
Life Science Journal 2012;9(4)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  3126 

A Double-Blind, Randomized Clinical Trial Comparing Cardioprotective Effects of N-acetylcysteine and 
Glucose-Insulin-Potassium as an Additive to Cardioplegia during Coronary Artery Bypass Grafting 

 

Mohammad Reza Habibi 1, Shervin Ziabakhsh-Tabari 2, Alireza Khalilian 3, Samira Rahemi 4, Rozita Jalalian 5  

 
1. Department of Anesthesiology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran 
2. Department of Cardiac Surgery, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran 

3. Department of Biostatistics, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran 
4. Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran 

5. Department of Cardiology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran 
Corresponding author: Dr. Mohammad Reza Habibi 

Mazandaran Heart Center, Artesh Boulevard, Mazandaran Province, Sari, Iran. 
Email: contactroute@yahoo.com 

 
Abstract: Optimum conditions for many coronary artery bypass graft surgeries (CABG) necessitate the heart to be 
prevented from beating. Cardioplegic solution and its ingredients are thus of utmost importance in cardioprotection. 
An ideal protection will help the heart return into its normal function after CABG. This research compared the 
cardioprotective effects of adding either N-acetylcysteine (NAC) to Cardioplegic solution with infusion of glucose-
insulin-potassium (GIK) in patients with low ejection fraction (EF). In a double-blind randomized clinical trial, 60 
elective CABG patients with EF < 50% were evaluated. The patients were numbered according to their reference to 
the Heart Center of Mazandaran (Iran) and their arrangements in the operation list. They were randomly allocated to 
2 groups of 30 by a computer program to receive either GIK (group G) or NAC (group N). Compared to group G, 
group N had significantly lower incidence of arrhythmia during and after the operation (p = 0.041). They also 
needed lower doses of inotropic medications after the termination of cardiopulmonary bypass (CPB) (p = 0.041). 
The 2 groups were not significantly different in the need for shock or pacemaker after CPB and using pacemakers 
and inotropic drugs in the intensive care unit. Changes in mean EF from before to after the operation were 0.87 ± 
0.85% in group N and -2.24 ± 1.02% in group G (p = 0.012). The mean troponin I levels were 0.406±0.316, 0.41 ± 
0.512 in groups N and G, respectively (p = 0.41). NAC seems to be more beneficial than GIK for protecting 
myocardial cells, decreasing threatening signs of patients, especially arrhythmia, and increasing EF after CABG. It 
would probably decrease the mortality risk associated with arrhythmias. 
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1. Introduction 
               Optimum conditions for many coronary 
artery bypass graft surgeries (CABG) necessitate the 
heart to be prevented from beating. On the other 
hand, the heart would not survive without an 
appropriate blood circulation. Since cardiac ischemia 
and reperfusion can produce free radicals and thus 
damage cardiac myositis and coronary artery 
endothelial cells, cardioplegia should be performed 
according to scientific and guaranteed principles to 
prevent ischemic incidences and irreversible 
complications (1,2). In addition, overproduction of 
free radicals causes macromolecular injuries, lipid 
peroxidation, and tissue deterioration (3) as a result 
of changes in cell membrane permeability and 
arrangement of membrane proteins following 
reperfusion and ischemic injury. Therefore, the 
composition of cardioplegic solution plays a vital role 
in protecting the heart. In fact, using an ideal 

protection, the heart will return to its normal function 
after the termination of cardiopulmonary bypass. 
Previous studies have employed different kinds of 
cardioplegic solutions such as crystalloid, blood, and 
L-arginine cardioplegic solutions (4,5). Research has 
also shown that adding factors to inhibit oxygen free 
radicals to the primary solution of cardiopulmonary 
bypass pump or to the cardioplegic solution can 
improve the heart function (6). On the other hand, 
patients with an ejection fraction (EF) lower than 
normal need to benefit from precise and specific 
medical supports or else their heart will not be able to 
function properly despite the conducted surgical 
procedures. In such cases, supportive measures are 
taken before, during, and after the surgery to decrease 
the complications of myocardial ischemia. Among 
these measures is using glucose-insulin-potassium 
(GIK) before operation and cold blood cardioplegia 
during the surgery. Being a branched-chain, low 
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molecular weight thiol compound with antioxidant 
properties, N-acetylcysteine (NAC) improves 
microcirculation and suppresses neutrophil 
aggregation. It can also be transferred into 
myocardial cells and increase intracellular 
glutathione concentration. Since cellular glutathione 
has antioxidant effects, it can decrease the risk of 
ischemia (7-9). 
            This research hence compared the clinical 
effects of adding NAC to cardioplegic solution with 
those of GIK administration on heart protection in 
patients with low EF. Since the mentioned clinical 
methods have not previously been compared, this 
study tried to shorten hospitalization period and 
reduce treatment expenditures. It also attempted to 
present more scientific and functional solutions for 
decreasing complications of myocardial ischemia 
during CABG. 
 
