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Morris was removing some engine valves from a

car on the lift when he spotted the famous heart

surgeon Dr. Michael De Bakey, who was standing

off to the side, waiting for the service manager.

Morris, somewhat of a loud mouth, shouted across

the garage, "Hey De Bakey...Is that you? Come

over here a minute.“

The famous surgeon, a bit surprised, walked over

to where Morris was working on a car. Morris in a

loud voice, all could hear, said argumentatively,

"So Mr. fancy doctor, look at this work. I also take

valves out, grind them, put in new parts, and when

I finish this baby will purr like a kitten. So how

come you get the big bucks, when you and me are

doing basically the same work?“

De Bakey, very embarrassed, walked away and

said softly, to Morris, "Try doing your work with the

engine running."

Tribute to Michael De Bakey
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• “Off-pump CABG” is CABG performed

without the use of a heart-lung

machine (cardiopulmonary bypass).

This means the heart continues to

provide blood to the rest of the body

during the surgery.

• In off-pump CABG, the area around

the blocked coronary artery is

stabilized while the surgeon grafts the

blood vessel on the ”beating” heart.

• In “on-pump CABG”, the heart is

stopped with the body's blood

supply being maintained by the

cardio-pulmonary bypass (CPB)

machine.

Off-pump CABG - On-pump CABG
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Off-pump CABG - On-pump CABG

• The initial CABGs in the 1960s were

performed “off pump” because of the

lack of cardiopulmonary bypass

technology.

• The popularity of CABG without cardio-

pulmonary bypass (“off-pump”) peaked

in 2002 (in some centers with 120-130

% of coronary bypass operations !!!).

• When it was popular in 2002, it

constituted approximately 23% of CABG

procedures and then declined to 17% by

2012 in the United States and Germany.

• With the subsequent development of

safe and effective cardiopulmonary

bypass, most CABGs are now

performed “on pump”.

• Off-pump CABG is highly prevalent in

Asia and South America mainly because

of economic reasons.
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Hirai S. Systemic inflammatory response syndrome after cardiac surgery under cardiopulmonary bypass. 

Ann Thorac Cardiovasc Surg. 2003 Dec;9(6):365-70.

Cardiopulmonary bypass – SIRS

• Systemic inflammatory response

syndrome (SIRS), is an inflammatory

state affecting whole body. Surgical

trauma and stress, anesthesia and

mechanical ventilation, and

subsequent intensive care unit stay

may induce SIRS.

• Cardiac cardiac surgery with

cardiopulmonary bypass and aortic

cross-clamping may exponentially

provoke systemic inflammatory

response syndrome.
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• The ROOBY TRIAL- 2009

(Randomized On/Off Bypass Trial)

(~ 1100 patients on each arm)

showed that

– at 1 year, those in the off pump

group had worse outcomes as

• poorer graft patency,

• greater incidence of

incomplete revascularization

– at 5 year, those in the off pump

group had worse outcomes as

• higher mortality & MACE

Off-pump CABG - On-pump CABG
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• However,

– CORONARY STUDY (CABG Off or On Pump Revascularization Study -

involving 4752 patients) and

– GOPCABE TRIAL (German Off-Pump Coronary Artery Bypass Grafting in

Elderly Patients- involving 2539 patients) showed that there is no

difference in outcomes at 1 and 5 years, between off and on-pump

groups.

Five-Year Outcomes after Off-Pump or On-Pump Coronary-Artery Bypass Grafting. N Engl
J Med 2016;375:2359-68

Five-Year Outcome After Off-Pump or On-Pump Coronary Artery Bypass Grafting in Elderly Patients. 
Circulation. 2019;139:1865–1871. 

Off-pump CABG - On-pump CABG
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On-pump CABG…   or Off-Pump CABG?  

Off-pump CABG - On-pump CABG
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Fundamentals in Cardiac Surgery: Course Directors
S Livesey, London
M Cikirikcioglu, Geneva
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Off-pump CABG - On-pump CABG
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Off-pump CABG - On-pump CABG
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Off-pump CABG - On-pump CABG

16.3 Surgical procedures

16.3.6 On-pump and off-pump procedures

• There is some evidence that suggests that the off-

pump approach may reduce the risk of

perioperative acute renal failure and/or

progression to end-stage renal disease in these

patients.

