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BACKGROUND In the SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery)

trial, patients with 3-vessel or left main coronary artery disease (CAD) had improved long-term outcomes with coronary

artery bypass graft (CABG) surgery compared with percutaneous coronary intervention (PCI) with drug-eluting stents

(DES), improvements driven mainly by differences in myocardial infarction and repeat revascularization.

OBJECTIVES This study compared the long-term quality-of-life benefits of DES-PCI versus CABG for patients with

3-vessel or left main CAD.

METHODS Between 2005 and 2007, the SYNTAX trial randomized 1,800 patients with 3-vessel or left main CAD to

either CABG or DES-PCI. Health status was assessed at baseline and at 1, 6, 12, 36, and 60 months by using the Seattle

Angina Questionnaire (SAQ) and the 36-Item Short Form Health Survey.

RESULTS At 5-year follow-up, CABG was superior to DES-PCI on several SAQ domains including angina frequency and

physical function, as well as the role physical and role emotional scales of the 36-Item Short Form Health Survey.

Subgroup analysis demonstrated a significant interaction between angiographic complexity (as assessed by the SYNTAX

score) and angina relief (mean difference in the SAQ angina frequency score for CABG vs. PCI of �0.9, 3.3, and 3.9 points

for low, intermediate, and high SYNTAX score patients, respectively; p ¼ 0.048 for interaction).

CONCLUSIONS Among patients with 3-vessel or left main CAD, both CABG and DES-PCI were associated with sub-

stantial and sustained quality-of-life benefits over 5 years of follow-up. In general, CABG resulted in greater angina relief,

although the absolute treatment benefit was small. Angina relief at 5 years was enhanced with CABG among patients

with high SYNTAX scores, a finding reinforcing the recommendation that CABG should be strongly preferred for

such patients. (Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery [SYNTAX];

NCT00114972) (J Am Coll Cardiol 2017;69:2039–50) © 2017 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

CABG = coronary artery bypass

graft

CAD = coronary artery disease

DES = drug-eluting stent(s)

DES-PCI = percutaneous

coronary intervention with

drug-eluting stent

PCI = percutaneous coronary

intervention

QOL = quality of life

SAQ = Seattle Angina

Questionnaire

SAQ-AF = Seattle Angina

Questionnaire-angina

frequency

SAQ-PL = Seattle Angina

Questionnaire-physical

limitations

SF-36 = 36-Item Short Form

Health Survey
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angina relief compared with DES-PCI as
assessed by the Seattle Angina Question-
naire (SAQ) and a small advantage on the
Medical Outcomes Study 36-Item Short
Form Health Survey (SF-36) general health
subscale (2). At 5-year follow-up, clinical
results from SYNTAX showed that CABG
was superior to DES-PCI with respect to the
composite endpoint of death, myocardial
infarction, stroke, or repeat revasculariza-
tion, with the benefit driven predominantly
by decreased rates of repeat revasculariza-
tion and myocardial infarction with no sig-
nificant differences in rates of death or
stroke (3).
SEE PAGE 2051
Given the similar long-term outcomes of
CABG and DES-PCI with respect to clinical
endpoints, other factors including quality of
life (QOL) should be considered when pa-
tients are suitable candidates for both revasculariza-
tion strategies. Accordingly, to provide a complete
picture of the outcomes after CABG versus DES-PCI
and guide the choice of revascularization strategy
for patients with 3-vessel or left main CAD, we per-
formed a prospective health status substudy along-
side the SYNTAX trial. The goal of this substudy was
to assess both disease-specific and generic health
status from the patients’ perspective up to 5 years
after initial revascularization for 3-vessel or left main
CAD with either DES-PCI or CABG.

