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Korea and DiabetesKorea and Diabetes

•• Korean National Health and Nutrition SurveyKorean National Health and Nutrition Survey
•• Cross Sectional Nationally Representation Cross Sectional Nationally Representation 

Survey Diabetes and Impaired Fasting GlucoseSurvey Diabetes and Impaired Fasting Glucose

Kim SM et al, Diabetes Care 29:226Kim SM et al, Diabetes Care 29:226--231, 2006231, 2006



Korea and DiabetesKorea and Diabetes
Prevalence of Diabetes and Prevalence of Diabetes and 

Impaired Fasting Glucose (IFG)Impaired Fasting Glucose (IFG)
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BARI 2D Clinical TrialBARI 2D Clinical Trial

Compare treatment strategies forCompare treatment strategies for
patients withpatients with

•• Type 2 diabetes mellitusType 2 diabetes mellitus
•• Documented CAD suitable forDocumented CAD suitable for

elective revascularizationelective revascularization
(1 or more  significant lesions)(1 or more  significant lesions)

•• Documented ischemiaDocumented ischemia
•• No prior CABG or PCI withinNo prior CABG or PCI within

the last 12 monthsthe last 12 months
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Revascularization DecisionRevascularization Decision
BARI 2DBARI 2D

Cardiologist a priori selectedCardiologist a priori selected
revascularization method basedrevascularization method based
on clinical and angiographic factorson clinical and angiographic factors

Percutaneous coronary intervention Percutaneous coronary intervention 

Coronary artery bypass graft surgery Coronary artery bypass graft surgery 
or or 



BARI 2D Trial: Study DesignBARI 2D Trial: Study Design

PCI Stratum (N= 1605)PCI Stratum (N= 1605)CABG Stratum (N= 763)CABG Stratum (N= 763)

OMT alone OMT alone 
(N= 385)(N= 385)

CABG +OMT CABG +OMT 
(N= 378)(N= 378)

2368 patients with mild to moderate CAD and Type 2 diabetes prior to 2368 patients with mild to moderate CAD and Type 2 diabetes prior to 
randomization. Prospective. Randomized. Mean followrandomization. Prospective. Randomized. Mean follow--up 5.3 yearsup 5.3 years

gg Primary Endpoint: Death (from any cause)Primary Endpoint: Death (from any cause)
gg Secondary Endpoint: Composite of Death, MI, or StrokeSecondary Endpoint: Composite of Death, MI, or Stroke

RR RR

BARI 2D Study Group, NEJM 2009BARI 2D Study Group, NEJM 2009

OMT alone OMT alone 
(N= 807)(N= 807)

PCI +OMT PCI +OMT 
(N= 798)(N= 798)

Provision   Provision   
(N= 194)(N= 194)

Sensitization   Sensitization   
(N= 191)(N= 191)

Provision   Provision   
(N= 190)(N= 190)

Sensitization   Sensitization   
(N= 188)(N= 188)

Provision   Provision   
(N= 399)(N= 399)

Provision   Provision   
(N= 402)(N= 402)

Sensitization   Sensitization   
(N= 408)(N= 408)

Sensitization   Sensitization   
(N= 396)(N= 396)

RRRRRRRR
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Angiographic CharacteristicsAngiographic Characteristics
2,368 Randomized Patients2,368 Randomized Patients

CAD diseased vessels CAD diseased vessels 
0/10/1 33%33%
22 36%36%
33 31%31%

Myocardial jeopardyMyocardial jeopardy 4444±±2424
(mean (mean ±± SD)SD)
Proximal LAD (>50% stenosis)Proximal LAD (>50% stenosis) 13%13%
Total occlusionTotal occlusion 41%41%
Abnormal LV function (<50%)Abnormal LV function (<50%) 17%17%



BARI 2DBARI 2D

CABG: 11% CABG: 11% 
suitable for PCIsuitable for PCI

44%
56%

PCI: 49% PCI: 49% 
suitable for suitable for 

CABGCABG

1593 patients with MVD1593 patients with MVD

Kim LJ et al, JACC Intv 2:384Kim LJ et al, JACC Intv 2:384--92, 200992, 2009



BARI 2DBARI 2D

•• Selection of CABG rather than PCISelection of CABG rather than PCI
•• Based largely on greater extent, Based largely on greater extent, 

severity and complexity of CADseverity and complexity of CAD
•• More likely in patients >65 yearsMore likely in patients >65 years
•• Less likely in patients with prior PCILess likely in patients with prior PCI
•• More likely in non U.S. centersMore likely in non U.S. centers
•• Less likely after introduction of DESLess likely after introduction of DES

Kim LJ et al, JACC Intv 2:384Kim LJ et al, JACC Intv 2:384--92, 200992, 2009
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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.
(Bypass Angioplasty Revascularization Investigation 
in Type 2 Diabetes [BARI 2D]; NCT00006035)



BARI 2D Trial: Primary EndpointBARI 2D Trial: Primary Endpoint
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13.5% in the group 13.5% in the group 
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medical therapy alonemedical therapy alone

•• The difference between The difference between 
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groups did not reach groups did not reach 
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Prompt Revascularization vsPrompt Revascularization vs
Medical TherapyMedical Therapy
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BARI 2D Trial: Secondary EndpointBARI 2D Trial: Secondary Endpoint
•• The rates of MI, stroke The rates of MI, stroke 

and the combined and the combined 
secondary endpoint of secondary endpoint of 
death, MI, and stroke death, MI, and stroke 
were similar between were similar between 
the group receiving the group receiving 
revascularization plus revascularization plus 
optimal medical optimal medical 
therapy vs. the group therapy vs. the group 
receiving optimal receiving optimal 
medical therapy alone.medical therapy alone.

•• The difference between The difference between 
the two treatment the two treatment 
groups for the groups for the 
combined secondary combined secondary 
endpoint of death, MI, endpoint of death, MI, 
and stroke did not and stroke did not 
reach statistical reach statistical 
significance (p=0.70)significance (p=0.70)
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PCI Intended Revascularization StratumPCI Intended Revascularization Stratum
Lower Risk PatientsLower Risk Patients
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CABG Intended Revascularization StratumCABG Intended Revascularization Stratum
Higher Risk PatientsHigher Risk Patients
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Insulin Sensitization vs Insulin ProvisionInsulin Sensitization vs Insulin Provision
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BARI 2D Primary ConclusionBARI 2D Primary Conclusion

Overall Overall similarsimilar mortality and CV eventsmortality and CV events
•• Prompt revascularization vs delayed orPrompt revascularization vs delayed or

no revascularizationno revascularization
•• Insulin sensitization vs insulin provisionInsulin sensitization vs insulin provision

Among highAmong high--risk patients selected for CABGrisk patients selected for CABG
•• Prompt revascularization Prompt revascularization reducesreduces majormajor

CV events compared with delayed or no CV events compared with delayed or no 
revascularization (P=0.01)revascularization (P=0.01)

Among lowerAmong lower--risk patients selected for PCIrisk patients selected for PCI
•• Prompt revascularization and delayed or no Prompt revascularization and delayed or no 

revascularization had revascularization had similarsimilar rates for major rates for major 
CV eventsCV events
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Cumulative Rate of First RevascularizationCumulative Rate of First Revascularization
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ConclusionsConclusions

•• Optimal medical therapy is required for Optimal medical therapy is required for 
diabetic patients with CADdiabetic patients with CAD

•• Despite optimal medical therapy, 42% of Despite optimal medical therapy, 42% of 
diabetic patients will still undergo diabetic patients will still undergo 
revascularization during 5 years FUrevascularization during 5 years FU

•• Revascularization strategies chosen Revascularization strategies chosen 
depend in large part on severity and depend in large part on severity and 
extent of diseaseextent of disease

•• Clinical decision making still worksClinical decision making still works



•• We’re lining up to patients We’re lining up to patients 
with Diabeteswith Diabetes

•• Are there issues with that?Are there issues with that?



There are no facts, only interpretations. There are no facts, only interpretations. 

--Friedrich NietzscheFriedrich Nietzsche



There are no facts, only interpretations. There are no facts, only interpretations. 

--Friedrich NietzscheFriedrich Nietzsche

Life is better served without a helping of Life is better served without a helping of 
diabetes.diabetes.
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Revascularization DecisionRevascularization Decision
BARI 2DBARI 2D

Cardiologist a priori selectedCardiologist a priori selected
revascularization method basedrevascularization method based
on clinical and angiographic factorson clinical and angiographic factors

Percutaneous coronary intervention Percutaneous coronary intervention 

Coronary artery bypass graft surgery Coronary artery bypass graft surgery 
or or 
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Death/MI/Stroke Among MedicalDeath/MI/Stroke Among Medical
Assigned PatientsAssigned Patients
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55--Year Clinical Event RatesYear Clinical Event Rates
CABG Intended Revascularization StratumCABG Intended Revascularization Stratum

n=763n=763
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BARI 2D Primary ConclusionsBARI 2D Primary Conclusions

Similar mortality and major cardiovascular Similar mortality and major cardiovascular 
events, overall forevents, overall for

•• Prompt revascularization vs delayed or Prompt revascularization vs delayed or 
no revascularizationno revascularization

•• Insulin sensitization vs insulin provisionInsulin sensitization vs insulin provision
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BARI 2D Primary ConclusionsBARI 2D Primary Conclusions

Among highAmong high--risk patients selected for CABGrisk patients selected for CABG
•• Prompt revascularization reduces major Prompt revascularization reduces major 

cardiovascular events compared with cardiovascular events compared with 
delayed/no revascularization (P=0.01)delayed/no revascularization (P=0.01)

Among lowerAmong lower--risk patients selected for PCIrisk patients selected for PCI
•• Prompt revascularization and delayed/noPrompt revascularization and delayed/no

revascularization had similar rates for major revascularization had similar rates for major 
cardiovascular eventscardiovascular events
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4 Treatment Combinations4 Treatment Combinations
55--Year Clinical Event Rates Year Clinical Event Rates ––

All Patients (n=2,368)All Patients (n=2,368)

PromptPrompt IntensiveIntensive PromptPrompt IntensiveIntensive
revascrevasc medicalmedical revascrevasc medicalmedical

InsulinInsulin 11.211.2 12.312.3 20.320.3 24.124.1
sensitization (%)sensitization (%)

InsulinInsulin 12.212.2 12.012.0 25.225.2 24.124.1
provision (%)provision (%)

Interaction PInteraction P 0.780.78 0.230.23

AllAll--cause mortalitycause mortality Death/MI/strokeDeath/MI/stroke
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Adverse Event RatesAdverse Event Rates
Glycemic Randomized Treatment AssignmentGlycemic Randomized Treatment Assignment

IS IP
n=1,154 n=1,156

Adverse event (%) (%) P
Hypoglycemia

Any 53.3 73.8 0.001
Severe 5.9 9.2 0.003

Peripheral edema 56.6 51.9 0.02
Congestive heart failure

All patients 22.6 20.0 0.13
Hx of CHF* 67.2 63.5 0.65
No Hx of CHF* 19.4 16.6 0.09
Bone fractures 7.6 6.9 0.54

*141 pt had a Hx of CHF and 2,035 had no Hx of CHF*141 pt had a Hx of CHF and 2,035 had no Hx of CHF
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Additional BARI 2D ObservationAdditional BARI 2D Observation

•• Insulin sensitization appeared to enhance Insulin sensitization appeared to enhance 
the benefit of revascularization particularly the benefit of revascularization particularly 
among the those selected for CABGamong the those selected for CABG

•• Insulin sensitization was associated with Insulin sensitization was associated with 
lower BMI, higher HDL and lower rates of lower BMI, higher HDL and lower rates of 
severe hypoglycemiasevere hypoglycemia
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55--Year AllYear All--Cause Death RatesCause Death Rates
Difference Between BARI 2DDifference Between BARI 2D

Randomized Treatment GroupsRandomized Treatment Groups
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55--Year Major Cardiovascular Event RatesYear Major Cardiovascular Event Rates
Difference by BARI 2DDifference by BARI 2D

Randomized Treatment GroupsRandomized Treatment Groups
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NIDDK Fact SheetNIDDK Fact Sheet

•• In the United States, 24 million people In the United States, 24 million people 
have diabeteshave diabetes

•• At least 65% of people with diabetesAt least 65% of people with diabetes
die of heart disease or strokedie of heart disease or stroke

•• Heart disease death rates among people Heart disease death rates among people 
with diabetes are 2with diabetes are 2--4 times higher than 4 times higher than 
rates among adults without diabetesrates among adults without diabetes



BARI 2D Trial: BackgroundBARI 2D Trial: Background
•• Patients with Type 2 diabetes have an increased Patients with Type 2 diabetes have an increased 

risk of suffering a cardiovascular event over risk of suffering a cardiovascular event over 
nonnon--diabetic patients.diabetic patients.

•• The success of coronary revascularization in The success of coronary revascularization in 
reducing myocardial infarction and death in reducing myocardial infarction and death in 
diabetic patients with chronic stable angina has diabetic patients with chronic stable angina has 
not been established.not been established.

•• Similarly, it is unclear if insulin sensitization Similarly, it is unclear if insulin sensitization 
therapy offers benefits over  insulin provision therapy offers benefits over  insulin provision 
therapy in reducing cardiovascular events.therapy in reducing cardiovascular events.

