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OPCAB? 

• Coronary artery bypass grafting without 

cardiopulmonary bypass. 

 

• 인공심폐기를 사용하지 않는 관상동맥우회술 

• 무펌프관상동맥 우회술? 
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Invasiveness of OHS 

• CPB: hemodilution, stoke, renal insufficiency, 

    coagulopathic bleeding, 

    systemic inflammatory response 

 

• Manipulation of aorta: neurologic sequelae 

 

• Median sternotomy: pain, pulmonary dysfunction, 

    sternal wound infection,  

    brachial plexus injury  
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Terminology 

                          CPB    ACC    full sternotomy 

Conventional CABG                         + + + 

Off-pump CABG(OPCAB)                   - - + 

On-pump beating heart CABG          + - + 

Minimally invasive direct CABG       - - - 

    (MIDCAB) 

    

*CPB: cardiopulmonary bypass, ACC: aortic cross clamping 
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History of OPCAB (I) 

• 1946 Vineberg: IMA into cardiac muscle 

• 1954 Murray: Experimental anastomosis 

• 1962 Sabiston: First CABG (SVG to RCA) 

• 1964 Kolessov: LITA to LAD or LCx 

       (thoracotomy) 
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History of OPCAB (II) 

• ~ 1980: Conventional CABG 

• 1980 Benetti: Initial experience of OPCAB 

• 1985 Buffolo: large experience 

• 1992 Pfister: USA, safety of OPCAB 
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Indications ? 

• With little experience 

– 1 ~ 3 bypasses 

– Anterior cardiac surface 

– Large target vessels 

– Minimal distal disease 

– Elective 

– Hemodynamically stable 
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Indications ? 

• When experienced 

– Elderly 

– Re-operative 

– Poor left ventricular function 

– Cerebral vascular disease 

– Peripheral vascular disease 

– Chronic lung disease 

– Chronic renal insufficiency 

– Significant co-morbidities 

제7차 전공의 학술세미나 



2012 Resident Education Seminar_OPCAB 

Atherosclerosis of Aorta 

Distal Asc. Ao. 

ACC site 
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Anesthetic Preparation 

• Use intermediate or short-acting agents 

• Avoid hypothermia 

– Warming mattress, fluid & gas, room temperature 

• Oxymetric pulmonary artery catheter 

• TTE 

• Adequate cardiac filling pressure 

– Volume loading 

– Trendelenberg position 

• Intravenous NG 

• Judicious use of positive inotropes 

• Avoid negative inotropes 
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Preparations 

• Extended pericardiotomy in inverted T-shape 

• Right pleural usually opened 

• Deep pericardial tenting suture 

• Stabilizer & apical suction devices 

• Reduce tide volume for ventilation 

• Palpation of aorta for possible cannulation & 

proximal anastomosis 

– Aorta CT, TEE, epi-aortic scan  
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Extended Pericardiotomy 

제7차 전공의 학술세미나 



2012 Resident Education Seminar_OPCAB 

Deep Pericardial Tenting Suture 
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Mechanical Immobilization 
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Stabilizer & Apical Suction Devices 

• Medtronic 

– Octopus < - 400mmHg 

– Starfish < - 400mmHg 

– Urchin < - 250mmHg 

 

• Marquet 

– Acrobat < - 400mmHg 

– Xpose < - 250mmHg 

 

• Rosta < - 400mmHg 
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Stabilizer Effect 
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Sequence of Anastomosis 

• From easiest to hardest 

– Collaterized vessels first 

– LAD with LITA 

– Proximal before distal 

– Diagonal 

– Main RCA 

– PDA 

– Distal circumflex, OM2, OM3 

– PL 

– Proximal OM 

– Ramus intermedius 

 
제7차 전공의 학술세미나 



2012 Resident Education Seminar_OPCAB 

External Occlusion 
• Vessel loops 
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• 1986 Murry et al. 

• Repeated short episodes of ischemia protect the 

myocardium against a subsequent ischemic insult 

• Endothelium-dependent relaxation, endotherial 

viability, beta adrenergic regulation, post-ischemic 

myocardial blood flow, neutrophil accumulation 

Ischemic Preconditioning 

Pros 
• Laurikka et al. 

      Chest 2002 

• Yellon et al. 

      Lancet 1993 

• Saeian et al. 

