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A
mong patients with coronary artery disease

(CAD), multivessel stenoses are a more fre-

quent occurrence than single-vessel disease.

When compared with single-artery treatment,

complete coronary revascularization in these patients is

associated with better outcomes, such as improved func-

tional status and higher rates of survival.1 Coronary artery

bypass surgery (CABG) and percutaneous coronary inter-

vention (PCI) are equally safe, and both are established

treatment modalities of revascularization in patients with

multivessel CAD.2 During the last 3 decades, many stud-

ies and registries have shown that in multivessel CAD

patients, CABG and PCI using bare-metal stents have

been associated with similar clinical outcomes in terms

of hard endpoints (ie, death and myocardial infarction),

but that CABG has proven to be superior to PCI in terms

of the need for repeat interventions.2 Consequently,

CABG has been considered for many years to be the gold

standard therapy in patients with multivessel CAD, espe-

cially in those who are considered high risk (eg, diabetics

and/or those with impaired left ventricular function).3,4

Importantly, both therapies have improved tremendous-

ly since their inception. CABG now routinely uses arteri-

al-only grafts and can be performed off-pump, whereas

drug-eluting stents (DES) have been increasingly used in

PCI during the last decade, providing a safe and less-inva-

sive option for CAD and allowing reduced hospital stay

and an early return to daily activities. 

Optimal treatment of multivessel CAD is still a subject

of debate. This is mainly due to the difficulty of extrapo-

lating data from randomized trials conducted in highly

selected patients with multivessel CAD to the general

CAD patient population. Clinical outcomes may also dif-

fer according to completeness of revascularization, the

presence or absence of diabetes, whether diabetic

patients are insulin dependent or not, the presence of

left main disease, and left ventricular function. PCI is the

treatment option that most patients prefer because of

its less-invasive nature compared to CABG. Even when

taking into account the lack of patient education regard-

ing the long-term clinical outcomes of each revascular-

ization strategy, the patient’s preference remains an obvi-

ous determinant of clinical decision making, especially

because PCI does not exclude CABG as a second option

in cases of midterm failure requiring repeat intervention.

We aim to address some of these controversial issues

by reviewing the most recent clinical data that have led

to revised American College of Cardiology/American

Heart Association (ACC/AHA) and European Society of

Cardiology (ESC) guidelines, in an attempt to improve

the understanding of the optimal care that should be

delivered to patients with multivessel CAD. 

SYNTAX SCORE A S A RISK 

STR ATIFICATION SCALE 

Whereas clinical variables such as increasing age, dia-

betes, renal failure, left ventricular dysfunction, and

hemodynamic instability were conventionally shown to

adversely affect clinical outcomes of multivessel CAD

patients requiring revascularization, the main lesson
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that we learned from the SYNTAX trial5 is the strong

negative impact of the complexity of coronary disease,

as measured by the so-called SYNTAX score,6 on PCI

outcomes. Interestingly, the SYNTAX score was not pre-

dictive of outcomes after CABG.7 The SYNTAX trial was

the first large trial (N = 1,800) to randomize suitable

patients for revascularization to either CABG or PCI

using paclitaxel-eluting stents to treat left main and/or

three-vessel disease.5 The rates of major adverse cardiac

and cerebrovascular events (MACCE) at 12-month fol-

low-up were significantly higher among patients treated

by PCI who had a high SYNTAX score (≥ 33; 23.4%)

compared to those with a low (0–20; 13.6%) or inter-

mediate (23–32; 16.7%) score. Indeed, the 12-month

event rates were similar after CABG and PCI for patients

with low and intermediate SYNTAX scores, whereas

those with high SYNTAX scores who were treated by

PCI had a significantly higher event rate than those

treated by CABG (23.4% vs 10.9%; P < .001). The SYN-

TAX investigators also showed that the presence of left

main disease and nonachievement of complete revas-

cularization were associated with adverse outcomes at

2 years.7 This was corroborated by the 3-year results of

the SYNTAX trial,9 which showed that patients with left

main disease had comparable MACCE rates after PCI

and CABG (26.8% vs 22.3%; P = .2). Additionally, PCI

outcomes with regard to MACCE were excellent com-

pared to CABG in patients who were treated for isolat-

ed left main disease (11.9% vs 17%), left main plus one-

vessel disease (19.4% vs 26.7%), and in patients with a

low or intermediate SYNTAX score (20.5% vs 23.2%).

