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Abstract
Objectives—We evaluated demographic, clinical and angiographic factors influencing the
selection of coronary artery bypass graft (CABG) surgery versus percutaneous coronary
intervention (PCI) in diabetic patients with multivessel coronary artery disease (CAD) in the
Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial.

Background—Factors guiding selection of mode of revascularization for patients with DM and
multivessel CAD are not clearly defined.

Methods—In BARI 2D, the selected revascularization strategy, CABG or PCI, was based on
physician discretion, declared independent of randomization to either immediate or deferred
revascularization if clinically warranted. We analyzed factors favoring selection of CABG versus
PCI in 1593 diabetic patients with multivessel CAD enrolled between 2001 and 2005.

Results—Selection of CABG over PCI was declared in 44% of patients and was driven by
angiographic factors including: triple vessel disease (OR=4.43), left anterior descending (LAD)
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stenosis ≥70% (OR=2.86), proximal LAD stenosis ≥50% (OR=1.78), total occlusion (OR=2.35),
and multiple class C lesions (OR=2.06), (all p< 0.005). Non-angiographic predictors of CABG
included: age ≥ 65 years (OR=1.43, p=0.011), and non-US region (OR=2.89, p=0.017). Absence
of prior PCI (OR=0.45, p<0.001), and the availability of drug-eluting stents (DES) conferred a
lower probability of choosing CABG (OR=0.60, p=0.003).

Conclusions—The majority of diabetic patients with multivessel disease were selected for PCI
rather than CABG. Preference for CABG over PCI was largely based on angiographic features
related to the extent, location, and nature of CAD, as well as geographic, demographic and clinical
factors.

Keywords
Revascularization selection; Diabetes; Percutaneous Coronary Intervention; Coronary Artery
Bypass Graft

INTRODUCTION
Patients with diabetes mellitus (DM) who comprise approximately 25% of the 1.5 million
undergoing coronary revascularizations annually in the United States (US), experience
worse outcomes after both coronary artery bypass graft (CABG) surgery and percutaneous
coronary intervention (PCI) than those without DM. (1-4) Determination of the appropriate
revascularization strategy for an individual patient is a complex issue that is of great
importance, considering the growing number of patients with DM and coronary artery
disease (CAD). In the original BARI trial, patients with medically treated DM and
multivessel disease randomized to CABG versus PCI, limited to balloon angioplasty, had a
significantly lower long-term mortality which prompted the National Heart, Lung, and
Blood Institute (NHLBI) to issue a Clinical Alert recommending CABG over angioplasty in
this high-risk subset. (5,6) However, findings from the BARI Registry, in which selection of
revascularization strategy was at the discretion of the treating physician, showed nearly
identical 7-year survival with PCI or CABG in patients with diabetes, even when the data
were adjusted for covariates. (7)

In the years since the BARI results were first reported, advances in PCI technology and
adjunctive therapies have significantly improved clinical outcomes. In particular, the use of
stents, glycoprotein IIb/IIIa receptor inhibitors and the direct thrombin inhibitor, bivalirudin
have substantially lowered restenosis and acute ischemic and/or bleeding complication rates.
(1,8-13) Furthermore, a growing appreciation for the critical role of intensive medical
management and attention to cardiovascular risk factors has led to the widespread use of
statins, beta-blockers, and ACE inhibitors. (14-16) These improvements in therapy have not
changed ACC/AHA practice guidelines which recommend that, in general, patients with less
extensive CAD be treated with PCI, while those with more extensive and severe disease be
referred for CABG. (17,18) In addition, regional differences in the treatment of ischemic
heart disease have been previously described. (19,20) Therefore, we evaluated demographic,
clinical, geographic, and angiographic factors that influenced the selection of CABG versus
PCI in patients with DM and multivessel CAD with stable symptoms enrolled in the Bypass
Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial.

