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A
decade ago, many cardiac surgeons believed

that percutaneous coronary intervention (PCI)

was more likely to replace coronary artery

bypass grafting (CABG) in more patients with

multivessel coronary artery disease than in left main dis-

ease (LMD). Today, the results of recent randomized trials

in addition to large registries suggest just the opposite:

CABG is still the preferred treatment for most patients

with multivessel coronary artery disease.

COMPARING CABG AND PCI

To understand the role of CABG in 2012, it is important

to review and understand the appropriate evidence-based

indications for CABG for the last 3 decades. First per-

formed in 1962, CABG gained prominence in the 1970s

and 1980s as the mainstay of revascularization for coro-

nary artery disease (CAD). The 2007 National Hospital

Discharge Survey estimates that there were 405,000 CABG

procedures performed that year.1

In a review of the initial randomized studies comparing

CABG to medical management with patients enrolled

from 1972 to 1984, the appropriate role of CABG was

defined with absolute survival advantages at 5 years

(10.2% vs 15.8%) and at 10 years (26.4% vs 30.5%) that was

more pronounced with the extent of CAD. This included

CABG for LMD, three-vessel disease, and two-vessel dis-

ease with proximal left anterior descending (LAD) disease,

and in diabetics or patients with low ejection fraction.2

Importantly, there was no survival advantage with CABG

compared to medical management in stable angina with

single- and double-vessel CAD and in patients with normal

left ventricular function. This distinction is important to

understand for the subsequent role of PCI with respect to

surgery. Because CABG was not shown to have an advan-

tage over medical management in these subgroups, it

could be predicted that CABG would not show an advan-

tage over PCI for these patients.

A number of subsequent randomized trials compared

CABG to first balloon angioplasty, then bare-metal stents

(BMS), and then to drug-eluting stents (DES). These results

generally showed similar survival rates for PCI and CABG,

with PCI having higher rates of revascularization. In a sum-

mary of 15 important randomized trials comparing PCI and

CABG, Taggart3 made some significant observations about

the inherent limits of these studies. 

First, although the trials involved almost 9,000 patients,

this represented only 5% of the total screened population.

Second, only 35% of PCI patients had three-vessel disease,

and 40% had proximal LAD disease. Third, the overwhelm-

ing majority of patients had an ejection fraction of more

than 50%. Fourth, only 79% of patients received a left inter-

nal mammary artery (LIMA) graft, which is known to have a

clear survival advantage over a saphenous vein graft com-

pared to our current 92% rate of IMA utilization.4

Thus, surgeons were skeptical of these randomized trials

and did not believe that they represented a real-world expe-

rience because they excluded the patients who were known

to benefit the most from surgery based on the original ran-

domized trials. Because it had already been established that

CABG was nonsuperior over medical management in

patients with single- or two-vessel disease, it should have

come as no surprise that CABG was not beneficial to PCI in

these studies that were focused on these low-risk groups of

patients. Subsequently, the conclusions of these studies

based on less complex CAD were then being used to justify

widespread PCI in three-vessel disease, LMD, and more

complex CAD patients. Nevertheless, despite these limita-

tions, meta-analyses of these same studies showed a signifi-

cantly lower CABG mortality rate in diabetics (hazard ratio,

0.7; confidence interval, 0.56–0.87; P = .014) and patients

over age 65 (hazard ratio, 0.82; confidence interval,

0.70–0.97; P = .002).5

RANDOMIZED CONTROLLED TRIALS 

The limitation of a randomized controlled trial (RCT)

is the selection bias at the time of study enrollment. By

excluding more and more patients in the screening

process such that a small overall percentage of eligible

patients are actually enrolled, an RCT can result in an

atypical patient population sample. On the other hand, a
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real-world perspective can be obtained by analyzing reg-

istry data. Although there may be bias at the time of

treatment decision, valuable information can be

obtained from these studies. Important registry trials

looking at CABG versus PCI using DES are illustrated in

Table 1, demonstrating real-world results of comparative

methods of coronary revascularization. Consistently,

there appears to be a survival benefit for patients under-

going CABG of almost 5% by 3 to 5 years, although it is

not apparent at 1-year follow-up. What is even more

striking in each of the listed registries is that the CABG

groups consistently have more comorbidities known to

compromise survival; nevertheless, the CABG arms con-

sistently outperformed DES in the real world.

