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What I am not going to do today

• Zealots excessively defending On-Pump or 
Off-Pump CABG
• Selectively picking articles supporting one or 

another viewpoint
• Show an endless parade of articles with data 

difficult to comprehend
• Spinning the data





• “Lingering brain injury”
• “Memory loss”
• “Loss of mental sharpness”
• “Doctors knew this for years”

Promoting Off-Pump CABG as
Surgery for the executives



What not to do

• Demonization of the pump

• CPB has been one of our greatest allies in 
building our specialty

• We need to continues the refinement of CPB 
techniques and technology

• Other extracorporeal circulation (ECMO) 



What I am going to do

• Share with you my insight regarding 
Off-Pump CABG

• Where it fits/for what patients 

• Where it fits for the cardiac surgeon

• Where it fits in cardiac surgery programs



Potential Benefits by avoiding CPB

• Minimize
• Renal dysfunction
• Lung dysfunction
• Brain dysfunction
• Coagulopathy / bleeding
• Inflammatory response (SIRS)
• Micro embolism (Platelets, fibrin,

small debris, etc)

• Avoids Clamping and Cannulation
• ATE embolism/Stroke
• Aortic dissection

• Avoids Ischemic cardioplegic arrest
• Especially beneficial in low EF patients

5



Off-PUMP CABG

• Technically demanding operation
– Surgeon
– All the surgical team

• Requires a higher focuses/effort on the 
anesthesiologist

• Steep learning curve 

Risk of a lesser quality revascularization

Benefit of avoiding morbidity 
associated with the CPB



Trends in Off-Pump CABG

Off-Pump CABG in 2016: 13.1 %. STS Database

Rush/Copley Medical Center

2016

13.1%



Trends in Off-Pump CABG

Gartner hype cycle: Graphic representation of 
maturation of techniques and technology and plateau of adoption

Innovation trigger

Peak of Inflated
Expectations

Through of
disillusionment ?

Gartner Hype Cycle



Off-Pump CABG trends 
along the Hype Cycle

1997

2002

FUEL FOR THE UPSWING
• Early adopters enthusiasm
• Reports of favorable results

In major societies
• Videos/courses

Many industry supported
• Evolution on equipment

• More surgeons adopted 
Off PUMP

INNOVATION
TRIGGER

PEAK OF INFLATED
EXPECTATIONS

23% of all CABG
were OFF-PUMP



Single Center Studies (by experts)
mostly retrospective reviews



Off-Pump CABG trends
along the Hype Cycle

1997

2002

PEAK OF INFLATED
EXPECTATIONS

DOWNWARD TREND
• Benefits might not be  as initially expected

(at least in all patients)
• In some cases, outcomes might be worse

(revascularization)
• Complication/Conversions

• Stop/slow down  the adoption
• Some surgeons stop doing Off Pump
• Other surgeons become more selective

TROUGH OF
DISILLUTIONMENT

Are we there yet ?



Decline in Off-Pump CABG

Much less pronounced than in the Hype-cycle.

Slope of decline in OP CAB



Decline in Off-Pump CABG

Much less pronounced than in the Hype-cycle.

Declining in OP CAB 
volume in USUnderstanding the benefits

In OP CABG

Innovation for OP CAB
MICS
Robotic MID CAB
TE CAB
Connectors
Regional Reop OP CAB
Hybrid Revascularization



Number of Off-Pump CABGs
20,400 in 2016 (STS database)

More off-pump CABGs than AVR-CABG, MVR, 
MVR-CABG, MVP, MVP-CABG and AVR-MVR

2007     2008      2009     2010       2011     2012      2013     2014      2015     2016



OP CAB literature ( 3 main groups)

• Smaller RCT and retrospective reviews from
specialized centers
• Equivalent or superior outcomes with OP CAB

• Observational data from large databases
• OP CAB better in high-risk groups

• Large-scale randomized trials in 
relatively low risk patients

- Comparable hard outcomes
- Better soft outcomes in OP CAB
- Some incomplete revasc/Graft patency worse
in OP CAB



