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CABG is Best Revascularization in Diabetes 
 

(I have not included RCTs/Registries only reporting 1 year outcomes) 

TCT 



Diabetes Mellitus (DM): A Growing Epidemic 
 

o > 170 million DM worldwide, 24 million DM in USA  

oWHO estimate DM will double by 2030 

o DM has 4-6 fold increase in adverse cardiovascular events 

o DM present in >25% CABG and >30% ACS patients 

o In DM 75% of deaths, 80% hospital admissions are CVS 



Increase in repeat revasc x4 in PCI (58% of PCI received CABG) 
ITT analyses: X-overs reduce the magnitude of CABG survival benefit 

12% 

The Final 10-Year Follow-Up: Results From the BARI Randomized Trial 

The BARI Investigators* [J Am Coll Cardiol 2007;49:1600–6] 
o1829 patients: (12% of potentially eligible population) 
o353 diabetic patients: (19% of All  BARI patients) 
oLow Severity CAD: 41% 3vCAD; 31% proximal LAD; normal LV function 



oOVERALL 
o7812 patients 
oMedian follow up 6 years 
o65%: 1 or 2 VD; all normal LV 
oHR CABG: 0.91: p=0.12 

o1233 patients with DM 
oHR for CABG vs PCI in DM  
   0.70; p=0.01 
oSurvival benefit of CABG    
   increases with time 

Lancet 2009 

30% 

20% 





BARI 2D: [NEJM 2009] 
 (i) optimal medical therapy vs prompt revascularization (prespecified to PCI/CABG) 
 (ii) Insulin vs oral hypoglycaemics  

2368 patients (2001-05) PCI (1605) 

Age (sd) [% male]  62 (9); [68%] 

DM (years); [% insulin] 10(9); [31%] 

Unstable; prior revasc 11% 29% 

3 vessel disease 20% 

Significant LAD disease 10% 

Ejection Fraction 57 (11) 

CABG (763) 

63 (8); [76%] 

11(8); [22%] 

7%; 13% 

52% 

19% 

57 (11) 

Medical PCI 

807 798 

5 years Death 11.9% 12.8% 

5 years MI 10.2% 11.3% 

5 years Stroke 2.9% 2.9% 

5 years Death,MI,Stroke 20.8% 23.4% 

Medical CABG 

385 378 

16.9% 14% 

14.6% 7.4%* 

2.6% 1.9% 

29.9% 20.9%* 

By 5 years 42% of medical group required revascularization (ITT analyses !)  

oOverall Low severity CAD (NO Registry Data: what % of all DM enrolled ?)  
oPCI had no benefit over medical treatment but CABG (prespecified) did 
oHigh risk of subsequent revascularization in medical group (42%) 



Δ=7.9% (5.4% death) 

CABG vs BMS NEJM 2005 

NY Registry 59,314 patients 

4.9% 

ASCERT 189,793 patients 

NEJM 2012 

4.4% 

CABG vs DES  ATS 2013 

NY Registry 16,242 patients 

6.8% 

[2012] 



DM=452 

CABG=221 PCI=231 

MACCE % 29 47 <0.001 

All cause death/stroke/MI % 19 24 0.26 

All death % 13 20 0.06 

Cardiac death % 6.5 13 0.03 

Stroke % 4.7 3 0.34 

MI  % 5.4 9 0.20 

Repeat Revascularization %  15 35 <0.001 

Repeat PCI % 13 29 <0.001 

Repeat CABG % 1.9 8.7 0.004 

Graft Occlusion/stent thrombosis % 4.3 5.3 0.61 

EJCTS 2013 
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Death 

REVASC 

Benefits of surgery increase with time 



CABG PCI 4 years follow-up 

numbers 1513 1539 

MACCE % 16.8 22.5 1.34 (1.16-1.54) <0.0001 

DEATH % 9.7 14 1.51 (1.09-2.01) 0.01 

MI % 5.9 10.3 1.44 (0.79-2.6) .23 

STROKE % 3.8 2.3 .59 (0.39-0.90) 0.01 

REVASC % 8 17.4 1.85 (1.0-3.4) 0.05 

 JAHA 2013 

Benefits of surgery increase with time 



 8 RCTs  with 7468 participants, of whom 3612 had diabetes.  

• 4 RCTs used BMS (ERACI II, ARTS, SoS, MASS II)  

• 4 RCTs used DES (FREEDOM, SYNTAX, VA CARDS, CARDia).  

