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PCI more procedural advantages than CABG

PCI (but not CABG) is continuously improving

Why PCI should be the default treatment of LMD?

Evidence clearly supports PCI for LMD

We have to offer always the less invasive option
raulmorenog@hotmail.com
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CABG for Left Main

PRO CON

• SVG disease. 
• Quick progression of proximal 

disease. 
• Usually, last chance. 
• Longer hospital stay. 
• Clearly more aggressive. 
• Waiting list (no “ad-hoc”).

PCI has much more advantages than CABG

• A longer history. 
• First trials vs OMT. 
• Frequently, more complete 

revascularization.



PCI has much more advantages than CABG

Complications usually not 
included in primary end-point



PCI for LEFT MAIN

PRO CON

• More TVR. 
• Stent restenosis. 
• Stent thrombosis.

• Much less invasive. 
• Possible ad-hoc. 
• Wider availability. 
• Quick return to normal life. 
• No last opportunity.

PCI has much more advantages than CABG

What would be TVR after CABG if 
treatment after graft failure was not so 

difficult?

Almost solved with DES

Very infrequent with 2nd DES



- Radial approach. 
- PCI with DES. 
- Total time: 20 min. 
- 24 h discharge.

PCI for LMD is usually an easy, quick procedure

PCI has much more advantages than CABG



Stone GW et al. N Engl J Med 2016;375:2223-35
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Evidence clearly supports PCI for LMD

Guidelines ESC 2012

In few years, PCI for LMD has completely changed

The SYNTAX trial

Serruys PW, et al. N Engl J Med 2009;360:961-72 
Mohr FW, et al. Lancet 2013;381:629-38. 
Morice MC, et al. Circulation 2014;129:2388-94.



Morice MC, et al. Circulation 2014;129:2388-94.

LMD in SYNTAX trial: 5-yr follow-up

x 3 with CABG !!!!!



Morice et al  SYNTAX LM Subgroup Outcomes at 5 Years  2391

with repeat PCI, with 21.6% of PCI patients and 13.8% of 
patients in the CABG arm undergoing additional PCI within 
5 years (P<0.01). Repeat revascularization with CABG 
occurred in 7.9% of PCI patients and 1.7% of CABG patients 
over 5 years (P<0.001).

Over 5 years, symptomatic GO occurred in 14 LM patients 
in the CABG arm (4.4%), and symptomatic ST occurred in 17 
(5.1%) in the PCI arm (P=0.70). In the CABG arm, 2 patients 
experienced an acute (≤1 day after index procedure) GO, 
which led to an MI requiring revascularization. One patient 
had a subacute (2–30 days) GO that received no intervention. 
The majority of GOs were either late (31–365 days; n=5) or 
very late (>366 days; n=6). Of these, 2 GOs led to an MI, 
1 was revascularized with PCI, and 1 was not treated. All of 
the other GOs were revascularized with PCI. In the PCI arm, 
17 LM patients experienced a symptomatic ST over 5 years 
(5.1%). Of these, 7 patients had a subacute ST leading to death 
in 4 cases, an MI in 1 case, and repeat PCI in 2 cases. Two 
patients experienced a late ST, and 8 patients experienced a 
very late ST. One patient died, and 4 had MIs that were revas-
cularized. STs in the remaining 5 patients were treated with 
repeat CABG (n=3) or PCI (n=2). In 6 patients, the ST was 
located in the LM leading to death in 2 cases.

The subgroup of LM patients with diabetes mellitus con-
sisted of 67 patients (n=30 CABG; n=37 PCI). Although 

clearly underpowered for analysis, similar to the overall 
cohort, the observed MACCE rate seems comparable between 
treatment groups, with the only statistical difference being 
an increased revascularization rate with PCI (Table I in the 
online-only Data Supplement).

Outcomes Stratified by Baseline SYNTAX Score
Rates of MACCE and its components were similar between 
LM patients receiving PCI or CABG at 5 years in the lower 
2 SYNTAX score tertiles (scores between 0 and 32; Figure 3 
and Table 2). There appeared to be a survival advantage in LM 
patients with scores ≤32 who were treated with PCI (Table 2). 
In contrast, the likelihood of experiencing a MACCE was 
increased in PCI patients compared with CABG patients 
with high SYNTAX scores (≥33; Figure 3 and Table 2). In 
the group of patients with high SYNTAX scores, MACCE, 
cardiac death, and revascularization were all significantly 
increased in patients receiving PCI, whereas stroke and MI 
occurred at similar rates between treatment arms.