METHODS

The design, methods, and clinical results of the
SYNTAX trial have been published previously (1,3,4).
Briefly, between 2005 and 2007, 1,800 patients with
3-vessel or left main CAD from 85 centers in 18
countries primarily in Europe and the United States
were randomized to revascularization with either
CABG or PCI with a first-generation paclitaxel-eluting
stent (TAXUS Express, Boston Scientific, Natick,
Massachusetts). All patients enrolled in the trial were
deemed appropriate candidates for either revascu-
larization procedure by a local heart team that
included an interventional cardiologist and a cardio-
thoracic surgeon. The treatment goal for all patients
was complete revascularization with the assigned
treatment strategy along with optimal medical ther-
apy chosen on the basis of contemporary guidelines.
All patients gave written informed consent, and
locally appointed ethics committees and regulatory
agencies approved the study protocol.
MEASUREMENT OF HEALTH STATUS. Health status
was assessed in all patients at baseline and at 1, 6,
12, 36, and 60 months after randomization. Disease-
specific health status was assessed using the SAQ,
and generic health status was assessed using the
SF-36 (5,6). The SAQ is a 19-item questionnaire that
measures 5 domains of health status related to CAD:
angina frequency (AF), physical limitations (PL),
disease perception/QOL, angina stability (AS), and
treatment satisfaction (TS) (5,7–9). Scores range
from 0 to 100, with higher scores indicating fewer
symptoms and better health status. Previous studies
demonstrated that differences of 8 to 10 points are
clinically meaningful on an individual patient level
(7). The SF-36 is a 36-item questionnaire that mea-
sures health status across 8 domains: physical
functioning; role limitations resulting from physical
problems; bodily pain; vitality; general health
perception; social function; role limitations result-
ing from emotional problems; and mental health.
Scores range from 0 to 100, with higher scores
reflecting better health status. Summary scores for
physical and mental health are standardized to a
mean of 50 and an SD of 10 (10). The minimum
clinically important difference for the SF-36 sum-
mary scales is approximately 2 points (11). Ques-
tionnaires were administered in each patient’s
native language. Validated translations were avail-
able for the SAQ in 15 of 18 participating countries
and for all 18 countries for the SF-36. Missing items
for each subscale were handled according to pub-
lished guidelines provided by the developer for each
instrument.

STATISTICAL ANALYSIS. The population for our
study included all patients with available baseline
health status, analyzed by intention-to-treat. Base-
line patient characteristics and health status were
compared between the 2 groups using Student t tests
for continuous variables and chi-square tests for cat-
egorical variables. Within-group comparisons were
performed using paired Student t tests to evaluate
changes in health status between baseline and
1 month, 6 months, 1 year, and 5 years as well as
between 1 and 6 months. Differences in health status
between CABG and DES-PCI at each time point were
estimated using analysis of covariance models,
adjusting for baseline health status. To account for
missing data, we repeated the analysis using longi-
tudinal random-effect growth curve models that
incorporated all available health status scores,
including those for patients who subsequently died,
withdrew from the study, or were lost to follow-up.
Covariates for the growth curve models included the



FIGURE 1 Study Population

1800 enrolled patients

903 randomized to PCI897 randomized to
CABG

848 patients with
baseline health status

Available health status
at 3-years: 662/763

Available health status
at 5-years: 570/754

Available health status
at 3-years: 736/826

Available health status
at 5-years: 652/819

883 patients with
baseline health status

49 missing baseline
health status data

20 missing baseline
health status data

In this consort diagram showing patient flow for the SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and

Cardiac Surgery) trial, darker blue boxes indicate the primary analytic population for the quality-of-life study. CABG ¼ coronary artery bypass

graft; PCI ¼ percutaneous coronary intervention.
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baseline score of the health status domain being
assessed, treatment assignment, follow-up time, and
interactions between treatment and time. The inter-
cept and linear time effects were estimated using
both fixed and random effects, whereas quadratic and
cubic effects of time were modeled as fixed effects to
avoid overparameterization. These models were
optimized using a backward elimination procedure,
starting with the highest order of time by treatment
interaction.

