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A collaborative working environment
The Heart Team

Hybrid Cardiovascular Operating Room

• Creates a platform to combines the tools of the OR 
and cath lab

• Intra-operative imaging

• The embodiment of the hybrid paradigm



Current Data:   PREVENT  IV

• Primary CABG (at least 2 vein 
grafts) 

• Placebo-Controlled
• Prospective/Randomized
• Double Blind
• 3,014 patients 
• Multicenter (107 US sites) 
• Edifoligide (E2F: Transcription 

Factor decoy) 
• Prevent intimal hyperplasia of 

vein grafts 

Prevent IV Investigators. JAMA 2005



Angiographic Results (12-18 months)
1,900 Patients/4,700 grafts

•25% incidence of vein graft failure 
•8% incidence of LIMA failure
•No difference between Edifoligide and placebo

Prevent IV Investigators. JAMA 2005

Graft failure was defined as = > 75% loss of lumen 



Two Fundamental Questions from 
PREVENT IV

•Can intraoperative imaging improve 
the quality of bypass grafts?

•Are DES better than vein grafts on 
the non LAD coronary systems?
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Completion Angiogram after CABG



LIMA to LAD graft
Surgical hemoclip across the graft

Hemoclip

Stenosis

LIMA

LAD

Revised

Before revision After revision 



LIMA to LAD
Loss of the lumen on the distal part of the LIMA 
immediately before the anastomosis

Before revision After revision



Vein Graft to PDA (RCA)
Loss of lumen at the toe of distal anastomosis

Before revision After revision



Vein Grafts to LAD and OM1
Kinking of both grafts

Before revision After revision



Vein graft to PDA
Chest tube compressing the graft

Before revision After revision



Vein graft to PDA (RCA)
Kink on the graft before distal anastomosis

Intraoperative diagnosis and revision in the Hybrid OR
Before revision After revision



Conduit Quality �Conduit-Target 
Mismatch�

Hybrid Strategy in Complex Cases



Pre-PCI Post-PCI

SVG®OM 
with vein valve 
and poor runoff

MR

SVG®OM 
after revision with stent

Angiographic bypass defect associated with 
new onset mitral regurgitation

Greelish et al. JTCVS 2006



Angiographic graft findings (defects)
97 of 796 grafts (12%)

Zhao et al. JACC 2009

Conduit                   Distal Anastomosis           Target Vessel
6.8% 3.7% 1.6%

Surgical: 3.4%

PCI: 6% 

Minor adjustment: 2.8%



SVG: Freedom from graft occlusion if the grafts were patent 
at 1 week post op

Goldman et al. JACC 2004

Angio F/U 7 years 10 years
--------------------------------------------------------
SVG Patency 76% 68%   

VA Cooperative Study
1,254 Patients



Clinical Impact 
of Vein Graft Failure

“The benefits of coronary bypass surgery last only as long as the grafts continue to function”

PREVENT IV Investigators,   JAMA 2005;294:2446-2454



Benefits of Completion Angiogram

• Opportunity for the early diagnosis of graft problems and 
immediate correction

• Surgical 
• Catheter based
• Minor revisions 

• Confirm complete revascularization and patent grafts by the 
time patients leave the OR

• Hypothesis: The correction of these defects at the time of 
surgery may help to reduce the rate of graft failure
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1-Stop Hybrid Revascularization

JACC 2009



Hybrid Strategy in Complex Cases
Indication: Complex trifurcation lesion. Septal branch: 
Favorable PCI lesion with no target vessel



Hybrid Strategy in Complex Cases

Indication: Complex trifurcation lesion 

LIMA-LAD SVG-Diag PCI-Septal



Hybrid Strategy in Complex Cases

Indication: Lack of adequate conduit. Favorable lesion for PCI



Hybrid Revascularization (n=112)
Demographics and baseline characteristics



Indications for the Hybrid Procedure

Attempt to decrease risk 32
Poor conduit 4
Left subclavian stenosis 3
Non graftable vessel/favorable PCI lesion 31