The results of SYNTAX prompted the revision of recom-

TABLE 1.  INDICATIONS FOR CABG VS PCIaa

Subset of CAD by Anatomy Favors CABG Favors PCI

One- or two-vessel disease: nonproximal left anterior 
descending artery 

IIb C I C

One- or two-vessel disease: proximal left anterior descending
artery 

I A IIa B

Three-vessel disease with simple lesions, fully functional 
revascularization achievable with PCI, SYNTAX score ≤ 22

I A IIa B

Three-vessel disease with complex lesions, incomplete 
revascularization achievable with PCI, SYNTAX score > 22

I A III A

Left main disease (isolated or one-vessel disease, ostium/shaft) I A IIa B

Left main disease (isolated or one-vessel disease, 
distal bifurcation)

I A IIb B

Left main disease + two- or three-vessel disease, 
SYNTAX score ≤ 32

I A IIb B

Left main disease + two- or three-vessel disease, 
SYNTAX score ≥ 33

I A III B

aIn stable patients with lesions suitable for both procedures and low predicted surgical mortality. Adapted from Wijns W et al.
Guidelines on myocardial revascularization: the Task Force on Myocardial Revascularization of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2010;31:2501-2555.8
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mendations both in the United States10 and in Europe8

in 2009 and 2010, respectively. 

The ESC recommendations were stratified on the basis

of anatomic complexity of CAD, thus applying the results

of SYNTAX to patients with stable presentation and low

predicted surgical mortality (Table 1). On the other hand,

the ACC/AHA recommendations were based on the

presence or absence of diabetes, as well as impaired left

ventricular function (Table 2). It is noteworthy that the

European guidelines were more practical and in line with

the results of the SYNTAX trial, whereas the ACC/AHA

recommendations were less favorable to PCI and exclud-

ed patients with significant left main lesions from this

technique, which was not consistent with the latest

reported data. Indeed, in the SYNTAX trial, patients with

left main disease had better outcomes than patients with

multivessel disease when treated by PCI compared to

CABG. 

Very interestingly, in 16,142 patients who were treated

in 19 hospitals in New York state between 2005 and

2007, Hannan et al11 reported that patients with multi-

vessel CAD received more recommendations for PCI and

fewer recommendations for CABG than indicated in the

ACC/AHA guidelines. These data show that patient refer-

ral to a coronary revascularization strategy is mainly guid-

ed by the preference of interventional cardiologists work-

ing in hospitals with PCI capability.