BARI 2D Study Group, NEJM 2009BARI 2D Study Group, NEJM 2009
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BARI 2D Primary and PrincipalBARI 2D Primary and Principal
Secondary EndpointsSecondary Endpoints

•• AllAll--cause mortalitycause mortality

•• Major cardiovascular events:Major cardiovascular events:
composite of death/MI/strokecomposite of death/MI/stroke

•• Average followAverage follow--up 5.3 yearsup 5.3 years
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Enrollment Flow DiagramEnrollment Flow Diagram

763 were selected for CABG stratum763 were selected for CABG stratum 1,605 were selected for PCI stratum1,605 were selected for PCI stratum

194 were194 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

191 were191 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

190 were190 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

399 were399 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

408 were408 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

402 were402 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

396 were396 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

188 were188 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

385 were385 were
randomlyrandomly

assigned toassigned to
medical therapymedical therapy

378 were378 were
randomlyrandomly

assigned toassigned to
revascularizationrevascularization

807 were807 were
randomlyrandomly

assigned toassigned to
medical therapymedical therapy

798 were798 were
randomlyrandomly

assigned toassigned to
revascularizationrevascularization

2,368 were enrolled2,368 were enrolled

Coronary angiography was performed in patientsCoronary angiography was performed in patients
with type 2 diabetes referred for evaluation for CADwith type 2 diabetes referred for evaluation for CAD
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BARI 2DBARI 2D

The Bypass Angioplasty The Bypass Angioplasty 
Revascularization Investigation 2 Revascularization Investigation 2 
Diabetes (BARI 2D) Trial is sponsoredDiabetes (BARI 2D) Trial is sponsored
by the National Heart, Lung and Blood by the National Heart, Lung and Blood 
Institute (NHLBI) and receives Institute (NHLBI) and receives 
substantial funding from the National substantial funding from the National 
Institute of Diabetes and Digestive and Institute of Diabetes and Digestive and 
Kidney Diseases (NIDDK)Kidney Diseases (NIDDK)
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Demographic and Clinical HistoryDemographic and Clinical History
2,368 Randomized Patients2,368 Randomized Patients

Age (mean yr)Age (mean yr) 62.462.4

Female (%)Female (%) 3030

Ethnic/racial minority (%)Ethnic/racial minority (%) 3434

Myocardial infarction Hx (%)Myocardial infarction Hx (%) 3232

Congestive heart failure Hx (%)Congestive heart failure Hx (%) 77

Hx of stroke or TIA (%)Hx of stroke or TIA (%) 1010

Peripheral artery disease (%)Peripheral artery disease (%) 2424



3010909-46

Cardiac Clinical CharacteristicsCardiac Clinical Characteristics
2,368 Randomized Patients2,368 Randomized Patients

%%
Angina statusAngina status

No angina or anginal equivalentsNo angina or anginal equivalents 18.018.0
Anginal equivalentsAnginal equivalents 21.421.4
Stable angina CCS 1Stable angina CCS 1--22 42.542.5
Stable angina CCS 3Stable angina CCS 3--44 8.68.6
Unstable anginaUnstable angina 9.59.5

Prior PCIPrior PCI 20.020.0
Prior stentPrior stent 13.013.0
Prior CABGPrior CABG 6.06.0
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Diabetes Clinical HistoryDiabetes Clinical History
2,368 Randomized Patients2,368 Randomized Patients

Duration of diabetes (mean yr)Duration of diabetes (mean yr) 10.4 10.4 
<6 months<6 months 8%8%
6 months6 months--5 years5 years 25%25%
55--10 years10 years 24%24%
1010--20 years20 years 29%29%
≥20 years≥20 years 14%14%

HbAHbA1c1c % (mean)% (mean) 7.77.7
Receiving insulinReceiving insulin 28%28%
Micro or macroalbuminuria (ACR >30)Micro or macroalbuminuria (ACR >30) 33%33%
Neuropathy (MNSI clinical score >2)Neuropathy (MNSI clinical score >2) 50%50%
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Risk Factor Status AmongRisk Factor Status Among
BARI 2D Patients at BaselineBARI 2D Patients at Baseline

0 20 40 60 80 100

HbA1c >7%HbA1c >7%

Total cholesterolTotal cholesterol
≥200≥200

LDL cholesterolLDL cholesterol
≥100≥100

60%60%

19%19%

40%40%

73%73%HDL cholesterolHDL cholesterol
lowlow

56%56%

52%52%BP >130/80 mm HgBP >130/80 mm Hg

BMI BMI ≥30≥30

13%13%Current smokerCurrent smoker
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BARI 2D Trial: Baseline CharacteristicsBARI 2D Trial: Baseline Characteristics

CharacteristicCharacteristic
Revasc     Revasc     

(CABG + OMT or PCI + OMT)(CABG + OMT or PCI + OMT)
(n=1176)(n=1176)

OMTOMT
(n=1192)(n=1192)

Age (yrsAge (yrs±±SDSD)) 62.3 62.3 ±± 8.88.8 62.4 62.4 ±± 9.09.0

Male (%)Male (%) 70.470.4 70.370.3

HbA1c (% meanHbA1c (% mean±±SDSD)) 7.6 7.6 ±± 1.61.6 7.7 7.7 ±± 1.61.6

Duration of diabetes (yrs meanDuration of diabetes (yrs mean±±SDSD)) 10.2 10.2 ±± 8.58.5 10.7 10.7 ±± 8.88.8

History of MI (%)History of MI (%) 31.731.7 32.432.4

History of CHF (%)History of CHF (%) 7.17.1 6.26.2

Cerebrovascular event (%)Cerebrovascular event (%) 9.59.5 10.010.0

Peripheral artery disease (%)Peripheral artery disease (%) 23.723.7 23.723.7

Prior revascularization (%)Prior revascularization (%) 22.922.9 24.2 24.2 

BARI 2D Study Group, NEJM 2009



BARI 2D Trial: Baseline CharacteristicsBARI 2D Trial: Baseline Characteristics

CharacteristicCharacteristic
Insulin Insulin 

SensitizationSensitization
(n=1183)(n=1183)

Insulin Insulin 
ProvisionProvision
(n=1185)(n=1185)

Age (yrsAge (yrs±±SDSD)) 62.3 62.3 ±± 9.29.2 62.5 62.5 ±± 8.78.7

Male (%)Male (%) 70.170.1 70.670.6

HbA1c (% meanHbA1c (% mean±±SDSD)) 7.6 7.6 ±± 1.61.6 7.7 7.7 ±± 1.61.6

Duration of diabetes (yrs meanDuration of diabetes (yrs mean±±SDSD)) 10.1 10.1 ±± 8.48.4 10.8 10.8 ±± 8.98.9

History of MI (%)History of MI (%) 32.632.6 31.531.5

History of CHF (%)History of CHF (%) 6.76.7 6.66.6

Cerebrovascular event (%)Cerebrovascular event (%) 9.99.9 9.69.6

Peripheral artery disease (%)Peripheral artery disease (%) 23.923.9 23.523.5

Prior revascularization (%)Prior revascularization (%) 23.123.1 24.1 24.1 

BARI 2D Study Group, NEJM 2009BARI 2D Study Group, NEJM 2009



BARI 2D Trial: Secondary EndpointBARI 2D Trial: Secondary Endpoint
•• The rates of MI, stroke The rates of MI, stroke 

and the combined and the combined 
secondary endpoint of secondary endpoint of 
death, MI, and stroke death, MI, and stroke 
were similar between were similar between 
the group insulin the group insulin 
sensitization therapy sensitization therapy 
vs. the group vs. the group 
receiving  insulin receiving  insulin 
provision therapy.provision therapy.

•• The difference The difference 
between the two between the two 
treatment groups for treatment groups for 
the combined the combined 
secondary endpoint of secondary endpoint of 
death, MI, and stroke death, MI, and stroke 
did not reach did not reach 
statistical significance statistical significance 
(p=0.13)(p=0.13)
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BARI 2D Trial: LimitationsBARI 2D Trial: Limitations

•• Patients who are at high risk for MI and, therefore, Patients who are at high risk for MI and, therefore, 
stand to benefit the most from revascularization stand to benefit the most from revascularization 
were excluded from the trial.were excluded from the trial.

•• The broad applicability of BARI 2D is limited by The broad applicability of BARI 2D is limited by 
the fact that the patient population selected the fact that the patient population selected 
represents only a small subset of patients with represents only a small subset of patients with 
diabetes and coronary artery disease.diabetes and coronary artery disease.

BARI 2D Study Group, NEJM 2009BARI 2D Study Group, NEJM 2009



SYNTAX TrialSYNTAX Trial
With and WithoutWith and Without

75%

25%

NonNon--DiabeticDiabetic

InsulinInsulin

Diabetic, Diabetic, 
Med RxMed Rx

Oral Oral 
AgentsAgents

40.3%
59.7%

N=1800N=1800

Banning AP et al, JACC 55:2010Banning AP et al, JACC 55:2010



SYNTAX TrialSYNTAX Trial
With and WithoutWith and Without

Banning AP et al, JACC 55:2010Banning AP et al, JACC 55:2010

NonNon--Diabetic Diabetic 
n=1348n=1348

DiabeticDiabetic
nn--452452

PP

MaleMale 79.979.9 71.071.0 <0.001<0.001

BMIBMI 27.527.5 29.529.5 <0.001<0.001

Current tobaccoCurrent tobacco 21.721.7 15.815.8 <0.006<0.006

CHFCHF 3.73.7 7.47.4 0.0010.001

PVDPVD 8.28.2 14.614.6 <0.001<0.001



SYNTAX TrialSYNTAX Trial
With and WithoutWith and Without
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NonNon--Diabetic Diabetic 
n=1348n=1348

DiabeticDiabetic
nn--452452

PP

No. of lesionsNo. of lesions 4.3 4.3 ±± 1.81.8
(1340)(1340)

4.6 4.6 ±± 1.81.8
(449)(449)

0.0030.003

Left main, anyLeft main, any 35.935.9
(480/1338)(480/1338)

29.029.0
(130/449)(130/449)

0.0070.007

Left main onlyLeft main only 3.93.9
(52/1338)(52/1338)

2.22.2
(10/449)(10/449)

0.100.10

Left main +1 VLeft main +1 V 5.65.6
(75/1338)(75/1338)

4.04.0
(18/449)(18/449)

0.190.19

Left main + 2 VLeft main + 2 V 12.012.0
(160/1338)(160/1338)

11.111.1
(50/449)(50/449)

0.640.64

Left main + 3 VLeft main + 3 V 14.414.4
(193/1338)(193/1338)

11.611.6
(52/449)(52/449)

0.130.13

33--V disease onlyV disease only 64.164.1
(858/1338)(858/1338)

71.071.0
(319/449)(319/449)

0.0070.007



SYNTAX TrialSYNTAX Trial
Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
With & Without Medically Treated DiabetesWith & Without Medically Treated Diabetes

1 Year F/U1 Year F/U

CABGCABG
n=221n=221

PESPES
n=231n=231

RRRR
(95% CI)(95% CI)

PP

Composite MACCEComposite MACCE 14.214.2
(29/204)(29/204)

26.026.0
(59/227)(59/227)

1.831.83
(1.22(1.22--2.73)2.73)

0.0030.003

Safety OutcomesSafety Outcomes
Death/CVA/MIDeath/CVA/MI
(composite)(composite)

10.310.3
(21/204)(21/204)

10.110.1
(23/227)(23/227)

0.980.98
(0.56(0.56--1.72)1.72)

0.960.96

DeathDeath 6.46.4
(13/204)(13/204)

8.4  (19/227)8.4  (19/227) 1.311.31
(0.67(0.67--2.59)2.59)

0.430.43

Cardiac deathCardiac death 3.93.9
(8/204)(8/204)

7.07.0
(16/227)(16/227)

1.801.80
(0.79(0.79--4.11)4.11)

0.160.16

CVACVA 2.5   (5/204)2.5   (5/204) 0.90.9
(2/227)(2/227)

0.360.36
(0.07(0.07--1.83)1.83)

0.260.26

MIMI 4.44.4
(9/204)(9/204)

4.84.8
(11/227)(11/227)

1.101.10
(0.46(0.46--2.60)2.60)

0.830.83

Banning AP et al, JACC 55:2010Banning AP et al, JACC 55:2010

Medically Treated Diabetes (n=452)Medically Treated Diabetes (n=452)



SYNTAX TrialSYNTAX Trial
NonNon--Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
NonNon--Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
NonNon--Diabetic Patient Outcomes Diabetic Patient Outcomes -- 1 Year F/U1 Year F/U
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SYNTAX TrialSYNTAX Trial
With & Without Medically Treated DiabetesWith & Without Medically Treated Diabetes

1 Year F/U1 Year F/U

CABGCABG
n=676n=676

PESPES
n=672n=672

RRRR
(95% CI)(95% CI)

PP

Composite MACCEComposite MACCE 11.811.8
(76/645)(76/645)

15.115.1
(100/664)(100/664)

1.281.28
(0.97(0.97--1.69)1.69)

0.080.08

Safety OutcomesSafety Outcomes
Death/CVA/MIDeath/CVA/MI
(composite)(composite)

6.86.8
(44/645)(44/645)

6.86.8
(45/664)(45/664)

0.990.99
(0.67(0.67--1.48)1.48)

0.970.97

DeathDeath 2.6 (17/645)2.6 (17/645) 3.03.0
(20/664)(20/664)

1.141.14
(0.60(0.60--2.16)2.16)

0.680.68

Cardiac deathCardiac death 1.6 (10/645)1.6 (10/645) 2.6    2.6    
(17/664)(17/664)

1.651.65
(0.76(0.76--3.58)3.58)

0.200.20

CVACVA 2.2 (14/645)2.2 (14/645) 0.50.5
(3/664)(3/664)

0.210.21
(0.06(0.06--0.72)0.72)

0.0060.006

MIMI 2.92.9
(19/645)(19/645)

4.84.8
(32/664)(32/664)

1.641.64
(0.94(0.94--2.86)2.86)

0.080.08

Banning AP et al, JACC 55:2010Banning AP et al, JACC 55:2010

No Diabetes (n=1,348)No Diabetes (n=1,348)



SYNTAX TrialSYNTAX Trial
With & Without Medically Treated DiabetesWith & Without Medically Treated Diabetes

1 Year F/U1 Year F/U

CABGCABG
n=676n=676

PESPES
n=672n=672

RRRR
(95% CI)(95% CI)

PP

Graft occlusion/STGraft occlusion/ST 3.83.8
(23/601)(23/601)

3.43.4
(22/639)(22/639)

0.900.90
(0.51(0.51--1.60)1.60)

0.720.72

Acute (Acute (≤ 1 d)≤ 1 d) 0.50.5
(3/664)(3/664)

0.30.3
(2/666)(2/666)

0.660.66
(0.11(0.11--3.96)3.96)

0.690.69

Subacute (2Subacute (2--30 d)30 d) 0.50.5
(3/662)(3/662)

2.1    (14/665)2.1    (14/665) 4.65     4.65     
(1.34(1.34--16.09)16.09)

0.0080.008

Late (31Late (31--365 d)365 d) 2.6 (17/653)2.6 (17/653) 1.11.1
(7/654)(7/654)

0.410.41
(0.17(0.17--0.98)0.98)

0.040.04

Efficacy OutcomesEfficacy Outcomes
Repeat RevascRepeat Revasc 5.7 (37/645)5.7 (37/645) 11.111.1

(74/664)(74/664)
1.94     1.94     

(1.33(1.33--2.84)2.84)
<0.001<0.001

PCIPCI 4.8 4.8 
(31/645)(31/645)