To evaluate whether between-group differences in
health status were clinically significant, we created
cumulative response curves that describe the pro-
portion of patients (by treatment group) who ach-
ieved health status improvement of a given
magnitude (12).

An additional analysis was performed in which
the SAQ-AF score was treated as a categorical vari-
able. Consistent with previous studies, patients
were categorized as being angina free (i.e., SAQ-AF
score of 100) or as having monthly angina (SAQ-AF
score, 70 to 90), weekly angina (SAQ-AF score, 40 to
60), or daily angina (SAQ-AF score #30). This cate-
gorical variable was analyzed using ordinal logistic
regression, which estimates the odds of a 1-level
improvement in angina-frequency with CABG
versus DES-PCI.

Finally, stratified analyses were performed to
compare the effect of CABG versus DES-PCI on
the SAQ-AF scale within pre-specified subgroups ac-
cording to age (<75 years vs. $75 years), diabetes
status, 3-vessel versus left main CAD, SYNTAX score
(#22 vs. 23 to 32 vs. $33), and baseline angina severity
(none vs. monthly vs. daily or weekly). These ana-
lyses were performed by introducing a treatment by
subgroup interaction term in the analysis of covari-
ance models at both the 3-year and 5-year time
points.

All tests of statistical significance were 2-tailed,
and a p value <0.05 was considered to indicate sta-
tistical significance without adjustment for multiple
comparisons. All analyses were performed using SAS
for Windows software, version 9.3 (SAS Institute,
Cary, North Carolina).



TABLE 1 Baseline Patient Characteristics

CABG
(n ¼ 848)

PCI
(n ¼ 883) p Value

Demographic

Age, yrs 64.8 � 9.9 65.2 � 9.7 0.40

Male 79.4 76.2 0.12

White 95.4 96.9 0.09

Clinical

Diabetes 28.8 28.2 0.79

Insulin-dependent diabetes 10.1 9.6 0.72

Current smoker 22.2 18.6 0.06

Previous myocardial infarction 34.6 32.1 0.27

Angiographic

3-vessel disease (no left main) 60.8 60.4 0.84

Any left main coronary artery disease 39.2 39.6 0.84

Left main disease and 0/1/2 vessels 25.1 24.7 0.84

Left main disease and 3 vessels 14.0 14.9 0.59

SYNTAX score 29.1 � 11.4 28.4 � 11.5 0.26

Quality-of-life measures

SAQ scales

Angina frequency 69.5 � 26.7 69.6 � 25.8 0.91

Physical limitation 65.3 � 25.0 65.1 � 24.7 0.91

Quality of life 44.8 � 22.8 45.6 � 23.0 0.46

Treatment satisfaction 85.6 � 16.0 86.7 � 15.9 0.15

SAQ angina frequency 0.87

Daily (0–30) 11.6 11.7

Weekly (40–60) 27.9 26.2

Monthly (70–90) 38.4 39.9

None (100) 22.1 22.2

SF-36 subscales

Physical function 57.1 � 26.8 57.9 � 26.6 0.53

Role physical 53.9 � 29.8 53.6 � 29.3 0.83

Role emotional 66.4 � 29.2 66.7 � 29.2 0.81

Social function 68.3 � 28.1 68.8 � 28.2 0.70

Bodily pain 56.2 � 27.4 55.2 � 27.4 0.44

Mental health index 65.1 � 21.1 64.9 � 22.1 0.83

Vitality index 51.7 � 22.9 51.8 � 23.4 0.94

General health perception 55.6 � 20.0 56.1 � 19.8 0.57

Physical component summary 40.4 � 10.2 40.4 � 10.0 0.97

Mental component summary 45.2 � 12.0 45.2 � 12.4 0.99

Values are mean � SD or %.

