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Abstract Hemolysis, ischemic reperfusion injury and neutrophil activation that develop by cardiopulmonary bypass 

(CPB) have a primary role in the formation of oxidative stress. The use of antioxidants such as propofol, L-arginine, 

and N-acetyl cysteine in CPB intravenously or by adding cardioplegia can be a defense strategy against ROS 

production. The intravenous or cardioplegic administration of agents with antioxidant characteristics during the 

operation can reduce oxidative stress and ROS production in CPB. Alternatively, the use of mini-CPB can regulate 

both the proinflammatory response and oxidative stress. Still, it is required to conduct different clinical studies on 

CPB protocol. 
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Introduction 

Cardiopulmonary Bypass 

In the development steps of heart surgery, Cardiopulmonary bypass (CPB) has a significant role and has seriously 

affected the surgical treatment outcomes [1]. On 6 May 1953, Dr. John H. Gibbon Jr. had performed the first 

successful secundum atrial septal defect (asd) surgery to an 18-year-old female patient through the first successful 

total cardiopulmonary bypass that had lasted for 26 minutes. After this successful operation, cardiac surgeons have 

performed millions of successful heart surgeries for generations. Dr. Gibbon had worked hard for 23 years to carry 

out this successful practice [2]. CPB is associated with the activation of various coagulation pathways, 

proinflammation, vital cascades, and modified redox state. Hemolysis, ischemic reperfusion injury, and neutrophil 

activation that develop during CPB have a primary role in the formation of oxidative stress. This situation can 

modify the clinical results by affecting the functions and of organs such as lungs and kidneys and primarily 

myocardium and also their recoveries by causing the activation of proinflammatory and preapoptotic signal 

pathways [1]. 

Off-pump coronary artery bypass (OPCABG) technique is an evaded situation due to hemodynamic instability 

during the revascularization on the beating heart. As a result of the technological development, a reduction can occur 

in this complication by developing new stabilization tools, the increase of the experiences of surgical team, and 

providing a better hemodynamic management during the operation [3]. 

 

Free Radicals 

Free radicals are the molecules including unpaired electrons and they are quite reactive. They can be derived from 
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oxygen, nitrogen, or sulphur molecules. Free radicals derived from oxygen are called as reactive oxygen species 

(ROS); superoxide anion (O2
.-
), hydrogen peroxide (H2O2), hydroxyl radical (

.
OH), and peroxynitrite (ONOO

-
) [4].  

Although hydrogen peroxide is not a free radical, it is called as ROS because it is highly reactive [1]. 

ROS can occur as a natural metabolism product after ATP production in mitochondria [5] or can be caused by the 

interaction of exogenous components such as xenobiotic components [6]. In this case, the cells neutralize and 

balance the free radicals by the enzymatic and free radical scavenging activities. This is called as the redox state. In 

stress conditions, ROS levels significantly increase and cause the cellular structures such as lipids, proteins, and 

DNAs to deteriorate [5]. Oxidative stress develops as a result of the increase in ROS production or the decrease in 

the capacity of cellular antioxidant defense mechanisms. Oxidative stress directly or indirectly impairs nucleic acids, 

proteins, and lipids via ROS and causes carcinogenesis [7], neurodegeneration [8, 9], arteriosclerosis, diabetes [10], 

and ageing [11]. ROS does not develop the pathogenesis of the disease via the modifications at direct 

macromolecular level. It generally develops the pathogenesis by stimulating the signal pathways that will cause the 

disease such as gene activation in tumor metastasis [12]. Oxidative interface is the limit between ROS and the 

activated signaling molecules [1]. 

 

The Relationship between Cardiopulmonary Bypass and Oxidative Injury 

In the presence of coronary artery disease requiring surgery, pre-operation oxidative stress and inflammation 

findings are present in the patient and this becomes evident through CPB [139.  Also, the presence of concomitant 

diseases such as diabetes, kidney, and lung diseases in the patients coming to undergo open heart surgery is 

associated with abnormal redox state and oxidative stress [1]. During CPB in heart surgery, the contact of blood with 

non-endothelial surfaces develops a primary ROS source via the activation of polymorphous nuclear leukocytes 

primarily neutrophils. In heart surgery, inflammation develops via the pathways stimulated by complex cellular and 

humoral interactions in which thrombin production or coding, complement, cytokines, neutrophils, adhesion 

molecules, mast cells and numerous inflammatory agents take place. Excess stimulation of inflammatory cascades 

causes multiple organ dysfunction such as coagulopathy, respiratory insufficiency, myocardial dysfunction, renal 

failure, and neurocognitive defects. Also, vascular endothelial cells mediate inflammation and develops the 

association between coagulation and inflammation. Surgery alone activates the specific hemostatic response, 

activation of immune mechanisms and inflammatory response mediated by various chemokines and cytokines [14]. 