 

 At mean/median 5-year: 

 CABG had lower all-cause mortality vs PCI (RR 0·67, 95% CI 0·52-0·86; p=0·002) 

 No differences in outcome whether PCI used BMS or DES.  

Comparison of coronary artery bypass surgery and percutaneous coronary 

intervention in patients with diabetes: a meta-analysis of randomised controlled trials. 

 
Verma S, Farkouh ME, Yanagawa B, Fitchett DH, Ahsan MR, Ruel M, Sud S, Gupta M, Singh S, Gupta N, 

Cheema AN, Leiter LA, Fedak PW, Teoh H, Latter DA, Fuster V, Friedrich JO.  [Lancet Diab Endocrin 2013] 

INTERPRETATION: 

In the modern era of stenting and optimum medical therapy, revascularisation of 

patients with diabetes and multivessel disease by CABG decreases long-term 

mortality by about a third compared with PCI using either BMS or DES. CABG should 

be strongly considered for these patients. 



 14 trials (4 RCT and 10 non-RCT) with 7072 patients.  

 

  At 5 years CABG had: 

 reduced mortality (7.3% vs 10.4%, OR [95%CI] = 0.65[0.55-0.77], p < 0.000 

RCTs (OR[95%CI] = 0.64[0.50-0.82], p = 0.0005)  

Non-RCTs (OR[95%CI] = 0.75[0.6-0.94)], p = 0.01) 

 reduced MACCE (14.9% vs 22.9%, OR[95%CI] = 0.59[0.51-0.67], p < 0.00001 

 reduced TVR (5.2% vs 15.7%, OR[95%CI] = 0.30[0.25-0.36], p < 0.00001 

✗ increased risk of CVA (3.6% vs 1.4%, OR[95%CI] = 2.34[1.63-3.35], p < 0.0001 

  

 A significant relationship was observed between risk profile and benefits in mortality 

with CABG (p < 0.001). 

 

Meta-analysis of 14 trials comparing bypass grafting vs drug-eluting stents in diabetic 

patients with multivessel coronary artery disease. [Nutr Metab Cardiovasc Dis 2014] 

 
De Luca G, Schaffer A, Verdoia M, Suryapranata H.  

CONCLUSIONS: 

The present meta-analysis demonstrates that among diabetic patients with 

multivessel disease and/or left main disease, CABG provides benefits in mortality 

and TVR, especially in high-risk patients but it is counterbalanced by a higher risk 

of stroke.  



WHY DOES CABG HAVE SUCH A SURVIVAL BENEFIT OVER PCI ? 

1.Placing bypass grafts to the MID CORONARY VESSEL has TWO effects 
(i) Complexity of ‘CULPRIT’ lesion is irrelevant  
(ii) over the long term offers prophylaxis against FUTURE ‘culprit’ lesions 
In contrast, PCI only treats ‘SUITABLE’ localised proximal ‘culprit’ lesions but 

has NO PROPHYLACTIC BENEFIT against new disease 

3. PCI means incomplete revascularization (Hannan Circ 2006) 
•Of 22,000 PCI 69% had incomplete revascularization 
•>2 vessels (+/- CTO) HR for mortality 1.4 (95% CI = 1.1-1.7) 

PCI will ‘never’ match the results of CABG for LM/MVD (POBA;BMS;DES) 

Anatomically, atheroma is mainly located in the proximal coronary arteries 

2 

CIRC 2007 

IMA elutes NO into coronary circulation reducing risk of further disease 

impairs re-endothelialization, creates pro-thrombotic environment, impairs endothelial 
function downstream 