SYNTAX 

To address the shortcomings of the previous randomized

trials, Boston Scientific Corporation (Natick, MA) support-

ed the Synergy between PCI with Taxus and Cardiac

Surgery (SYNTAX) trial that was designed as an all-comers

prospective RCT at 85 sites worldwide with 5-year follow-

up.10 In the trial, 4,337 patients with LMD or three-vessel

disease were screened, and 3,075 (70.9%) patients were

enrolled. Of that group, 1,800 patients (58.5% of total

enrollment; 41.5% of total screened) were enrolled in a ran-

domized trial of CABG versus PCI using DES, and an addi-

tional 1,275 patients were enrolled in either a nested paral-

lel CABG registry (n = 1,077; 35% of total enrollment) due

to complex coronary anatomy felt to be unsuitable for PCI

(mean SYNTAX score, 37.8) or a PCI registry (n = 198) due

to comorbidities precluding surgery. Thus, approximately

one-third of all potential patients had CAD of such severity

that PCI was believed to be either suboptimal or unsafe,

and these patients were referred directly for CABG. In the

randomized arm, three-vessel disease represented 66.3% in

the CABG arm and 65.4% in the Taxus Express2 stent arm.

TABLE 1.  COMPARISON OF DES VERSUS CABG TRIAL REGISTRIES 

Registry Number of

Patients

Follow-Up

(y)

Enrollment

Period

Major Exclusion

Criteria

Risk Factors

(CABG > PCI)

Major Results

(Odds Ratios)

Subgroup

Results

NY State
Registry
Hannan et al,
20086

DES, 9,963
CABG, 7,437

1.5 2003–2004 Previous 
revascularization
LMD MI < 24 h

EF < 40%, CVD,
PAD, CHF, DM, and
3VD (70% vs 25%)

CABG favored in
3VD (0.80a), 2VD
(0.71a), DM (0.84a),
EF < 40% (0.67a),
age > 80 (0.74a)

N/A

Seoul, Korea
Park et al,
20117

DES, 1,547
CABG, 1,495

5.6 2003–2005 N/A CHF, CVD, renal 
failure, EF < 40%,
3VD (77% vs 44%),
LMD, CTO (44% vs
7%), and SYNTAX
score (29.9 vs 17.4)

Death/MI/stroke
similar, DES group
had higher revascu-
larization rate over-
all (HR, 2.93a) in
DM (3.28a), age 
> 65 (4.57a), and
abnormal LV 
function (9.23a)

Mortality
benefit in
2VD for DES
over CABG

Beijing, China
Li et al, 20098

DES, 1,834
CABG, 1,886

3 2004–2005 N/A CVD, PVD, EF 
< 50%, CHF, and
3VD (82% vs 23%)

DES with higher
rate of death
(1.62a), MI (1.65a),
and TVR (6.79a)

Benefit in
DM, 3VD,
age > 70

CREDO
Kyoto9

PCI, 1,825 
(77% DES)
CABG, 1,156

3 N/A Acute MI, 1VD,
2VD, and LMD

SYNTAX score
(CABG 30 ± 10.5 vs
PCI 23.6 ± 9.2), 
previous MI, DM,
and renal 
insufficiency

PCI had higher 
all-cause
death/MI/stroke
(1.47a), and MI
(1.62a)