9.69.6
(64/664)(64/664)

2.012.01
(1.32(1.32--3.04)3.04)

<0.001<0.001

CABGCABG 1.11.1
(7/645)(7/645)

2.42.4
(16/664)(16/664)

2.222.22
(0.92(0.92--5.36)5.36)

0.070.07
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SYNTAX TrialSYNTAX Trial
With & Without Medically Treated DiabetesWith & Without Medically Treated Diabetes

1 Year F/U1 Year F/U

CABGCABG
n=221n=221

PESPES
n=231n=231

RRRR
(95% CI)(95% CI)

PP

Graft occlusion/STGraft occlusion/ST 2.22.2
(4/186)(4/186)

2.92.9
(6/209)(6/209)

1.331.33
(0.38(0.38--4.66)4.66)

0.760.76

Acute (Acute (≤ 1 d)≤ 1 d) 0.00.0
(0/206)(0/206)

0.00.0
(0/230)(0/230)

---- ----

Subacute (2Subacute (2--30 d)30 d) 0.00.0
(0/206)(0/206)

1.8      (4/228)1.8      (4/228) ---- 0.130.13

Late (31Late (31--365 d)365 d) 2.0     (4/201)2.0     (4/201) 0.90.9
(2/220)(2/220)

0.460.46
(0.08(0.08--2.47)2.47)

0.430.43

Efficacy OutcomesEfficacy Outcomes
Repeat RevascRepeat Revasc 6.4   (13/204)6.4   (13/204) 20.320.3

(46/227)(46/227)
3.18     3.18     

(1.77(1.77--5.71)5.71)
<0.001<0.001

PCIPCI 4.4 4.4 
(9/204)(9/204)

16.7  (38/227)16.7  (38/227) 3.793.79
(1.88(1.88--7.65)7.65)

<0.001<0.001

CABGCABG 2.02.0
(4/204)(4/204)

4.04.0
(9/227)(9/227)

2.022.02
(0.63(0.63--6.47)6.47)

0.220.22
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Medically Treated Diabetes (n=452)Medically Treated Diabetes (n=452)



Randomized Clinical Trials of Revasc & DMRandomized Clinical Trials of Revasc & DM

BARIBARI
n=353n=353

SYNTAXSYNTAX
n=452n=452

BARI 2DBARI 2D
n=2368n=2368

RandomizationRandomization PCTA vs CABGPCTA vs CABG DES vs CABGDES vs CABG All revasc vs All revasc vs 
Med RxMed Rx

F/U reportedF/U reported 10 yrs10 yrs 1 yr1 yr 5 yrs5 yrs

PCI methodPCI method PTCAPTCA Taxus DESTaxus DES 35% DES35% DES

PatientsPatients Multivessel CADMultivessel CAD LMCA, MV CADLMCA, MV CAD Elective, LM Elective, LM 
excludedexcluded

Primary Primary 
endpointendpoint

Death 5 yrsDeath 5 yrs Death, MI, stroke Death, MI, stroke 
or revasc 1 yror revasc 1 yr

Death 5 yrsDeath 5 yrs

DeathDeath PTCA: 34.5%PTCA: 34.5%
CABG: 19.4%CABG: 19.4%

p=0.002p=0.002

DES: 8.4%DES: 8.4%
CABG: 6.4%CABG: 6.4%

p=0.43p=0.43

All revasc: 11.7%All revasc: 11.7%
Med Rx: 12.2%Med Rx: 12.2%

p=0.97p=0.97

Diabetic Patients Diabetic Patients All Diabetic Patients All Diabetic Patients 

Dauerman HL, JACC 55:2010Dauerman HL, JACC 55:2010



Randomized Clinical Trials of Revasc & DMRandomized Clinical Trials of Revasc & DM

BARIBARI
n=353n=353

SYNTAXSYNTAX
n=452n=452

BARI 2DBARI 2D
n=2368n=2368

DeathDeath
MIMI
Stroke Stroke 

Not reportedNot reported At 1 yr:At 1 yr:
DES: 10.1%DES: 10.1%

CABG: 10.3%CABG: 10.3%
p=0.96p=0.96

At 5 yrs:At 5 yrs:
All revasc:  22.8%All revasc:  22.8%

Med Rx: 24.1%Med Rx: 24.1%
p=0.70p=0.70

DeathDeath
MIMI
StrokeStroke
RevascRevasc

Not reportedNot reported DES: 26.0%DES: 26.0%
CABG: 14.2%CABG: 14.2%

p=0.003p=0.003

Not reportedNot reported

Repeat Repeat 
RevascRevasc

PTCA: 69.9%PTCA: 69.9%
CABG: 11.1% CABG: 11.1% 

(at 7 yrs)(at 7 yrs)

DES: 20.3%DES: 20.3%
CABG: 6.4%CABG: 6.4%

p<0.001p<0.001

42% of Med Rx pts 42% of Med Rx pts 
crossover to crossover to 
revasc grouprevasc group

Diabetic Patients Diabetic Patients All Diabetic Patients All Diabetic Patients 

Dauerman HL, JACC 55:2010Dauerman HL, JACC 55:2010



SYNTAX TrialSYNTAX Trial
What Can We SayWhat Can We Say

•• There is still room for good clinical There is still room for good clinical 
judgment in decision makingjudgment in decision making
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3010909-70

Risk Factor MeasuresRisk Factor Measures

Base-
Mean line Rev Med IS IP

LDL (mg/dL) 96 81 79 79 80

HDL (mg/dL) 38 41 41 42 40

SBP (mm Hg) 132 126 125 125 126

DBP (mm Hg) 75 70 70 70 71

BMI (kg/m2) 31.7 32.0 32.2 31.7 32.5

3 year
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Drug UseDrug Use
Randomized Treatment AssignmentRandomized Treatment Assignment
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Diabetes Medication UseDiabetes Medication Use

Baseline IS IP
Medication (%) (%) (%)
Metformin 54 75 10
Thiazolidinedione 19 62 4

Rosiglitazone 12 55 3
Sulfonylurea 53 18 52
Insulin 28 28 61

3 year
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Cardiovascular Medication UseCardiovascular Medication Use

Baseline Revasc Medical
Medication (%) (%) (%)

Beta blocker 73 84 88

ACE/ARB 77 91 92

Statin 75 95 95

Aspirin 88 94 94

3 year
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SummarySummary

• Excellent risk factor control

• Randomized treatment strategies 
effectively implemented for

Prompt revascularization vs delayed/no 
revascularization
Insulin sensitization vs insulin provision
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Bypass AngioplastyBypass Angioplasty
Revascularization InvestigationRevascularization Investigation

2 Diabetes (BARI 2D)2 Diabetes (BARI 2D)

55--Year ResultsYear Results

American Diabetes Association ConferenceAmerican Diabetes Association Conference
June 7, 2009June 7, 2009

Robert Frye, MDRobert Frye, MD
Mayo Clinic Mayo Clinic –– RochesterRochester
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BARI 2D Primary and PrincipalBARI 2D Primary and Principal
Secondary EndpointsSecondary Endpoints

• All-cause mortality
Major cardiovascular events

• Composite of death/MI/stroke

• Average follow-up 5.3 years
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Enrollment Flow DiagramEnrollment Flow Diagram

763 were selected for CABG stratum763 were selected for CABG stratum 1,605 were selected for PCI stratum1,605 were selected for PCI stratum

194 were194 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

191 were191 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

190 were190 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

399 were399 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

408 were408 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

402 were402 were
randomlyrandomly
assignedassigned
to insulinto insulin
provisionprovision

396 were396 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

188 were188 were
randomlyrandomly
assignedassigned
to insulinto insulin

sensitizationsensitization

385 were385 were
randomlyrandomly

assigned toassigned to
medical therapymedical therapy

378 were378 were
randomlyrandomly

assigned toassigned to
revascularizationrevascularization

807 were807 were
randomlyrandomly

assigned toassigned to
medical therapymedical therapy

798 were798 were
randomlyrandomly

assigned toassigned to
revascularizationrevascularization

2,368 were enrolled2,368 were enrolled

Coronary angiography was performed in patientsCoronary angiography was performed in patients
with type 2 diabetes referred for evaluation for CADwith type 2 diabetes referred for evaluation for CAD
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Baseline Characteristics byBaseline Characteristics by
Randomization StratumRandomization Stratum

PCI intendedPCI intended CABG intendedCABG intended
n=1,605n=1,605 n=763n=763

Age (mean years)Age (mean years) 62.062.0 63.263.2
Male (%)Male (%) 68.068.0 76.076.0
Prior revasc (%)Prior revasc (%) 29.029.0 13.013.0
Proximal LAD (%)Proximal LAD (%) 10.010.0 19.019.0
LVEF <50 (%)LVEF <50 (%) 18.018.0 18.018.0
3 vessel disease (%)3 vessel disease (%) 20.020.0 52.052.0
Total occlusionTotal occlusion 0.480.48 0.840.84
(mean number)(mean number)
Myocardial jeopardyMyocardial jeopardy 37.237.2 59.759.7
(mean %)(mean %)
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BARI 2D in the Context of Current ClinicalBARI 2D in the Context of Current Clinical
Practice and Recent TrialsPractice and Recent Trials

How did BARI 2D inclusion criteria fit with current guidelines How did BARI 2D inclusion criteria fit with current guidelines 
for appropriateness of revascularization?for appropriateness of revascularization?

Categories of appropriateness criteriaCategories of appropriateness criteria
InappropriateInappropriate
UncertainUncertain
Appropriate (but not mandated)Appropriate (but not mandated)

ACCF/SCAI/STS/AATS/AHA/ASNC: Circulation 119:1330, 2009ACCF/SCAI/STS/AATS/AHA/ASNC: Circulation 119:1330, 2009

BARI 2D participants met uncertain or appropriate criteria BARI 2D participants met uncertain or appropriate criteria 
for each revascularization stratumfor each revascularization stratum

BARI 2D was conducted in the setting of aggressive risk BARI 2D was conducted in the setting of aggressive risk 
factor management including 95% receiving statin therapyfactor management including 95% receiving statin therapy
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Does Glycemic Control Explain the ApparentDoes Glycemic Control Explain the Apparent
Benefit of Combined CABG and IS TherapyBenefit of Combined CABG and IS Therapy

ISIS IPIP
PCI stratumPCI stratum

PromptPrompt 6.96.9±±1.11.1 7.57.5±±1.41.4
DelayedDelayed 7.27.2±±1.31.3 7.57.5±±1.31.3

CABG stratumCABG stratum
PromptPrompt 6.96.9±±1.11.1 7.47.4±±1.31.3
DelayedDelayed 7.17.1±±1.41.4 7.57.5±±1.41.4

Does any other “on Rx” factor appear to be Does any other “on Rx” factor appear to be 
different in the CABG/IS subgroup?different in the CABG/IS subgroup? NoNo

Mean 3Mean 3--year HbA1cyear HbA1c
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BARI 2DBARI 2D
Diabetes ImplicationsDiabetes Implications

•• Overall both insulin sensitizingOverall both insulin sensitizing
and insulin providing approaches appear and insulin providing approaches appear 
appropriate in BARI 2D eligible patientsappropriate in BARI 2D eligible patients

•• Further analyses will determine whether Further analyses will determine whether 
these strategies differthese strategies differ
in other secondary outcomesin other secondary outcomes
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BARI 2D: Diabetes ManagementBARI 2D: Diabetes Management
ImplicationsImplications

However there is suggestive evidence that IS therapy However there is suggestive evidence that IS therapy 
may have a number of potential advantages over IPmay have a number of potential advantages over IP

•• The benefit of prompt CABG in terms of mortality/The benefit of prompt CABG in terms of mortality/
CVD events appeared stronger in those receivingCVD events appeared stronger in those receiving
IS therapyIS therapy

•• IS therapy showed a borderline (P=0.06) benefit over IS therapy showed a borderline (P=0.06) benefit over 
IP in those receiving prompt revascularizationIP in those receiving prompt revascularization

•• HbAHbA1c1c target value was more frequently achievedtarget value was more frequently achieved
in the IS groupin the IS group

•• Severe hypoglycemia was less frequent in theSevere hypoglycemia was less frequent in the
IS groupIS group

•• Weight and waist circumference change wereWeight and waist circumference change were
less adverse in the IS group less adverse in the IS group 
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Can Any Difference Between IS and IPCan Any Difference Between IS and IP
CVD/Death Results be Explained by the CVD/Death Results be Explained by the 

Difference in HbADifference in HbA1c1c Between Them?Between Them?