Discussion
The SYNTAX study is the largest randomized comparison of 
PCI versus CABG for the treatment of patients with LM dis-
ease. No significant differences were found between groups 
for 5-year MACCEs. This confirms and extends the results 

Figure 3. Five-year incidence 
of cardiac events in patients 
with (A) low and intermediate 
(0–32) and (B) high (≥33) 
Synergy Between PCI With 
Taxus and Cardiac Surgery 
(SYNTAX) scores. Hazard ratio 
and 95% confidence intervals 
are from the Cox partial 
likelihood method. Event rates 
are Kaplan-Meier estimates 
with a log-rank P value.

Table 1. Components of MACCE and Stent Thrombosis Incidence Rates at 5 Years in Left Main Patients

Event PCI (n=357) CABG (n=348)
Hazard Ratio

PCI vs CABG (95 CI) P Value

MACCE 36.9 (130) 31.0 (103) 1.23 (0.95-1.59) 0.12

All death/stroke/MI 19.0 (67) 20.8 (69) 0.91 (0.65-1.27) 0.57

All death 12.8 (45) 14.6 (48) 0.88 (0.58-1.32) 0.53

Cardiac death 8.6 (30) 7.2 (23) 1.23 (0.71-2.11) 0.46

Stroke 1.5 (5) 4.3 (14) 0.33 (0.12-0.92) 0.03

MI 8.2 (28) 4.8 (16) 1.67 (0.91-3.10) 0.10

Revascularization 26.7 (90) 15.5 (49) 1.82 (1.28-2.57) <0.001

PCI 21.6 (73) 13.8 (43) 1.67 (1.15-2.43) 0.007

CABG 7.9 (26) 1.7 (6) 4.16 (1.71-10.10) <0.001

Stent thrombosis/graft occlusion 5.1 (17) 4.4 (14) 1.15 (0.57-2.33) 0.70

Values are given as Kaplan-Meier event rate % (n) and calculated by time to event analyses with log-rank P values. This shows 
site-reported data. MACCE and its components are calculated after allocation; stent thrombosis/graft occlusion are calculated after 
index procedure. Per-protocol stent thrombosis is shown. CABG indicates coronary artery bypass graft surgery; CVA, cerebrovascular 
event; MACCE, major adverse cardiovascular and cerebrovascular event; MI, myocardial infarction; and PCI, percutaneous 
coronary intervention.
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Evidence clearly supports PCI for LMD

SYNTAX 5-yr. Left main subgroups



Morice MC, et al. Circulation 2014;129:2388-94.
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Evidence clearly supports PCI for LMD

SYNTAX 5-yr. Left main subgroups

Nuestro paciente



Windecker S, et al. Eur Heart J 2014; 35, 2541–2619

Guidelines ESC 2014

SYNTAX
5 years

Evidence clearly supports PCI for LMD

Guidelines ESC 2018

Neumann FJ, et al. Eur Heart J 2018.



Evidence clearly supports PCI for LMD

RCT DES vs CABG in Left Main Disease

RCT n Stent Alloy Strut thickness

Boudriot et al 201 Cypher SS 140 μm

LEMANS 105 2/3 BMS SS

PRECOMBAT 600 Cypher SS 140 μm

SYNTAX 705 Taxus Express SS 132 μm

NOBLE 1,201 Biomatrix SS 120 μm

Stainless-steel DES (“pre-EXCEL era”)

Boudriot E, et al. J Am Coll Cardiol 2011;57:538–45.   Räber L, et al. J Am Coll Cardiol 2011;57:2143–51. 
Park SJ, et al. N Engl J Med 2011;364:1718-27.    Serruys PW, et al. N Engl J Med 2009;360:961-72. 
Buszman PE, et al. J Am Coll Cardiol 2008;51:538–45.  Mäkikaltio T, et al. Lancet 2016;388:2743-52.

Current DES CC / CP 60-81 μm



Boudriot E, et al. J Am Coll Cardiol 2011;57:538–45.

MACE: death, MI, revascularization

Evidence clearly supports PCI for LMD

201 patients with LMD, randomized to CABG vs PCI (Cypher stent)



rate of TVR significantly increased in the PCI group at
5 years compared with the CABG group. Given a
higher rate of repeat revascularization, even after the
use of second-generation drug-eluting stents for
ULMCA stenosis, frequent repeat revascularization
could be an inherent weakness of stent-related
treatments (20). However, the observed increase in
repeat revascularization in the PCI group did not
appear to translate into an increase in hard end-
points, such as death, MI, or stroke, although a
further study with longer follow-up and larger
number of subjects will be needed.

With respect to the occurrence of stroke, there
was no significant difference between PCI and
CABG in our study. However, in the SYNTAX study,
although the rate of repeat revascularization was
significantly higher in the PCI group, this was offset
by a significantly higher rate of stroke in the CABG

group. Consequently, the rate of MACCE was similar
between groups. Although the absence of any dif-
ference between the groups in our study is not
easily explained, possible causes are our study’s
low event rates and limited statistical power. In
addition, the different ethnicities in our study and
the SYNTAX study could be another contributing
factor.