Summary and Conclusions  

o Consistent evidence from RCTs, Meta-analyses and  Propensity 
Matched Registries that CABG, in  comparison to PCI, by 5 years 

  
 results in better survival (>5%) 
 reduces the  risk of MI (by at least 50%)  
 reduces the risk of repeat revascularization (by at least 50%)   
 X at the cost of a 1.5% increase in stroke over 5 years. 
 
o At five years survival curves continue to diverge implying that the 

survival benefit of CABG will continue to increase     
 
        FOR PATIENTS WITH DIABETES WHO REQUIRE  
 
       REVASCULARIZATION CABG IS A CLEAR WINNER 



 Pooled patient-level data from 18 prospective RCT.  
• Two propensity matched groups by lesion complexity (ACC/AHA class A/B1 vs. B2/C).  

• Remaining baseline differences were adjusted for by multivariable analysis. 

 

 DM was present in 3,467 (18.8%) of 18,441 patients.  

• At 1-year DM was a predictor of 

• Cardiac death or myocardial infarction (MI), HR [95%CI]=1.40 [1.09, 1.81] 

• TLR, HR [95%CI]=1.34 [1.05, 1.70]  

• TVR, HR [95%CI]=1.40 [1.15, 1.72]),  

 

 TLR and TVR rates were significantly higher in DM vs. non-DM patients with  

ACC/AHA type B2/C lesions (8.0% vs. 4.5% and 10.6% vs. 5.9%, both p<0.0001),  

but not in type A/B1 lesions (4.6% vs. 4.8%, p=0.87, and 7.4% vs. 6.8%, p=0.47) 

. 

Impact of Coronary Lesion Complexity on Drug-Eluting Stent Outcomes in Patients 

With and Without Diabetes Mellitus: Analysis from 18 Pooled Randomized Trials. 

Kedhi E, Généreux P, Palmerini T, McAndrew TC, Parise H, Mehran R, Dangas GD, 

Stone GW  [JACC 2014] 



 14 studies (5 RCT; 9 OBS) > 5000 patients.  

 

• 30-day mortality lower in the DES cohort [OR 0.49(0.27, 0.88); p=0.02; I2=0%].  

• 30-day stroke higher in CABG (1.8%) vs DES/ (0.17%; p<0.01).  

 

 One-year stroke similar in both cohorts [OR 0.84(0.19, 3.74); p=0.82].  

 

 At three to five years for DES vs CABG  

• MACCE OR 1.71 (1.27 - 2.3)  

• repeat intervention OR 3.02 (2.13 -  4.28; p<0.01].  

Drug-eluting Stents versus Coronary Artery Bypass Grafting in Diabetic 

Patients with Multi-vessel Disease: A Meta-analysis [Heart Lung Circ 2014] 

Lim JY, Deo SV, Kim WS, Altarabsheh SE, Erwin PJ, Park SJ. 



o‘early termination due to slow recruitment over 5 years: 510 of 600 patients 

PCI (256) CABG (254) 

Age (% male) 64 (71%) 64 (78%) 

urgent 22% 24% 

Insulin dependent 31% (10 years) 31% (10 years) 

3vd 65% 58% 

EF 59% 60% 

Death 3.2% 3.3% 

MI 8.4% 5.7% (Δ -32%) 

CVA 0.4% 2.5% 

1 year death/MI/CVA 11.6% 10.2% 

Revascularization 12% 2% 

Composite 18% 11% 

oNo Registry Data (what % of diabetic patients enrolled ?) 
•Approx 26000 DM had CABG in same period in UK ie <0.5% enrolled 

Randomized Comparison of PCI with CABG in Diabetic 

Patients: 1 Year Results of the CARDia Trial. JACC 2010 



1080 

600 

226 

705 

374 

Javaid et al. [Circ 2007] 1680 patients DES vs CABG 1 year follow up 

375 

Nos Mortality MACCE 

•2766 risk matched DIABETICS: PCI  5 yr mortality x 2 – 4 

Routine  clinical practice in DM: PCI vs CABG 

JACC 2001 





AGE </>75 

BMI 

Race 

DM 

Lung fn 

PVD 

Prior MI 

Renal fn 

EF 

Overall Risk 

Severity CAD 

Gender 

OVERALL 

189,793 PPM patients from ACC (PCI) and STS (CABG) databases: NEJM 2012  



AIM 2013 

105,156 patients 



No DM DM 

6th UK and Ireland  

SCTS Database (2009) 