Single Center Studies (by experts)
mostly retrospective reviews

• Puskas

• Mack
• Hoff 

• Taggart
• Angellini

• Di Giammarco

• Calafiore

• Navia

• Benetti
• Buffono

• Van Dijk

• Others

• Lower mortality in high risk groups

• Lower morbidity

• Better soft outcomes

• Excellent/comparable quality of 

revascularization

• Excellent mid term results: Survival 

/low rate of  for re-interventions

OFF-PUMP CABG IS BETTER



Meta-Analysis

• Selke
• Reston
• Chen
• Puskas
• Taggart
• Cochrane



Large Database Studies

• NY Database (close to 50,000 Pts)

– Lower surgical mortality and morbidity
– Higher rate of repeat revascularization

• STS Database (close to 15,000 pts)

– Lower surgical mortality in high–risk groups

• New Zealand CT Database  (close to 8,000 pts)

– No difference but strong trend for lower mortality and stroke

• Credo-Kyoto Database (close to 2,500 pts)

– Lower risk of stroke in high risk-groups

The large number  of patients in these databases
allows the analysis of high-risk groups



Prospective-Randomized Control Trials: Off-Pump Vs. On Pump CABG

Surgeon and Team experience 

Expertise in OP CABG by Surgical Team HighLow

Quality of 
results

Good

Poor

SMART (Single-197)

ROOBY (18-2203)

GOPCABE (12-2394)

CORONARY (79-4752)

ON-OFF study (7-401)

Khan (Single-103)

PRAGUE 6 (Single-200)  

250 OP/last 5 years

>100 OP

> 100 OP
2 years out
No trainees

Median 300 OP

Median 50 OP CAB, trainees

25 OP year/ 2  years



Prospective-Randomized Control Trials: Off-Pump Vs. On Pump CABG

Maturation of techniques and technology

Expertise in OP CABG by Surgical Team HighLow

Quality of 
results

Good

Poor

SMART (Single-197)

ROOBY (18-2203)

GOPCABE (12-2394)

CORONARY (79-4752)

ON-OFF study (7-401)

Khan (Single-103)

PRAGUE 6 (Single-200)  ACC 2013

NEJM 2013

NEJM 2009

NEJM 2004

NEJM 2012

JTCVS 2012



ROOBY STUDY Off-Pump       On-Pump

PRIMARY 1 YEAR COMPOSITE END-POINT: 
Death (any cause) + Non-fatal MI + Repeat revascularization



All VA Hospitals

file:///C|/Users/Balagujm/Desktop/% Off Bypass[4/9/2012 10:17:15 AM]



Comments about ROOBY
NEJM 2009

• < 1 off-pump operation/hospital/month
– 1104 Patients on the Off Pump Group
– Study from Feb 2002-May 2008= 75 months
– 14 Off Pump cases per month/ 18 sites

• No Off-Pump expertise on the surgeons
– Median 50 off Pump cases (minimum 20)
– 12% conversion to On-Pump
– Many cases done by residents



NUMBER OF GRAFTS

1 - 100              101 – 230               230-500

One 21% 15% 4%

Two 55% 45% 35%

Three or 23% 39% 61%
more
Average      2.0 2.4 2.7
Grafts/Patient

Number of
Grafts

Progression of off-pump CABG program

Nashville VA Medical Center



NUMBER OF GRAFTS

1 - 100              101 – 230               230-500

One 21% 15% 4%

Two 55% 45% 35%

Three or 23% 39% 61%
more
Average      2.0 2.4 2.7
Grafts/Patient

Number of
Grafts

Progression of off-pump CABG program

• 65 grafts on the lateral wall (OM o Ramus) in the last 78 cases

Nashville VA Medical Center



Maturation Process
• Individual program maturation – overcoming the 

learning curve- acquiring expert level

• Maturation of the Off-pump techniques-
technology. The second decade
– Stabilizer
– Position devices
– Shunts
– Misted blower
– Flow evaluation

Dr. Subramanian comments



JTCVS 2010

Only if there is the surgeons and surgical teams are well equipped to perform the operation 
under study. The rest of the team, ICI, Step down , follow up is also comparable on both groups

• Poor quality surgery or care 
represents failure to deliver the
intended treatment

• The trial may then measure the
deliverability and not the efficacy 
of the treatment

JTCVS 2010



Number of Grafts vs. complete 
revascularizacion

• Complete revascularization is the surgical 
mantra (pure thought-strong believe)

• More grafts in all On Pump cases compared to 
Off-Pump CABG
– Is the revascularization in the On-Pump better or more 

complete by doing more grafts

• Use some numbers
• Does this difference matters?