Unlike the situation in multivessel disease (21,22),
both PCI and CABG showed similar rates of the com-
posite of death, MI, or stroke in patients with ULMCA
stenosis. The reason for this difference in outcomes
between ULMCA stenosis and multivessel stenosis is
unclear, but ULMCA stenosis might be a more
attractive target for PCI because of its larger caliber,
shorter lesion length, and lack of tortuosity compared
with multivessel disease. The ongoing EXCEL
(Evaluation of Xience Prime or Xience V Versus

FIGURE 2 Kaplan-Meier Cumulative Event Curves for the Individual Clinical Events at the 5-Year Follow-Up
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Shown are rates of the death of any cause (A), myocardial infarction (B), stroke (C), and ischemia-driven target vessel revascularization (D).
Abbreviations as in Figure 1.
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Park SJ, et al. N Engl J Med 2011;364:1718-27.  Ahn JM, et al. J Am Coll Cardiol 2015;65:20:2198-2206.

rate of TVR significantly increased in the PCI group at
5 years compared with the CABG group. Given a
higher rate of repeat revascularization, even after the
use of second-generation drug-eluting stents for
ULMCA stenosis, frequent repeat revascularization
could be an inherent weakness of stent-related
treatments (20). However, the observed increase in
repeat revascularization in the PCI group did not
appear to translate into an increase in hard end-
points, such as death, MI, or stroke, although a
further study with longer follow-up and larger
number of subjects will be needed.

With respect to the occurrence of stroke, there
was no significant difference between PCI and
CABG in our study. However, in the SYNTAX study,
although the rate of repeat revascularization was
significantly higher in the PCI group, this was offset
by a significantly higher rate of stroke in the CABG

group. Consequently, the rate of MACCE was similar
between groups. Although the absence of any dif-
ference between the groups in our study is not
easily explained, possible causes are our study’s
low event rates and limited statistical power. In
addition, the different ethnicities in our study and
the SYNTAX study could be another contributing
factor.

Unlike the situation in multivessel disease (21,22),
both PCI and CABG showed similar rates of the com-
posite of death, MI, or stroke in patients with ULMCA
stenosis. The reason for this difference in outcomes
between ULMCA stenosis and multivessel stenosis is
unclear, but ULMCA stenosis might be a more
attractive target for PCI because of its larger caliber,
shorter lesion length, and lack of tortuosity compared
with multivessel disease. The ongoing EXCEL
(Evaluation of Xience Prime or Xience V Versus

FIGURE 2 Kaplan-Meier Cumulative Event Curves for the Individual Clinical Events at the 5-Year Follow-Up
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Shown are rates of the death of any cause (A), myocardial infarction (B), stroke (C), and ischemia-driven target vessel revascularization (D).
Abbreviations as in Figure 1.
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Evidence clearly supports PCI for LMD



at 10 years, thus highlighting the durability of the PCI
procedure. Most probably, this outcome translated
into a tendency toward improved MACCE-free sur-
vival and numerically, although not statistically,
significantly higher survival in the stenting group.
Both strategies offered very good long-term outcome,
reaching nearly 70% and 80% survival in the surgical
and percutaneous group, respectively. Interestingly,

there was no difference in the incidence of myocar-
dial infarction as well as repeated revascularization
rates.

The follow-up methodology involved a combina-
tion of patient ambulatory visits, phone call check-
ups, and most importantly, validation with National
Health Fund data; this data guarantees completeness
of follow-up regarding mortality and confirmation of

FIGURE 3 Major Adverse Cardiovascular Events at 10 Years

MACCE ¼ major adverse cardiovascular and cerebral events; MI ¼ myocardial infarction; TIA ¼ transient ischemic attack; other abbreviations as in Figures 1 and 2.

FIGURE 4 Very Long-Term Major Adverse Cardiovascular Event-Free Kaplan-Meier Survival Curves

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviations as in Figure 1.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 9 , N O . 4 , 2 0 1 6 Buszman et al.
F E B R U A R Y 2 2 , 2 0 1 6 : 3 1 8 – 2 7 10-Year Outcome of the LE MANS Trial

323

JACC: Cardiovasc Intervent 2016;9:318–27

LEMANS

105 patients with LMD, randomized to CABG vs PCI (2/3 BMS)

10-year follow-up

Evidence clearly supports PCI for LMD



Mäkikaltio T, et al. Lancet 2016;388:2743-52.