Since tissue perfusion is suboptimal during CPB, ischemic reperfusion injury occurs. This is associated with the 

reduction of cellular adenosine triphosphate after the breakdown of hypoxanthine [15]. Hypoxanthine enters in a 

reaction by converting the xanthine dehydrogenase enzyme and nicotinamide adenine dinucleotide (NAD) into 

nicotinamide adenine dinucleotide hydrogenase and forms xanthine dehydrogenase. On the other hand, during 

ischemia, on the contrary, xanthine dehydrogenase is converted into xanthine oxidase. Thus, it impairs the cell 

homeostasis of lactic acid that forms as a result of anaerobic metabolism as well as the ion gradients in the cell 

membrane [16]. Reperfusion after ischemia plays a primary role in the formation of oxidative stress and develops 

excessive amounts of ROS. Reduction of oxygen levels causes the production of superoxide anion and it passes 

through the cell membrane easier and is converted in more toxic oxygen species. Dismutase reaction that is 

catalyzed by superoxide dismutase converts the superoxide anion into hydrogen peroxide. This causes hypochlorite 

acid formation and interacts with iron salts and they are converted into highly toxic hydroxyl radicals as a result of 

Haber-Weiss reaction. Toxicity of hydroxyl radicals creates new radicals by getting electron from a wide group of 

molecules and provides the continuation of the reaction [16]. 

Ischemia causes the energy production to decrease in mitochondria depending on the absence of oxygen and 

nutrients. This is followed by intracellular ATP reduction, intracellular pH reduction and sodium (Na
+
) and calcium 

(Ca
++

) accumulation [15]. Then, cardiac myocytes exposed to ischemia react with proinflammatory cytokines and 

activated leukocytes and cause neutrophil accumulation in myocardium and also result in more ROS and proteolytic 

enzyme release. Thus, reperfusion causes mitochondrial dysfunction and irreversible myocardial damage together 

with cytosolic Ca
++

 accumulation and ROS production [17]. Also, ROS stimulates the mitochondrial permeability 

pores and causes them to be opened and swelling occurs in mitochondria and membrane damage and finally cell 
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death and apoptosis or necrosis develop [18, 19]. 

Shear stress forces formed by the CPB pump damage the ion pumps on the cell surface as a result of mechanical 

damage on erythrocytes and thus cause intracellular cation accumulation [20]. As a result of membrane 

decomposition, membrane attack complex (MAC) that forms by complement activation causes the erythrocytes to 

become defenseless and causes hemoglobin (Hb) leakage. Rapid increase of the concentration of free hemoglobin 

acts as a peroxidase in the presence of H2O2[21, 22]. 

Depending on reduction in antioxidant parameters of stored bank blood, blood transfusion during and after CPB 

increases oxidative stress. Modifications in the bank blood adenosine triphosphate and 2,3-diphosphoglycerate, 

nitric oxide-mediated functions and storage defects in erythrocytes depending on the increase in lipid peroxidation 

occur [23, 24]. Such erythrocyte membrane modifications cause hemolysis formation and thus, an increase in free 

hemoglobin and iron concentrations in circulation by inducing them to be less deformed and more vulnerable. 

In open heart surgeries performed via CPB, acute renal damage can be triggered by ischemia reperfusion injury, 

modifications in blood flow pattern, hemolysis and blood transfusion [25]. Due to its preoxidant characteristics, 

combination of free hemoglobin that is formed after hemolysis with myoglobin having an elevated level in plasma 

are independent determinants of acute renal damage. After reperfusion damage, ischemia causes mitochondrial 

dysfunction in renal epithelial cells, the increase in ROS release and stimulation of proinflammatory signal 

pathways, cytoskeleton (cell skeleton) damage, and renal tubular damage. Reactive oxygen species cause protein 

oxidation, lipid peroxidation, DNA injury, and renal tubular cell damage via the stimulation of apoptosis [26]. 