Graft defect (Completion angiogram) 43

PCI component of the Hybrid Procedure
DES 84%
BMS 8%
DES + BMS 7%
Mean # stents 1.8 +/- 1.1
Contrast 200 cc (20-500)

Hybrid Revascularization procedures         (n=112)

Planned
Hybrid

Unplanned
Hybrid



30-day Results
No “Achilles Heels” for Hybrid Approach

Zhao; Leacche, Balaguer et al. JACC 2009

*



Conclusions

• One-stop hybrid revascularization was
• Reasonable
• Safe
• Feasible

• Enhances options for the treatment of patients with 
complex CAD
• By combining tools (cardiologist and cardiac surgeons)
• Providing imaging

Zhao; Leacche, Balaguer et al. JACC 2009



Hybrid revascularization
LIMA to LAD + Stents

• Minimally Invasive LIMA-LAD
• Complete revascularization

with DES to non-LAD vessels

• Survival benefits (LIMA-LAD)
• Enhanced recovery of the 

minimally Invasive approach
• Complete revascularization

Attractive alternative for patients with multi-vessel CAD 

In patients with multi-vessel CAD

In order for the Hybrid Approach to be of value, the surgical component 
has to be performed minimally Invasive 



Octopus ® Nuvo

U-CLIP ® 
Anastomotic Device

ThoraTrak ® 
MICS Retractor System

Starfish ® NS



Primary CABG & Midcab: Case Volume
SUMC: 1998 thru 2015

98-99 00-01 02-03 04-05 06-07 08-09 10-11 12-13 14-15
Opcab 466 593 506 381 225 178 134 87 27
Pump 804 522 391 287 317 215 229 299 494
Midcab 128 90 64 34 50 54 38 14 10
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Surg# Opcab Pump Mcab

1 1839 78 468

2 592 323 0

3 17 725 0

4 1 958 0

5 116 232 0

6 18 413 11

7 6 267 2

8 4 292 1

9 4 270 0

†: 94 % of the Opcab’s done by 2
surgeons; 97 % of the Midcabs
done by one surgeon

Stony Brook data provided by Dr. Siefer
Mortality: 1.2%
O/E Ratio: 0.7



Robotic Cardiac Surgery



TE CAB
Totally Endoscopic Coronary Artery Bypass

11 2 3 4

5 6 7 8

10 119 12



Minimally Invasive Approaches 
for Coronary Surgery

Most series
Mortality: < 1%
Conversions < 5%
LOS: 3 to 4 days

Patients driving in 2 weeks
Go back to normal activity: 4-6 weeks

Small Anterolateral Thoracotomy Lower Mini-Sternotomy Only Ports. TE CAB

If TE CAB, recovery is even faster: LOS 1 or 2 days



Hybrid Strategy

LIMA-LAD PCI-OM2 PCI-OM2

Minimally Invasive LIMA-LAD
PCI to Cx System



Hybrid Coronary Revascularization (MIDCAB/PCI) 
vs. OP CAB for multi-vessel CAD

Halkos et al. Ann Thorac Surg 2011

LIMA-LAD minimally Invasive + PCI to non LAD vessels

• Comparable 30 days outcomes (Mortality, Stroke, MI, ICU and Hospital Stay)
• Fewer blood Tx for the HCR group. Higher repeat revascularization in the Hybrid

High rate of  LIMA-LAD re-interventions reflects early phase without the performance of  completion angiograms  

*

*



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)
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88%
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Freedom from MACCE • Survival 94%

• Repeat 
Revascularization 6.5%

For Stent restenosis 5.5%
For SVG failure 1 %

• No re-intervention needed 
for LIMA-LAD grafts

Leacche et al.Vanderbilt University

98 95 69

Syntax Trial
CABG PCI

92%       90%

11% 20%

Mean Syntax Score

29  28

3 year follow-up



Hybrid Revascularization (MIDCAB/PCI) for 
Left Main for high risk CABG 

LIMA

LAD

1 2

Circ

LAD

Halkos et al. Ann Thorac Surg 2011



Hybrid Coronary Revascularization (MIDCAB/PCI) 
vs. Op CAB for Left Main CAD

Halkos et al. Ann Thorac Surg 2011

LIMA-LAD minimally Invasive + PCI to Left Main

• Comparable 30 days outcomes (Mortality, Stroke, MI, ICU and Hospital Stay)
• Fewer blood Tx for the HCR group