NOBLE trial

28.9%

19.1%

MACCE (death/MI/stroke/TVR)

1,201 patients with LMD, randomized to CABG vs PCI (mostly BES)



Mäkikaltio T, et al. Lancet 2016;388:2743-52.

NOBLE trial

Peri-procedural MI 

were excluded



2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

SYNTAX 
recruitment

1st IPAD1st Phone

Stainless-steel DES Cobalt-chromium & Platinum-chromium DES

Paclitaxel & sirolimus Analoges of sirolimus

Angio. alone Functional (FFR) and anatomic evaluation

AAS + clopidogrel Prasugrel & ticagrelor

Femoral approach Radial approach
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The history of PCI: clinical events

BMSPTCA DES-1

Thrombosis

DES-2

Restenosis

Thrombosis

1-
yr

 M
AC

E

0

10

20

30

40

1977-1994 1995-2001

Serruys PW, et al. N Engl J Med 1994;331:489-95.  Morice MC, et al. N Engl J Med. 2002;346:1773-80. 
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The history of PCI: clinical events

BMSPTCA DES-1

Thrombosis

DES-2

Restenosis

Thrombosis

1-
yr

 M
AC

E

0

10

20

30

40

1977-1994 1995-2001

Serruys PW, et al. N Engl J Med 1994;331:489-95.  Morice MC, et al. N Engl J Med. 2002;346:1773-80. 
Stone GW,, et al. JAMA. 2008;299:1903-13.   Moreno R. Rev Esp Cardiol. 2005;58:842-62. 
Moreno R, et al. Am J Cardiol. 2007;99:621-5.   Moreno R, et al. J Am Coll Cardiol. 2005;45:954-9. 
Moreno R, et al. Eur Heart J. 2007;28:1583-91.   Moreno R, et al. EuroIntervention. 2011;6:1003-10. 

2002-2008 2009-today

Acute occlusion

Restenosis

LM RCT LEMANS SYNTAX 
PRECOMBAT 
Briguori et al 

NOBLE

EXCEL



Gada H et al. JACC Intv 2013;6:1263-6

5-Year Survival Benefit of 2nd generation DES: SPIRIT III
The benefit of second-generation DES



Dangas GD, et al JACC Cardiovasc Interv. 2013;6:914-22.

The benefit of second-generation DES
Meta-analysis from the SPIRIT trials





G.W. Stone et al. N Engl J Med. 2016;375:2223-35.
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G.W. Stone et al. N Engl J Med. 2016;375:2223-35.

EXCEL: quality of life

SF-12 Physical summary scale

All revascularization at 3 yr: 12.9% vs 7.6% <0.001



EXCEL: new-onset AF after revascularization

Kosmidou I, et al. J Am Coll Cardiol. 2018;71:739-748.
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Stone GW et al. N Engl J Med 2016;375:2223-35
Makikallio T et al. Lancet 2016;388:2743–52

Definitive stent thrombosis vs symptomatic graft occlusion

EXCEL NOBLE
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p<0.001



Vlachojannis GJ et al. EuroIntervention 2017;12:1970-1977

all-comers NEXT and COMPARE II clinical trials randomly assigned 5,942 patients to BP-BES (N=3,412) or DP-EES (N=2,530).

NOBLE and EXCEL: is this a controversy between 2 different types of DES?



Head SJ et al. J Am Coll Cardiol. 2018 Jul 24;72(4):386-398.

Stroke after PI vs CABG

Meta-analysis from 11 RCT (11,518)



Head SJ et al. Lancet 2018;391:939-948.

Meta-analysis from 11 RCT (11,518) 
comparing PCI and CABG

4,478 (38.9%) with LMD

MORTALITY

This is what really matters 



Head SJ et al. Lancet. 2018 Mar 10;391(10124):939-948.
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This is what really matters 



Hordijk-Trion M, et al. Eur Heart J 2006;27:671-8.

Euro HEART Survey on revascularization

Only 36% of patients are eligible for RCT 

Outcome in patients ineligible for RCT

What happens in real life?



2017

Cid B, et al. Rev Esp Cardiol. In press.

3.661
84% un-protected LM

Data in Spain

What happens in real life?



PCI vs CABG in Left Main Disease

• Similar mortality at long term for both strategies. 
• PCI: less invasive, earlier recovery (QOL). 
• PCI: less complications (renal failure, stroke, 

arrhythmia, bleeding, infection, etc). 
• CABG: less new revascularizations. But! 

• NNT is ≈ 20. 
• Symptomatic graft occlusion is more frequent than 

ST 
   (graft occlusion usually not treated). 
• So, the majority of LM cases should be treated with PCI. 
• Which cases could be left for surgery in the current era 

(second-generation DES)? Those with Syntax score ≥ 
33 AND low surgical risk.
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A proposal for LMD