METHODS
Study Design

BARI 2D is a randomized 2 × 2 factorial design trial designed to compare treatment
strategies in patients with DM and CAD with stable symptoms: (i) immediate coronary
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revascularization plus intensive medical therapy versus intensive medical therapy alone with
deferred revascularization, as needed, for treatment of CAD; and (ii) an insulin-providing
strategy versus insulin-sensitizing strategy for treatment of DM. Following angiographic
evaluation, and prior to randomization to immediate versus deferred revascularization, the
mode of revascularization with either CABG or PCI was selected and declared by the
clinical site study physicians. Patient preference was not recorded. A detailed description of
the protocol has been published. (21) In brief, eligibility criteria required angiographically
documented CAD involving at least one coronary artery (≥50% stenosis) suitable for
treatment with either medical therapy alone or elective revascularization with CABG or PCI,
and documented myocardial ischemia or at least one >70% stenosis with stable angina.
Exclusion criteria included left main stenosis >=50%, any prior CABG or PCI in the past 12
months. A total of 2,368 participants enrolled from 49 clinical sites in the US, Brazil,
Canada, Mexico, the Czech Republic, and Austria between January 1, 2001 and March 31,
2005 have been described. (22)

In the present analysis, we excluded patients with single vessel disease (n=611), those who
had previously undergone CABG (n=152), and those with <80% complete baseline data or
without clinical site evaluation of the baseline angiogram (n=35). Thus, the study population
included 1593 patients with multivessel CAD from US (n=910) and non-US (n=683) sites.

Angiographic characteristics were assessed at the clinical sites and by a core laboratory
(Stanford University). For this analysis, site determined angiographic variables are reported
since they were utilized to determine the mode of revascularization. However, myocardial
jeopardy index (MJI) which reflects the percentage of jeopardized myocardium was
determined by the core lab. (23) Because MJI does not account for territories previously
revascularized by either CABG or PCI, patients with prior PCI (n=285) were excluded from
the presentation of MJI data.

Statistical Methods
Demographic, clinical, and angiographic characteristics related to the choice of CABG
versus PCI were compared, using the chi-square test for categorical variables and the
Cochran-Armitage trend test for ordinal variables, for the overall cohort and stratified by
region (US and non-US). We examined the choice of revascularization procedure by MJI,
and compared the US versus the non-US clinical centers.

Multivariable analysis of the “CABG selection” outcome was performed using a non-linear
mixed model that included a random-effect intercept term for each clinical site. (24) These
models incorporate the multilevel nature of treatment selection, based both on physician
judgment and patient-level characteristics, and account for the correlation between
observations within a site. The odds ratio for a patient-level factor (e.g. age) in a mixed
model is interpreted as the estimated effect of the factor on the decision to choose CABG
within an individual site, while the odds ratio for a site-level factor such as geographic
region is interpreted as the estimated odds of choosing CABG among sites in one region
versus another region adjusting for population differences between sites. Variable selection
was accomplished using standard logistic regression. (25) Forward stepwise variable-
selection methods were used to construct separate multivariable models for: (1)
demographic and clinical characteristics; (2) cardiovascular medications; (3) site
angiographic measurements; and (4) core lab angiographic measurements. In addition to the
variables listed in Tables 1-3, candidate variables included: angina status, history of
hypercholesterolemia, renal dysfunction, COPD, pulmonary edema, history of malignancy,
smoking status, BMI, HbA1c, presence of Q-waves, ST depression, ST elevation, inverted
T-waves, or any major ECG abnormality, LVEF<50%, serum creatinine, as well as RCA
and circumflex variables similar to the LAD variables presented in Table 3. Factors
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identified from these models were combined, and geographic region (non-US versus US)
and time of randomization (before versus after April 25, 2003, when DES became available
at US and non-US sites) were added to the model. Covariates with P>0.05 were
subsequently removed using backward selection. Statistical interactions between geographic
region and main effects variables were tested, and interaction terms with P<0.01 were
retained. Each of the interaction terms involving geographic region and the other
explanatory variables had a p-value > 0.01 when added to the multivariable model; as a
result, the final model does not include any interaction terms. Finally, a mixed model with
random intercepts was created using the selected variables. The model intra-class correlation
(ICC), representing the proportion of the total unexplained variability in treatment selection
accounted for by clinical site, is reported. (25) Estimates for odds ratios (OR), 95%
confidence intervals (CI), and p-values are presented, and p<0.05 were considered
statistically significant. All statistical analyses were performed using SAS v9.1 (Cary, NC).