CABG ¼ coronary artery bypass graft; PCI ¼ percutaneous coronary intervention; SAQ ¼ Seattle
Angina Questionnaire; SF-36 ¼ 36-Item Short Form Health Survey; SYNTAX ¼ Synergy Between
Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.
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RESULTS

A total of 1,800 patients with 3-vessel or left main
CAD were randomized to revascularization with
either CABG or DES-PCI. Of these patients, 1,731 had
baseline health status available (n ¼ 848 CABG-
treated patients and n ¼ 883 PCI-treated patients)
and constituted the analytic cohort for our study
(Figure 1). Baseline characteristics were well balanced
between treatment groups without major differences
in clinical characteristics, disease severity, or health
status according to both the SAQ and the SF-36
(Table 1). At baseline, according to the SAQ-AF scale,
11% of the patients had daily angina, 27% had weekly
angina, 39% had monthly angina, and 22% had no
angina. Completion rates for the SAQ and SF-36 are
summarized in Online Table 1. In general, completion
rates were high and similar for both treatment groups
through 3 years of follow-up. At 5 years, there was a
slight decline in compliance with QOL follow-up, with
rates of 70% to 75% for the SAQ and 75% to 80% for
the SF-36. When we compared patients who did and
did not respond to the QOL surveys at 5 years, non-
responders were older, more likely to smoke, and
more likely to have had a prior myocardial infarction
(Online Table 2). In addition, nonresponders had
greater physical limitations at baseline as determined
on the basis of both the SAQ and the SF-36.

DISEASE-SPECIFIC HEALTH STATUS. Changes in
disease-specific health status over time and mean
differences between treatment groups are summa-
rized in the Central Illustration and Table 2. Compared
with baseline, both the DES-PCI and CABG groups
demonstrated significant improvement in cardiac-
specific health status as assessed by the SAQ by 1-
month follow-up, with further improvement at 6
months and 1 year; these changes were largely sus-
tained at 3 and 5 years (Online Table 3). Compared
with CABG, patients assigned to DES-PCI had faster
health status improvement with higher scores on the
SAQ-PL, SAQ-QOL, and SAQ treatment satisfaction
scales at 1 month. These differences were not sus-
tained, however, and CABG resulted in improved
scores on the SAQ-AF and SAQ-QOL scales at 1-year
follow-up. At 3-year follow-up, there were no differ-
ences in disease-specific health status between
treatment groups; however, at 5-year follow-up, there
were small but statistically significant differences
favoring CABG on both the SAQ-AF and the SAQ-PL
subscales (mean differences of 2.1 and 3.0 points,
respectively).

Results were generally similar when these analyses
were repeated using longitudinal growth curve
models to account for missing data (Online Table 4)
and when the SAQ-AF scale was analyzed as a cate-
gorical variable (Figure 2). In particular, the propor-
tion of patients who were angina free was
significantly greater with CABG than with DES-PCI at
both 1-year follow-up (76.8% vs. 71.5%; p ¼ 0.01) and
5-year follow-up (78.8% vs. 74.1%; p ¼ 0.03).

Compared with baseline, generic health status
improved substantially by 1-month follow-up in the
DES-PCI group and by 6-month follow-up in the CABG
group (Online Table 3). Changes in generic health

http://dx.doi.org/10.1016/j.jacc.2017.02.031
http://dx.doi.org/10.1016/j.jacc.2017.02.031
http://dx.doi.org/10.1016/j.jacc.2017.02.031
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CENTRAL ILLUSTRATION SAQ: Health Status After PCI Versus CABG
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To determine whether method of revascularization made a difference in long-term quality of life for patients with 3-vessel or left main coronary artery disease, we

compared Seattle Angina Questionnaire (SAQ) domain subscale scores for (A) angina frequency, (B) physical limitations, (C) quality of life, and (D) treatment

satisfaction among 1,800 patients randomized to coronary artery bypass graft (CABG) surgery or percutaneous coronary intervention (PCI) in the SYNTAX (Synergy

Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) trial. Although both interventions were associated with sustained quality-of-life

benefits, long-term angina relief was enhanced with CABG surgery.
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status over time and mean differences between
treatment groups are summarized in Figures 3A and
3B and Table 2. There were significant differences in
virtually all the SF-36 subscales in favor of DES-PCI at
1 month, but these differences were no longer
apparent at 6 months. Although there were no dif-
ferences in generic health status between CABG-
treated patients and DES-PCI–treated patients at 1
and 3 years, by 5 years there were small but statisti-
cally significant differences in the role physical and
role emotional subscales as well as the mental
component summary scale in favor of CABG (mean
differences of 3.1, 4.0, and 1.5 points, respectively).

PATIENT-LEVEL RESPONSES. Cumulative response
curves demonstrating the proportion of patients
who experienced changes in health status of a
given magnitude are displayed in Online Figures 1
to 4. For the SAQ-AF scale, the major benefit of
CABG over DES-PCI at 5 years was in the proportion of
patients who experienced large improvements in
angina. Specifically, w22% of patients treated with

http://dx.doi.org/10.1016/j.jacc.2017.02.031
http://dx.doi.org/10.1016/j.jacc.2017.02.031


TABLE 2 Mean Effect of CABG Versus PCI on Disease-Specific and Generic Health Status*

Quality-of-Life Measure

Mean Difference Between CABG and PCI
(95% Confidence Interval)

1 Month 6 Months 12 Months 3 Yrs 5 Yrs

SAQ

Angina frequency �1.3 (�3.2 to 0.5) 1.7 (0.0 to 3.3)† 1.7 (0.2 to 3.3)† 0.0 (�1.5 to 1.6) 2.1 (0.4 to 3.8)†

Physical limitation �12.0 (�14.3 to �9.6)† �1.6 (�3.6 to 0.4) 1.2 (�0.8 to 3.3) 1.7 (�0.6 to 4.0) 3.0 (0.5 to 5.4)†

Quality of life �4.8 (�7.1 to �2.5)† 1.7 (�0.5 to 4.0) 2.5 (0.3 to 4.7)† 2.2 (0.0 to 4.4) 1.8 (�0.5 to 4.2)

Treatment satisfaction �2.3 (�3.6 to �1.0)† �1.1 (�2.5 to 0.3) 0.5 (�0.9 to 1.8) �0.1 (�1.6 to 1.4) �0.1 (�1.6 to 1.4)

SF�36

Physical function �13.9 (�16.0 to �11.7)† 0.3 (�1.8 to 2.4) 1.7 (�0.5 to 3.9) 0.3 (�2.2 to 2.7) 1.7 (�1.0 to 4.4)

Role physical �24.1 (�26.8 to �21.4)† �4.2 (�6.8 to �1.5)† �0.2 (�2.8 to 2.3) �0.6 (�3.4 to 2.1) 3.1 (0.1 to 6.1)†

Bodily pain �22.9 (�25.2 to �20.5)† �2.2 (�4.7 to 0.2) 0.2 (�2.2 to 2.6) 0.7 (�1.9 to 3.3) 0.6 (�2.3 to 3.4)

Vitality �10.7 (�12.7 to �8.7)† �0.7 (�2.5 to 1.2) 0.2 (�1.7 to 2.1) �0.3 (�2.4 to 1.7) 0.6 (�1.6 to 2.8)

General health �1.3 (�2.9 to 0.4) 0.2 (�1.6 to 2.1) 2.7 (0.8 to 4.5)† 0.6 (�1.4 to 2.6) 0.8 (�1.3 to 3.0)

Social function �15.1 (�17.6 to �12.7)† �2.2 (�4.4 to 0.1) �0.4 (�2.5 to 1.6) �0.8 (�3.1 to 1.5) 2.2 (�0.3 to 4.7)

Role emotional �11.5 (�14.3 to �8.7)† �1.3 (�3.8 to 1.3) �0.2 (�2.7 to 2.2) �0.2 (�2.8 to 2.3) 4.0 (1.2 to 6.8)†