COMBINING CLINICAL AND 

ANATOMICAL SCORE S

Another lesson that we learned from the SYNTAX trial

is the key role of a heart team. Establishing a multidisci-

plinary team of clinical cardiologists, anesthesiologists,

interventional cardiologists, and cardiothoracic surgeons

is essential to ensuring that the most appropriate strate-

gy is proposed to a given multivessel CAD patient. Both

the ACC/AHA and ESC recommend a general approach

with subsequent application to a given patient after

multidisciplinary discussion and debate. Combining

clinical and anatomical scores is of interest when select-

ing the optimal treatment option for a patient with

multivessel CAD. Although the SYNTAX score is predic-

tive of outcomes after PCI only, the EuroSCORE,

Parsonnet score, and Society of Thoracic Surgeons score

are able to predict the perioperative or 30-day mortali-

ty rates after CABG. Therefore, combining the

EuroSCORE and SYNTAX score may be an appropriate

strategy for risk stratification in patients with multives-

sel CAD. Patients with a high EuroSCORE are usually

considered for PCI because of very high post-CABG

TABLE 2.  METHOD OF REVASCULARIZATION OF ADVANCED CADaa

CABG PCI

No diabetes
and normal
LVEF

Diabetes Depressed
LVEF

No diabetes
and normal
LVEF

Diabetes Depressed
LVEF

Two-vessel CAD with proximal left anterior
descending artery stenosis

A A A A A A

Three-vessel CAD A A A U U U

Isolated left main stenosis A A A I I I

Left main stenosis and additional CAD A A A I I I

Abbreviations: A, appropriate; I, inappropriate; U, uncertain; LVEF, left ventricular ejection fraction. 
aAdapted from Patel MR et al. ACCF/SCAI/STS/AATS/AHA/ASNC 2009 Appropriateness Criteria for Coronary Revascularization: A
Report of the American College of Cardiology Foundation Appropriateness Criteria Task Force, Society for Cardiovascular Angiography
and Interventions, Society of Thoracic Surgeons, American Association for Thoracic Surgery, American Heart Association, and the
American Society of Nuclear Cardiology: Endorsed by the American Society of Echocardiography, the Heart Failure Society of America,
and the Society of Cardiovascular Computed Tomography. Circulation. 2009;119;1330-1352.10



mortality. Patients with a low EuroSCORE, a low or

intermediate SYNTAX score (< 32), isolated left main

disease, or left main plus one-vessel disease may be

preferentially referred to PCI, and those with a high

SYNTAX score (≥ 33) or left main plus two- or three-

vessel disease are referred to CABG (Table 3). In some

high-risk patients with very poor physiological status

who are frequently deemed unsuitable candidates for

both PCI and CABG (elevated EuroSCORE and SYNTAX

score), there is no clear consensus, but PCI is usually

preferred because of its less-invasive nature.

PR AGM ATIC TRE ATMENT 

APPR AISAL FOR CTO S

Registry studies have shown that the incidence of chron-

ic total occlusions (CTOs) can be as high as 30% to 50% in

patients with significant CAD who are undergoing coro-

nary angiography.12,13 The rationale for PCI of CTOs is the

improvement in ischemic burden, ejection fraction, quality

of life, and survival, as well as the decreased need for

CABG, as shown by many retrospective studies comparing

successful PCI to failed PCI.14-16 Although the results of PCI

were relatively poor in these patients because of high rates

of failure to cross the occlusion or restenosis or reocclusion

after successful balloon angioplasty or bare-metal stent

implantation, the development of novel technologies and

techniques has dramatically improved procedural success

rates, and the use of DES has increased long-term vessel

patency.17-19 In 2008, Valenti et al20 showed that successful

PCI of CTOs conferred a long-term survival benefit, which

was driven by the differences in the outcomes of patients

with multivessel CAD who were completely revascularized.

Considering these data and the relative higher probability

of PCI failure in these patients, we suggest that treatment

of the CTO lesion should be attempted first and that the

patient should be referred to surgery in cases when the ini-

tial strategy proves unsuccessful.

ARE THE RE SULTS OF SYNTAX APPLICABLE

TO CURRENT PR ACTICE?