Complete Revascularization in the 
BARI trial

• Traditional Complete ( 1 graft per system)

• Functionally Complete (1 graft per diseased segment) 

• A ratio according to Grafts/segments diseases
– More
– Equal
– Less 

• 2 or more grafts per system
Conclusions
• About the same outcomes
• Worse results if 2 grafts in the Non-LAD system,

Criteria: vessel diameter 1.5 mm-
lesion-loss of 50% of the lumen

Vander Salm TJ et al. JACC 2002       



Survival according to I COR score

Lattouf et al. Ann Thorac Surg 2008



Acute Graft Patency by Fitzgibbon Score
622 Grafts

A B A + B O n
OPCAB 96.8 2.2 99.0 1.0 315
CPB 95.4 2.0 97.4 2.6 307



1 Year Graft Patency by Fitzgibbon Score
511 Grafts

A B A + B O n
OPCAB 90.0 3.6 93.6 6.4 251
CPB 94.3 1.5 95.8 4.2 260



A Randomized Comparison of Off-Pump and On-
Pump Multivessel Coronary Artery Bypass Surgery

Khan NE, et al. NEJM 2004;350:21-8

• 50 ONCAB, 54 OPCAB
• No deaths
• Similar # grafts/pt (3.4 vs 3.1)
• Post-op LOS similar (7days)
• Troponin levels higher in ONCAB (p=.02)
• 3 month graft patency lower in OPCAB 

(98% vs 88%, p=.002)



re



Circulation 2013



Circulation 2013

J Thorac Disease 2016





Notes
• Complete revascularization. VanderSalm. Use it in 

discussing number or grafts CABG vs OP CAB. Compare to 
concept in syntax trials

• Incorporate the FFR guided CABG in the discussion

• Discussion about the merits of more grafts

• Bigger elaboration with the Hype –cycle

• Experience at the VA

• Reason I start  OP CABG

• Value of hybrid revascularization.

• Syntax vs EUROSCORE

• Syntax as a global score-discussion

• Data without insight



Quality of Cardiovascular perfusion in each 
institution

– Better perfusion-less benefits in Off-Pump
– Worse perfusion-more obvious are the  benefits in the Off-

pump group.

Are you incline to do 2 or 3 grafts per case 
or 4,5 and 6.
Completeness of revascularization

VanderSalm





Where OP CAB fits in this era?
• Identifying the patients who 

benefit the most by OP CAB

Risk/benefit Ratio



Surgical Mortality
Higher Risk, higher benefit of Off-Pump

STS database     n=14,766

PROM
Range

OPCAB
Deaths (%)

CAB
Deaths (%)

OPCAB
Odds Ratio

(95% CI)
p-value

0%-0.75%
5/1824
(0.3)

6/1883
(0.3)

0.86
(0.26, 2.82) 0.80

0.75%-1.3%
15/1755

(0.9)
17/1921

(0.9)
0.97

(0.48, 1.94) 0.92

1.3%-2.5%
19/1665

(1.1)
37/2025

(1.8)
0.62

(0.36, 1.08) 0.09

>2.5%
58/1839
C(3.2)

124/1854
(6.7)

0.45
(0.33, 0.63) <0.0001

0.0% 5.0% 10.0% 15.0% 20.0%

0.
0%

5.
0%

10
.0

%
15

.0
%

20
.0

%

2.5%

STS 2009: Puskas y col.
•Retrospective.  STS database
•14,766 consecutive CABG patients at Emory
• 17 surgeons.
•Analyzed in 4 quartiles stratified by risk, as 
defined by the STS PROM equation