Mental health �5.6 (�7.4 to �3.9)† �0.8 (�2.5 to 1.0) �0.1 (�1.8 to 1.6) 0.3 (�1.5 to 2.1) 1.5 (�0.4 to 3.5)

Physical summary �7.7 (�8.6 to �6.9)† �0.4 (�1.3 to 0.4) 0.7 (�0.2 to 1.6) 0.1 (�0.9 to 1.1) 0.4 (�0.7 to 1.5)

Mental summary �3.2 (�4.2 to �2.1)† �0.6 (�1.7 to 0.5) �0.4 (�1.4 to 0.6) �0.2 (�1.3 to 0.8) 1.5 (0.4 to 2.7)†

Values are mean differences (95% confidence intervals). *According to analysis of covariance models adjusted for baseline score. †p < 0.05.

Abbreviations as in Table 1.
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CABG experienced at least a 40-point improvement
in the SAQ-AF scale, whereas only 17% of patients
treated with DES-PCI experienced this great an
improvement (absolute risk difference: 4.4%; number
needed to treat [NNT] ¼ 23). Conversely, for the SAQ-
PL scale, the major benefit of CABG was in avoidance
FIGURE 2 Angina Frequency by Treatment Group According to the
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(a large decline), the absolute risk difference was
2.8% (NNT ¼ 36).

SUBGROUP ANALYSES. The estimated effect of
CABG versus DES-PCI on the SAQ-AF scale within pre-
specified subgroups is shown in Figure 4A (3-year
treatment effect) and Figure 4B (5-year treatment
effect). There were no significant treatment-by-
subgroup interactions at 3 years. However, at 5-year
follow-up, patients with higher baseline SYNTAX
scores had greater angina relief following CABG than
after DES-PCI (mean treatment difference for CABG
vs. DES-PCI of �0.9, 3.3, and 3.9 points for patients
with low, intermediate, and high SYNTAX scores,
respectively; p ¼ 0.048 for interaction). Patients with
high SYNTAX scores were more frequently angina
free at 5-years with CABG than with DES-PCI (82.2%
vs. 73.3%); however, there were no significant dif-
ferences in the proportion of angina-free patients
with low (72.3% vs. 72.5%; p ¼ 0.94) or intermediate
(81.6% vs. 75.6%; p ¼ 0.21) SYNTAX scores (Online
Table 5).

Antianginal medication use rates over time are
summarized in Online Table 6. There were no signif-
icant differences between the DES-PCI and CABG
treatment groups with respect to use of b-blockers
and calcium-channel blockers at 3- and 5-year follow-
up. Patients assigned to initial DES-PCI were more
likely to be taking long-acting nitrates at each follow-
up time point, however.

DISCUSSION

In this study, we used SYNTAX trial data to compare
the impact of CABG versus DES-PCI on long-term
health status among patients with 3-vessel or left
main CAD. The study demonstrated several important
findings: 1) both CABG and DES-PCI were asso-
ciated with angina relief as early as 1 month after
revascularization, and this benefit was largely sus-
tained over 5 years; 2) health status recovery was
faster after DES-PCI compared with CABG; 3) at both
1- and 5-year follow-up, CABG resulted in statistically
significant differences in cardiovascular-specific and
generic health status, but the absolute magnitude of
these between-group differences was relatively small
and of uncertain clinical relevance; and 4) perhaps
most importantly, there was significant interaction
between the anatomic SYNTAX score and the extent
of angina relief at 5 years, thus favoring CABG among
patients with high SYNTAX scores.