DD CVDCVD
StudyStudy DD HbAHbA1c1c outcomeoutcome
BARI 2DBARI 2D 0.5%0.5% NSNS
ADVANCEADVANCE 0.6%0.6% NSNS
ACCORDACCORD 1.1%1.1% NSNS
VADTVADT 1.6%1.6% NSNS
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Achievement of HbA1c Goals in BARI 2DAchievement of HbA1c Goals in BARI 2D
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Weight Gain, Waist Circumference ChangeWeight Gain, Waist Circumference Change
and Severe Hypoglycemia by IS/IP Groupand Severe Hypoglycemia by IS/IP Group

ISIS IPIP
Baseline weight (kg)Baseline weight (kg) 89.689.6±±19.519.5 89.689.6±±19.819.8

33--yr weight (kg)yr weight (kg) 89.989.9±±21.121.1 91.791.7±±20.720.7
Gain (kg)Gain (kg) 0.30.3±±8.68.6 2.12.1±±7.47.4

Baseline waistBaseline waist 108.0108.0±±14.414.4 107.6107.6±±13.713.7
circumference (cm)circumference (cm)

33--yr waist yr waist 107.7107.7±±15.415.4 109.1109.1±±14.214.2
circumference (cm)circumference (cm)
Change (cm)Change (cm) --0.10.1±±9.19.1 +1.9+1.9±±8.48.4

1+ severe hypoglycemia1+ severe hypoglycemia 5.95.9 9.29.2
episode during trial (%)episode during trial (%)
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11 22 33 44 55

Adjusted Odds Ratio of CABG SelectionAdjusted Odds Ratio of CABG Selection
Among Multivessel DiseaseAmong Multivessel Disease

PCI preferredPCI preferred

NonNon--US vs USUS vs US
Rand after DES availableRand after DES available

Male sexMale sex
Age Age ≥65 years≥65 years

Prior PCIPrior PCI
Triple vessel diseaseTriple vessel disease

LAD ≥70% stenosisLAD ≥70% stenosis
Proximal LAD ≥50% stenosisProximal LAD ≥50% stenosis

Total occlusionTotal occlusion
Class C lesions ≥2Class C lesions ≥2

CABG preferredCABG preferred
Log scaleLog scale

2.892.89

0.60.6

1.261.26

0.450.45

1.431.43

4.434.43

2.862.86

1.781.78

2.352.35

2.062.06
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BARI 2D GoalsBARI 2D Goals
SettingSetting

•• Intensive medical therapy: uniform control Intensive medical therapy: uniform control 
of glycemia, dyslipidemia, hypertension, of glycemia, dyslipidemia, hypertension, 
angina, and lifestyle factorsangina, and lifestyle factors

CompareCompare
•• Prompt revascularization Prompt revascularization vsvs delayed ordelayed or

no revascularizationno revascularization
•• Insulin sensitizing strategy Insulin sensitizing strategy vsvs an insulin an insulin 

providing strategy for glycemic providing strategy for glycemic 
management with target HbAmanagement with target HbA1c1c <7.0%<7.0%



SYNTAX and DiabetesSYNTAX and Diabetes

•• At one year, there is no death penalty At one year, there is no death penalty 
associated with multivessel PCIassociated with multivessel PCI

•• At one year, there is no significant At one year, there is no significant 
difference in death/MI/stroke between difference in death/MI/stroke between 
CABG and PCICABG and PCI

•• The use of DES does not mitigate the The use of DES does not mitigate the 
adverse effect of diabetesadverse effect of diabetes



3038666-91

BARI 2DBARI 2D

Kim LJ et al: J Am Coll Cardiol Intv 2:384, 2009Kim LJ et al: J Am Coll Cardiol Intv 2:384, 2009
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CARDia TrialCARDia Trial
•• Multicenter trial of 510 patients with MVD or Multicenter trial of 510 patients with MVD or 

single vessel complex diseasesingle vessel complex disease
•• Randomization to CABG (254) or PCI (256)Randomization to CABG (254) or PCI (256)
•• Primary outcome measure: all cause mortality, Primary outcome measure: all cause mortality, 

MI and strokeMI and stroke
•• Secondary outcome measure:  all cause Secondary outcome measure:  all cause 

mortality, MI, stroke, repeat revascularization mortality, MI, stroke, repeat revascularization 
•• Noninferiority designNoninferiority design

Kapur A et al, J Am Coll Cardiol 55:432Kapur A et al, J Am Coll Cardiol 55:432--40, 201040, 2010
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Conclusions: The CARDia (Coronary Artery 
Revascularization in Diabetes) trial is the first 
randomized trial of coronary revascularization in 
diabetic patients, but the 1-year results did not 
show that PCI is noninferior to CABG. However, 
the CARDia trial did show that multivessel PCI
is feasible in patients with diabetes.
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Baseline Clinical CharacteristicsBaseline Clinical Characteristics
of CARDia Trial Patientsof CARDia Trial Patients

Kapur A et al: J Am Coll Cardiol 55:432, 2010Kapur A et al: J Am Coll Cardiol 55:432, 2010

TotalTotal CABGCABG PCIPCI
VariableVariable n=510n=510 n=254n=254 n=256n=256
Age (yr), mean (SD)Age (yr), mean (SD) 510510 63.6 (9.1)63.6 (9.1) 64.3 (8.5)64.3 (8.5)
Male, no. (%)Male, no. (%) 509509 197 (77.9)197 (77.9) 181 (70.7)181 (70.7)
BMI (kg/mBMI (kg/m22), mean (SD)), mean (SD) 486486 29.4 (5.3)29.4 (5.3) 29.2 (4.9)29.2 (4.9)
Admission type, no. (%)Admission type, no. (%) 510510

AcuteAcute 60 (23.6)60 (23.6) 55 (21.5)55 (21.5)
ElectiveElective 194 (76.4)194 (76.4) 201 (78.5)201 (78.5)

Diabetes statusDiabetes status 510510
Type 1, no. (%)Type 1, no. (%) 17 (6.7)17 (6.7) 8 (3.1)8 (3.1)
Noninsulin treated, no. (%)Noninsulin treated, no. (%) 155 (60.9)155 (60.9) 168 (65.5)168 (65.5)
Insulin treated, no. (%)Insulin treated, no. (%) 99 (39.1)99 (39.1) 88 (36.5)88 (36.5)
Years with diabetes, mean (SD)Years with diabetes, mean (SD) 477477 10.4 (9.6)10.4 (9.6) 10.1 (9.6)10.1 (9.6)
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Baseline Clinical CharacteristicsBaseline Clinical Characteristics
of CARDia Trial Patientsof CARDia Trial Patients

Kapur A et al: J Am Coll Cardiol 55:432, 2010Kapur A et al: J Am Coll Cardiol 55:432, 2010

TotalTotal CABGCABG PCIPCI
VariableVariable n=510n=510 n=254n=254 n=256n=256
Diseased vessels, no. (%)Diseased vessels, no. (%) 510510

33--vessel diseasevessel disease 149 (59.7)149 (59.7) 166 (64.8)166 (64.8)
22--vessel diseasevessel disease 88 (34.7)88 (34.7) 72 (28.1)72 (28.1)
BifurcationBifurcation 5 (2.0)5 (2.0) 2 (0.8)2 (0.8)
Proximal LADProximal LAD 12 (4.7)12 (4.7) 16 (6.3)16 (6.3)

Hx of renal impairment, no. (%)Hx of renal impairment, no. (%) 508508 10 (4.0)10 (4.0) 14 (5.5)14 (5.5)
PVD, no (%)PVD, no (%) 508508 13 (5.2)13 (5.2) 6 (2.4)6 (2.4)
CVD Hx (stroke or TIA), no. (%)CVD Hx (stroke or TIA), no. (%) 508508 12 (5.6)12 (5.6) 8 (3.5)8 (3.5)
EF (%), mean (SD)EF (%), mean (SD) 256256 60.0 (12.7)60.0 (12.7) 59.1 (14.4)59.1 (14.4)



3038674-97

Primary End Point EventPrimary End Point Event--Free SurvivalFree Survival
CABG vs PCICABG vs PCI
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MACCE EventMACCE Event--Free SurvivalFree Survival
CABG vs PCICABG vs PCI
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Major End Points at 1 YearMajor End Points at 1 Year

Kapur A et al: J Am Coll Cardiol 55:432, 2010Kapur A et al: J Am Coll Cardiol 55:432, 2010

No.No. %% No.No. %% PP
DeathDeath 88 3.23.2 88 3.23.2 0.970.97
Nonfatal MINonfatal MI 14 14 5.75.7 2525 9.89.8 0.0880.088
Periprocedural MIPeriprocedural MI 1111 4.44.4 1212 4.74.7 0.8190.819
Late MI*Late MI* 33 1.21.2 1414 5.55.5 0.0160.016
Nonfatal strokeNonfatal stroke 77 2.82.8 11 0.40.4 0.0660.066
Composite outcome ofComposite outcome of 2626 10.510.5 3333 13.013.0 0.3930.393
d, nonfatal MI, and nonfatald, nonfatal MI, and nonfatal
stroke at 1 yr: primary outcomestroke at 1 yr: primary outcome
Further revasc at 1 yrFurther revasc at 1 yr 55 2.02.0 3030 11.811.8 <0.001<0.001
Composite outcome of d,Composite outcome of d, 2828 11.311.3 4949 19.319.3 0.0160.016
nonfatal MI, nonfatal stroke,nonfatal MI, nonfatal stroke,
and repeat revasc at 1 yr:and repeat revasc at 1 yr:
secondary outcomesecondary outcome
TIMI major bleedTIMI major bleed 1515 6.16.1 33 1.21.2 0.009 0.009 

CABGCABG
(n=248)(n=248)

PCIPCI
(n=254)(n=254)Adjudicated eventsAdjudicated events

postpost--randomizationrandomization

*Late MI defined as occurring >7 days after index revasc proc*Late MI defined as occurring >7 days after index revasc proc
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HR (95% CI)HR (95% CI)
2 vessel disease2 vessel disease 0.90 (0.36, 2.28)0.90 (0.36, 2.28)
3 vessel disease3 vessel disease 1.42 (0.76, 2.67)1.42 (0.76, 2.67)
BMS groupBMS group 2.99 (0.97, 9.16)2.99 (0.97, 9.16)
DES groupDES group 0.93 (0.51, 1.71)0.93 (0.51, 1.71)
No insulinNo insulin 1.02 (0.51, 2.01)1.02 (0.51, 2.01)
Insulin treatedInsulin treated 1.87 (0.76, 3.67)1.87 (0.76, 3.67)
FemaleFemale 2.13 (0.68, 6.68)2.13 (0.68, 6.68)
MaleMale 1.07 (0.59, 1.93)1.07 (0.59, 1.93)
<65 yr<65 yr 1.04 (0.49, 2.17)1.04 (0.49, 2.17)
³³65 yr65 yr 1.48 (0.72, 3.05)1.48 (0.72, 3.05)

Forest Plot of Death, Myocardial InfarctionForest Plot of Death, Myocardial Infarction
and Stroke in Key Subgroupsand Stroke in Key Subgroups

Kapur A et al: J Am Coll Cardiol 55:432, 2010Kapur A et al: J Am Coll Cardiol 55:432, 2010

0.500.50 1.001.00 2.002.00 4.004.00

Favors PCIFavors PCI Favors CABGFavors CABG

Hazard ratioHazard ratio
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“When 2 elephants fight, it is the  “When 2 elephants fight, it is the  
grass that gets trampled”grass that gets trampled”

African proverbAfrican proverb







Diabetes MellitusDiabetes Mellitus

•• I know what we do but the answers to the I know what we do but the answers to the 
questions we ask keep changingquestions we ask keep changing



? ? ? ? ? ? ? ? ? ? ? ? ?? ? ? ? ? ? ? ? ? ? ? ? ?

•• Screening for ischemiaScreening for ischemia
•• Specific treatment regimen:  IS vs IPSpecific treatment regimen:  IS vs IP
•• Specific IS drugSpecific IS drug
•• Revascularization versus medical therapyRevascularization versus medical therapy
•• Specific revascularization strategySpecific revascularization strategy
•• Adjunctive therapy after PCIAdjunctive therapy after PCI



Systematic ReviewSystematic Review
PCI vs CABGPCI vs CABG

CP1298619-6

Bravata:  Ann Intern Med 147:703, 2007Bravata:  Ann Intern Med 147:703, 2007

• 23 randomized clinical trials

• 5,019 patients assigned PCI

• 4,944 patients assigned CABG

• Outcomes of interest
Survival, myocardial 
infarction, stroke, angina, 
additional revascularization

• 23 randomized clinical trials

• 5,019 patients assigned PCI

• 4,944 patients assigned CABG

• Outcomes of interest
Survival, myocardial 
infarction, stroke, angina, 
additional revascularization



Ann Int Med 147:708, 2007Ann Int Med 147:708, 2007

55--Year Survival in DiabeticsYear Survival in Diabetics

CP1298619-5

Risk difference (95% CI)
Study, year PCI CABG

AWESOME, 2002 8/11 8/12

BARI, 1997; 1996 45/69 75/93

EAST, 2000 26/29 27/30

ERACI II, 2005 35/39 35/39

MASS II, 2006 47/56 50/59

RITA, 1998 27/29 25/33

Overall 188/233 220/266

Risk difference (95% CI)
Study, year PCI CABG

AWESOME, 2002 8/11 8/12

BARI, 1997; 1996 45/69 75/93

EAST, 2000 26/29 27/30

ERACI II, 2005 35/39 35/39

MASS II, 2006 47/56 50/59

RITA, 1998 27/29 25/33

Overall 188/233 220/266

Surviving patients/all patientsSurviving patients/all patients

Greater survival
with CABG

Greater survival
with CABG

Greater survival
with PCI

Greater survival
with PCI

-0.10 -0.05 0.00 0.05 0.10-0.25 -0.13 0.00 0.13 0.25



Systematic ReviewSystematic Review
PCI vs CABGPCI vs CABG

CP1298619-12

Bravata:  Ann Intern Med 147:703, 2007Bravata:  Ann Intern Med 147:703, 2007

• 5-year survival: Higher by 2% 
CABG but 95% bounds – 8.8%, 8.3%

• 5-year survival: Higher by 2% 
CABG but 95% bounds – 8.8%, 8.3%

DiabeticsDiabetics



CABG vs PCICABG vs PCI
Multivessal CADMultivessal CAD

•• Pooled individual patient data analysisPooled individual patient data analysis
•• 10 trials10 trials
•• 7,812 patients7,812 patients
•• Median FU 5.9 yrsMedian FU 5.9 yrs
•• Stratified random effects Cox proportional Stratified random effects Cox proportional 

hazards models for all cause mortalityhazards models for all cause mortality

Hlatky MA et al: Lancet 373:1190Hlatky MA et al: Lancet 373:1190--97, 200997, 2009
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Mortality in Patients Assigned to Coronary Artery BypassMortality in Patients Assigned to Coronary Artery Bypass
Graft or Percutaneous Coronary by Diabetes StatusGraft or Percutaneous Coronary by Diabetes Status
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FollowFollow--up (yr)up (yr)

AA

Patients (no.)Patients (no.)
CABG no diabetesCABG no diabetes 3,2633,263 3,1693,169 3,0893,089 2,8772,877 2,6772,677 2,2672,267 1,5921,592 1,3801,380 1,2741,274

CABG diabetesCABG diabetes 615615 587587 575575 532532 498498 421421 257257 225225 200200
PCI no diabetesPCI no diabetes 3,2983,298 3,2173,217 3,1483,148 2,9182,918 2,7252,725 2,2812,281 1,6081,608 1,3931,393 1,2881,288

PCI diabetesPCI diabetes 618618 574574 555555 508508 475475 373373 218218 179179 160160

FollowFollow--up (yr)up (yr)

BB

2,5292,529 2,4572,457 2,3822,382 2,1792,179 1,9921,992 1,5981,598 940940 747747 655655
435435 420420 410410 371371 344344 278278 120120 9191 7373

2,5562,556 2,4932,493 2,4322,432 2,2152,215 2,0312,031 1,6061,606 946946 750750 655655
445445 421421 408408 369369 344344 258258 110110 8181 6666

CABG no diabetesCABG no diabetes
CABG diabetesCABG diabetes
PCI no diabetesPCI no diabetes
PCI diabetesPCI diabetes

Hlatky MA et al: Lancet 373:1190Hlatky MA et al: Lancet 373:1190--97, 200997, 2009







NameName NN
(DM pts)(DM pts) DesignDesign DES Type (%)DES Type (%) DeathDeath RevascRevasc CVACVA

ARTS I/IIARTS I/II** 255255 Reg.Reg. MVDMVD SES 100%SES 100% == DES DES ­­ DES DES ¯̄

BenBen--Gal 06Gal 06 518518 Reg.Reg. SVD & SVD & 
MVDMVD SES 100%SES 100% NRNR DES DES ­­ NRNR

Briguori 07Briguori 07 218218 Reg.Reg. SVD & SVD & 
MVDMVD SES 67, PES 33%SES 67, PES 33% == DES DES ­­ ==

Lee 07Lee 07 205205 Reg. Reg. MVDMVD SES 75, PES 11%SES 75, PES 11% == DES DES ­­ DES DES ¯̄

Mack 08Mack 08 14501450 Reg.Reg. SVD & SVD & 
MVDMVD DES 73.1%DES 73.1% == DES DES ­­ NRNR

Park 08Park 08 891891 Reg.Reg. MVDMVD ~SES 80, PES 20%~SES 80, PES 20% == DES DES ­­ NRNR

Yang 08Yang 08 352352 Reg.Reg. MVDMVD SES & PESSES & PES == DES DES ­­ ==

CARDiaCARDia 510510 RCTRCT SVD & SVD & 
MVDMVD SES 71, BMS 29%SES 71, BMS 29% == DES DES ­­ DES DES ¯̄

FREEDOMFREEDOM 13941394†† RCTRCT MVDMVD SES 51, PES 47%SES 51, PES 47% ?? ?? ??
*Diabetic patients from ARTS I & II (Macaya, EuroIntervention. 2006;2:69*Diabetic patients from ARTS I & II (Macaya, EuroIntervention. 2006;2:69--76)76)
††As of 22 September 2008; Enrollment ongoing.As of 22 September 2008; Enrollment ongoing.

