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HYBRID Revascularization:  

The Concept 

• Minimally invasive LIMA-LAD 

 

 

• PCI (with DES) to non-LAD coronary 

targets 

Avoid the bad and ugly of both worlds, 

and focus on the good of both 

techniques! 

+ 



Hybrid Revascularization: 

LIMA to LAD + PCI to other Vessels 

90% LIMA patency at 10 

years 

Non-Invasive, Fast 

recovery, Less Bleeding, 

Less stroke 



Guidelines 

Fihn, SD et al. Circulation  2012 





Robotic EndoACAB 
 



LIMA to LAD Anastomosis: 

3-4 cm Micro-Thoracotomy 
 









2 Weeks After Surgery 



 
 

2. Current Data 



2. Current Data 

J Am Coll Surg 2015 [Ahead of Print] 

Single Center Retrospective 1:3 Propensity Score 

Matching; n=1,224 

306 Hybrid vs. 918 CABG 

Median Follow-up 3.7 years 



From 2003 to 2013 Emory Hospital USA 

J Am Coll Surg 2015 [Ahead of Print] 



Methods 

• Heart team discussion: 

• 1) LIMA LAD first, then staged PCI (Default) 

 Clopidogrel 150 mg post LIMA LAD (72.5%)  

• 2) PCI first than LIMA LAD on DAPT (20.0%) 

• 3) One setting (7.5%): 

 LIMA LAD first then 600mg Clopidogrel at the time of the 

PCI (after confirmation of LIMA to LAD patency) 

• Median time of 3 days [2-7 days] between staged 

procedures 

• CABG: 83% Off Pump / 11% BIMA used 

J Am Coll Surg 2015 [Ahead of Print] 



J Am Coll Surg 2015 [Ahead of Print] 



J Am Coll Surg 2015 [Ahead of Print] 

Procedural Characteristics 

Reduction in Cardiopulmonary bypass use and 

Operating time 



In-hospital and 30-Day MACCE 

J Am Coll Surg 2015 [Ahead of Print] 



Long term Follow-up 

J Am Coll Surg 2015 [Ahead of Print] 



No Interaction with STS and # of diseased vessel 

J Am Coll Surg 2015 [Ahead of Print] 



Limitations 

• Retrospective; Nonrandomized 

• No data of lesions complexity (SxScore) 

• Death attribution difficult (Hybrid; death 

in between staged procedure) 

• No data on completeness of 

revascularization 

• No data on stroke beyond 30 days 

 

 



Conclusion 

• HYBRID revascularization can be safely 

performed in a selected patient 

population of patients with multivessel 

CAD 



Meta-Analysis… 

Harskamp et al. Am Heart J 2014; 167; 585-92 

Phan et al. Int J Caridol 2015; 179; 484-488 



8 studies, 1,664 pts 

Phan et al. Int J Caridol 2015; 179; 484-488 



In-Hospital and Post-op MACE; No difference 

Phan et al. Int J Caridol 2015; 179; 484-488 



30-day Adverse Events; Hybrid Reduced MI 

Phan et al. Int J Caridol 2015; 179; 484-488 



30-day Adverse Events; Hybrid: more revasc but 

less bleeding 

Phan et al. Int J Caridol 2015; 179; 484-488 



Length of Stay; Benefit with Hybrid 

Phan et al. Int J Caridol 2015; 179; 484-488 



Conclusion 

• Hybrid revascularization appears to have 

acceptable short term mortality and 

complication rates similar to that of 

CABG, with: 

 Fewer myocardial infarctions 

 Fewer blood transfusions 

 Shorter hospitalization 

 More repeat revascularizations   

Phan et al. Int J Caridol 2015; 179; 484-488 



Gasior et al JACC Interv. 2014 2014;7:1277–83  

First Pilot Randomized trial 



Gasior et al JACC Interv. 2014 2014;7:1277–83  



STUDY DESIGN 
Hybrid revascularization – timing of the procedures and medications 

 Pre-procedure 

- Aspirin 75mg/d starting at least 

12h before procedure 

 Pre-Procedure 

- Clopidogrel 600mg <2h before 

PCI 

- Clopidogrel 300mg <6h before 

PCI 

 Procedural 

- Heparin initial bolus 100IU/kg i.v., 

ACT > 250s 

 Post-procedure 

- Aspirin 75mg indefinitely 

- Clopidogrel 75 mg for 12 months 

 

Assessment of: 