13. 1 Associated carotid artery disease

13.1.2 Preventive measures to reduce the risk 

of stroke after coronary artery bypass grafting.

• There is conflicting evidence regarding the influence

of off-pump CABG on the incidence of stroke. A

recent randomized trial showed no difference in the

incidence of stroke between off-pump CABG and

on-pump CABG at 30 days. However, studies

employing a ’minimal touch’ technique for the

aorta reported a lower risk of stroke and MACCE

with off-pump CABG.
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Off-pump CABG - On-pump CABG

16.3 Surgical procedures

16.3.6 On-pump and off-pump procedures.

• Despite improved techniques and experience, part of the morbidity related to CABG is

caused by the extracorporeal circulation (cardiopulmonary bypass) and access for

cardiopulmonary bypass, prompting the off-pump approach. Two recent large,

international, randomized trials have shown no difference in 30-day or 1-year clinical

outcomes between on- and off-pump surgery, when performed by experienced

surgeons.

• There is also enough evidence to conclude that, for most patients and surgeons, on-

pump CABG provides the best—or equal—short and long-term outcomes. For some

surgeons, off-pump CABG is associated with inferior early and late graft patency

rates and possibly compromised long-term survival; however, complete off-pump

procedures in the hands of highly trained teams appear to be associated with a

reduced risk of early morbidity, such as stroke, wound and respiratory infections, as

well as fewer transfusions and shorter hospital stay.
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Off-pump CABG - On-pump CABG
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Off-pump CABG - On-pump CABG
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(Innovations 2015;10:219-229)

Off-pump CABG - On-pump CABG
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• A 2-day consensus conference was held, under the auspices of The International

Society for Minimally Invasive Cardiothoracic Surgery (ISMICS).

• 12 highly experienced coronary surgeons proficient in both methods, 10 of

whom perform primarily Off-pump CABG (J.D.P., S.B., J.B.,A.D., F.D.F., T.K.,

A.L.,N.P., M.R.,V.Z.) and 3 of whom perform primarily On-pump CABG (M.M., J.B.,

and J.S.).

• All RCTs of Off-pump CABG versus On-pump CABG through April 2013 were

screened, and 102 relevant RCTs (19,101 patients) were included in a

systematic review and meta-analysis (15 RCTs of 9551 high-risk patients;

and 87 RCTs of 9550 low-risk patients).

• To be eligible for this meta-analysis, studies met the following criteria: patients

were adults undergoing elective, urgent, or emergent CABG; allocation to Off-

pump CABG versus On-pump CABG was randomized; at least one clinically

relevant or resourcerelated outcome was reported; studies were published or

unpublished, in any language.

Off-pump CABG - On-pump CABG
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1. Off-pump CABG and On-pump CABG are not significantly different with regard to 30-

day mortality

2. Off-pump CABG and On-pump CABG are not significantly different with regard to 1-

year mortality

3. Off-pump CABG may be associated with increased mortality beyond 1 year (median

follow-up, 5 years) compared to On-pump CABG

4. Off-pump CABG is associated with lower incidence of stroke at 30 days than On-pump

CABG- publication bias was present ( P = 0.04).

5. Off-pump CABG and On-pump CABG are not significantly different with regard to

stroke occurrence within 1 year - but may have been influenced by publication bias

(P = 0.05).

6. Off-pump CABG and On-pump CABG are not significantly different with regard to 30-

day MI.

7. Off-pump CABG and On-pump CABG are not significantly different with regard to 1-

year MI- there was a trend toward publication bias (P = 0.06).

8. Off-pump CABG is associated with significantly reduced inotrope use than On-pump

CABG- This finding was significantly influenced by heterogeneity (I2 = 61%) and

publication bias (P = 0.004).

Off-pump CABG - On-pump CABG
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9. Off-pump CABG and On-pump CABG are not significantly different with regard to

perioperative intra-aortic balloon pump use- This finding was significantly influenced

by heterogeneity (I2 = 60%), and there was a trend toward publication bias (P = 0.06).

10. Off-pump CABG is associated with significantly reduced postoperative AF compared to

On-pump CABG - This finding was significantly influenced by heterogeneity (I2 =

72%), and there was a trend toward publication bias ( P = 0.06).