Puskas et al. Ann Thorac Surg 2009



Mortality in High-risk groups

Meta-analysis
30.000 Patients
40 RCT
44 No RCT

Puskas y col. Innov CT Surg 2005

favors 

OP CAB – CCAB



Morbidity

Puskas y col. Innov CT Surg 2005

Meta analysis
30.000 Pacientes
40 RCT
44 No RCT

Mortality

Morbidity



The Off-Pump CABG paradox
• Better for the high-risk patients

• Let’s perform OP CAB only in the high-risk groups

• If OP CAB is only performed in high risk-patient, surgeons 
and teams will not acquire and maintain the appropriate 
level of expertise 

• Then, these high-risk patients will be subjected to 
operations in the hands of a not well trained teams

• Expect worse results than in the ROOBY trial



Cardiac Surgeons and OP CAB

• Surgeons who have never done OP CAB
• Surgeons who have done OP CAB but they 

don’t do it any more
• Did not have good results/comfort zone

• Peer or institutional pressure
• Response to some data

• Surgeons who consistently perform OP CAB in 
their practice

• Performed some 
OP CAB and 
abandon it

• Performed OP CAB 
routinely and then 
abandon it



OP CAB benefits
Institutional perspective

– High-risk cases who would benefit from OP CAB
– Re-operative OP CABG (regional revascularization-

Tailored approach)
– Application to a non-OP CAB practice

– Position device (instead holding the Heart-Pulmonary Vein 
isolation (Surgery for Atrila Fibrillation)

– Position/stabilization if bleeding behind the heart post CABG

– Minimally Invasive Approaches
• MID CAB or MICS
• Robotic Assisted MID CAB
• TE CAB 

Isolated or in the Context of
Hybrid Revascularization
LIMA-LAD
Stenting to Non-LAD vessels



Conclusions

• OP CAB will continue a refinement and 
maturation process

• Should be strongly considered in high risk 
patients due its proven benefits (mortality and 
morbidity)

• Excellent technique to complement innovative 
approaches

• Should be performed by experienced/expert 
teams





The Failed Promise of Mitral Valve Repair  

NEJM 2014

MITRAL VALVE REPAIR GROUP
Higher rate of moderate/severe MR
Higher LVESVI



Concerns about the
quality of the revascularization

• Quality of anastomosis
• Exposure and visualization
• Motion

• Early graft thrombosis
• Lower dose of heparin
• Lack of coagulopathy

• Incomplete revascularization
• Vessels in the lateral wall of the LV
• Patients who become unstable when heart positioned

VanderbiltHeart.com 7



Number of Mitral Valve Repair- CABG
3,464 in 2016 (STS database)

2007     2008      2009     2010       2011     2012      2013     2014      2015     2016

44% absolute decrease in the number of
Mitral Valve Repair-CABG in the last decade



Hybrid Coronary 
Revascularization

Best treatment option for 
multivessel CAD

Jorge M. Balaguer, MD
Associate Professor of Thoracic and Cardiovascular Surgery

Rush University
Chief, Cardiac Surgery

Rush Copley Medical Center

CONSULTANT: JOHNSON & JOHNSON



Is this your practice?

• LIMA
• RIMA
• Radial Artery
• Off Pump
• No touch technique for Aorta
• Intraoperative flow evaluation
• Epi-aortic ultrasound



CABG in the United States

• LIMA

• RIMA  < 5% 

• Radial Artery  4%

• Off Pump 15%

• No touch technique of the Aorta  (very few)

• Intraoperative flow evaluation (very few)

• Epi-aortic ultrasound (very few)



This means

• The vast majority of the CABG in 
the US are:

–LIMA + 2 veins
–On pump
–Blind OR
–No flow evaluations
–No epi-aortic ultrasound



Hypothesis

• The vast majority of the CABG in 
the US are:

–LIMA + 2 veins
–On pump
–Blind OR
–No flow evaluations
–No epi-aortic ultrasound

Hypothesis is that: a Hybrid CABG-PCI
Revascularization, including LIMA-LAD
is better that the most 
common surgical revascularization
practice in the United States