       Echocardiography 1990 

• Sabbah et al. 

       Circulation 1986 

Cons 
• Luchetti et al. 

       Eur J Cardiothora Surg 1998 

• Malkowski et al.  

       J Am Coll Cardio 1998 

• Dupouy et al. 

      J Am Coll Cardio 1996 

• Tofukuji et al. 

      Circulation 1998 
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Intraluminal Coronary Shunt 

• 1.0 ~ 3.0 mm 

• Increment by 0.25mm  
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Snaring vs Shunt 

Snaring 

• Induce ischemia 

• Easy to perform anastomosis 

• Long ateriotomy 

• Possible damage to coronary 

vessel 

• Stitch can catch post. wall of 

coronary a. 

• Reperfusion can induce 

arrhythmia 

Shunt 

• Without ischemia 

• Stabilize hemodynamics 

• Use smaller one 

• Possible damage to endothelium 

• Stitch can catch shunt 

• Be careful when you remove 
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Indications of Coronary Shunt 

• Anatomic indications 

– Proximal LAD 

– Main RCA 

– Not tight stenosis 

– Deep-seated or intramyocardial LAD 

– Source of collaterals to large territory 

• Hemodynamic instability or myocardial ischemia 

– Low systemic BP 

– High PAP 

– High PCWP 

– Arrhythmia 
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Blower Mister 

• Humidified CO2 blower 

• CO2 ; 34 times more soluble than air 

• 3 ~ 7 ( < 8) L/min 

• 50 mmHg 

 

• Air embolism 

• Endothelial damage ?  
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Target Vessel – LAD 

• The easiest target vessel for OPCAB 

• Exposure 

– pericardial tenting + gauze pad behind heart 

– no need for positioner in most cases 

• Snaring 

– septal br., RV rupture 

• Deep seated  

    or intramyocardial  

– shunt, epicardial fat tenting 
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Deep Seated Target Vessel 
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Target Vessel – D & Ramus br. 

• The 2nd easist target vessel 

• Do not compress too much 

– RVOT obstruction 

• Pericardial tenting  

    ± positoner  

    ± gauze pad 
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Target Vessel – OM 

• Most challenging target vessel 

• Positioner, pericardial tenting 

• Table : Head down, rt. side down 

• Valve regurgitation : distortion 

• Tension on LITA to LAD 
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Target Vessel – RCA & PDA 

• Proximal RCA – may cause bradycardia 

– shunt or pacing 

• Table: head down 

• Kinking of the grafts  

    to the other vessels 

 

apex 

suction device 

PDA 

 

AV groove at acute margin 

d- RCA 

suction elevator 
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Video 
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Intraop. Assessment of Graft 

• Majority of graft failure – early technical 

problems 

• Methods 

– intraoperative coronary angiography 

– ultrasonic transit time 

– hand-held epicardial doppler 

– high frequency epicardial echocardiograhphy 

– doppler flow wire 

– thermal imaging 
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Ultrasonic Transit Time 

 

Advantage 

• Quick, easy to perform 

• Non invasive 

• Quantitative measurement of 

volume flow 

• Low cost 

• No ionizing radiation 

 

Disadvantage 

• No anatomic information 

• Depend on dynamic 

parameters 

• Cannot assess anastomosis, 

distal native vessel 

 

 

 
제7차 전공의 학술세미나 



제7차 전공의 학술세미나 



LCA graft 

RCA graft 

제7차 전공의 학술세미나 



PI: pulsatility index, (maximal flow – minimal flow)/mean flow 
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Hemodynamics 

• Atria are situated below ventricles 

• Increased filling pressure of atria 

• Increased atrial size 

• Distortion of MV & TV 
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Hemodynamic Mx. 