RESULTS
Variation in Treatment Selection by Region and Time

Among the 1593 diabetic patients with multivessel coronary disease, the decision to select
CABG and PCI was declared in 44% (n=703) and 56% (n=890), respectively. Of 890
patients in whom PCI was declared, 434 (49%) were deemed suitable for CABG; of 703
patients intended for CABG, 79 (11%) were deemed suitable for PCI. The main reasons that
investigators preferred CABG among CABG intended patients were the likelihood of
success and safety, cited in 97% and 46% of patients, respectively, while the main reasons
for preferring PCI among PCI intended patients were the likelihood of success and physician
preference cited in 66% and 26% of patients. Selection of CABG rather than PCI was
significantly lower in the US compared to non-US sites (31% vs. 61%, p<0.001). (Table 1)
Outside of the US, selection of CABG ranged from 47% in Canada, 56% in Europe, 73% in
Brazil, to 76% in Mexico (p<0.001 for trend). Substantial variability in the selection of
revascularization strategy existed among participating sites within the US as well as outside
of the US. (Figure 1) In both US and non-US regions, the decision to select CABG increased
as disease burden increased, but within each MJI quartile, patients in the US were
significantly less likely to be selected for CABG than those in other countries (p<0.001).
(Figure 2) The date of randomization was also a factor that influenced the revascularization
treatment decision. Among the 39 sites that enrolled patients prior to April 25, 2003, the
availability of drug eluting stents was associated with an increased selection of PCI
(p=0.0016). (Table 1).

Patient Characteristics Associated with the Selection of CABG
Demographic and clinical factors associated with revascularization selection for the entire
group and stratified by region are presented in Table 2. Overall, the recommendation for
CABG was more common in patients who were white or Hispanic and had not undergone a
prior PCI. In the US, patients who were male, age 65 years and older, and without a history
of cerebrovascular events were more likely to be selected for CABG. Outside the US, less
formal education, prior MI, and history of hypertension were associated with the selection of
CABG.

Angiographic characteristics associated with the selection of revascularization strategy were
consistent across US and non-US regions. (Table 3) Patients with more severe and extensive
CAD, as indicated by triple vs. double vessel disease and extent of jeopardized myocardium,
were more likely to be selected for CABG (both p<0.001). Other angiographic features
related to the selection of CABG over PCI included: number of vessels with ≥70% stenosis;
LAD stenosis≥50%; number of lesions ≥50% stenosis; and total number of lesions,
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irrespective of severity (all p<0.001). In addition, the choice of CABG was more common in
patients with complex lesions, particularly total occlusions, class C lesions, and non-discrete
lesions (all p<0.001). An ejection fraction <40% was related to the selection of CABG
among patients in the US (p<0.01).