MORTALITY 

5 yr: 2004-08 All Elective 

Total 114300 1.8% 1.1% 

NonDM 88280 (77%) 1.6% 1.0% 

DM 26020 (23%) 2.6% 1.6% 



Fundamental Question 
WHY DOES CABG HAVE SUCH A SURVIVAL BENEFIT OVER PCI ? 

During CABG placing bypass grafts to the  
MID CORONARY VESSEL has TWO effects 
(i) Complexity of ‘CULPRIT’ lesion irrelevant  
(ii) over the long term, CABG offers prophylaxis against 

FUTURE ‘culprit’ lesions by protecting whole zones 
of vulnerable proximal myocardium in diffusely 
unstable coronary endothelium (especially diabetes) 

• In contrast, PCI with stents ( ) only treats 
‘SUITABLE’ localised proximal ‘culprit’ lesions but 
has NO PROPHYLACTIC BENEFIT against new 
disease (proximal to, within or distal to the stent) 

3. PCI means incomplete revascularization (Hannan Circ 2006) 
•Of 22,000 PCI 69% had incomplete revascularization 
•>2 vessels (+/- CTO) HR for mortality 1.4 (95% CI = 1.1-1.7) 

PCI will ‘never’ match the results of CABG for LM/MVD (POBA;BMS;DES) 

Anatomically, atheroma is mainly located in the proximal coronary arteries 

NO 

2. IMA graft is a permanent ‘Nitric Oxide Eluting Stent’ that ensures 
its own patency and protects native coronary circulation (NEJM 1988) 



Evidence Basis for an Intervention (CABG vs PCI) 

RCT 

The Gold standard 

Strengths No Bias 

Potential 

Weaknesses 

Small numbers of patients 

Small % of eligible population 

Atypical patient populations 

Short duration of follow-up 

Large numbers of cross-overs 

(19/20 RCT of CABG vs PCI) 

EXPENSIVE 

Registries  

(Propensity Matched) 

>10,000s of Patients 

Represent real clinical practice 

(1/20 RCT of CABG vs PCI) 

Relatively Cheap 

Confounding/Bias 

Always must consider TWO CRUCIAL factors 
(i) % of eligible population included in trials 
(ii) Length of follow-up 



Summary and Conclusions  

o Consistent evidence from RCTs, Meta-analyses and  Propensity 
Matched Registries that CABG results in better survival and reduced 
MI and repeat revasc in  comparison to PCI 

o Strongest RCT evidence from Hlatky collaborative analyses 
• Significant survival benefit for DM with CABG at 6 years (HR 0.7) 
o Propensity Matched Registry Data (reflecting real clinical practice) 

consistently show survival benefit of CABG over PCI in DM 
o BARI 2D (low severity of CAD) 
• No benefit of PCI vs OMT 
• CABG reduced risk of MI (and also reduced absolute mortality by3%) 
o SYNTAX trial showed that at 5 years DM patients have better 

survival, reduced MI and repeat revasc with CABG vs PCI 
o FREEDOM trial confirms 5% survival benefit of CABG 
o In ALL 78,000 elective CABG patients in UK (2004-08) 1.1% mortality 
o Survival benefit of CABG vs stents accrues with time  



 % progression of native CAD 

IMA  SVG 

Kitamura (1987) 18 46 

Loop (1996) 39 67 

Manninen (1998) 26 45 

Hamada (2001) 12 38 

Borges (2010) 17 44 

AVERAGE 22 48 

CIRC 2007 

oimpairs re-endothelialization,  
ocreates pro-thrombotic environment  
oimpairs distal  endothelial function 

Increased EDRFs (especially 
NO) produced by IMA results 
in superior graft patency and 
additionally protects native 
coronary artery circulation  