CABG vs DES in Patients with Multivessel CABG vs DES in Patients with Multivessel 
Disease and DiabetesDisease and Diabetes



TAXUSTAXUS
n=231n=231

CABGCABG
n=221n=221

Total Randomized 
N=1800

Medically Treated 
n=452

Insulin
n=182

Oral Agents
n=270

All Diabetes
n=511

NonNon--Diabetic, n=1289Diabetic, n=1289

Diet Only, n=59Diet Only, n=59

Stratified forStratified for
DiabetesDiabetes

CABGCABG
n=128n=128

TAXUSTAXUS
n=142n=142

CABGCABG
n=93n=93

TAXUSTAXUS
n=89n=89

'Non'Non--Diabetic'Diabetic'
(n=1348)(n=1348)

1212--monthsmonths

Patients with Diabetes in SYNTAXPatients with Diabetes in SYNTAX
Randomized Cohort, IntentRandomized Cohort, Intent--toto--TreatTreat
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•• Patients without DiabetesPatients without Diabetes
•• No significant difference in MACCE in CABG versus No significant difference in MACCE in CABG versus 

TAXUSTAXUS
•• Increased revascularization in TAXUSIncreased revascularization in TAXUS
•• Increased stroke with CABGIncreased stroke with CABG

•• Patients with DiabetesPatients with Diabetes
•• Significantly increased MACCE with TAXUS, driven Significantly increased MACCE with TAXUS, driven 

by increased revascularizationby increased revascularization
•• Significantly increased mortality compared to nonSignificantly increased mortality compared to non--

diabetics in both CABG and TAXUS groupsdiabetics in both CABG and TAXUS groups
•• Revascularization rates in TAXUS are increased in Revascularization rates in TAXUS are increased in 

diabetic patients compared to nondiabetic patients compared to non--diabeticsdiabetics
•• In CABG group, revascularization rates are comparable In CABG group, revascularization rates are comparable 

regardless of diabetic statusregardless of diabetic status

Summary: 12Summary: 12--Month OutcomesMonth Outcomes



FREEDOM TrialFREEDOM Trial

FFutureuture REREvascularizationvascularization EEvaluationvaluation in in 
patients withpatients with DDiabetesiabetes mellitusmellitus: : OOptimalptimal

management ofmanagement of MMultivesselultivessel diseasedisease



FREEDOM  DesignFREEDOM  Design

Contemporary background therapy Contemporary background therapy 
for CAD and diabetes for CAD and diabetes 

Contemporary PCI Contemporary PCI 
with DESwith DES

N=950N=950

Contemporary PCI Contemporary PCI 
with DESwith DES

N=950N=950

Patients with DM and multivesel CAD eligible for PCI or CABGPatients with DM and multivesel CAD eligible for PCI or CABGPatients with DM and multivesel CAD eligible for PCI or CABGPatients with DM and multivesel CAD eligible for PCI or CABG

Contemporary CABGContemporary CABG
with or without CPBwith or without CPB

N=950N=950

Contemporary CABGContemporary CABG
with or without CPBwith or without CPB

N=950N=950

Randomized 1:1 Randomized 1:1 



FREEDOM RecruitmentFREEDOM Recruitment
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History of Present IllnessHistory of Present Illness
AA

(N=739)(N=739)
BB

(N=734)(N=734)

Stable Coronary Heart DiseaseStable Coronary Heart Disease 67.1%67.1% 70.5%70.5%

Acute Coronary Syndrome (ACS)Acute Coronary Syndrome (ACS)
ST elevation MI (>72 hrs prior to admission)ST elevation MI (>72 hrs prior to admission)
NonNon--ST elevation ACSST elevation ACS

32.9%32.9%
19.2%19.2%
80.8%80.8%

29.5%29.5%
17.8%17.8%
82.2%82.2%

NYHA CHF Classification (Class III/IV excluded)NYHA CHF Classification (Class III/IV excluded)
Class IClass I 74.0%74.0% 71.4%71.4%



PCI Procedure SummaryPCI Procedure Summary
PCI/DES PCI/DES 

Staging: % unstaged procedure Staging: % unstaged procedure 
% staged procedure% staged procedure
% staged procedures involving >1% staged procedures involving >1
hospitalizationhospitalization

66.2%66.2%
33.8%33.8%
71.2%71.2%

Mean total # of lesions attempted across all Mean total # of lesions attempted across all 
stagesstages

4.2 4.2 ±± 1.51.5

Mean total # drugMean total # drug--eluting stents placed per eluting stents placed per 
patient (across all stages)patient (across all stages)

4.3 4.3 ±± 1.81.8

Reopro used during index procedure (stage 1 Reopro used during index procedure (stage 1 
for staged procedures)for staged procedures)

49.7%49.7%

Heparin administeredHeparin administered 83.9%83.9%

Bivalirudin administeredBivalirudin administered 14.9%14.9%



Lesion Characteristics in PCI/DES ArmLesion Characteristics in PCI/DES Arm
LesionsLesions

Reference vessel diameter (mm):Reference vessel diameter (mm):
<2.5<2.5
2.52.5--3.03.0
3.03.0--3.53.5
3.53.5--4.04.0
>4.0>4.0

16.4%16.4%
49.4%49.4%
25.4%25.4%
7.8%7.8%
0.9%0.9%

Chronic total occlusionChronic total occlusion 4.8%4.8%
Bifurcation lesionBifurcation lesion 11.6%11.6%
Balloon angioplasty aloneBalloon angioplasty alone 3.6%3.6%
Direct stentingDirect stenting 28.5%28.5%



FREEDOM TrialFREEDOM Trial
•• Effect of PCI (DES) versus CABG on composite of Effect of PCI (DES) versus CABG on composite of 

all cause death, non fatal infarction and stroke all cause death, non fatal infarction and stroke 
with a minimum follow up of 2 yearswith a minimum follow up of 2 years

•• Evaluate the need for the secondary endpoint of Evaluate the need for the secondary endpoint of 
repeat revascularization between PCI and CABG repeat revascularization between PCI and CABG 
(N.B. difference from SYNTAX)(N.B. difference from SYNTAX)

•• Study the differences in Quality of Life and Cost Study the differences in Quality of Life and Cost 
Effectiveness between the two strategiesEffectiveness between the two strategies

•• Facilitate comparisons between performance of Facilitate comparisons between performance of 
two DES in this patient grouptwo DES in this patient group

•• It will not tell us whether BARI 2D was right about It will not tell us whether BARI 2D was right about 
revascularization versus optimal medical therapyrevascularization versus optimal medical therapy



“In your case, Dave, there’s a choice¾elective surgery,
outpatient medical therapy, or whatever’s 

in the box that our lovely Carol is holding.”



PCI vs CABGPCI vs CABG
MV Disease in DiabeticsMV Disease in Diabetics

ConclusionsConclusions

Clinical judgment still worksClinical judgment still works



Primary Endpoint: 12Primary Endpoint: 12--month MACCE Differencemonth MACCE Difference
NonNon--inferiority analysisinferiority analysis

PrePre--specified Margin = 6.6%specified Margin = 6.6%

Difference in MACCEDifference in MACCE

5.5%

0 5% 10% 15% 20%

The criteria for nonThe criteria for non--inferiority comparison was not met for the inferiority comparison was not met for the 
primary endpoint, further comparisons for the LM and 3VD primary endpoint, further comparisons for the LM and 3VD 
subgroups are observational only and hypothesis generating subgroups are observational only and hypothesis generating 

CABRI (2VD 57%, 3VD 43%): 
MACCE difference 32%

ARTS I (2VD 66%, 3VD 33%):
MACCE difference 14%

SYNTAX (3VD, LM):
MACCE difference 5.5%

+95% CI = 8.3%



Vessel Distribution in LM Population Vessel Distribution in LM Population 
According to Syntax Score TercilesAccording to Syntax Score Terciles
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Vessel Distribution in LM Population Vessel Distribution in LM Population 
According to Syntax Score TercilesAccording to Syntax Score Terciles
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MACCE to 2 Years by SYNTAX Score MACCE to 2 Years by SYNTAX Score 
Tercile Low Scores (0Tercile Low Scores (0--22)22)

SiteSite--reported Data; ITT populationreported Data; ITT population

CABG PCI P-
value*

Death 4.9% 0.9% 0.07

CVA 4.1% 0.9% 0.12

MI 2.0% 3.6% 0.53

Death, 
CVA or 

MI
9.9% 4.5% 0.10

Revasc. 10.1% 14.7% 0.37

††Patients with isolated LM or LM +1, +2 or +3 vessel diseasePatients with isolated LM or LM +1, +2 or +3 vessel disease

TAXUS (N=118)TAXUS (N=118)
CABG (N=104)CABG (N=104)

KM Event rate KM Event rate ±± 1.5 SE, 1.5 SE, **chichi--square or Fisher exact testsquare or Fisher exact test
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Vessel Distribution in LM Population Vessel Distribution in LM Population 
According to Syntax Score TercilesAccording to Syntax Score Terciles
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DIAD StudyDIAD Study
Screening in Type 2 DiabetesScreening in Type 2 Diabetes

•• 1,123 patients with type 2 diabetes but 1,123 patients with type 2 diabetes but 
no symptoms of CADno symptoms of CAD

•• Random assignment to screening with Random assignment to screening with 
MPI or notMPI or not

•• Main outcome of cardiac death or non Main outcome of cardiac death or non 
fatal MIfatal MI

Young LH et al, JAMA 301:1547Young LH et al, JAMA 301:1547--1555, 20091555, 2009



DIAD StudyDIAD Study

No ScreeningNo Screening
N=562N=562

ScreeningScreening
N=561N=561

Age (yrs)Age (yrs) 60.860.8 60.760.7

Duration DM (yrs)Duration DM (yrs) 8.98.9 8.28.2
BMIBMI 31.031.0 31.131.1
HAICHAIC 7.07.0 7.27.2
PVDPVD 9.09.0 9.09.0

Young LH et al, JAMA 301:1547Young LH et al, JAMA 301:1547--1555, 20091555, 2009



DIAD StudyDIAD Study

Young LH et al, JAMA 301:1547Young LH et al, JAMA 301:1547--1555, 20091555, 2009

No ScreeningNo Screening
N=562N=562

ScreeningScreening
N=561N=561

Oral agentsOral agents 6464 6363

InsulinInsulin 99 1111
Insulin and oralInsulin and oral 1313 1313
DietDiet 1414 1414



3022700-140

Conclusion In this contemporary study population of 
patients with diabetes, the cardiac event rates were 
low and were not significantly reduced by MPI 
screening for myocardial ischemia over 4.8 years.