Rationale (conduits and stents)
• LIMA to LAD : Superior graft to most important coronary 

system
• Survival
• Event free survival
• Trophic benefit over the LAD system
• Living pedicle

• SVG = DES for non-LAD vessels
• DES: Syntax score and complexity of the lesions
• Vein grafts attrition rate is variable depending of the 

quality of the vein and multiple other factors

Keeping complete  revascularization as the Goal 



Conduit Quality �Conduit-Target 
Mismatch�

Hybrid Strategy in Complex Cases



Hybrid Strategy in Complex Cases

Indication: Lack of adequate conduit. Favorable lesion for PCI



Graft failure and stent thrombosis



Advantages of Hybrid 
Revascularization

• LIMA-LAD minimally Invasive
• MIDCAB or MICS
• Robotically Assisted MIDCAB
• TE-CAB

• Off Pump
• Do not require instrumentation of the Aorta
• Complete revascularization is the goal
• Imaging (confirm the quality of the graft)



Advantages of Hybrid 
Revascularization

• LIMA-LAD minimally Invasive
• MIDCAB or MICS
• Robotically Assisted MIDCAB
• TE-CAB

• Off Pump
• Do not require instrumentation of the Aorta
• Complete revascularization is the goal
• Imaging (confirm the quality of the graft)



Imaging is a critical component of the 
Hybrid Revascularization

Strategy



Hybrid Cardiovascular Operating Room

At Vanderbilt University



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



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%



1-Stop Hybrid Revascularization

JACC 2009



Details of the Hybrid Procedures

Median # Grafts 2

LIMA Utilization 93%

Off Pump % 20%

DES 84%

BMS 8%

DES + BMS 7%

Mean # stents 1.8 +/- 1.1

Contrast 200 cc (20-500)

Planned Hybrid 67 Pts (60%)

Unplanned Hybrid 45 Pts (40%)

Hybrid Revascularization procedures    (n=112)



Antiplatelet Therapy in Hybrid 
Revascularization Procedures

Planned Hybrid
Preop.
• ASA 325 mg
• Clopidogrel 300 mg
Immediately before surgery

Post Op.
• ASA 325 mg for life
• Clopidogrel 75 mg for 1 year

Unplanned Hybrid
Preop.
• ASA 325 mg

Intraop.
• Clopidogrel 300 mg
Via NGT when decision 
for PCI was made

Post Op
• ASA 325 mg for life
• Clopidogrel 75 mg for 1 year



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



Conclusions

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

• Hybrid OR Enhances options for the 
treatment of patients with complex CAD



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)
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• Repeat 
Revascularization 6.5%

For Stent restenosis 5.5%
For SVG failure 1 %

• No re-intervention needed 
for LIMA-LAD grafts

Leacche et al.

98 95 69



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)
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Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)
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Hybrid Coronary Revascularization
Minimally Invasive LIMA to LAD + PCI

Added value proposition



Advantages
• Faster recovery (minimally Invasive-off pump)
• Never events
– Stroke
– Mediastinitis

• Complete revascularization by the end of the 
procedure

• Imaging to confirm the quality of the LIMA-LAD 
graft

If 1-stop Hybrid revascularization approach is used



Mean PO Hospital Stay

3.3 days



Off-Pump CABG trends
along the Hype Cycle

2002

1997

Innovation Trigger



Trends in CABG in the US

Highest number since 2010

156,931 CABG in the US (STS database)
2016



Off-Pump CABG trends 
along the Hype Cycle

1997

2002

Articles supporting OP CAB

1. Selke. Meta-Analysis. Circulation 2005
2. Cheng. Meta-Analysis. Anesthesiology 2005
3. Puskas. Meta-Analysis. ISMICS 2004
4. Matsura. Angiographic Ann Thorac Surg 2004
5. Mack. HCA database. Circulation 2004
6. Puskas. RCT. JAMA 2004
7. Van Dijk. Retrospective. Heart 2004
8. Reston. Meta-Analysis. Ann Thorac Surg 2003
9. Van Dijk, RCT. JAMA 2002
10. Plomondon. Database. Ann Thorac Surg 2001
11. Omeroglu. Angiographic. Ann Thorac Surg 2000
12. Puskas. Single Center. Ann Thorac Surg 2001