11. Off-pump CABG is associated with decreased incidence of renal dysfunction or failure at

30 days compared to On-pump CABG- publication bias was present (P = 0.003).

12. Off-pump CABG and On-pump CABG are not significantly different with regard to the

need for renal replacement therapy - publication bias was present (P = 0.05).

13. Off-pump CABG and On-pump CABG are not significantly different with regard to the

need for chest re-exploration.

14. Off-pump CABG is associated with lower rate of RBC transfusion than On-pump CABG -

This finding was significantly influenced by heterogeneity (I2 = 79%).

15. Off-pump CABG is associated with lower incidence of postoperative respiratory failure

(prolonged intubation or reintubation) than On-pump CABG.

16. Off-pump CABG is associated with fewer wound complications (sternal/harvest site) than

On-pump CABG.

17. Off-pump CABG significantly reduces procedure time than On-pump CABG- This

finding was significantly influenced by heterogeneity (I2 = 93%Y98%) and publication

bias (P = 0.006).

Off-pump CABG - On-pump CABG
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18. Off-pump CABG significantly reduces ICU LOS – hospital LOS was shorter after Off-

pump CABG than On-pump CABG - This finding was significantly influenced by

heterogeneity.

19. Off-pump CABG is associated with fewer grafts performed compared to On-pump

CABG- This finding was significantly influenced by heterogeneity.

20. Off-pump CABG and On-pump CABG are not different with regard to angina recurrence

at maximum follow-up to 7 years.

21. Off-pump CABG is associated with higher incidence of graft occlusion at 30 days or

less than On-pump CABG

22. Off-pump CABG and On-pump CABG are not significantly different with regard to 30-day

coronary reintervention (CABG/PCI).

23. Off-pump CABG is associated with higher incidence of coronary reintervention

(CABG/PCI) at 1 year than On-pump CABG.

Off-pump CABG - On-pump CABG
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When compared to On-pump CABG in patients undergoing surgical coronary

revascularization, it is reasonable to perform Off-pump CABG to reduce risk of

– stroke (class IIa, LOE A),

– renal dysfunction/failure (class IIa, LOE A),

– blood transfusion (class I, LOE A),

– respiratory failure (class I, LOE A),

– development of AF (class I, LOE A),

– wound infection (class I, LOE A), and

– to reduce ventilation times as well as ICU and hospital LOS (class I, LOE A).

However, Off-pump CABG may be associated with the risks of

– reduced number of grafts performed (class I, LOE A),

– reduced graft patency (class IIa, LOE A),

– increased coronary re-intervention at 1 year and beyond (class IIa, LOE A),

and

– increased mortality at a median follow-up of 5 years (class IIb, LOE A).

Off-pump CABG - On-pump CABG
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• Surgeon experience may play a more critical role in achieving optimal complete and

precise revascularization during Off-pump CABG than On-pump CABG.

• The role of dedicated and present off-pump team should not be underestimated.

• Off-pump CABG compared with On-pump CABG may improve outcomes in the short-term

(stroke, renal dysfunction, blood transfusion, respiratory failure, atrial fibrillation, wound

infection, ventilation time, and length of stay). However, over the longer-term, Off-pump

CABG may be associated with reduced graft patency, and increased risk of cardiac re-

intervention and death.

• Review of the literature sounds a cautionary note indicating that sacrificing

completeness or precision of revascularization to avoid cardiopulmonary bypass

may lead to compromise of longer-term patient outcomes.

• Off-pump CABG offers lower short-term morbidity but poorer long-term survival.

These results suggest that, in real-world settings, greater operative safety with off-

pump CABG comes at the expense of lasting survival gains.

Off-pump CABG - On-pump CABG
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https://www.tctmd.com/news/long-term-pump-cabg-results-deflate-large-real-world-study

As time goes by, patients treated with

off-pump CABG surgery have higher

mortality, less complete

revascularization, and more need for

repeat revascularization in the ensuing

years than those treated with an on-

pump approach, new real-world data

suggest.

“Both techniques have great short-term

results, that is not in any doubt, but for

maximum long-term benefit it seems

that on-pump surgery is the route to

take.”

Chikwe J, Lee T, Itagaki S, et al. Long-term outcomes after off-pump versus on-pump coronary artery bypass 

grafting by experienced surgeons. J Am Coll Cardiol. 2018;72:1478-1486.

