of elective patients .65 years of age with two- or three-vessel
CAD, 86 244 patients underwent CABG and 103 549 patients under-
went PCI (78% with early-generation DES). Using propensity scores
and inverse probability adjustment, mortality at 4 years—but not at
1 year—was lower for CABG than for PCI (16.4% vs. 20.8%; RR
0.79; 95% CI 0.76–0.82).26 The observational nature of the studies
does not permit assessment of how each patient was selected for
each kind of treatment and, despite statistical adjustments, residual con-
founders cannot be excluded. Early-generation DES were used, which
are devoid of the advantages of the newer generation.125 –131,133

There is notable consistency in the findings on the survival advantage
of CABG over PCI for more severe three-vessel CAD.

7. Revascularization in
non-ST-segment elevation acute
coronary syndromes
Non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
is the most frequent manifestation of ACS, and mortality and morbid-
ity remain high and equivalent to those of patients with ST-segment
elevation myocardial infarction (STEMI) during long-term follow-up.
The key objectives of coronary angiography and subsequent revascu-
larization are symptom relief and improvement of prognosis. Overall
quality of life, length of hospital stay, and potential risks associated
with invasive and pharmacological treatments must also be consid-
ered when deciding on a treatment strategy.

Early risk stratification is important, in order to identify patients at
high immediate- and long-term risk for death and cardiovascular
events, in whom an early invasive strategy with adjunctive medical
therapy may reduce that risk. Patients in cardiogenic shock, or after
resuscitation, should undergo immediate angiography (within 2
hours) because of the high likelihood of critical CAD, but it is

equally important to identify patients at low risk, in whom invasive
and medical treatments provide little benefit or may even cause
harm. Details on risk stratification, particularly with respect to the in-
terpretation of troponins, are found in the ESC Guidelines on
NSTE-ACS.180

7.1 Early invasive vs. conservative strategy
A meta-analysis of seven RCTs that compared routine angiography
followed by revascularization against a selective invasive strategy,
showed reduced rates of combined death and myocardial infarction
[odds ratio (OR) 0.82; 95% CI 0.72–0.93; P ¼ 0.001].181 The routine
revascularization strategy was associated with a risk of early death
and myocardial infarction during the initial hospitalization;
however, four of the seven trials included in this meta-analysis
were not contemporary, due to marginal use of stents and glycopro-
tein (GP) IIb/IIIa receptor inhibitors. Another meta-analysis, covering
seven trials with more up-to-date adjunctive medication, showed a
significant reduction in risk for all-cause mortality (RR ¼ 0.75; 95%
CI 0.63–0.90; P , 0.001) and myocardial infarction (RR ¼ 0.83;
95% CI 0.72–0.96; P ¼ 0.012), for an early invasive vs. conservative
approach at 2 years without excess of death and myocardial infarc-
tion at 1 month.182 A further meta-analysis of eight RCTs showed a
significant lower incidence of death, myocardial infarction, or rehos-
pitalization for ACS (OR ¼ 0.78; 95% CI 0.61–0.98) for the invasive
strategyat 1 year.183 The benefit was carried mainly by improved out-
comes in biomarker-positive (high-risk) patients. In a gender-specific
analysis, a similar benefit was found in biomarker-positive women,
compared with biomarker-positive men. Importantly, biomarker-
negative women tended to have a higher event rate with an early in-
vasive strategy, suggesting that early invasive procedures should be
avoided in low-risk, troponin-negative, female patients. A more
recent meta-analysis, based on individual patient data from three
studies that compared a routine invasive- against a selective invasive
strategy, revealed lower rates of death and myocardial infarction at

Recommendation for the type of revascularization (CABG or PCI) in patients with SCAD with suitable coronary anatomy
for both procedures and low predicted surgical mortality

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb Ref c

One or two-vessel disease without proximal LAD stenosis. IIb C I C

One-vessel disease with proximal LAD stenosis. I A I A 107,108,160, 161,178,179

Two-vessel disease with proximal LAD stenosis. I B I C 108,135,137
Left main disease with a SYNTAX score 22. I B I B 17,134,170

Left main disease with a SYNTAX score 23–32. I B IIa B 17

Left main disease with a SYNTAX score >32. I B III B 17

Three-vessel disease with a SYNTAX score 22. I A I B 17,157,175,176
Three-vessel disease with a SYNTAX score 23–32. I A III B 17,157,175,176

Three-vessel disease with a SYNTAX score >32. I A III B 17,157,175,176

CABG ¼ coronary artery bypass grafting; LAD ¼ left anterior descending coronary artery; PCI ¼ percutaneous coronary intervention; SCAD ¼ stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cReferences.

ESC/EACTS Guidelines Page 21 of 100

 b
y
 g

u
e
st o

n
 A

u
g
u
st 3

0
, 2

0
1
4

h
ttp

://e
u
rh

e
a
rtj.o

x
fo

rd
jo

u
rn

a
ls.o

rg
/

D
o
w

n
lo

a
d
e
d
 fro

m
 



32 ❚ Le moniteur HOSPITALIERn°237 ❚ juin- jui l let  2011 ❚

DISPOSITIFSCahierdes

MÉDICAUX

être complétée par une ventriculographie gauche

pour apprécier la contractilité globale et segmentaire

du ventricule gauche.

Sur la base de cette évaluation anatomique, le cardio-

logue pourra proposer une revascularisation d’une ou

des coronaires malades par angioplastie percutanée

(avec ou sans pose d’un stent) ou par pontage aorto-

coronarien. Dans 40 % des cas, la coronarographie

aboutit à un geste de revascularisation.