- Drainage ≤ 25ml/h within last 2 hours 

- HCT > 25%; Plt >80.000 

1 stage – MIDCAB LIMA - LAD 

2 stage – PCI with DES 

< 36 hours 

 Co-Cr everolimus eluting stents 

Gasior et al JACC Interv. 2014 2014;7:1277–83  



RESULTS 

ANGIOGRAPHIC CHARACTERISTICS 

Variable CABG group 

(n=102) 

Hybrid 

(n=98) 

P value 

2 – VD (%) 46.1 45.9 0.98 

3 – VD (%) 53.9 54.1 0.98 

No. of lesions (mean ± SD) 3.7 ±  1.2 4.0 ± 1.4 0.16 

LAD occlusion (%) 29.4 22.4 0.44 

No. CTO (%) 

 - RCA 6.9 6.1 0.83 

 - Cx 10.8 8.2 0.28 

Syntax Score (mean ± SD) 22.8 ± 5.3 23.4 ± 6.3 0.48 

Gasior et al JACC Interv. 2014 2014;7:1277–83  



Variable CABG (n=102) Hybrid (n=98) P 

CABG 

Total grafts (mean ± SD) 2.6 ± 0.7 1.2 ± 0.7 N/A 

Arterial grafts (mean ± SD) 1.6 ± 0.9 1.1 ± 0.1 N/A 

Complete arterial revascularization (%) 24.5  - N/A 

Postprocedure LIMA patency (%) 97.8 N/A 

PCI 

No. treated lesions (mean ± SD) -   2.0 ±  0.9 N/A 

No. stents used (mean ± SD) - 2.3 ± 1 N/A 

Successful PCI (%) - 92* N/A 

Overall 

Complete revascularization (%) 78.4 78.6 0.84 

Total drainage (ml) 1168 ± 486 1018 ± 730 0.1 

Time MIDCAB to PCI, h  - 21 ±  5.7 N/A 

Surgery diuration, h (mean ± SD) 3.68 ± 0.9 2.5 ±  1 0.001 

Gasior et al JACC Interv. 2014 2014;7:1277–83  



Gasior et al JACC Interv. 2014 2014;7:1277–83  



12-Months Angiographic FU 

SVG are terrible conduits! 

Gasior et al JACC Interv. 2014 2014;7:1277–83  



Conclusion 

 Hybrid coronary revascularization is feasible and 

safe in selected population of patients with MVD 

 MIDCAB as a first stage procedure in patients 

with MVD considered for hybrid revascularization 

was not associated with more adverse events 

 This first randomized pilot study on hybrid 

coronary revascularization shows promising 

results supporting the idea of hybrid coronary 

revascularization in patients with MVD 

 

Gasior et al JACC Interv. 2014 2014;7:1277–83  



 
 

3. Upcoming Trial 



         Study Background 

• Prospective cohort observational study  
 

• 11 US clinical sites 
 

• To inform design of an RCT of HCR vs. 

multivessel PCI (DES) 

– Feasibility of recruitment (# anatomically eligible pts) 

– More precise characterization of population 

undergoing HCR 

– Variability of treatment approaches 

– Event rates (MACCE) 

 



Study Population 

6669 Enrolled for  
Angiogram Review 

3715 have 
Significant CAD 

454 Anatomically 
Eligible* for HCR 

169 Clinically 
Eligible† for HCR 

90 Cohort A Patients 

208 Additional 
Patients w/ CAD 

200 HCR 98 PCI w/ DES 

Cohort A Cohort B 

*anatomical eligibility determined following angiogram review by both a surgeon and cardiologist 
†clinical eligibility determined by preliminary (draft) trial inclusion/exclusion criteria 



Management of HCR-Eligible 

Patients Across Sites 

• Median follow-up 

post-revasc 17.6 

± 6.5 months 

 

• Analysis included 

339.8 person-

years at risk 

 

Clinical Site HCR PCI* 

Brigham and Women's Hospital 0 1 

Columbia University 3 23 

Duke University Medical Center 3 5 

Emory University 79 4 

Lankenau Hospital 31 7 

Montefiore Medical Center 26 14 

Ohio State University 9 6 

University of Maryland Medical Center 36 6 

University of Pennsylvania 9 26 

University of Virginia Health System 2 4 

Vanderbilt University Medical Center 2 2 

Total                                                                          200      98 

*All anatomically & clinically eligible for HCR  



Coronary Anatomy 

  
HCR  

n=200 

PCI 

n=98 
CAD 

     Single Vessel 13.2 11.1 
     Double Vessel 58.8 54.3 
     Triple Vessel 27.5 34.0 
Diseased Vessels  

     LM 18.7 6.8 
     Proximal LAD 69.9 52.0 
     Mid/distal LAD 43.3 72.0 
     Circumflex Distribution 51.0 50.6 
     Ramus 9.1 8.2 
     RCA distribution 61.2 67.7 
SYNTAX Score 18.4 (9.0) 17.2 (9.6) 