Puskas et al. JACC 2016

Relatively Low-risk population
• Good EF
• 3 VD (38%)
• Syntax Score 18
• No BMI > 40
• No Recent ACS 

LIMA Harvesting + Operation
• Robotic LIMA + Open anastomosis 54%
• Robotic LIMA + endo-anastomosis TECAB) 21%
• Traditional MID CAB  19%

Sequence
• Surgery first, then PCI 55%
• PCI, then Surgery 21%
• Simultaneous 12%
• Unknown 12% 

Staged
Hybrid

¾ of all cases

Hybrid Revascularization
HCR vs PCI



HCR vs. Multi vessel PCI 

Puskas et al. JACC 2016

• NIH funded
• Retrospective
• Propensity Matched
• Multicenter
• Syntax score : 18
• 1 Year follow-up

• Comparable results

Towards the end of the study, PCI adverse
Outcomes started to increase



TE CAB and Hybrid Revascularization
Robotic Totally Endoscopic LIMA-LAD + PCI to non LAD vessels 

• Most CABG performed on pump on arrested heart
• Most hybrid procedures performed staged

Bonatti et al. Ann Thorac Surg 2012



Sequence of Hybrid Revascularization
•Simultaneous

• Vanderbilt approach in the Hybrid OR

•Staged (separated by a few days to months). 
• It is easier to schedule. 
• It might have a financial benefit.

• CABG first
• Surgery performed without Plavix, Effient or Brillinta
• At the time of PCI, LIMA to LAD arteriogram

• PCI first
• Antiplatelet bridging needed (Cangrelor) at the time of CABG
• Only recommended if non-LAD lesions are critical or culprit ACS



Culprit lesion

LAD

CABG First

None / Indeterminate Non-LAD

PCI First

Performed during the same hospitalization approximately 
48 hrs apart

Staged Hybrid*: Who goes first?



Anti-coagulation/anti-platelet strategy for 
Staged Hybrid Procedure, surgery first**

• Aspirin (81mg) prior to procedure
• Routine heparin during MICS CABG procedure
• Full reversal with protamine
• Daily aspirin (81mg) and clopidogrel (75mg)
• 24 hour recovery
• Load with clopidogrel (600mg)
• Routine heparin or bivalirudin
• Perform PCI
• Daily aspirin (81mg) and clopidogrel (75mg)

* *Procedural guidelines developed by clinicians at Emory University, Atlanta, GA. Applicable
to patients of average height and weight.



Anti-coagulation/anti-platelet strategy for 

Simultaneous Hybrid Procedure***

• Aspirin (81mg) and clopidogrel load (300-600mg) prior to 

procedure

• Routine heparin during MICS CABG procedure

• Do not reverse heparin

• Perform PCI

• Give half-dose protamine (if bleeding concerns)

• Give clopidogrel 75 mg daily dose starting at 12hrs postop.

*** Procedural guidelines developed by clinicians at Vanderbilt Heart Institute, Nashville, TN. Applicable

to patients of average height and weight.



Evidence
AHA/ACC and
European Guidelines
For Hybrid
Coronary Revascularization

IIa. Should be considered

IIb. May be considered



Conclusions
• Hybrid Revascularization Procedures are safe and 

effective
• Represent a reasonable alternative for patients with 

multivessel CAD, with particular benefits for those with 
complex disease
• If the surgical component (LIMA-LAD) can be performed 

minimally invasive adds a great value to the Hybrid 
approach
• A completion angiogram is recommended in these 

cases



Teamwork and Collaboration

Thank You