!!! The median number of CABGs completed by these

surgeons at the time of the index procedure was 905 for off-

pump CABG, and 953 for on-pump CABG, respectively, with

a median of 79 off-pump and 137 on-pump CABG cases

completed during the 365 days immediately before surgery.

https://www.tctmd.com/news/long-term-pump-cabg-results-deflate-large-real-world-study
http://www.onlinejacc.org/content/72/13/1478
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Different Point of View on Minimal Invasive Heart Surgery: 

Minimal Extra-Corporeal Circulation (MECC)

Characteristics of MECC

• Closed circuit (without having reservoir)

• Centrifugal pump

• Short tubings

• Biocompatible surface cover

• Less priming- thus less hemodilution

• Miniaturised cardioplegia
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Different Point of View on Minimal Invasive Heart Surgery: 

Minimal Extra-Corporeal Circulation (MECC)

Advantages of MECC

• Reduction of hemodilution

• Absence of air/blood contact

• Absence direct – voluminous aspiration of 

the blood

• Better preservation of coagulation 

• Decreased SIRS reaction
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•Volume of 100 ml

•Single bolus injection (no need for additional

equipment, no repetition)

•Immediate cardiac arrest (< 10 seconds)

•Prolonged effect (45 minutes)

•Ready to use (shelf life of 24 months at room

temperature)

•14 years of clinical experience, > 8500

patients by multiple centers in 10 European

countries (Switzerland, Germany, Spain, Italy,

Austria, France, Belgium, Poland, Russia, NL)

Cardioplexol–Characteristics

Different Point of View on Minimal Invasive Heart Surgery: 

Minimal Extra-Corporeal Circulation (MECC)
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• Solution A (95 ml):

Kalium: induction of diastolic cardiac arrest

Magnesium: membrane stabilizer, reduce 

Ca+ loading

Xylitol:edema prevention

• Solution B (5 ml):-Procain

Procain: induction of cardiac arrest and 

membrane stabilizer

• Storage at room temperature

• Solutions A and B are mixed immediately 

before use)

Cardioplexol–Characteristics

Different Point of View on Minimal Invasive Heart Surgery: 

Minimal Extra-Corporeal Circulation (MECC)
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AIM: The aim of this study is to compare the outcomes of patients who underwent coronary

artery bypass grafting (CABG) by using three different operative strategies: conventional

extracorporeal circulation (ECC), minimal extracorporeal circulation (MECC) and beating

heart surgery (OPCAB).

METHODS: Data was retrospectively collected for 213 patients (ECC n=118, MECC n=62,

OPCAB n=33) who underwent elective CABGs between May 2013 and May 2018 in our

institution. Demographic and pre-operative data were studied. Peri- and acute post-

operative results were analysed as primary outcomes.

Minimal Extracorporeal Circulation –

Another Perspective On Minimally Invasive Coronary Bypass Surgery: 

A Comparative Study

Total sample (N=213) ECC (N=118) MECC (N=62) OPCAB (N=33) P-value
Sex, n (%) 0.346

Male 187 (87.8) 103 (87.3) 57 (91.9) 27 (81.8)
Female 26 (12.2) 15 (12.7) 5 (8.1) 6 (18.2)

Age, mean (SD) 63.87 (9.28) 64.15 (9.19) 62.71 (8.68) 65.03 (10.65) 0.453
Body mass index, mean (SD) 27.63 (4.41) 27.57 (4.22) 27.35 (4.81) 28.42 (4.34) 0.522
Risk factors, n (%) Obesity, hypertension, dyslipidemia, diabetes, smoker > 0.05
Personal history, n (%) Nothing, myocardial infarction, stent, stroke, cardiac arrest > 0.05

Dr. Archana Gopalakrishnan
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RESULTS: Demographic data, risk factors and pre-operative data were similar between the

three groups. The patients who underwent OPCAB had fewer bypasses, fewer venous

grafts, as well as less lactate production than ECC and MECC (Table 1). The patients

in the ECC group had more peri-operative transfusions than MECC and OPCAB and

differed from only MECC with a higher inotropic score at 6 hours after ICU

admission, more creatinine production and a bigger volume of drainage in the ICU

(Table 1). There is no difference concerning post-operative complications between

the three groups.