Upward trend to reach the peak of inflated expectations



Off-Pump CABG trends
along the Hype Cycle

1997

2002

Articles showing benefits were less clear
Articles showing outcomes were worse
1. Natasha Khan. NEJM 2004 RCT
2. Hannan. Circulation 2007 Database
3. ROOBY. NEJM 2009 RCT
4. CORONARY NEJM 2012 TCT
5. Cochrane Review. Meta analysis. 2012
6. GOPCABE. NEJM 2013 RCT

Downward trend towards the next landmark: Trough of disillusionment



Meta-Analysis

• Selke

• Chen

• Reston

• Puskas

• Cochrane



Meta-analisis:  Cheng y col.
( 37 randomized studies / 3.369 patients)

Off pump better:
• Atrial fibrillation
• Respiratory infections
• Use of inotropic
• Blood transfusions
• Time on ventilator (3 hours)
• ICU stay (0.3 days)
• Hospital stay (1 day)

Anesthesiology 2005

RRR entre el 35% y 60%



Meta-analysis: Reston et al.
(53 studies / 46.621 patients)

Off pump better:
• Lower mortality
• Lower rate of
– Stroke
– Post op MI 
– A. Fib.
– Reop. Bleeding
– Renal failure

Ann Thorac Surg 2003

RRR entre el 35% y 50%



Mean PO Hospital Stay:

3.6 days



Morbidities Associated With CPB

• Myocardial Necrosis
• Systemic Inflammatory Response
• Neuro-Cog effects / Brain injury
• Pump Lung (Adult Respiratory Distress 

Syndrome)
• Hypertension and distention of the heart
• Renal Dysfunction
• Embolization
• Coagulation Disorders
• Increased Blood Loss

4



Median PO Hospital Stay

4 days



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

Bonatti et al. Ann Thorac Surg 2012



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

Halkos et al. Ann Thorac Surg 2011

30 days Outcomes
• Comparable  Mortality, MI, Stroke
• Comparable ICU and Hospital Stay
• Fewer Blood Tx in the Hybrid Group

At Follow-up
• Comparable survival
• Higher rate of repeat 

revascularization in the HCR



The difference of having intraoperative 
imaging

Halkos et al. JTCVS 2014



Conclusion
• Hybrid Revascularization is a safe and effective 

approach for the treatment of patients with 
multi-vessel CAD

• It is at least comparable to the most common 
treatment CABG on pump LIMA+ veins in the 
blind OR

• If performed in the Hybrid OR simultaneously 
including imaging, in selected case the outcomes 
could be even superior to most CABG



n=117

89 MIDCABG
30 TECAB

Ann Thorac Surg 2008

Cohort Study



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

LIMA

LAD

1 2

Circ

LAD



Off-Pump CABG trends
along the Hype Cycle



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

Halkos et al. Ann Thorac Surg 2011

30 days Outcomes
• Comparable  Mortality, MI, Stroke
• Comparable ICU and Hospital Stay
• Fewer Blood Tx in the Hybrid Group

At Follow-up
• Comparable survival



91 patients Hybrid Group

Thoracoscopic Harvest (Non Robotic)
Then MIDCAB



Graft patency with MICS

Ruel, McGuinn et al. JTCVS 2014



Prospective-Randomized Control Trials 
comparing Off-Pump with On-Pump CABG 

Expertise in OP CAB by Surgical Team HighLow

Quality of 
results

Good

Poor

SMART (Single-197)

ROOBY (18-2203)

GOPCABE (12-2394)

CORONARY (79-4752)

ON-OFF study (7-401)

Khan (Single-103)

PRAGUE 6 (Single-200)  



Joel et al. JTCVS 2010

• Poor quality surgery or care 
represents failure to deliver the
intended treatment

• The trial may then measure the
deliverability and not the efficacy 
of the treatment

“ There is a surgeon to surgeon variation in terms of both surgical 
approach, technical ability and experience. The PO care might vary
from center to center “