The results of SYNTAX are sometimes inappropriately

applied to all multivessel CAD patients. First of all, it is

noteworthy that these results are only applicable to

patients with three-vessel disease and/or left main coro-

nary disease, in whom equivalent anatomical revascular-

ization could be achieved with either PCI or CABG as

shown in the study population. It is also very important

to keep in mind that the SYNTAX trial was a noninferior-

ity comparison of two groups of patients who were treat-

ed by PCI or CABG for the primary endpoint (MACCE as

defined as death from any cause, stroke, myocardial

infarction, or repeat revascularization). Therefore, com-

paring other endpoints or parts of the primary endpoints

(eg, repeat revascularization), comparing data in sub-

groups of the whole population (except for patients with

left main or three-vessel disease, which were prespeci-

fied), or underlining the superiority of either of these two

techniques would be improper and inaccurate. In addi-

tion, one of the main criticisms leveled at the SYNTAX

trial is that patients who were referred to PCI were treat-

ed using the first-generation paclitaxel-eluting stent

(Taxus, Boston Scientific Corporation, Natick, MA),

which has recently been associated with a less favorable

outcome, including higher rates of occlusion and

restenosis, compared to newer-generation DES.21 In view

of this, we may reasonably think that the rate of adverse

events might have been in favor of PCI if patients had

received newer-generation DES. In response to the SYN-

TAX results, the ACC/AHA changed the indication for

stenting patients with left main or three-vessel disease

from class III to IIb. The revised recommendations still do

not represent an unconditional endorsement of PCI, but

they may encourage more medical teams to select this

revascularization strategy in patients with low-to-inter-

mediate lesion complexity. 

TABLE 3.  APPRAISAL OF REVASCULARIZATION TECHNIQUES FOR MULTIVESSEL CAD

Indication High EuroSCORE Low EuroSCORE 

Three-vessel disease, SYNTAX score < 33 PCI > CABG PCI > CABG

Three-vessel disease, SYNTAX score ≥ 33 Case-by-case discussion CABG > PCI

Isolated left main disease PCI PCI > CABG

Left main disease + one-vessel disease PCI PCI > CABG

Left main disease + two- or three-vessel disease Case-by-case discussion CABG > PCI
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The EXCEL trial is designed to randomize 2,500 patients

with left main disease who have low or intermediate SYN-

TAX scores at a 1:1 ratio to panarterial CABG or to com-

plete revascularization by PCI using the everolimus-elut-

ing Xience Prime stent (Abbott Vascular, Santa Clara, CA).

The EXCEL trial, which is currently underway, may address

some of the limitations of previous studies and be more

relevant to contemporary practice, although it will not

address the issue of patients with high SYNTAX scores

who are currently considered poor candidates for PCI.

We have recently reported22 lower rates of events after

everolimus-eluting stents compared to paclitaxel-eluting

stents in selected patients with significant left main

lesions treated by either Taxus23 or Xience24 DES in multi-

center, nonrandomized registries. This comparison, as well

as others,25 emphasized the appropriateness of the SYN-

TAX score in patients treated with newer-generation DES,

thus showing that the rate of events after PCI is not only

dependent on the complexity score but also on the stent

type used.

THE ROLE OF FFR GUIDANCE 

IN TRE ATING MULTIVE SSEL CAD 

Another piece of the coronary revascularization jigsaw

puzzle has been provided by the FAME trial.26 The pur-

pose of this randomized trial, which was conducted in

patients with multivessel disease, was to compare PCI of

angiographically significant lesions with PCI of significant

functional lesions as assessed by fractional flow reserve

(FFR). The study showed that FFR guidance not only

showed a reduction in the number of lesions requiring

treatment (only 14% of patients had functional three-

vessel disease, 43% had two-vessel disease, and 34% had

single-vessel disease) but also led to a decrease in the

MACE rate at 1 year (13.2% vs 18.4%; P = .02), as well as

overall costs. This new approach shed some light on the

strategy of PCI treatment in multivessel CAD patients by

supporting the evolving paradigm of functionally com-

plete revascularization (ie, stenting of ischemic lesions

and medical treatment of nonischemic lesions). This find-

ing has proven to be consistent with the conclusions of

the COURAGE trial, which showed that PCI treatment of

ischemic lesions is instrumental in improving patient out-

comes.27

CONCLUSION

Treatment selection for patients with multivessel CAD

has changed during the last 2 years, thanks to the publi-

cation of the results of the SYNTAX trial. Risk/benefit

stratification may be obtained by combining clinical and

anatomical scores (ie, EuroSCORE and SYNTAX score) to

select the best revascularization therapy for a given

patient. In addition, the benefit of treating functionally

significant lesions alone has been well demonstrated by

the FAME trial. These data have been taken into account

in the recently updated ACC/AHA and ESC recommen-

dations. ■
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