The increase of ROS production and specifically, the increase of ROS levels in atrial tissue regarding the superoxide 

anion derived from atrial nicotinamide adenine dinucleotide phosphate oxidase are associated with postoperative 

atrial fibrillation (POAF) [27]. 

Cardiac surgeries operated via CPB are associated with acute pulmonary damage in a wide range with the most 

serious form of acute respiratory distress syndrome (ARDS). Although ARDS is rarely seen after cardiac surgery, its 

effect on mortality and morbidity is high. The injury and reoxygenation in lung tissue as a result of complement and 

neutrophil activation in erythrocytes are held to account for impairment of redox state under oxidative stress 

conditions. In the bronchoalveolar lavage performed in the patients with ARDS after cardiac surgery; chlorotyrosine, 

nitrotyrosine, and orthotyrosine showing high quantity of oxidative stress were observed [28]. 

The redox state impaired due to coronary artery disease, kidney and lung diseases the patients have before cardiac 

surgery becomes more evident since the patient undergoes CPB [13]. The effects of ROS are neutralized by making 

electron exchange by antioxidant molecules under physiological conditions. Antioxidant molecules can interact with 

reactive radicals, degrade them, and convert them into weaker and less dangerous free radicals that continue for a 

long term and can be neutralized [1]. 

 

Ways of Reducing the Oxidative Stress in CPB 

Antioxidant Supplement 

Antioxidants directly reacts with reactive radicals and decreases their activities by depleting them and shows an 

effect by converting them into a less dangerous state. The use of antioxidants such as propofol, L-arginine, and N-

acetyl cysteine in CPB intravenously or by adding cardioplegia can be a defense strategy against ROS production 

[1]. 

Propofol (2,6-diisopropylphenol) is an agent that is generally used in anesthesia in cardiac operation. Because 

propofol includes a phenolic hydroxyl group in its structure, it resembles vitamin E known as a natural antioxidant. 

In the in-vivo and in-vitro studies, significant antioxidant effects of propofol have been determined [29-31]. It is 

reported that propofol inhibits lipid peroxidation by increasing the antioxidant capacity of plasma in humans and 

also protects the cells against oxidative stress [32]. 

Propofol reacts with peroxynitrite and thus, decontaminates peroxynitrite. Also, propofol can protect against 

peroxynitrite-mediated cytotoxicity, DNA injury, and apoptosis [32-34]. 
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In the ischemia-reperfusion models in animal studies; it has been determined that propofol reduces the formation of 

t-butyl hydroperoxide (t-BHP)-induced 2-thiobarbituric acid reactive substances (TBARS) in liver, kidneys, heart, 

and lungs [29-31, 35]. In the previous animal studies, it is reported that propofol protects the rats in ischemia-

reperfusion injury [36]. 

L-arginine is an amino acid that plays a significant role in vein homeostasis as a precursor in immune function and 

nitric oxide (NO) synthesis. In the patients undergoing cardiac transplantation; it is determined that the use of oral L-

arginine reduces vascular endothelial cell dysfunction and also decreases the serum H2O2 level [379. When L-

arginine is added into the cardioplegia solutions of the patients undergoing coronary artery bypass grafting (CABG), 

myocardial oxygen (O2) intake increases and formation of malondialdehyde (MDA) decreases [38, 39]. 

N-acetyl cysteine (NAC) is another efficient free radical scavenger. In CABG, intravenous infusion and H2O2 

reduces significantly the hypochlorous acid (HOCl) levels than the control group [40, 41]. Also, MDA level 

significantly decreases in the NAC-administered group in reperfusion [40]. When NAC is added into cardioplegia 

solution; serum MDA, glutathione, catalase, superoxide dismutase (SOD), glutathione peroxidase (GPx), and 

glutathione reductase (GR) levels significantly decrease [42-44]. 

 

Mini-CPB 

Mini-CPB reduces the surface area and it is designed similar to the CPB system and thus, it prevents air-blood 

contact. The use of Mini-CPB delays or decreases the secretion of different proinflammatory cytokines [45, 469. It 

was determined that Mini-CPB significantly reduced significantly the red blood cell damage by measuring the free 

Hb level. Also according to the traditional method used, it was found that it decreased the serum MDA and 

allantoin/urate concentration that is an oxidative marker [47, 48]. 

 

Conclusion 

Although cardiopulmonary bypass is not perfect, it is a significant part of the cardiac operation. The use of CPB is 

associated with oxidative stress and ROS production. 