Several previous studies compared health status
after CABG versus PCI using a variety of different
techniques including balloon angioplasty (BARI
[Bypass Angioplasty Revascularization Investiga-
tion], RITA [Randomized Intervention Treatment
of Angina], GABI [German Angioplasty Bypass
Surgery Investigation], and CABRI [Coronary
Angioplasty Versus Bypass Revascularization
Investigation]) (13–16), bare-metal stents (ARTS I
[Arterial Revascularization Therapies Study] and
SoS [Stent or Surgery]) (17–19), and most recently,
drug-eluting stents (ARTS II and FREEDOM [Future
Revascularization Evaluation in Patients With Dia-
betes Mellitus: Optimal Management of Multivessel
Disease]) (20,21). Although the general pattern of
health status changes noted in SYNTAX is similar
to that observed in previous trials (earlier recovery
with PCI and a long-term advantage with CABG),
the magnitude of benefit provided by CABG over
PCI differed from the older trials. For example, at
1-year follow-up, the difference in the frequency
of any angina between CABG and balloon angio-
plasty was 15% in the BARI trial (13) and 10.6%
between CABG and PCI with bare-metal stents in
ARTS (17), whereas in the SYNTAX trial, this dif-
ference was just 5.3%. This diminishing difference
in cardiovascular-specific health status between
CABG and DES-PCI treatment groups at early time
points may reflect the benefits of drug-eluting
stents on restenosis, which generally occurs
within the first 12 months of PCI and is frequently
associated with recurrent angina (22).

Although the differences between CABG and DES-
PCI groups in disease-specific health status at 5
years (2.1 and 3.0 points on the SAQ-AF and SAQ-PL
domains, respectively) are smaller than the mini-
mum clinically important differences for these
scales, it is important to recognize the distinction
between the minimum clinically important differ-
ence for an individual (8 to 10 points for the SAQ
subscales) and the difference in group means (which
is the principal result of our analysis). Patient-level
cumulative response curves indicated that these
between-group differences were driven by modest
differences (3 to 5 percentage points) in the pro-
portion of patients who experienced clinically
important changes in health status at 5 years. To
provide further context, it is worth noting that the
5% absolute difference in the frequency of any
angina between CABG and DES-PCI treatment groups
at 5 years is larger than the differences between PCI
and medical therapy groups at 1- and 3-year follow-
up in the COURAGE (Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation)
trial (23).

http://dx.doi.org/10.1016/j.jacc.2017.02.031
http://dx.doi.org/10.1016/j.jacc.2017.02.031
http://dx.doi.org/10.1016/j.jacc.2017.02.031


FIGURE 3 SF-36 Results
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At 1 month, percutaneous coronary intervention (PCI) was significantly better on nearly all of the (A) 36-Item Short Form Health Survey (SF-36) 8 dimensions and

(B) 2 summary scales, but those differences had dissipated by 6 months. At 5 years, coronary artery bypass graft (CABG) showed a significant advantage in the

role physical and role emotional subscales as well as the mental component summary scale.

Continued on the next page
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FIGURE 3 Continued
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The long-term health status differences noted in
our trial were similar to those previously reported
from FREEDOM, another contemporary trial
comparing CABG and DES-PCI to examine long-term
patient-reported outcomes (21). Similar to SYNTAX,
FREEDOM (which was specifically conducted among
patients with diabetes and multivessel CAD) demon-
strated no significant differences in disease-specific
or generic health status between CABG and DES-PCI
treatment groups at 3-year follow-up, but an
increasing benefit of CABG after 3 years. The specific
mechanism underlying this late benefit of CABG over
DES-PCI remains uncertain, but it may relate to dif-
ferences in completeness of revascularization or
greater protection from progression of proximal dis-
ease with bypass grafting as compared with the more
focused revascularization provided by PCI.