Minimal Extracorporeal Circulation –

Another Perspective On Minimally Invasive Coronary Bypass Surgery: 

A Comparative Study

Total (N=213) ECC (N=118) MECC (N=62) OPCAB (N=33) P-value
Number of bypasses, mean (SD) 2.77 (0.81) 2.86 (0.75) 2.94 (0.83) 2.15 (0.67) < 0.001*
Number of venous bypasses, 
mean (SD) 

1.00 (0.81) 1.08 (0.81) 1.16 (0.82) 0.39 (0.50) < 0.001*

Post-hoc analysis of the above variables : 
Number of bypasses : significant difference between MECC-OPCAB and ECC-OPCAB

Number of venous bypasses : significant difference between MECC-OPCAB and ECC-OPCAB

Dr. Archana Gopalakrishnan
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RESULTS: The patients who underwent OPCAB had fewer bypasses, fewer venous

grafts, as well as less lactate production than ECC and MECC (Table 1). The patients

in the ECC group had more peri-operative transfusions than MECC and OPCAB and

differed from only MECC with a higher inotropic score at 6 hours after ICU

admission, more creatinine production and a bigger volume of drainage in the ICU

(Table 1). There is no difference concerning post-operative complications between

the three groups.

Minimal Extracorporeal Circulation –

Another Perspective On Minimally Invasive Coronary Bypass Surgery: 

A Comparative Study

Total sample 
(N=213)

ECC (N=118) MECC 
(N=62)

OPCAB 
(N=33)

P-value

Lactate index (log), mean (SD)
(= 24-hour lactates / lactates at ICU 
admission) 

0.043 (0.203)
0.059 

(0.196)
0.064 

(0.182)
-0.055 
(0.242)

0.01*

Creatinine index (log), mean (SD)
(= 24-hour creatinine / pre-operative 
creatinine) 

-0.041 (0.106)
-0.024 
(0.096)

-0.074 
(0.074)

-0.036 
(0.164)

0.002*

Inotropic score 6 hours, mean (SD) 
(N=42)

360.15 (347.16)
604.32 

(383.04)
241.92 

(294.68)
409.60 

(309.97)
0.009*

Total drainage ICU (log), mean (SD) 
2.969 (0.342)

3.045 
(0.311)

2.865 
(0.336)

2.894 
(0.398)

0.001*

Post-hoc analysis of the above variables : 
Lactate index : significant difference between MECC-OPCAB and ECC-OPCAB

Creatinine index : significant difference between ECC-MECC
Inotropic score 6 hours : significant difference between ECC-MECC

Total drainage ICU : significant difference between ECC-MECC

Dr. Archana Gopalakrishnan
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The patients who underwent CABG

– with ECC had increased peri-operative transfusions compared to MECC

and OPCAB, and increased post-operative creatinine production, higher

inotropic score at 6 hours and more total drainage compared to MECC;

– with off-pump technique (OPCAB) had fewer bypass grafts, fewer

venous conduits and decreased post-operative lactate production

compared to ECC and MECC.

!!! MECC could prove to be a good alternative to both OPCAB and ECC by

combining the advantages of both aforementioned methods.

Limitations of the study : Small sample size of 213 patients and the non-

equivalent group sizes.

Minimal Extracorporeal Circulation –

Another Perspective On Minimally Invasive Coronary Bypass Surgery: 

A Comparative Study Dr. Archana Gopalakrishnan
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• The potential harms of cardiopulmonary bypass

during on-pump CABG seems to be minimal in low

risk patients and compared to the higher degree of

technical precision, anastomotic quality, and

completeness of revascularization, this should not

be jeopardized in order to avoid CPB.

• On-pump techniques are associated with

increased risk of peri-operative adverse events in

"high risk" patients, while off-pump is associated

with increased risk of long-term adverse events in

"low risk" patients.

• Although the controversy about on-pump versus

off-pump CABG is likely to continue, it is time to

change the discussion and choose the procedure

that is best for the patient.

• MECC could prove to be a good alternative to both

OPCAB and ECC by combining the advantages of

both aforementioned methods.

Take Home Message  

Off-pump CABG - On-pump CABG
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THANK YOU
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