Hemolysis, ischemia-reperfusion injury, and neutrophil activation in CPB have a vital importance in oxidative 

stress. Also, it affects the functions of various organs such as myocardium, lungs and kidneys. 

Whether or not intravenous or cardioplegic administration of the agents having antioxidant characteristics during the 

operation can reduce oxidative stress and ROS production in CPB. Alternatively, the use of mini-CPB can both 

regulate the proinflammatory response and oxidative stress. Still, different clinical studies regarding the CPB 

protocol are required. 

 

References 

1. Zakkar, M., Guida, G., Suleiman, M.S. and Angelini, G.D. (2015). Cardiopulmonary bypass and oxidative 

stress. Hindawi Publishing Corporation Oxidative Medicine and Cellular Longevity.  Article ID 189863, 8 

pages.  

2. Cohn, L.H. (2003). Fifty Years of Open Heart Surgery. Circulation. 107: 2168-70. 

3. Lazar, H.L. (2014 Dec).Should off-pump coronary artery bypass surgery be abandoned: a potantial 

solution. J Thorac Cardiovasc Surg. 148(6): 2475-6.  

4. Barzegar, A.O.M., Sciesser, C.H., Taylor, M.K. (2014 Sep21).New Reagents for detecting free radicals and 

oxidative stress. Org Blomol Chem. 12(35): 6757-66. 

5. Gupta, R.K., Patel, A.K., Shah, N., Chaudhary, A.K., Jha, U.K., Yadav, U.C., Gupta, P.K., Pakuval, U. 

(2014). Oxidative stress and antioxidants in disease and cancer: a review. Asian Pac Cancer Prev. 15(11): 

4405-9. 

6. Ray, P.D., Huang, B.W., Tsuji, Y. (2012 May).Reactive oxygen species (ROS) homeostasis and redox 

regulation in cellular signaling. Cell Signal. 24(5): 981-990. 

7. Trachootham, D., Alexandre, J., Huang, P. (2009).Nat Rev Drug Discov. 8: 579-591. 

8. Andersen, J.K.(2004; 10(Suppl)). Nat Med. S18-S25. 



Dogan A & Turker FS                                                                               Chemistry Research Journal, 2017, 2(6): 156-162 
 

 

        Chemistry Research Journal 

160 

 

9. Shukla, V., Mishra, S.K., Pant, H.C. (2011). Oxidative Stress in Neyrodegeneration. Adv Pharmacol Scl. 

572-634. 

10. Paravicini, T.M., Touyz, R.M.. (2006). Redox signaling in hypertansion. Cardiovascular Research.  247-

258.  

11. Haigis, M.C., Yankner, B.A.(2010 Oct 22).The Aging Stress Response. Mol. Cell. 40(2): 333-344. 

12. Ishikawa, K., Takenaga, K., Akimoto, M., Koshikawa, N., Yamaguchi, A., Imanishi, H., et. al. (2008 

May).ROS-Generating Mitochondrial DNA Mutations Can Regulate Tumor Cell Metastasis. Science. 320: 

661-664. 

13. Pearson, T.A., Mensah, G.A., Alexander, R.W., et al. (2003). Markers of inflammation and cardiovascular 

disease: application to clinical and public health practice : a statment for healthcare proffessionals from the 

centers for disease control and preventionant the American Heart Association. Circulation. 107(3)499-511.  

14. Levy, J.H., Tanaka, K.A. (2003 Feb).Inflamatory response to cardiopulmonary bypass. Ann Thorac. Surg. 

75(2): 715-20. 

15. Suleiman, M.S., Halestrap, A.P., Griffiths, E.J. (2001). Mitochondria:a target for my mitocondrial 

protection. Pharmacology and Therapeutics. 89(1):29–46.  

16. Gadaleta, D., Fahey, A.L., Verma, M., et al. (1994).Neutrophil leukotriene generation increases after 

cardiopulmonary bypass. The Journal of Thoracic and Cardiovascular Surgery. 108(4): 642–647.  

17. Suleiman, M.S., Hancock, M., Shukla, R., Rajakaruna, C., Angelini, G.D. (2011). Cardioplegic strategies to 

protect the hypertrophic heart during cardiac surgery. Perfusion.  26(supplement 1): 48–56.  

