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Morbidity Associated 

with CPB
• Myocardial Necrosis

• Systemic Inflammatory Response

• Neuro-Cognitive effects / Brain injury

• Pump Lung (Adult Respiratory Distress 
Syndrome)

• Renal Dysfunction

• Embolization

• Coagulation Disorders

• Increased Blood Loss

• Also cannulation complications and 
challenges

OFF-PUMP CABG 
Challenges 

• Technically demanding operation

• Surgeon

• Whole the surgical team (off-pump 
team)

• Requires expertise on the anesthesiologist

• Years of deliberate practice to master

this technique / Expert level

• Steep learning curve
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Trends in Off-Pump CABG

Off-Pump CABG in 2017: 12.5 %. STS Database

2016

13.1%

2002

23%

12.5%
2017



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



• Retrospective studies from specialized centers

• Randomized trials in relatively low risk patients

• Meta Analysis

• Observational data from large databases



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 (all patients)

• Better soft outcomes

• Good quality of revascularization

• Good mid and long-term results:
• Survival

• Low rate of  re-interventions

OFF-PUMP CABG IS BETTER
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SMART TRIAL

SMART TRIAL

KHAN

COMPARABLE GRAFT PATENCY: OFF-PUMP and ON-PUMP CABG
Graft Patency
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ROOBY

ON-OFF STUDY

30 Day Composite Outcome

ROOBY
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ROOBY

CORONARY

5 year MACE





Puskas 2004

Meta Analysis
37 RCT: 3,300 Pts
42 Non RCT:    26,349 Pts

Outcomes according to Risk
On-PUMP vs. OFF-PUMP

Lower Mortality and morbidity
in high-risk groups

Lower morbidity 
in all risk groups



META-ANALYSIS:  Reston 2003, Puskas 2004, Selke 2005, Cheng 2005, 
Cochrane 2012, Takagi 2013, Deppe 2015, Kowaleski (and Taggart) 2016, Zhao 
2017, Filardo 2018, etc
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Surgical Mortality
Higher Risk, higher benefit of Off-Pump

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
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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



OFF-PUMP ON-PUMP P value reference

1.6% 2% 0.003 Racz et al. 

68,000 patients

1.2% 1.5% 0.0006 Hannan et al.

50,000 patients

1.25% 1.5% 0.001 Cleveland et al.

118,000 patients

1.4% 2.1% 0.002 Mack et al. 

7,300 patients

OR 1.8 Marui et al.

3,700 patients (high-

risk)

1.03 1.79 0.006 Mack et al.

7,376 pts (all female)

OFF-PUMP ON-PUMP P value reference

2% 8% 0.001 Bucerlus et al.

16,000 patients

Delirium

Stroke and global neurological adverse events 
Lower in the Off-PUMP population



An Aortic OP CAB    
(no touch technique)

ON-PUMP CABG

0.4% 1.8%

OP CAB ON-PUMP CABG

1.3% 1.8%

78% Relative Risk Reduction 35% Relative Risk Reduction

Stroke

*

*



OFF-PUMP CABG
Quality of revascularization
• Off-PUMP is associated with a higher rate of repeat revascularization

• 0.2 more grafts/patient in the ON-PUMP groups
• Better graft patency in the ON-PUMP groups

• Driven by worse patency in vein grafts
• Technical (easier to perform LIMA-LAD OFF-PUMP than graft on the non LAD (often veins)
• Run off
• Biology (combination of relative hypercoagulable post OFF-PUMP + low endothelial cell 

viability in SVG)

• Early studies (Rooby, Khan) the difference is more significant 
• Inexperienced OFF-PUMP teams
• Off-Pump Equipment
• Vessel loops around the vessels
• Heparin management
• Antiplatelet therapy management



• Off-Pump CABG performed by inexperienced surgeons and teams will 
produce suboptimal results and will be reflected in randomized trials, 
database studies, meta-analysis  and, more importantly, in clinical 
practice

• If OFF-PUMP CABG performed at an expert level, could obtain (in 
addition to the short term benefits in mortality and morbidity) the graft 
patency and long term outcomes of ON-PUMP CABG? 



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
• Anastomotic devices
• Flow evaluation

Subramanian et al.





Where OP CAB fits in this era?

Patients who are high risk (for CPB)                 
would benefit the most by OP CAB

Risk / benefit Ratio
Risk associated with 

technical adverse events
Benefits in avoiding CPB

Expertise of OP CAB Team critical 



Sousa Uva 2017

Lower mortality in

The high-risk groups



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

• Performed some OP CAB and abandon it

• Perform OP CAB routinely and then

abandon it

• Surgeons who consistently perform OP CAB in their 
practice

• Poor results

• Out of comfort zone

• Peer or Institutional pressure

• Response to emerging data



OP CAB 
Institutional perspective

•High-risk cases who would benefit 
the most from OP CAB

•Complement Minimally Invasive Programs 
• MID CAB or MICS

• Robotic Assisted MID CAB

• TE CAB 

• Isolated 

• Hybrid Revascularization: 
• LIMA-LAD + Stenting to Non-LAD vessels



Final Remarks
• OP CAB will continue a refinement and maturation process

• GOALS:
• Continue the process to decrease the risk of mortality and morbidity (Safer operation)

• Improve on areas such as graft patency/complete revascularization

• Perioperative Anticoagulation/antiplatelet management/conduit selection

• Patient selection (risk/benefit ratio)

• Should be strongly considered for high-risk patients

• Excellent technique to complement innovative approaches

• Should be performed by experienced teams

with a systematic approach
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