3022700-141

Mean followMean follow--up 4.8 yrup 4.8 yr
Median followMedian follow--up 5.0 yrup 5.0 yr

FollowFollow--up Eventsup Events

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009

No screeningNo screening
n=562n=562

ScreeningScreening
n=561n=561

PatientsPatients

No.No. %% No.No. %% HR (95% CI)HR (95% CI) PP
Primary eventsPrimary events 1717 3.03.0 1515 2.72.7 0.88 (0.440.88 (0.44--1.8)1.8) 0.730.73

Myocardial infarctionMyocardial infarction 1010 1.71.7 77 1.31.3 0.82 (0.340.82 (0.34--2.0)2.0) 0.660.66
Cardiac deathCardiac death 77 1.21.2 88 1.41.4 1.1 (0.411.1 (0.41--3.1)3.1) 0.800.80

Secondary eventsSecondary events 1414 2.52.5 2121 3.73.7 1.5 (0.771.5 (0.77--3.0)3.0) 0.230.23
Unstable anginaUnstable angina 33 0.50.5 44 0.70.7 1.3 (0.301.3 (0.30--6.0)6.0) 0.700.70
Heart failureHeart failure 77 1.21.2 77 1.21.2 1.0 (0.351.0 (0.35--2.9)2.9) 0.990.99
StrokeStroke 55 0.90.9 1010 1.81.8 2.0 (0.692.0 (0.69--5.9)5.9) 0.200.20

RevascularizationsRevascularizations 4444 7.87.8 3131 5.55.5 0.71 (0.450.71 (0.45--1.1)1.1) 0.140.14
PTCAPTCA 2727 4.84.8 1515 2.72.7 0.90 (0.480.90 (0.48--1.7)1.7) 0.740.74
CABG surgeryCABG surgery 2020 3.63.6 1616 2.92.9 0.81 (0.420.81 (0.42--1.6)1.6) 0.760.76

DeathDeath
All causeAll cause 1515 2.72.7 1818 3.23.2 1.2 (0.691.2 (0.69--2.4)2.4) 0.600.60
NoncardiacNoncardiac 88 1.41.4 1010 1.81.8 1.3 (0.491.3 (0.49--3.2)3.2) 0.630.63



3022700-142

Cardiac EventsCardiac Events

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009

Cumulative Cumulative 
incidence incidence 

cardiac cardiac 
eventsevents
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Cardiac Events by Screening GroupCardiac Events by Screening Group

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009
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P=0.005P=0.005

Screening GroupScreening Group
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Events According to Findings of Screening Myocardial Events According to Findings of Screening Myocardial 
Perfusion Imaging (n=522)Perfusion Imaging (n=522)

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009

Patients with Patients with 
normal imaging normal imaging 

(n=409)(n=409)

Small Small 
perfusion perfusion 

defect (n=50)defect (n=50)

Moderate or Moderate or 
large perfusion large perfusion 
defect (n=33)defect (n=33)

Nonperfusion Nonperfusion 
abnormality abnormality 

(n=30)(n=30)
PP

PatientsPatients 7878 1010 66 66
Primary eventsPrimary events 2.02.0 2.02.0 12.112.1 6.76.7 0.0050.005

Myocardial infarctionMyocardial infarction 1.71.7 00 6.76.7 0.140.14
Cardiac deathCardiac death 0.50.5 2.02.0 12.112.1 3.33.3 <0.001<0.001

Secondary eventsSecondary events 3.23.2 2.02.0 9.19.1 13.313.3 0.010.01
Unstable anginaUnstable angina 0.20.2 3.03.0 6.76.7 <0.001<0.001
Heart failureHeart failure 1.21.2 00 6.76.7 0.080.08
StrokeStroke 1.71.7 2.02.0 6.16.1 0.310.31

RevascularizationsRevascularizations 3.93.9 4.04.0 21.221.2 20.020.0 <0.001<0.001
PTCAPTCA 2.22.2 2.02.0 9.19.1 6.76.7 0.430.43
CABG surgeryCABG surgery 1.71.7 2.02.0 12.112.1 13.313.3 0.0010.001

DeathDeath
All CauseAll Cause 2.22.2 4.04.0 15.215.2 3.33.3 0.0020.002
NoncardiacNoncardiac 1.71.7 2.02.0 3.03.0 0.900.90

Patient (%)Patient (%) Patient (%)Patient (%) Patient (%)Patient (%) Patient (%)Patient (%)
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FollowFollow--UpUp

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009

No screeningNo screening
n=562n=562

ScreeningScreening
n=561n=561 PP

PatientsPatients

No.No. %% No.No. %%
Additional cardiac testingAdditional cardiac testing

Nonprotocol stress testNonprotocol stress test 170170 3030 118118 2121 <0.001<0.001
Abnormal nonprotocol stress testAbnormal nonprotocol stress test 4545 2626 2828 2424 0.600.60
Coronary angiogram <120 dCoronary angiogram <120 d 33 0.50.5 2525 4.44.4 <0.001<0.001
Revascularization <120 dRevascularization <120 d 22 0.360.36 99 1.61.6 0.030.03
Total coronary angiogramsTotal coronary angiograms 6666 1212 8080 1414 0.200.20

No. of vessels >70% stenosisNo. of vessels >70% stenosis
00 2222 3333 4040 5050
11 2121 3232 1111 1414
22 1313 2020 1919 2323
33 1010 1515 1010 1212

0.050.05
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Medication UseMedication Use

Young LH et al:  JAMA 301(15):1547, 2009Young LH et al:  JAMA 301(15):1547, 2009

PPBaselineBaseline 5 yr5 yr

No.No. %% No.No. %% No.No. %% No.No. %%
Pharmacological treatmentPharmacological treatment

Insulin treatmentInsulin treatment 126126 2222 141141 2929 134134 2424 171171 3535 0.540.54
Oral antiOral anti--hyperglycemichyperglycemic 482482 8686 444444 9191 480480 8686 447447 9292 0.810.81
agentsagents
LipidLipid--lowering drugslowering drugs 272272 4848 377377 7878 255255 4545 365365 7676 0.320.32
StatinsStatins 228228 4141 327327 6767 209209 3737 324324 6767 0.250.25
Antihypertensive drugsAntihypertensive drugs 320320 5757 362362 7575 315315 5656 355355 7474 0.790.79
ACE or angiotensinACE or angiotensin 229229 4141 218218 4545 206206 3737 210210 4343 0.170.17
receptor blockersreceptor blockers
AspirinAspirin 261261 4646 356356 7373 241241 4343 364364 7474 0.240.24

5 yr5 yr BaselineBaseline

PatientsPatients
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Problems with Bypass SurgeryProblems with Bypass Surgery

•• Morbidity of the procedureMorbidity of the procedure
•• Saphenous vein graftsSaphenous vein grafts
•• Acceleration of underlying native coronary Acceleration of underlying native coronary 

diseasedisease
•• Informed consentInformed consent





Ann Int Med 147:708, 2007Ann Int Med 147:708, 2007

Procedural Stroke RiskProcedural Stroke Risk

CP1298619-2

Study, year Risk difference (95% CI)
Procedural stroke PCI CABG

ARTS, 2001 590/600 592/605

AWESOME, 2001 220/222 229/232

BARI, 1996 913/915 907/914

EAST, 1994 197/198 191/194

ERACI II,2001 225/225 223/225

GABI, 1994 182/182 175/177

Drenth et al, 2002 50/51 51/51

Diegeler et al, 2002 110/110 109/110

MASS, 1995 72/72 70/70

MASS II, 2004 203/205 197/203

Octostent, 2003 138/138 142/142

Cisowski et al, 2002 50/50 50/50

RITA, 1992 509/510 496/501

Hong et al, 2005 119/119 69/70

SIMA, 2000 62/63 60/60

Overall 3,640/3,660 3,561/3,604

Study, year Risk difference (95% CI)
Procedural stroke PCI CABG

ARTS, 2001 590/600 592/605

AWESOME, 2001 220/222 229/232

BARI, 1996 913/915 907/914

EAST, 1994 197/198 191/194

ERACI II,2001 225/225 223/225

GABI, 1994 182/182 175/177

Drenth et al, 2002 50/51 51/51

Diegeler et al, 2002 110/110 109/110

MASS, 1995 72/72 70/70

MASS II, 2004 203/205 197/203

Octostent, 2003 138/138 142/142

Cisowski et al, 2002 50/50 50/50

RITA, 1992 509/510 496/501

Hong et al, 2005 119/119 69/70

SIMA, 2000 62/63 60/60

Overall 3,640/3,660 3,561/3,604

Surviving patients/all patientsSurviving patients/all patients

More strokes
with CABG

More strokes
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More strokes
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More strokes
with PCI
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“Ha!  That finishes it!...I always knew he’d be 
back one day to get the other one!”

“Ha!  That finishes it!...I always knew he’d be 
back one day to get the other one!”
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Problems with Bypass SurgeryProblems with Bypass Surgery

•• Morbidity of the procedureMorbidity of the procedure
•• Saphenous vein graftsSaphenous vein grafts
•• Acceleration of underlying native coronary Acceleration of underlying native coronary 

diseasedisease
•• Informed consentInformed consent



What Surgeons  Do Not Tell YouWhat Surgeons  Do Not Tell You

•• I am going to put you to sleepI am going to put you to sleep

•• I am going to put a small hose into yourI am going to put a small hose into your
breathing tube and breathe for you.  I will breathing tube and breathe for you.  I will 
also put a smaller tube somewhat lower foralso put a smaller tube somewhat lower for
drainagedrainage

•• I am going to divide your breast bone with aI am going to divide your breast bone with a
saw and then singe the ends to stop bleedingsaw and then singe the ends to stop bleeding
and then spread open your chestand then spread open your chest

•• I am going to pick up and and then stop yourI am going to pick up and and then stop your
heartheart



What the Surgeon Does Not Tell YouWhat the Surgeon Does Not Tell You

•• I am going to make a long cut in your I am going to make a long cut in your 
leg and remove veinsleg and remove veins

•• I am going to do some hookups in yourI am going to do some hookups in your
chestchest

•• I am going to then take baling wire toI am going to then take baling wire to
put you back together againput you back together again

•• I am going to wake you up and tell youI am going to wake you up and tell you
that everything is GREAT!that everything is GREAT!



“Great” “Great” 
appears to be a relative termappears to be a relative term





3 Vessel & Left Main Disease3 Vessel & Left Main Disease
Post SYNTAXPost SYNTAX

PCI PCI –– 6%6%

CABG or PCI CABG or PCI –– 28%28%

CABG CABG –– 66%66%



“I hate this place.”



"It was back in '52 that the hits 
stopped coming."



“More quarters!  For God’s sake, 
more quarters!”



Lesion Severity in Native Vessels Lesion Severity in Native Vessels 
before Treatmentbefore Treatment
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Lesion Severity in Native Vessels Lesion Severity in Native Vessels 
6 Months after Treatment6 Months after Treatment
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The son of Enoch and The son of Enoch and 
the father of Lamech the father of Lamech 
(father of Noah), whom (father of Noah), whom 
he fathered at the age of he fathered at the age of 
187.  “And all the days of 187.  “And all the days of 
Methuselah were nine Methuselah were nine 
hundred sixty and nine hundred sixty and nine 
years: and he died in the years: and he died in the 
year of the Great Flood”.   year of the Great Flood”.   



The BARI 2D Study GroupThe BARI 2D Study Group
Event Rates at 5 YearsEvent Rates at 5 Years

VariableVariable RevascRevasc Medical Medical 
TherapyTherapy

PP

All patients (n=1828)All patients (n=1828)
Insulin sensitization (%)Insulin sensitization (%) 11.111.1 12.312.3 0.810.81
Insulin provision (%)Insulin provision (%) 12.212.2 12.012.0 0.850.85
P valueP value 0.750.75 0.900.90 0.780.78

PCI stratum (n=1065)PCI stratum (n=1065)
Insulin sensitization (%)Insulin sensitization (%) 10.210.2 10.110.1 0.670.67
Insulin provision (%)Insulin provision (%) 11.411.4 10.310.3 0.560.56
P valueP value 0.790.79 0.940.94 0.920.92

CABG stratum (n=763)CABG stratum (n=763)
Insulin sensitization (%)Insulin sensitization (%) 13.413.4 17.117.1 0.340.34
Insulin provision (%)Insulin provision (%) 13.913.9 15.615.6 0.670.67
P valueP value 0.830.83 0.710.71 0.720.72

NEJM 360:2503, 2009NEJM 360:2503, 2009

Death from Any CauseDeath from Any Cause



The BARI 2D Study GroupThe BARI 2D Study Group
Event Rates at 5 YearsEvent Rates at 5 Years

VariableVariable RevascRevasc Medical Medical 
TherapyTherapy

PP

All patients (n=1828)All patients (n=1828)
Insulin sensitization (%)Insulin sensitization (%) 20.320.3 24.124.1 0.290.29
Insulin provision (%)Insulin provision (%) 25.225.2 24.124.1 0.630.63
P valueP value 0.0590.059 0.850.85 0.230.23

PCI stratum (n=1065)PCI stratum (n=1065)
Insulin sensitization (%)Insulin sensitization (%) 21.121.1 20.420.4 0.360.36
Insulin provision (%)Insulin provision (%) 24.924.9 21.721.7 0.280.28
P valueP value 0.300.30 0.510.51 0.840.84

CABG stratum (n=763)CABG stratum (n=763)
Insulin sensitization (%)Insulin sensitization (%) 18.718.7 32.032.0 0.0020.002
Insulin provision (%)Insulin provision (%) 26.026.0 29.029.0 0.580.58
P valueP value 0.0660.066 0.510.51 0.070.07

Major Cardiovascular EventsMajor Cardiovascular Events

NEJM 360:2503, 2009NEJM 360:2503, 2009
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The Bypass Angioplasty Revascularization The Bypass Angioplasty Revascularization 
Investigation 2 DiabetesInvestigation 2 Diabetes TrialTrial

BARI 2D TrialBARI 2D Trial

Presented at the American Diabetes Presented at the American Diabetes 
Association (ADA) Annual Scientific Association (ADA) Annual Scientific 

Sessions 2009 in New OrleansSessions 2009 in New Orleans

Copyleft Clinical Trial Results. You Must Redistribute Slides



Prior CABG and STEMIPrior CABG and STEMI
APEXAPEX--AMI TrialAMI Trial

•• 5745 STEMI patients with planned primary 5745 STEMI patients with planned primary 
PCIPCI

•• 128 (2.2%) had prior CABG128 (2.2%) had prior CABG
•• Evaluate 90 day clinical outcomesEvaluate 90 day clinical outcomes

Welsh (under review)Welsh (under review)



Prior CABG and STEMIPrior CABG and STEMI
APEXAPEX--AMI TrialAMI Trial

CharacteristicsCharacteristics No Prior CABG No Prior CABG 
(n=5617)(n=5617)

Prior CABG Prior CABG 
(n=128)(n=128)

PP

Age, yrs, median (IQR)Age, yrs, median (IQR) 61 (52, 71)61 (52, 71) 69 (58.3, 76)69 (58.3, 76) <0.001<0.001

Female, n (%)Female, n (%) 1306 (23.3)1306 (23.3) 18 (14.1)18 (14.1) 0.0140.014

Hypertension, n (%) Hypertension, n (%) 2749 (49.0)2749 (49.0) 90 (70.3)90 (70.3) <0.001<0.001

Prior MI, n (%) Prior MI, n (%) 612 (10.9)612 (10.9) 82 (64.1)82 (64.1) <0.001<0.001

Prior PCI, n (%) Prior PCI, n (%) 881 (9.2)881 (9.2) 32 (36.7)32 (36.7) <0.001<0.001

Prior CHF, n (%) Prior CHF, n (%) 187 (3.3)187 (3.3) 21 (16.4)21 (16.4) <0.001<0.001

DM, n (%) DM, n (%) 187 (15.7)187 (15.7) 32 (25.0)32 (25.0) 0.0070.007

Welsh (under review)Welsh (under review)



Prior CABG and STEMIPrior CABG and STEMI
APEXAPEX--AMI TrialAMI Trial

No Prior CABG No Prior CABG 
(n=5617)(n=5617)

Prior CABG Prior CABG 
(n=128)(n=128)