18. Halestrap, A.P., Clarke, S.J., Javadov, S.A. (2004). Mitochondrial permeability transition pore opening 

during myocardial reperfusion a target for cardioprotection. Cardiovascular Research.  61(3): 372–385.  

19. Honda, H.M., Korge, P., Weiss, J.N. (2005). Mitochondria and ischemia/reperfusion injury.Annals of the 

New York Academy of Sciences. 1047: 248–258.  

20. Morariu, A.M., Gu, Y.J., Huet, R.C.G.G., Siemons, W.A., Rakhorst, G., Oeveren, W.V. (2004). Red blood 

cell aggregation during cardiopulmonary bypass: a pathogenic cofactor in endothelial cell activation? 

European Journal of Cardio-Thoracic Surgery. 26(5): 939-946. 

21. Saraf, S., Wellsted, D., Sharma, S., Gorog, D.A. (2009). Shear-induced global thrombosis test of native 

blood: pivotal role of ADP allows monitoring of P2Y12 antagonist therapy. Thrombosis Research.  124(4): 

447–451.  

22. Baskurt, O.K., Meiselman, H.J. (2003). Blood rheology and hemodynamics. Seminars in Thrombosis and 

Hemostasis. 29(5): 435–450.  

23. Relevy, H., Koshkaryev, A., Manny, N., Yedgar, S., Barshtein, G. (2008). Blood banking-induced alteration 

of red blood cell flow properties. Transfusion. 48(1): 136–146.  

24. Karkouti, K. (2012). Transfusion and risk of acute kidney injury in cardiac surgery. British Journal of 

Anaesthesia. 109(1, supplement): i29–i38.  

25. Ghorbel, M.T., Sheikh, M., Angelini, G.D., Caputa, M., Murphy, G.J. (2014). Changes in renal medulla 

gene expression in a preclinical modelof post cardiopulmonary bypass acute kidney injury. BMC Genomics. 

15(1): article 916. 

26. Devarajan, P. (2006). Update on Mechanisms of Ischemic Acute Kidney Injury. Journal of the American 

Society of Nephrology. 17(6): 1508-20. 

27. Kim, Y.M., Kattach, H., Ratnatunga, C., Pillai, R., Channon, K.M., Casadei, B. (2008). Association of atrial 

nicotinamide adenine dinucleotide phosphate oxidase activity with the development of atrial fibrillation 

after cardiac surgery. Journal of the American College of Cardiology. 51(1): 68–74.  

28. Lamb, N.J., Gutteridge, J.M.C., Baker, C., Evans, T.W., Quinlan, G.J. (1999).Oxidative damage to proteins 

of bronchoalveolar lavage fluid in patients with acute respiratory distress syndrome: evidence for 

neutrophil-mediated hydroxylation, nitration, and chlorination. Critical Care Medicine. 27(9): 1738–1744.  

29. Li, Y.C., Ridefelt, P., Wiklund, L., Bjerneroth, G. (1997). Propofol induces a lowering of free cytosolic 



Dogan A & Turker FS                                                                                       Chemistry Research Journal, 2017, 2(6): 156-162 

 

          Chemistry Research Journal 

161 

 

calcium in myocardial cells. Acta Anaesthesiologica Scandinavica. 41(5): 633-638. 

30. Kokita, N., Hara, A. (1996).Propofol attenuates hydrogen peroxide-induced mechenical and metabolic 

derangements in the isolated rat heart. Anesthesiology. 84(1): 117-127.  

31. Kokita, N., Hara, A., Abiko, Y., Hashizume, H., Namiki, A. (1998). Propofol improves functional and 

metabolic recovery in ischemic reperfused isolated rat hearts. Anesthesia and Analgesia. 86(2): 252-258.  

32. Murphy, P.G., Myers, D.S., Davies, M.J., Webster, N.R., Jones, J.G. (1992). The antioxidant potential of 

propofol (2,6-diisopropylphenol). British Journal of Anesthesia. 68(6): 613-618. 

33. Eriksson, O., Pollesello, P., Saris, N.E.L. (1992). Inhibition of lipid peroxidation in isolated rat liver 

mitochondria by the general anaesthetic propofol. Biochemical Pharmacology.  44(2): 391-393.  

34. Green, T.R., Bennett, I.S.R., Nelson, V.M.(1994). Specificity and properties of propofol as an antioxidant 

free radical scavenger. Toxicology and Applied Pharmacology. 129(1): 163-169. 