Independent Predictors of the Selection of CABG
The multivariable mixed model analysis indicated that after adjusting for patient
characteristics, the odds of selecting CABG was higher among participants enrolled outside
of the US compared to those enrolled in the US (OR=2.89, 95% CI: 1.22-6.83, p=0.017).
(Figure 3) Selection of CABG versus PCI within clinical sites was driven largely by
angiographic characteristics related to severity of CAD including presence of: triple vessel
disease (OR=4.43, 95% CI: 3.35-5.85, p<0.001), proximal LAD stenosis ≥50% (OR=1.78,
95% CI: 1.20-2.64, p=0.005), any LAD stenosis ≥70% (OR=2.86, 95% CI: 2.11-3.88,
p<0.001), total occlusion (OR=2.35, 95% CI: 1.76-3.13, p<0.001), and 2 or more class C
lesions (OR=2.06, 95% CI: 1.44-2.95, ≤0.001). Age ≥ 65 years was also significantly
associated with a preference for CABG (OR=1.43, 95% CI: 1.09-1.88, P=0.011).
Conversely, CABG was less likely to be selected in patients who had previously undergone
PCI (OR=0.45, 95% CI: 0.31-0.64, p<0.001) and those randomized after April 25, 2003
(OR=0.60, 95% CI: 0.43-0.83, p=0.003). The “intra-site” correlation estimated from the
mixed model was ICC=0.25 (p<.001) indicating that the decision to select CABG versus
PCI is strongly correlated with clinical site, although substantial within-site variability
exists.

DISCUSSION
In this analysis of the predictors of the selection of revascularization strategy in patients
from BARI 2D with DM, multivessel CAD and stable symptoms, we found that the choice
of CABG rather than PCI was: 1) based largely on angiographic features related to a greater
extent, severity and complexity of CAD; 2) more likely in patients >65 years of age and less
likely in those who had undergone a prior PCI; 3) more likely in non-US than US centers,
with significant site-specific preferences within the US and; 4) less likely following the
introduction of drug eluting stents.

The multivariable analysis indicated that the angiographic findings that resulted in the
selection of CABG, including chronic total occlusions, triple vessel disease, significant LAD
disease, presence of type C lesions and extent of myocardial jeopardy reflect existing
technical limitations and evidence-based long-term outcomes of PCI under specific
anatomic circumstances. (1,4-7, 26) Among demographic and clinical factors, only older age
(directly) and prior PCI (inversely) were associated with the selection of revascularization
strategy. Older age was associated with a greater probability of selecting CABG. This
finding may be due partially to the trial design. Since study inclusion criteria requires a
minimum 5-year expected survival and stable presenting clinical status, elderly patients in
the BARI 2D trial were, in general, likely to be in better health than elderly patients seen in
routine practice.

Substantial regional and temporal variations in the selection of mode of revascularization
were detected. Practice patterns in the US were notable for greater likelihood of PCI as 54%
of diabetic patients with triple vessel disease were selected for PCI. The preference for
surgical revascularization outside of the US was demonstrated at every level of myocardial
disease burden and this regional discrepancy remained significant after adjusting for
differences in clinical profiles and severity of CAD. The temporal shift towards a preference
for PCI in BARI 2D following the availability of drug eluting stents is consistent with the
very rapid implementation of this technology that occurred for both approved and off-label
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indications. There are several possible explanations for the regional variation in selection of
CABG versus PCI. First, key high-level factors associated with the public healthcare
systems in Brazil, Canada, Mexico, and Europe may result in a preference for surgical
revascularization in these regions. Conversely, the greater use of PCI in the US may reflect
an underlying philosophy that physicians and patients favor the less invasive strategy
whenever technically and clinically feasible.

Impact of Original BARI Results
Because the original BARI trial pre-dated the use of stents or any device other than a
balloon, its finding regarding the superiority of CABG over conventional balloon
angioplasty in diabetic patients with multivessel CAD may have limited applicability in
contemporary practice. McGuire and colleagues reported that 2 years after the Clinical Alert
was issued, BARI results did not impact practice patterns in the US, which varied markedly
throughout the country. (27) This is not surprising given the findings of nearly identical
long-term survival in diabetic patients receiving PTCA versus CABG by physician selection
in the original BARI Registry. (7) Remarkably, there has been little change in the
angiographic predictors that drive a selection of CABG rather than PCI in patients with
multivessel CAD, from the era when only balloon angioplasty was available. Data from the
BARI registry, gathered between 1988 and 1991, indicated that just as in BARI 2D, the
selection of CABG rather than PCI was driven by triple vs. double vessel disease, the
number of significant lesions, and the presence of a proximal LAD lesion, type C lesion(s)
or diffuse disease. (7)