PP

9090--Day Clinical Day Clinical 
Outcomes, n (%)Outcomes, n (%)
DeathDeath 256 (4.6)256 (4.6) 15 (11.9)15 (11.9) 0.0010.001

CHF CHF 267 (4.8)267 (4.8) 8 (6.3)8 (6.3) 0.40.4

Shock Shock 188 (3.3)188 (3.3) 8 (6.3)8 (6.3) 0.0820.082

Death/CHF/Shock Death/CHF/Shock 565 (10.1)565 (10.1) 21 (16.4)21 (16.4) 0.0190.019

Welsh (under review)Welsh (under review)



Prior CABG and STEMIPrior CABG and STEMI
APEXAPEX--AMI TrialAMI Trial

Angio & Revasc Angio & Revasc 
CharacteristicsCharacteristics

No Prior CABG No Prior CABG 
(n=5617)(n=5617)

Prior CABG Prior CABG 
(n=128)(n=128)

PP

Primary PCI, n (%)Primary PCI, n (%) 5272 (93.9)5272 (93.9) 101 (78.9))101 (78.9)) <0.001<0.001

No urg revasc (no urg No urg revasc (no urg 
csurg or primPCI), n (%)csurg or primPCI), n (%)

242 (5.0)242 (5.0) 24 (18.8)24 (18.8) <0.001<0.001

Post PCI TIMI flow, n (%) Post PCI TIMI flow, n (%) 
in those with primPCI in those with primPCI 

N=5272N=5272 N=101N=101 <0.001<0.001

0/1 0/1 110 (2.1)110 (2.1) 6 (6.2)6 (6.2) <0.001<0.001
2 2 328 (6.3)328 (6.3) 11 (11.3)11 (11.3) <0.001<0.001

3 3 4800 (91.6)4800 (91.6) 80 (82.5)80 (82.5) <0.001<0.001

Welsh (under review)Welsh (under review)



Prior CABG and STEMIPrior CABG and STEMI
APEXAPEX--AMI TrialAMI Trial

Welsh (under review)Welsh (under review)

Prior CABG patients with STEMI are less Prior CABG patients with STEMI are less 
likely to undergo acute reperfusion, have likely to undergo acute reperfusion, have 
worse angiographic outcomes following worse angiographic outcomes following 
primary PCI and higher 90primary PCI and higher 90--day mortality.  day mortality.  
These findings are especially applicable These findings are especially applicable 
when the IRA was a bypass graft.  when the IRA was a bypass graft.  
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9090--Day Mortality According to Prior CABGDay Mortality According to Prior CABG
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No prior CABGNo prior CABG
4.9%4.9%

Prior CABGPrior CABG
11.9%11.9%

P<0.001P<0.001
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9090--Day Death/CHF/Shock AccordingDay Death/CHF/Shock According
to Prior CABGto Prior CABG
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Associations Between Prior CABG andAssociations Between Prior CABG and
9090--Day Clinical OutcomesDay Clinical Outcomes

0 1 2 3 4 5

HR (95% CI)HR (95% CI) HR (95% CI)HR (95% CI)

9090--day deathday death

UnadjustedUnadjusted 2.71 (1.612.71 (1.61--4.57)4.57)

AdjustedAdjusted 1.90 (1.081.90 (1.08--3.33)3.33)

9090--day death/day death/
CHF/shockCHF/shock

UnadjustedUnadjusted 1.72 (1.111.72 (1.11--2.66)2.66)

AdjustedAdjusted 1.06 (0.661.06 (0.66--1.70)1.70)
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9090--Day Mortality According to PriorDay Mortality According to Prior
CABG CABG –– Graft vs Native IRAGraft vs Native IRA
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FollowFollow--up (days)up (days)

No prior CABGNo prior CABG
4.6%4.6%

Prior CABGPrior CABG
Graft IRA Graft IRA –– 19.0%19.0%

Prior CABGPrior CABG
Native IRA Native IRA –– 5.7%5.7%

Graft IRA vs no prior CAGB: P<0.001Graft IRA vs no prior CAGB: P<0.001
Native IRA vs no prior CABG: P=0.713Native IRA vs no prior CABG: P=0.713
Graft IRA vs native IRA: P=0.031Graft IRA vs native IRA: P=0.031
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9090--Day Death/CHF/Shock According to Prior Day Death/CHF/Shock According to Prior 
CABG CABG –– Graft vs Native IRAGraft vs Native IRA
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No prior CABGNo prior CABG
10.1%10.1%

Prior CABGPrior CABG
Graft IRA Graft IRA –– 22.2%22.2%

Prior CABGPrior CABG
Native IRA Native IRA –– 12.7%12.7%

Graft IRA vs no prior CAGB: P<0.001Graft IRA vs no prior CAGB: P<0.001
Native IRA vs no prior CABG: P=0.488Native IRA vs no prior CABG: P=0.488
Graft IRA vs native IRA: P=0.171Graft IRA vs native IRA: P=0.171
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Adjusted Associations Between PriorAdjusted Associations Between Prior
CABG CABG –– Graft vs Native IRA and 90Graft vs Native IRA and 90--Day Clinical Day Clinical 

OutcomesOutcomes

0 1 2 3 4 5 6 7

No prior CABG (ref) No prior CABG (ref) 9090--day deathday death HR (95% CI)HR (95% CI)

Prior CABG Prior CABG –– graft IRAgraft IRA 3.33 (6.303.33 (6.30--16.0)16.0)

Prior CABG Prior CABG –– native IRAnative IRA 1.22 (3.841.22 (3.84--12.0)12.0)

No prior CABG (ref)No prior CABG (ref) 9090--day death/CHF/shockday death/CHF/shock

Prior CABG Prior CABG –– graft IRAgraft IRA 0.86 (0.410.86 (0.41--1.8)1.8)

Prior CABG Prior CABG –– native IRAnative IRA 1.18 (0.461.18 (0.46--3.0)3.0)
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Intended Mode of RevascularizationIntended Mode of Revascularization
by Number of Diseased Vesselsby Number of Diseased Vessels
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BARI 2D RandomizationBARI 2D Randomization
2 x 2 Factorial Design2 x 2 Factorial Design

GlucoseGlucose
controlcontrol
strategystrategy

Ischemic control strategyIschemic control strategy

InsulinInsulin 592592 593593 1,1851,185
provisionprovision

InsulinInsulin 584584 599599 1,1831,183
sensitizationsensitization

1,1761,176 1,1921,192 2,3682,368

PromptPrompt
revascrevasc MedicalMedical
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BARI 2D in the Context of Current ClinicalBARI 2D in the Context of Current Clinical
Practice and Recent TrialsPractice and Recent Trials

USA*
Baseline IS IP Overall 2008

Metformin 54 75 10 42 64
TZDs 19 62 4 33 23
Sulfonylureas 53 18 52 35 40
Insulin 28 28 62 44 28

*Data courtesy Medco and ADA *Data courtesy Medco and ADA 
Based on 3,213,000 prescriptionsBased on 3,213,000 prescriptions

Year 3Year 3

How does glycemic drug use during BARI 2DHow does glycemic drug use during BARI 2D
(% of patients) compare to general use in USA?(% of patients) compare to general use in USA?
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BARI 2D in the Context of CurrentBARI 2D in the Context of Current
Clinical Practice and Recent TrialsClinical Practice and Recent Trials

COURAGE TrialCOURAGE Trial

•• Our PCI results are consistent withOur PCI results are consistent with
the results from COURAGE, in which the results from COURAGE, in which 
the majority of participants did not the majority of participants did not 
have diabeteshave diabetes

•• COURAGE did not study CABG COURAGE did not study CABG ––
further BARI2D analyses will address further BARI2D analyses will address 
the effect of PCI on anginathe effect of PCI on angina
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BARI 2D in the Context of CurrentBARI 2D in the Context of Current
Clinical Practice and Recent TrialsClinical Practice and Recent Trials

Intensive glycemic control trials (ADVANCE, ACCORD Intensive glycemic control trials (ADVANCE, ACCORD 
and VADT)and VADT)

•• BARI 2D does not address the question of BARI 2D does not address the question of 
intensive glycemic control as all subjects were intensive glycemic control as all subjects were 
treated with a target Atreated with a target A1C1C of <7.0%of <7.0%

TZD (rosiglitazone) therapyTZD (rosiglitazone) therapy
•• BARI 2D assessed therapeutic strategies rather BARI 2D assessed therapeutic strategies rather 

than any specific drugthan any specific drug
•• No safety concerns were seen for the IS group in No safety concerns were seen for the IS group in 

which over 60% were using TZD’s, predominately which over 60% were using TZD’s, predominately 
rosiglitazonerosiglitazone

•• These results are thus consistent with RECORDThese results are thus consistent with RECORD
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Effect of Insulin Sensitizing vs Insulin Providing Effect of Insulin Sensitizing vs Insulin Providing 
Strategy on Death/NonStrategy on Death/Non--Fatal MI or Stroke Among Fatal MI or Stroke Among 
Patients Assigned to Prompt RevascularizationPatients Assigned to Prompt Revascularization
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P=0.066P=0.059 P=0.30
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Do the Results of BARI 2D SuggestDo the Results of BARI 2D Suggest
Any Changes Should be Made to Current Any Changes Should be Made to Current 

Diabetes Management Practices?Diabetes Management Practices?

• In general, no, as significant IS vs IP 
differences were not demonstrated

• However, adoption of an IS strategy 
could be considered in those 
undergoing revascularization and 
needing improved glycemic control
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ConclusionsConclusions

• In patients with type 2 diabetes and stable 
CAD with documented ischemia, mortality 
does not differ according to either prompt 
or delayed revascularization strategies or 
by diabetes management strategies of 
insulin provision or sensitization

• In appropriately chosen type 2 diabetic 
patients, CABG is superior to aggressive 
medical therapy alone in reducing the 
combined incidence of death, non-fatal
MI and non-fatal stroke
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Final Lesson from BARI 2DFinal Lesson from BARI 2D

Therapeutic decisions regarding 
management of the CAD and 
glycemia in type 2 diabetes should
be made jointly by the patient’s 
cardiologist, diabetologist and/or 
primary care physician
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PCI vs CABG:  New vs Old TechnologyPCI vs CABG:  New vs Old Technology
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PCI vs CABGPCI vs CABG
MortalityMortality

AWESOMEAWESOME 454454 55
MASSMASS--II*II* 408408 11
SOSSOS 988988 22
ARTSARTS 1,2051,205 11
ERACIERACI--II*II* 450450 2.52.5
BARI*BARI* 1,8291,829 1010
EASTEAST 392392 88
CABRICABRI 1,0541,054 44
GABIGABI 359359 11
ERACI*ERACI* 127127 33
RITA*RITA* 1,0111,011 6.56.5
TotalTotal 8,2588,258

PCI betterPCI better CABG betterCABG better

Holmes DR Jr., Berger PB:  compelx Intervention.  Textbook of Interventional Holmes DR Jr., Berger PB:  compelx Intervention.  Textbook of Interventional 
Cardiology, 4Cardiology, 4thth Edition, Topol EJ, editor, 2003:201Edition, Topol EJ, editor, 2003:201--2222

PtPt
(no.)(no.)

FF--UU
(yr)(yr) Odds ratio (95% CI)Odds ratio (95% CI)

Hazard*/risk ratiosHazard*/risk ratios
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11--Year Rates of Repeat Revascularization in 4 CABG Year Rates of Repeat Revascularization in 4 CABG 
vs Stent Assisted PCI Trialsvs Stent Assisted PCI Trials

Do repeat revascularization rates = durability?Do repeat revascularization rates = durability?
Mercado et al:  J Thoracic Cardiovasc Surg, 2005Mercado et al:  J Thoracic Cardiovasc Surg, 2005
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PREVENT 4PREVENT 4

No.No. %% No.No. %%
Atrial fibrillationAtrial fibrillation 379379 25.125.1 402402 26.726.7
Perioperative MI in CABG surgeryPerioperative MI in CABG surgery 145145 9.69.6 149149 9.99.9
Renal failureRenal failure 4949 3.23.2 5050 3.33.3
Bleeding requiring reoperationBleeding requiring reoperation 4040 2.72.7 3636 2.42.4
PneumoniaPneumonia 3333 2.22.2 3737 2.52.5
StrokeStroke 2828 1.91.9 1818 1.21.2
Adult respiratory distress syndromeAdult respiratory distress syndrome 1010 0.70.7 1616 1.11.1
MediastinitisMediastinitis 99 0.60.6 1212 0.80.8
Pulmonary embolismPulmonary embolism 1212 0.80.8 55 0.30.3

Type of eventType of event

CABG +CABG +
edifoligideedifoligide
(n=1508)(n=1508)

CABG +CABG +
placeboplacebo
(n=1506)(n=1506)

PatientsPatients
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SYNTAXSYNTAX
11--Year Clinical OutcomesYear Clinical Outcomes
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Original ArticleOriginal Article

DrugDrug--Eluting Stents vs. CoronaryEluting Stents vs. Coronary--Artery Bypass GraftingArtery Bypass Grafting
in Multivessel Coronary Diseasein Multivessel Coronary Disease

Edward L. Hannan, et al N Engl J Med, Volume 358(4):331Edward L. Hannan, et al N Engl J Med, Volume 358(4):331--341, Jan 24, 2008341, Jan 24, 2008

Mortality (after adjustment) 7.3% for DES Vs. 6.0% for CABGMortality (after adjustment) 7.3% for DES Vs. 6.0% for CABG

This 1.3% absolute difference (P=0.03) yields a NNT of 77This 1.3% absolute difference (P=0.03) yields a NNT of 77

If we need to do 77 bypasses to save one life, I believe theIf we need to do 77 bypasses to save one life, I believe the
mortality benefit is clinically meaningless!mortality benefit is clinically meaningless!