CABG
favored even
in low 
SYNTAX
group 
(PCI = 1.66a)

aP < .05
Abbreviations: 1VD, single-vessel disease; 2VD, two-vessel disease; 3VD, three-vessel disease; CHF, congestive heart failure; CTO, chronic
total occlusion; CVD, cardiovascular disease; DM, diabetes mellitus; EF, ejection fraction; HR, hazard ratio; LV, left ventricular; MI,
myocardial infarction; PVD, peripheral vascular disease; TVR, target vessel revascularization. 
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The primary conclusion of SYNTAX was that at 12

months, the composite primary endpoint (all-cause

death, stroke, myocardial infarction, and repeat revascu-

larization) was lower in the CABG versus PCI (12.4% vs

17.8%; P = .002) group.10 Thus, PCI noninferiority was not

demonstrated and based on predetermined primary

endpoints; CABG remained superior to PCI. However, the

focus was on the higher rate of stroke in the CABG group

(2.2% vs 0.6%) and the higher rate of repeat revasculariza-

tion in the PCI group (13.5% vs 5.9%). Therefore, one

interpretation of the SYNTAX trial for some was that

repeat revascularization drove the primary endpoint

results, so the tradeoff between repeat PCI instead of a

CABG-related stroke actually favored PCI. 

The stroke results deserve closer analysis. There was a

total of 19 strokes in the CABG arm and five in the PCI

arm at 1 year. In the CABG group, three (0.3%) strokes

occurred before the actual surgery but were included in

the intent-to-treat methodology. From the time of the

procedure to 30 days, there were nine (1%) strokes in the

CABG group and two (0.2%) in the PCI group. This is con-

sistent with a large series over the last decade that demon-

strates a 30-day CABG stroke rate in the 1.5% range.11,12

From 30 days to 1 year, there were seven (0.8%) strokes in

the CABG group and three (0.3%) in the PCI arm. 

Thus, in another interpretation of SYNTAX, a large dif-

ference in secondary prevention medical therapy may

have influenced the stroke results. CABG patients were

significantly undertreated with aspirin (89% vs 96% at dis-

charge; 84% vs 91% at 1 year), clopidogrel (20% vs 97% at

discharge; 15% vs 71% at 1 year), and statin medications

(75% vs 87% at discharge; 82% vs 86% at 1 year) com-

pared to the PCI group. This may have influenced the dif-

ference in 1-year stroke rates because half of the strokes

in the CABG group occurred after 30 days of surgery and

were likely not related to the surgery. Finally, 36.7% of

the CABG arm received aprotinin (Trasylol, Bayer

Pharmaceuticals, West Haven, CT) perioperatively, which

was discontinued in 2008 due to concerns about higher

stroke, renal failure, and mortality in CABG patients.13

CABG achieved a higher rate of complete revascular-

ization (63% vs 57%) than PCI. It is worth noting that

SYNTAX was the most aggressive PCI trial published

with respect to average total stent length (86.1 ± 47.9 mm)

and mean stents placed (4.6 ± 2.3). In a real-world set-

ting in New York, an analysis of over 11,000 patients

demonstrated a 31% rate of complete revascularization

with PCI, which was associated with a lower 18-month

mortality rate.14 Although there was statistical superiori-

ty in the freedom from angina in the SYNTAX CABG

group (94% vs 92%), it was not clinically significant. An

additional and important achievement of SYNTAX was

to provide a complete scoring system of coronary

pathoanatomy, which allowed grouping of patients in

terciles according to the complexity of their lesions. It is

important to remember that because SYNTAX did not

meet its primary statistical endpoint, any observations

resulting from subgroup distinction by the SYNTAX

score is hypothesis generating and, as such, worthy of

further study. Drawing definitive conclusions from a sub-

group analysis, despite widespread practice, cannot be

statistically justified at this time to support changes in

clinical practice. 