Study Limitations
Several issues may limit the application of our findings. First, practice patterns in sites
participating in BARI 2D may not reflect general practice. Specifically, study investigators
and patients from Brazil, Mexico, Czech Republic, and Austria were each from a single
center, and it is not clear that selection criteria at these sites represent those of their
respective countries or regions. However, since treatment selection was at the discretion of
local physicians, practice patterns in all participating sites likely reflect the community
standards of their respective centers. Second, study enrollment occurred as the first
generation of DES was introduced, which decreased the percentage of patients selected for
CABG. Newer generations of DES may have already resulted in more patients being
selected for PCI. Third, a factor that did not predict selection of CABG rather than PCI in
this model, such as an LVEF<40% may have resulted from the relatively low number of
patients with that finding enrolled in BARI 2D. Despite these limitations, the data presented
were prospectively gathered on more than 1500 patients across a broad spectrum of clinical
sites and analyzed by an independent data center. Furthermore, this analysis of the selection
of revascularization strategy will be critical to the analysis of the primary study results and
subsequent comparisons of those patients undergoing CABG versus PCI.

CONCLUSION
Among patients with diabetes and multivessel CAD with stable symptoms in the BARI 2D
trial, the decision to select CABG over PCI was driven largely by angiographic features
associated with extent, location, and nature of CAD. Geographic region also played an
important role, as a greater preference for surgical revascularization was demonstrated in
countries outside of the US irrespective of other factors. Moreover, treatment selection
varied substantially across geographic regions and across clinical sites within regions,
reflecting a lack of consensus regarding optimal therapy in contemporary practice. Finally,
the introduction of the first generation drug eluting stent decreased the likelihood of the
selection of CABG.
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Figure 1. Multivessel CAD Patients Selected for CABG within Clinical Site by Region
Percentage of CABG-intended patients per site for US sites versus non-US sites. Q1 = first
quartile; Q3 = third quartile; Med = median.
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Figure 2. Likelihood of Intended CABG by Myocardial Jeopardy Index in US and non-US Sites
Percentage of CABG-intended patients by myocardial jeopardy index (MJI) quartiles in US
and non-US regions, among patients without prior PCI (n=1308). Note that for each quartile
of MJI, non-US patients were more likely to be selected for CABG.
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Figure 3. Adjusted Odds Ratio of CABG Selection
Plot of independent predictors of the selection of CABG over PCI in diabetic patients with
stable multivessel coronary disease. The red rectangles depict adjusted odds ratios; the
horizontal lines depict the 95% confidence interval.
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Table 1

Intended revascularization strategy by geographic region and time among patients with diabetes and
multivessel coronary artery disease in the BARI 2D trial

No. of
Clinical

Sites

No. of
Patients

(n)

Intended
Procedure P-value

CABG PCI

Total 49 1593 44% 56%

By Region:

US 40 910 31% 69% <0.001†

Non-US 9 683 61% 39%

 Brazil (Sao Paulo) 1 293 73% 27% <0.001‡

 Canada 5 271 47% 53%

 Mexico (Mexico City) 1 62 76% 24%

 Europe* 2 57 56% 44%

By date of randomization**:

US/Canada on or before April 25, 2003 39 656 39% 61% 0.0025

US/Canada after April 25, 2003 39 473 30% 70%

Row percentages are presented.

*
Czech Republic and Austria

†
Comparison of US vs. non-US regions using chi-square test

‡
Comparison across the 5 regions using chi-square test

**
Includes only sites that randomized patients before April 25, 2003

Drug eluting stent (DES) became available on April 25, 2003 in the US.
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