Subgroup analyses demonstrated that the benefits
of CABG over DES-PCI with respect to angina relief
were consistent across most pre-specified patient-
related characteristics including age, diabetes, and
the presence of significant left main CAD. However,
the benefit of CABG over DES-PCI did differ according
to the extent of anatomic complexity (as assessed by
the baseline SYNTAX score). Specifically, patients
with intermediate (23 to 32) and high ($33) SYNTAX
scores derived significantly greater angina relief with
CABG compared with DES-PCI at 5 years, whereas
patients in the lowest SYNTAX score tertile (0 to 22)
derived no additional angina relief from CABG. These
findings paralleled the clinical benefits of CABG over
DES-PCI in the SYNTAX trial, which demonstrated
significantly better long-term outcomes with CABG,
particularly among the highest SYNTAX score tertile
(3), and strongly suggested that CABG should be the
treatment of choice for such high-risk patients
(24,25). Conversely, the lack of meaningful long-term
differences in clinical outcomes or health status,
coupled with the early QOL benefits seen with DES-
PCI, suggests that DES-PCI would be preferred by
most patients with anatomically less complex dis-
ease. In addition, with long-term follow-up, the
interaction between baseline angina frequency and
treatment group that had previously been noted at
1 year (with greater benefit of CABG among patients
with daily or weekly angina) (2) was no longer
apparent at either 3 or 5 years.

STUDY LIMITATIONS. This study should be viewed
in light of several limitations. The SYNTAX trial
enrolled a select group of patients with 3-vessel or
left main CAD who were believed to be suitable
candidates for either PCI or CABG. As a result, it is
unlikely that our results can be applied to patients
who are not suitable candidates for equivalent
revascularization by these 2 techniques. Another
important limitation in SYNTAX is missing QOL
data, which were <20% through 3-year follow-up
but w25% in year 5. Although it is possible that
missing data resulted in bias, the rates of missing
data were virtually identical between the CABG and
DES-PCI groups at each follow-up time point.
Moreover, the fact that our main findings were
similar to those in other studies of PCI versus
CABG in multivessel CAD and were unchanged in
analyses that used longitudinal growth curve
models as their basis is relatively reassuring in
this regard. Finally, the SYNTAX trial used only
first-generation paclitaxel-eluting stents for the
index revascularization procedures. Because recent



FIGURE 4 SAQ-AF Subgroup Analysis
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On the Seattle Angina Questionnaire-Angina Frequency (SAQ-AF) subscale, there was no significant difference in treatment effects between coronary artery bypass

graft (CABG) and percutaneous coronary intervention (PCI) at (A) 3 years or (B) 5 years, except that CABG was significantly better for patients with intermediate or high

SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) scores at 5 years. CI ¼ confidence interval.
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meta-analyses have suggested that newer-
generation DES (in particular, everolimus-eluting
stents) result in lower rates of target vessel revas-
cularization and stent thrombosis compared with
paclitaxel-eluting stents (26,27), it is possible that
some of the health status benefits of CABG seen in
SYNTAX would have been attenuated with use of
these improved devices.



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: Patients with 3-vessel or left main CAD derive

greater long-term health and QOL benefits from CABG

compared with PCI using first-generation DES. These

benefits are confined mainly to patients with anatomically

complex CAD, a finding suggesting that DES-PCI may be a

reasonable alternative to CABG for patients with less

complex disease.

TRANSLATIONAL OUTLOOK: Future trials should evaluate

whether newer-generation DES can provide benefits comparable

to those of CABG for patients with left main and complex

3-vessel CAD.
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CONCLUSIONS

The health status results from the SYNTAX trial
demonstrated that for patients with 3-vessel or left
main CAD, a strategy of initial CABG provided better
angina relief than did DES-PCI at 5 years, differences
that were driven mainly by patients with higher
SYNTAX scores. These findings reinforce the current
recommendation that CABG should be the preferred
revascularization treatment for patients with
anatomically complex 3-vessel or left main CAD.

ADDRESS FOR CORRESPONDENCE: Dr. David J.
Cohen, Saint Luke’s Mid America Heart Institute,
University of Missouri-Kansas City School of Medi-
cine, 4401 Wornall Road, Kansas City, Missouri 64111.
E-mail: dcohen@saint-lukes.org.
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