En dehors de l’indication de l’urgence, la coronarogra-

phie est le plus souvent précédée de tests non invasifs

tels que l'électrocardiogramme d’effort, l’échographie

d’effort ou de stress, la scintigraphie myocardique.

Grâce à ces examens, le praticien peut déjà connaître

en partie l’importance de la zone à risque souffrant

d’ischémie (diminution de la perfusion sanguine).

Réalisation de 

la coronarographie

Généralement presque indolore, la procédure globale 

requiert moins de 30 minutes.L'examen se déroule dans

une salle de radiologie spécialement équipée,qui répond

aux critères d’une salle d’opération. Le patient, sédaté,

est allongé en décubitus dorsal sur une table radio-trans-

parente autour de laquelle un bras articulé muni d’un

tube à rayons X et d’un détecteur se déplace.

Les voies d’abord

Le choix de la voie d’abord est fonction de l’opérateur,

du patient (état artériel), de la taille des dispositifs 

médicaux nécessaires. La voie radiale ne peut être em-

ployée qu’en cas de test d’Allen positif. Ce test consiste

à créer une ischémie radiale de la main,confirmant qu’en

cas d’occlusion de l’artère radiale pendant l’examen,

une circulation par l’artère cubitale est fonctionnelle.

La voie radiale présente les avantages du lever im-

médiat du patient à la fin de l'examen,d’une compres-

sion post-intervention plus simple (moins de compli-

cation hémorragique) et de la réalisation possible en

ambulatoire, cependant il est parfois impossible de 

pratiquer l'examen par cette voie du fait de son petit

calibre (entre 2 et 3 mm) et de sa sinuosité.

La voie fémorale reste privilégiée en cas d’utilisation

d’un introducteur de gros calibre ou d’impossibilité

d’abord radial. Du fait que l’opérateur travaille à dis-

tance du tube émetteur de rayon X, l’irradiation reçue

par le praticien est moindre. En revanche, elle nécessi-

te que le patient reste en décubitus (sans plier la 

jambe) quelques heures pour permettre une bonne 

hémostase au point de ponction,ce qui  par conséquent

peut prolonger la durée de l’hospitalisation (24 à 

48 heures).En France,à peu près autant des procédures

se font par voie radiale que par voie fémorale.

Les étapes de la procédure

L‘examen est réalisé par voie percutanée selon la 

méthode de Seldinger. Après une anesthésie locale,

l’artère fémorale ou radiale est ponctionnée à l’aide

d’une aiguille ou d’un cathéter veineux périphérique.

Après l’obtention d’un reflux artériel, un mini-guide

(0,025” pour la voie radiale et 0,035” pour la fémo-

rale) est introduit dans la lumière de l’aiguille. Sa pro-

gression peut être suivie sous scopie si nécessaire.

Après retrait de l’aiguille, le désilet (dilatateur et 

introducteur), est placé sur le miniguide. Le dilatateur

et le miniguide sont retirés. L’introducteur est purgé

et reste en place pendant toute la procédure servant

de « voie de passage » pour l’ensemble des disposi-

tifs médicaux utilisés. L’Isoptine (calcium bloqueur 

vasodilatateur) est injecté dans l’introducteur pour la

voie radiale. Un guide de 0,035” est mis en place au

travers de l’introducteur.

Pour réaliser une angiographie, un cathéter diagnos-

tique est monté sur le guide 0,035” sous contrôle 

radiographique et surveillance électrocardiographique.

L’extrémité distale du cathéter diagnostique est pla-

cée à l’ostium coronaire droit ou gauche.Après retrait

du guide 0,035”, l’injection du produit de contraste

Cœur et artères coronaires Sténose ostiale serrée 
du tronc commun gauche

Les artères
coronaires
Elles naissent de la base 

de l’aorte thoracique

ascendante. La gauche

prend naissance du côté

gauche de l’aorte. Elle

débute par le tronc

commun, puis se divise en

deux artères majeures :

l’interventriculaire antérieure

(IVA) et la circonflexe. 

La droite prend naissance

du côté droit de l’aorte et se

divise en trois segments

(proximal, moyen et distal)

d’où partent différentes

branches collatérales.

Anatomie

Artère coronaire droite

Artère coronaire gauche

Sinus de Valsalva

Tronc coronaire gauche

Artère circonflexe

Artère inter-ventriculaire antérieure

}
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CONCLUSION 

Revascularisation coronaire tronc commun par ATC est 
parfois une solution « élégante et appropriée » : 

 
1. Concertation médicochirurgicale sereine / objective 
   honnête et contradictoire  
 
2. Patients « sélectionnés » +++  
   - comorbidité / aspects lésionnels / anatomie... 
   - Garantie d’exécution de l’option choisie +++ 
 
   DES («last» génération) vs PAC « tout artériel »  
 

 
 



RAISONABLE PREMATURE 

•  Faible risque chirurgical +++ 
   (Euroscore) 
 
•  SYNTAX score élevé ( > 33) 

•  Sténose Tronc commun distal et 
atteinte tritronculaire 

•  Option probable d’utilisation 2 
stents (provisional T stenting) 

•  Risque chirurgical élevé +++ 

•  SYNTAX score peu élevé  
  (< 22 voire < 32…) 

•  Sténose TC ostiale/Bifurcation 

•  Bithérapie AAP prolongée +++ 

•  Acceptation angio / coroTDM 

Option 1ére DES vs BMS : Diminution risque 
revascularisation +++ sans augmentation risque de décès 

et/ou IDM y compris lésions de bifurcations du TC 
  



Une bonne indication (raisonnable) d’angioplastie 
du Tronc Commun … 

 
… Reste une mauvaise indication de chirurgie !  