  

*Missing data:  HCR pts = 17, PCI pts = 9 



Procedure Staging 

  

HCR 

n=200 

N (%) 

PCI 

n=98 

N (%) 

Hybrid Procedures: Staging of Surgery and Initial PCI  

     Surgery followed by PCI  110 (55.0) 2 (2.0) 

     PCI followed by surgery 43 (21.5) 0 (0.0) 

     Simultaneous surgery and PCI 24 (12.0) 0 (0.0) 

     Surgery only 16 (8.0) 0 (0.0) 

     Surgery and PCI completed on same day  (order unknown) 7 (3.5) 0 (0.0) 

PCI-Only Procedures Staging  

     Single PCI Procedure 0 (0.0) 63 (64.3) 

     Two PCI Procedures 0 (0.0) 30 (30.6) 

     Three PCI Procedures 0 (0.0) 3 (3.1) 



HCR: Type of Surgical Procedure 

N % of Total 

Endo-ACAB 108 54.0 

Mid-CAB 38 19.0 

TECAB 42 21.0 

Sternotomy (planned) 12 6.0 

Total 200 100.0 

  



MACCE Rate at 12 months 

  HCR (n=200) PCI (n=98) Risk-adjusted 

Hazard Ratio  

(95% CI) 

  
  N 

Observed

Rate Per 

Person Yr 
N 

Observed 

Rate Per 

Person Yr 

Any MACCE 23 0.143 10 0.119 1.063  (0.666,1.697) 

     Death 3 0.017 1 0.011   

     Myocardial Infarction 4 0.024 3 0.034   

     Stroke 5* 0.03 0 0   

     Revascularization 14 0.085 8 0.094   

*Strokes occurred 2.0, 2.5, 4.6, 6.0 and 6.9 (mean 4.4) months after last stage of HCR. 



MACCE Over Total Study Period  
(17.6 + 6.5 months mean follow-up) 

  HCR (n=200) PCI (n=98) Risk-adjusted 

Hazard Ratio  

(95% CI) 

  
  N 

Observed

Rate Per 

Person Yr 
N 

Observed

Rate Per 

Person Yr 

Any MACCE 23 0.103 12 0.103 0.868 (0.556,1.355) 

     Death 3 0.012 2 0.016   

     Myocardial Infarction 4 0.017 3 0.024   

     Stroke 5 0.021 0 0   

     Revascularization 14 0.061 10 0.084   



Risk-Adjusted MACCE-Free 

Survival Analysis 



• MACCE rates 

• 12 months: Similar 

• Over approx 18 months total f/u: Risk-

adjusted MACCE rates diverging  

 

• Equipoise exists for rigorous comparative 

effectiveness trial 

 

Conclusions 



 
 

4. Remaining Issues 



Meta-Analysis/Review… 
Panoulas et al. JACC 2015; 65; 85-97 



Mean Sx Score ~27; EuroSCORE ~3.2 

CABG (n=141) vs. PCI (n=141) vs. Hybrid (n=141) 

Stratified by Sx score and EuroSCORE 

Shen et al. J Am Coll Cardiol 2013;61:2525–33 



Shen et al. J Am Coll Cardiol 2013;61:2525–33 



~3-Year MACCE 

Shen et al. J Am Coll Cardiol 2013;61:2525–33 



Cumulative MACCE  

Shen et al. J Am Coll Cardiol 2013;61:2525–33 



Hybrid performed well in all EuroSCORE groups 

Shen et al. J Am Coll Cardiol 2013;61:2525–33 



Benefit of Hybrid in High SYNTAX? 

Shen et al. J Am Coll Cardiol 2013;61:2525–33 



 
 

Remaining Issues: 

Timing and Setting 



Panoulas et al. JACC 2015; 65; 85-97 



Conclusion 

• Hybrid Revascularization has been shown to be 

feasible and safe in highly selected patients; 

decreased bleeding, reduced LOS, decreased 

stroke compared to CABG 

• Whether the use of routine Hybrid 

Revascularization when facing multivessel 

disease will improve outcomes compared to 

routine CABG or PCI (specially 2nd or next 

generations DES) remains to be demonstrated 

• Hybrid Revascularization may been an interesting 

strategy in specific patients with high-risk 

anatomy  



Conclusion 

• The most appropriate timing, setting, and 

pharmacology remains to be established 

• Cost-effectiveness remains to be 

established (Robot, hybrid room, vs. LOS) 

compared to both PCI and CABG 