Subsequent annual updates of the SYNTAX trial

include the published 3-year results of the CABG and

PCI arms of the trial, with 92% and 98% follow-up,

respectively. This report demonstrated that CABG is

the preferred treatment in terms of survival, not simply

repeat revascularization for three-vessel disease in the

intermediate- and high-risk SYNTAX groups.15 Overall

mortality at 3 years in the three-vessel disease group

was significantly lower for patients who underwent

CABG than PCI (5.7% vs 9.5%; P = .02) as it was for car-

diac-related death (2.9% vs 6.2%; P = .01). CABG out-

performed PCI in incidence of myocardial infarction

(3.3 vs 7.1%; P = .005) and repeat revascularization

(10% vs 19.4%; P = .0001) without any difference seen

in total strokes (2.9% vs 2.6%; P = .001). This was

believed to be in line with previous published CABG

trials compared to DES in which the benefit to CABG is

typically apparent not after 1 year but after 3 to 4

years. The most recent presentation of the 4-year SYN-

TAX data at the 2011 European Society of Cardiology

meeting confirmed the 3-year survival benefit findings,

with CABG preferred to PCI for intermediate- and

high-risk three-vessel disease SYNTAX groups.

The reason that the CABG benefit may manifest after

a few years might be due to the intrinsic difference

between CABG and PCI. It has been postulated that the

prognostic benefit of CABG is that while PCI deals only

with the proximal immediate culprit lesion or stenosis,

CABG also deals with future distal culprit lesions because

the bypass graft is anastomosed to the mid or distal ves-

sel beyond the immediate stenosis. Therefore, CABG may

be protective against future progression of proximal

plaque. It is notable that, unlike PCI, the mortality results

of CABG are not influenced by the severity of the SYN-

TAX score.16,17

In multivessel CAD for survival benefit, the 2011

American College of Cardiology Foundation/American

Heart Association (ACCF/AHA) guidelines18 and 2010

European Society of Cardiology/European Association of

Cardiothoracic Surgery (ESC/EACTS) Guidelines19 are

compared for CABG and PCI (Table 2). While overall sim-
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ilar, it is interesting to note that the ACCF/AHA guide-

lines issue no higher than a class IIb recommendation to

PCI for most forms of multivessel disease. The European

guidelines are more generous with class IIa recommenda-

tion in lower-risk multivessel disease. Currently, approxi-

mately one-third of patients with class I indications for

CABG are treated with PCI using DES, according to the

National Cardiovascular Data Registry.20

Contemporary results for CABG are excellent, with a

mortality of 1.8% in over 1.5 million patients analyzed in

the Society of Thoracic Surgeons database.21 The chal-

lenge for surgeons is that the SYNTAX surgical patients

had 28% bilateral IMA grafting and 19% all arterial graft-

ing. This is approximately double the current rates in the

United States. However, because the major benefits of

additional arterial revascularization beyond LIMA graft-

ing tend to be demonstrated beyond 5 years,22 it is

unlikely to have had a significant impact in the reported

SYNTAX results up to this point. Nevertheless, the 2011

ACCF/AHA guidelines give a class IIa recommendation

for bilateral IMA grafting in selected patients and a class

IIb recommendation for complete arterial revasculariza-

tion in patients younger than 60 years.18

It has already been pointed out by some that the pacli-

taxel DES of SYNTAX is already obsolete and has given way

to sirolimus- and everolimus-coated stents that appear to

lower the rate of angiographic restenosis. However, it is

important to remember that even though DES eclipsed

BMS because of reduced restenosis, DES has not been

shown to have a survival benefit over BMS in stable

angina.23 Regardless, future trials involving sirolimus- or

everolimus-coated stents will have to demonstrate a simi-

larly high enrollment percentage, as seen in the landmark

SYNTAX trial, to have a similar level of credibility to both

cardiologists and surgeons. Based on SYNTAX, of the 1,088

patients studied with three-vessel disease in the random-

ized arm and the 338 studied in the registry, CABG was

preferred over PCI in 1,074 or 75% of patients with respect

to major adverse cardiac and cerebrovascular events and

was equivalent to PCI in 25% of patients. 