35. Runzer, T.D., Ansley, D.M., Godin, D.V., Chambers, G.K. (2002). Tissue antioxidant capacity during 

anesthesia: propofol enhances in vivo red cell and tissue antioxidant capacity in a rat model. Anesthesia and 

Analgesia.  94(1): 89-93. 

36. Javadov, S.A., Lim, K.H.H., Kerr, P.M., Suleiman, M.S., Angelini, G.D and Halestrap, A.P. (2000). 

Protection of hearts from reperfusion injury by propofol is associated with inhibition oft he mitochondrial 

permeability transition. Cardiovascular Research. 45(2): 360-369. 

37. Lim, D.S., Mooradian, S.J., Goldberg, C.S., et al. (2004). Effect of oral L-arginine on oxidant stress, 

endothelial dysfunction and systemic arterial pressure in young cardiac transplant recipients. The American 

Journal of Cardiology. 94(6): 828-831. 

38. Kiziltepe, U., Tunçtan, B., Eyileten, Z.B., et al. (2004). Efficiency of L-arginine enriched cardioplegia and 

non-cardioplegic reperfusion in ischemic hearts. International Journal of Cardiology. 97(1); 93-100. 

39. Carrier, M., Perrault, L.P., Fortier, A., Bouchard, D., Pellerin, M. (2010). L-arginine supplemented 

nondiluted blood cardioplegia: a clinical trial. Journal of Cardiovascular Surgery. 51(2): 283-287. 

40. Orhan, G., Yapici, N., Yuksel, M., et al. (2006). Effects of N-acetylcysteine on myocardial ischemia-

reperfusion injury in bypass surgery. Heart and Vessels. 21(1): 42-47. 

41. Peker, O., Peker, T., Erdogan, D., et al. (2008). Effects of intravenous N-acetylcysteine on periprocedural 

myocardial injury after on-pump coronary artery by-pass grafting. The Journal of Cardiovascular Surgery. 

49(4): 527-531. 

42. Prabhu, A., Sujatha, D.I., Kanagarajan, N., Vijayalakshmi, M.A., Ninan, B. (2009). Effect of N-

acetylcysteine in attenuating ischemic reperfusion injury in patients undergoing coronary artery bypass 

grafting with cardiopulmonary bypass. Annals of Vascular Surgery. 23(5): 645-651.  

43. Rodrigues, A.J., Evora, P.R.B., Bassetto, S., et al. (2009). Blood cardioplegia with N-acetylcysteine may 

reduce coronary endothelial activation and myocardial oxidative stress. The Heart Surgery Forum. 12(1): 

E44-E48. 

44. Vento, A., Nemlander, A., Aittomaki, J., Salo, J., Karhunen, J., Ramö O.J. (2003).N-acetylcysteine as an 

additive to crystalloid cardioplegia increased oxidative stress capacity in CABG patients. Scandinavian 

Cardiovascular Journal.37(6): 349-355. 

45. Vohra, H.A., Whistance, R., Modi, A., Ohri, S.K. (2009). The inflammatory response to miniaturised 

extracorporeal circulation: a review oft he literature. Mediators of Inflammation. Article ID 707042, 7 

pages. 

46. Kiaii, B., Fox, S., Swinamer, S.A., et al. (2012). The early inflammatory response in a mini-

cardiopulmonary bypass system: a prospective randomized study. Innovations. 7(1): 23-32. 

47. Gerritsen, W.B., van Boven, W.J.P., Boss, D.S., Haas, F.J., van Dongen, E.P., Aarts, L.P. (2006). 

Malondialdehyde in plasma, a biomarker of global oxidative stress durin mini-CABG compared to on- and 

off- pump CABG surgery: a pilot study. Interactive Cardiovascular and Thoracic Surgery. 5(1): 27-31. 

48. Van Boven, W.J., Gerritsen, W.B., Waanders, F.G., Haas, F.J., Aarts, L.P. (2004). Mini extracorporeal circuit 

for coronary artery bypass grafting: initial clinical and biochemical results: a comparison with conventional 



Dogan A & Turker FS                                                                               Chemistry Research Journal, 2017, 2(6): 156-162 
 

 

        Chemistry Research Journal 

162 

 

and off-pump coronary artery bypass grafts concerning global oxidative stress and alveolar function. 

Perfusion.19(4): 239-246. 

 