This point was completely missed by the lay pressThis point was completely missed by the lay press
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CABG
n=897

TAXUS
n=903

CABG
n=1,077

PCI
n=198

DM
28.5%

Non-DM
71.5%

SYNTAX Trial DesignSYNTAX Trial Design

62 EU sites62 EU sites 23 U.S. sites23 U.S. sites++

Heart team (surgeon & interventionalist)Heart team (surgeon & interventionalist)

Amenable for bothAmenable for both
treatment optionstreatment options

Amenable for only 1Amenable for only 1
treatment approachtreatment approach

Randomized armsRandomized arms
n=1,800n=1,800

2 registry arms2 registry arms
n=1,275n=1,275

vsvs

TAXUSTAXUSÒÒ ExpressExpressÒÒ StentStent
DM

28.2%
Non-DM
71.8%
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SYNTAXSYNTAX
11--Year Clinical OutcomesYear Clinical Outcomes
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P=0.003P=0.003
P=0.11P=0.11P=0.37P=0.37

P=0.98P=0.98

Number needed to prevent analysisNumber needed to prevent analysis

Number of CABGs needed to prevent 1 reNumber of CABGs needed to prevent 1 re--PCI = 13PCI = 13

At the cost of almost 4 times as many strokesAt the cost of almost 4 times as many strokes

Serruys and Mohr:  ESC, 2008Serruys and Mohr:  ESC, 2008 *Primary endpoint*Primary endpoint
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Adverse Events to 12 MonthsAdverse Events to 12 Months
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RevascularizationRevascularization

CVA (Stroke)CVA (Stroke)

4.2%4.2%
4.4%4.4% 2.7%2.7%

0.3%0.3%

4.1%4.1%
4.3%4.3%

12.0%12.0%
6.7%6.7%

P=0.97*P=0.97*

P=0.88*P=0.88*

P=0.02*P=0.02*

P=0.009*P=0.009*

Stent (n=357)Stent (n=357)
CABG (n=348)CABG (n=348)Number needed to preventNumber needed to prevent

Number of CABGs needed to prevent Number of CABGs needed to prevent 
1 re1 re--PCI = 19PCI = 19
This mean 18 of every 19 CABGs This mean 18 of every 19 CABGs 
were unnecessary!were unnecessary!
At the cost of 9 times as many strokesAt the cost of 9 times as many strokes
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Safety at 12 Months (Death/CVA/MI)Safety at 12 Months (Death/CVA/MI)
Left Main SubsetLeft Main Subset
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ITT population; presented by Dr. Serruys:  TCT 2008ITT population; presented by Dr. Serruys:  TCT 2008
The safety and effectiveness of the TAXUSThe safety and effectiveness of the TAXUSÒÒ ExpressExpressÒÒ Stent System have not been established in Stent System have not been established in 
the following patient populations: lesions located in the unprotected left main coronary artery or the following patient populations: lesions located in the unprotected left main coronary artery or 
patients with multipatients with multi--vessel diseasevessel disease

CABGCABG
TAXUSTAXUSÒÒ ExpressExpressÒÒ StentStent

PtPt
(%)(%)

P>0.99P>0.99

P=0.29P=0.29

P=0.72P=0.72

P=0.57P=0.57

P=0.11P=0.11

n=705 n=91 n=138 n=218 n=258
IM all IM only IM + 1VD IM + 2VD IM + 3VD
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Revascularizations at 12 MonthsRevascularizations at 12 Months
Left Main SubsetLeft Main Subset
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P=0.02P=0.02

P=1.0P=1.0 P=0.68P=0.68

P=0.08P=0.08 P=0.02P=0.02

n=705 n=91 n=138 n=218 n=258
IM all IM only IM + 1VD IM + 2VD IM + 3VD

ITT population; presented by Dr. Serruys:  TCT 2008ITT population; presented by Dr. Serruys:  TCT 2008
The safety and effectiveness of the TAXUSThe safety and effectiveness of the TAXUSÒÒ ExpressExpressÒÒ Stent System have not been established in Stent System have not been established in 
the following patient populations: lesions located in the unprotected left main coronary artery or the following patient populations: lesions located in the unprotected left main coronary artery or 
patients with multipatients with multi--vessel diseasevessel disease

Number needed to preventNumber needed to prevent
LM + 3VD patientsLM + 3VD patients

Number of CABGs needed Number of CABGs needed 
to prevent 1 reto prevent 1 re--PCI = 11PCI = 11
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CVA (Stroke)CVA (Stroke)

P=0.04P=0.04

P=0.18P=0.18

P=0.02P=0.02

P=0.09P=0.09

CABG (n=549)CABG (n=549)
TAXUSTAXUSÒÒ ExpressExpressÒÒ Stent (n=546)Stent (n=546)

4.4%4.4%
2.9%2.9%

5.2%5.2%
2.6%2.6%

1.9%1.9%
0.8%0.8%

4.7%4.7%

5.4%5.4%

Adverse Events to 12 MonthsAdverse Events to 12 Months
Left Main SubsetLeft Main Subset

4.4 4.4 –– 2.9 = 1.5 abs diff2.9 = 1.5 abs diff
NNT = 67, ie, 67 CABGs NNT = 67, ie, 67 CABGs 

to save 1 lifeto save 1 life

1.9 1.9 –– 0.8 = 1.1 abs diff0.8 = 1.1 abs diff
NNP = 91, by 91 CABGs NNP = 91, by 91 CABGs 

there is 1 extra CVAthere is 1 extra CVA

NNP = 10.7, ie, must doNNP = 10.7, ie, must do
10.7 CABGs to prevent10.7 CABGs to prevent

1 re1 re--PCIPCI
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DD=$3,590 (P<0.001)=$3,590 (P<0.001)

Total 1Total 1--Year CostsYear Costs

11--year followyear follow--upup Initial hospitalizationInitial hospitalization

$35,991$35,991 $39,581$39,581
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Higher 12Higher 12--Month MACCE in Diabetics* Driven by Month MACCE in Diabetics* Driven by 
RevascularizationRevascularization
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Medically treated diabetics; presented by Dr. Dawkins:  TCT 2008Medically treated diabetics; presented by Dr. Dawkins:  TCT 2008
The TAXUSThe TAXUSÒÒ ExpressExpressÒÒ Stent System has not been specifically indicated for pateints with diabetesStent System has not been specifically indicated for pateints with diabetes

CABG (n=204)CABG (n=204)
TAXUSTAXUSÒÒ ExpressExpressÒÒ Stent Stent 
(n=227)(n=227)
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P<0.001P<0.001

P=0.003P=0.003

All death MI CVA Revasc MACCE

Diabetic patientsDiabetic patients
Number needed to preventNumber needed to prevent
Number of CABGs needed Number of CABGs needed 

to prevent 1 reto prevent 1 re--PCI = 8PCI = 8



3011192-206

Death/CVA/MI at 12 MonthsDeath/CVA/MI at 12 Months
Diabetic SubgroupsDiabetic Subgroups
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MACCE to 12 Months vs SYNTAX ScoreMACCE to 12 Months vs SYNTAX Scoreää
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MACCE to 12 Months by SYNTAX ScoreMACCE to 12 Months by SYNTAX Score
Tertile Tertile High Score (33+)High Score (33+)

0

10

20

30

40

50

0 6 12
C

um
ul

at
iv

e 
ev

en
t 

C
um

ul
at

iv
e 

ev
en

t 
ra

te
 (%

)
ra

te
 (%

)
Months since allocationMonths since allocation

LM SubsetLM Subset

P=0.008P=0.008

25.3%25.3%

12.9%12.9%
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CABGCABG PCIPCI PP

DeathDeath 4.1%4.1% 9.7%9.7% 0.060.06

CVACVA 3.4%3.4% 0.8%0.8% 0.220.22

MIMI 6.0%6.0% 7.6%7.6% 0.650.65

Death,Death, 10.8%10.8% 14.1%14.1% 0.400.40
CVA orCVA or
MIMI

RevascRevasc 4.9%4.9% 17.8%17.8% 0.0010.001
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MACCE to 12 Months by SYNTAX ScoreMACCE to 12 Months by SYNTAX Score
Tertile Tertile High Score (33+)High Score (33+)
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Holmes (1984)Holmes (1984)
Vandormael (1987)Vandormael (1987)

Lambert (1988)Lambert (1988)
Quigley (1989)Quigley (1989)

Ellis (1989)Ellis (1989)
Macdonald (1990)Macdonald (1990)

Bourassa (1991)Bourassa (1991)
Weintraub (1993)Weintraub (1993)

Rabbini (1994)Rabbini (1994)
Lefevre (1994)Lefevre (1994)

Van Belle (1997)Van Belle (1997)
Levine (1997)Levine (1997)

Van Belle (1998)Van Belle (1998)

Restenosis Rate (%)Restenosis Rate (%)

J Am Coll Cardiol 1999;34:476-485

58%58%

58% Average Restenosis Rate in Diabetes 58% Average Restenosis Rate in Diabetes 
Following POBAFollowing POBA



J Am Coll Cardiol 1998;32:1866J Am Coll Cardiol 1998;32:1866--18731873
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Restenosis Increased in Diabetes Restenosis Increased in Diabetes 
Following BMS ImplantationFollowing BMS Implantation
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J Am Coll Cardiol 1998;32:1866J Am Coll Cardiol 1998;32:1866--18731873

Diabetes Also Increases Mortality
After Bare Metal Stenting



•• Current guidelines recommend CABGCurrent guidelines recommend CABG
•• Estimated 34% of patients with Class I Estimated 34% of patients with Class I 

indications for CABG receive PCI in the DES eraindications for CABG receive PCI in the DES era

What is the optimal treatment?What is the optimal treatment?

J Am Coll Cardiol 2008;51:172J Am Coll Cardiol 2008;51:172--209209
Circulation 2007;116II:795Circulation 2007;116II:795

What About Diabetic Patients with What About Diabetic Patients with 
33--Vessel and/or Left Main Disease?Vessel and/or Left Main Disease?
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No. of pts
CABG 734 699 490
PTCA 742 703 509

%

Years

P = 0.7155
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Survival-Patients without Treated Diabetes

Detre, JACC 2000

BARI BARI -- 7 Year Survival7 Year Survival



Amount of DiseaseAmount of Disease
BARI vs SYNTAXBARI vs SYNTAX

BARIBARI SYNTAXSYNTAX

3VD3VD 44%44% 71%71%
LMCALMCA 00 29%29%

# sig. lesions# sig. lesions 3.43.4 4.64.6

Diffuse diseaseDiffuse disease ?? 13.4%13.4%

11--yr survivalyr survival 90%90% 92%*92%*

*Death/CVA/MI*Death/CVA/MI



COURAGE TrialCOURAGE Trial
What are the Lessons?What are the Lessons?

Medical therapy needs to be Medical therapy needs to be optimaloptimal, , 
closely followed, specific metrics of closely followed, specific metrics of 
treatment objectivestreatment objectives



Mortality in Type 2 DiabetesMortality in Type 2 Diabetes
Multifactorial InterventionMultifactorial Intervention

•• STENOSTENO--2 study randomly assigned 160 patients 2 study randomly assigned 160 patients 
with type 2 diabetes and microwith type 2 diabetes and micro--albuminuria to albuminuria to 
conventional therapy or intensive therapyconventional therapy or intensive therapy

•• Targets:Targets:
•• HAIC <6.5%HAIC <6.5%
•• Cholesterol <175Cholesterol <175
•• Triglycerides <150Triglycerides <150
•• BP <130/80BP <130/80

•• Approach Approach –– tight glucose regulation, RAS tight glucose regulation, RAS 
blockers, ASA, lipid lowering agentsblockers, ASA, lipid lowering agents

•• Primary endpoint all cause mortality at 13.3 yrsPrimary endpoint all cause mortality at 13.3 yrs
Gaede P et al:  N Engl J Med 358:580, 2008Gaede P et al:  N Engl J Med 358:580, 2008



Risk of DeathRisk of Death

Gaede P et al:  N Engl J Med 358:580, 2008Gaede P et al:  N Engl J Med 358:580, 2008
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Gaede P et al:  N Engl J Med 358:580, 2008Gaede P et al:  N Engl J Med 358:580, 2008
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P<0.001P<0.001

Intensive 80 72 65 61 56 50 47 31 
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therapy

Conventional 
therapy

Intensive 
therapy

Intensive 
therapy
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Clinical ImplicationsClinical Implications

•• A central approach to optimizing outcome of all A central approach to optimizing outcome of all 
diabetic patients is optimal control.diabetic patients is optimal control.

•• By optimizing control,  we can optimize the By optimizing control,  we can optimize the 
results of any revascularization strategyresults of any revascularization strategy



BARI 2DBARI 2D

•• Multicenter RCT 49 sitesMulticenter RCT 49 sites
•• 2,368 patients with type 2 diabetes and stable 2,368 patients with type 2 diabetes and stable 

CADCAD
•• Randomization to revascularization (CABG or Randomization to revascularization (CABG or 

PCI) vs standardized medical therapyPCI) vs standardized medical therapy
•• Primary endpoint Primary endpoint –– cardiovascular eventscardiovascular events

BARI 2D Study Group, Am Heart J 2008;156:528BARI 2D Study Group, Am Heart J 2008;156:528--536536



What are the outstanding issues?What are the outstanding issues?

•• Diabetes Diabetes 
•• Acute myocardial infarctionAcute myocardial infarction
•• Chronic total occlusionChronic total occlusion
•• LMCA or MVDLMCA or MVD
•• Dual antiplatelet therapyDual antiplatelet therapy



BARI 2D Trial: Study DesignBARI 2D Trial: Study Design

PCI Stratum (N= 1605)PCI Stratum (N= 1605)CABG Stratum (N= 763)CABG Stratum (N= 763)

OMT alone OMT alone 
(N= 385)(N= 385)

CABG +OMT CABG +OMT 
(N= 378)(N= 378)

2368 patients with mild to moderate CAD and Type 2 diabetes prior to 2368 patients with mild to moderate CAD and Type 2 diabetes prior to 
randomization. Prospective. Randomized. Mean followrandomization. Prospective. Randomized. Mean follow--up 5.3 yearsup 5.3 years

gg Primary Endpoint: Death (from any cause)Primary Endpoint: Death (from any cause)
gg Secondary Endpoint: Composite of Death, MI, or StrokeSecondary Endpoint: Composite of Death, MI, or Stroke

RR

RR RR

BARI 2D Study Group, NEJM 2009BARI 2D Study Group, NEJM 2009

OMT alone OMT alone 
(N= 807)(N= 807)

PCI +OMT PCI +OMT 
(N= 798)(N= 798)

Provision   Provision   
(N= 194)(N= 194)

Sensitization   Sensitization   
(N= 191)(N= 191)

Provision   Provision   
(N= 190)(N= 190)

Sensitization   Sensitization   
(N= 188)(N= 188)

Provision   Provision   
(N= 399)(N= 399)

Provision   Provision   
(N= 402)(N= 402)

Sensitization   Sensitization   
(N= 408)(N= 408)

Sensitization   Sensitization   
(N= 396)(N= 396)
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