TABLE 2.  COMPARISON OF 2010 ESC/EACTS19 AND 2011 ACCF/AHA GUIDELINES18

ESC/EACTS

CABG

ESC/EACTS PCI ACC/AHA CABG ACC/AHA PCI

3VD ± (proximal LAD disease) N/A N/A Class I (B) N/A

Complex 3VD (SYNTAX > 22) Class I (a) Class III (a) Class IIa (B) Class IIb (B)

Simple 3VD (SYNTAX ≤ 22) Class I (a) Class IIA (b) N/A N/A

2VD with proximal LAD Class I (a) Class IIA (b) Class I (B) Class IIb (B)

2VD without proximal LAD disease Class IIb (C) Class I (c) Class IIa (B) with extensive ischemia
Class IIb (B) without extensive
ischemia

Class IIb (B)

1V proximal LAD disease Class I (a) Class IIa (B) Class IIa (B) with LIMA Class IIb (B)

1V without proximal LAD disease Class IIb (C) Class I (C) Class III (B) Class III (B)

LV dysfunction N/A N/A Class IIa (B) for EF 35%–50%
Class IIb (B) for EF < 35% without 
significant LMCAD

Insufficient data

MVCAD and diabetes mellitus N/A N/A Class IIa (B) N/A

Survivor of sudden death with major
coronary artery stenosis

N/A N/A Class I (B) Class I (C)

Class I (green), procedure should be performed; class IIa (yellow), it is reasonable to perform the procedure; class IIb (yellow), 
the procedure may be considered; class III (red), the procedure is not useful and may be harmful. 
Level of evidence A, data derived from multiple randomized clinical trials or meta-analyses; level of evidence B, data derived from a
single randomized trial or nonrandomized studies; level of evidence C, consensus opinion of experts, case studies, or standard of care.
Abbreviations: 1VD, single-vessel disease; 2VD, two-vessel disease; 3VD, three-vessel disease; EF, ejection fraction; LMCAD, left main
coronary artery disease; LV, left ventricular; MVCAD, multivessel coronary artery disease.
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The other recommendation from the 2010 European

guidelines is to have a “heart team” consisting of an inter-

ventionist, a surgeon, and a general cardiologist to discuss

and decide the best treatment for the patient after the

diagnostic catheterization. Along these lines, ad hoc PCI,

in which the diagnostic catheterization and PCI are per-

formed at the same setting, is discouraged. In New York

State, 92% of patients who underwent PCI at hospitals

capable of both PCI and cardiac surgery had ad hoc

PCI.24 Similarly, the 2011 ACCF/AHA guidelines also offer

a class I recommendation to a multidisciplinary heart

team approach in unprotected LMD or complex CAD.

The collaborative nature of SYNTAX and the current

transcatheter aortic valve trials suggest that the interven-

tionist, general cardiologist, and surgeon can work

together in the patient’s best interests.

CONCLUSION

Unlike the rapid innovation and improvements occur-

ring in PCI, the majority of CABGs performed in the

United States have remained unchanged for a quarter

century: an on-pump, heart stopped, LIMA to LAD with

two or three vein grafts. The challenge for the surgical

community is to continually improve upon a very good

operation with respect to perfusion, arterial conduits,

stroke prevention, and secondary CAD prevention. It is

human nature that the least-invasive treatment carries

the strongest appeal. When confronted with the

prospect of having one’s “chest cracked open,” most any

alternative will appeal to a patient. That belief, however,

rests on the assumption that the treatments are equiva-

lent. Genuine informed consent in which patients under-

stand both the rationale for the treatment and a discus-

sion of alternatives occurs far less often than we think in

coronary revascularization.25 Based on the SYNTAX trials

and registry data, for most (75%) patients with three-ves-

sel CAD in 2012, CABG remains the preferred treatment,

with a survival advantage over PCI with DES. ■
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