• Target BP: MAP > 60-70mmHg 

• CO: SvO2 > 60%, metabolic acidosis (-) 

• Buffington ratio: MAP/heart rate < 1 

• Fluid administration 

• Leg elevation 

• Alpha adrenergic drug 

– Phenylephrine 

– Norepinephrine 

• Beta blocker 

• Pacing: HR < 50 / min 
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Hemodynamic instability (Hypotension and/or Arrhythmias) 
 

Myocardial 
ischaemia  
-TOE   (RWMA) 
-ST segment 
changes  

 

Hypovolaemia 
-Decreased PAP, 
CVP, CO 
-TOE (Decreased 
preload)  

 
 
 

Myocardial 
Dysfunction 
-Increased PAP, 
CVP 
-decreased CO 
-TOE (RWMA) 

Cardiac 
chambers 
Compression 
-Increased PAP, 
CPV 
-decreased CO 
-TOE (no RWMA) 

Mitral 
Regurgitation 
-Increased PAP, 
CVP 
-decreased CO 
-TOE (MR) 

IV NTG 
Phenylephrine 
HR control 

-Fluid infusion 
-Trendelenburg 
position 

IV NTG 
Inotropes 

-Fluid infusion 
-Trendelenburg 
Position 
-Phenylephrine 

IV NTG 
Inotropes 
(milrinone, 
Dobutamine) 
IVC partial snaring 
MV surgery 

Still hypotensive 

Re-evaluate 
Norepinephrine to increase SVR 
On-pump surgery 
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OPCAB시 혈류역학을 안정화 시키려면 ?  

• Head down, volume 

• Extended T pericardiotomy 

• Reduce tidal volume 

• α agonist, nitroglycerin 

• Minimal compression 

• Collateralized vessel first 

• Role of anesthesiologist 

• Communication with anesthesiologist 

• Patience 
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Indication for Converting to CPB 

• Hemodynamics ( >15min despite of aggressive tx.) 

– CI < 1.5 L/min/m2 

– SvO2 < 60% 

– MAP < 50 mmHg 

– ST segment elevation > 2mV 

– Large new wall motion abnormalities 

– Sustained malignant arrhythmia 

 

• Technical 

– Difficulty in bleeding control 

– Deep intra-myocardial target 
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Results of OPCAB 

• Meta-analysis and/or RCT 
– Lim E et al. JTCS 2006;132:1409-13 

– Moller CH et al. Eur Heart J 2008;29:2601-16 

– Kozora E et al. ATS 2010;90:1134-41 

– Jensen BO et al. Eur J CTS 2008;34:1016-21 

– Magee MJ et al. ATS 2008;85:494-500 

– Karolak W et al. Am Heart J 2007;153:689-95 

– Reston JT et al. ATS 2003;76:1510-5 

– Chowdhury UK et al. JTCS 2008;135:1110-9 

– Motallebzadeh R et al. ATS 2007;83:475-82 

– Marasco SF et al. Eur J CTS 2008;961-70 

– Puskas JD et al. ATS 2011;91:1836-43 

– Takagi H et al. ATS 2010;89:1881-8 

– Seabra VF et al. Clin J Am Soc Nephrol 2010;5:1734-44 

– Nigwekar SU et al. Am J Kidney Dis 2009;54:413-23 

– Lamy A et al. NEJM 2012;366:1489-97 

– Sedrakyan A et al. Stroke 2006;37:2759-69 

– Hattler B et al. Circulation 2012; ROOBY trial 

– Etc. 
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Results of OPCAB 

• Meta-analysis and/or RCT 

    OPCAB  Conventional CABG 

Postop. morbidity 

     Neurologic outcome  > or ≈ 

     Renal impairment   > or ≈  

     Atrial fibrillation   > or ≈   

Long-term results 

     Graft patency    < or ≈ 

     MACE     < or ≈ 

     Survival     < or ≈ 

 
제7차 전공의 학술세미나 



Controversies in OPCAB  

Pros 

• No global myocardial ischemia 

• Minimal or no aortic 

manupulation avoiding stroke and 

aortic dissection 

• Avoid systemic inflammatory 

reaction due to CPB 

• Easier to measure the length of 

grafts 

 

Cons 

• Longer learning curve 

• No proven benefit regarding long 

term outcome(?) 

• Need for experienced 

anesthesiologist and perfusionist 

• Fewer No. of distal anastomosis 

and more distal anastomosis  

• Exaggerating MR 
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Conclusions 

• OPCAB could be useful strategy to treat 

ischemic heart disease especially for high risk 

patients. 

• Exposure and stabilization of target vessel with 

acceptable hemodynamics are the most 

important part of OPCAB 

• However, OPCAB itself is not the goal of 

revascularization. 

• To get a good outcome through complete 

revascularization of target vessel is the most 

important. 
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