2. Material and Methods  
                 In a double-blinded randomized clinical 
trial, 60 elective CABG patients with an EF lower 
than 50% and an age of 35-75 years old were 
evaluated. The patients were numbered according to 
their reference to the Heart Center of Mazandaran 
(Iran) and their arrangements in the operation list. On 
the other hand, subjects were excluded in case of 
requiring intra-aortic balloon pump during the 
operation, prolonged cross-clamp period of 1.5 hours 
or more, and sensitivity to NAC.  
              The eligible subjects were randomly 
allocated to 2 groups of 30 individuals by a computer 
program to receive either GIK (group G) or NAC 
(group N). In group G, 10 cc/h of GIK solution was 
infused constantly during the surgery. Group N was 
injected with a cardioplegic solution containing 200 
mg NAC. Normal saline was used as placebo in both 
groups (injected in group G and infused constantly in 
group N) to prevent the surgical team form 
identifying the drugs. A cardiopulmonary bypass 
pump was used for all cases in both groups. In order 
to ensure blinding, an anesthesia technician 
numbered the medicines and placebos (n = 30 for 
each). The cardiologist and anesthesiologist were not 
aware of the numbering and the kind of used drug 
during the surgery. The code of the administered 
medication was recorded in each patient's follow-up 
form. After decoding at the end of the survey, the 
kinds of drugs were recorded in patient forms.  
              Echocardiograms   were ordered and 
performed by the same specialist before and 3-5 days 
after CABG to compare EFs. Frequency of 
arrhythmia, need for inotropic drugs during and after 
the operation, need for shock and pacemaker, 
commencement of normal heart rhythm, 
postoperative levels of cardiac enzymes, ECG 

changes, central venous pressure (CVP), and duration 
of hospital and intensive care unit (ICU) stay were 
also recorded and compared between the 2 groups.  
Ethical considerations were taken into account by 
describing the aims and quality of the study to the 
patients and obtaining written consents from all 
participants. Besides, the questionnaires were filled 
out anonymously and the results were surveyed 
generally. The patients were also allowed to 
withdraw from the study at their wish. This survey 
did not impose any extra costs on either patients or 
insurance companies.  
              Quantitative and qualitative variables were 
analyzed by t-test and chi- square test, respectively. 
In all statistical analyses, p values less than 0.05 were 
considered as significant. 
 
3. Results  
                 The mean age of the participants (n = 60) 
was 62.5 ± 7.2 years old. Males and females 
constituted 58.3% (n = 35) and 41.7% (n = 25) of the 
whole population, respectively. The mean age of 
patients was 63.2 ± 6.1 (range: 44-74) years old in 
group N and 61.4 ± 5.9 (range: 45-71) years old in 
group G. There was no significant difference between 
the 2 groups in terms of age and sex distribution (p = 
0.68). A history of myocardial infarction was 
reported by 8 patients of group N (26.6%) and 6 
patients of group G (20%) (p = 0.84).  
                Groups N and G were not significantly 
different in the mean duration of pumping (78.3±17.6 
minutes vs. 74.1 ± 21 minutes; p = 0.73). The mean 
duration of aortic cross-clamping was 42.35±14.27 
minutes in group N and 44.6±19.61 minutes in group 
G (p = 0.56). The normal rhythm of the heart started 
2.5 ± 2.4 minutes and 2.2 ± 1.1 minutes after aortic 
cross-clamp removal in groups N and G, respectively 
(p = 0.37). The mean EF before surgery was 45.4 ± 
4.2% in group N and 47.3 ± 2.9% in group G (p = 
0.17). However, the mean EFs of groups N and G 
were significantly different 5 days after the surgery 
(52.3 ± 8.0% vs. 45.1 ± 10.0%; p = 0.01). The 
changes in mean EF from before to after the 
operation were 0.87 ± 0.85% and -2.24 ± 1.02% in 
groups N and G, respectively (p = 0.01).  
                After the surgery, the mean level of 
troponin I was 0.4 ± 0.3 in group N and 0.4 ± 0.5 in 
group G. As mentioned earlier, NAC can increase 
intracellular glutathione concentration by moving 
into myocardial cells. In addition, its antioxidant 
effects are expected to change the levels of cardiac 
enzymes. Nevertheless, troponin I levels were not 
significantly different between the 2 groups.  
               The mean duration of hospitalization was 
7.4 ± 1.9 days in group N and 8.2 ± 1.8 days in group 
G (p > 0.05). The mean ICU stay was 45.6 ± 3.1 
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hours in group N and 48.2 ± 5.2 hours in Group G (p 
> 0.05). 
                 The incidence of arrhythmia during and 
after operation in group N was significantly lower 
than that in group G (p < 0.05). However, there were 
no significant differences between the 2 groups in 

requiring shock after separating the patients from the 
pump, placing pacemaker after pumping and in ICU, 
and in prescribing an inotropic in ICU (p > 0.05). 
Moreover, none of the patients needed shocking in 
ICU (Table 1). 
 

 
Table 1. Relative frequency of some incidences in glucose-insulin-potassium group (group G) and N-
acetylcysteine (group N) after cardiopulmonary bypass (CPB) termination and during intensive care unit 
(ICU) stay  

  Group N Group G P 

After CPB termination 

Arrhythmia 3 (10.0%) 8 (26.6%) 0.08 
Shock 3 (10.0%) 7 (23.3%) 0.15 

Pacemaker 2 (6.6%) 3 (10.0%) 0.56 
Inotropic drug 4 (13.3%) 12 (40%) 0.04 

During ICU stay 

Arrhythmia 5 (16.6%) 14 (46.6%) 0.03 

Shock 0 0 0.99 

Pacemaker 0 1 (3.3%) 0.56 

Inotropic drug 5 (12.6%) 13 (42.3%) 0.12 

Values are expressed as n (%). 
 
4. Discussions  
                  One of the traditional and acceptable 
methods for stopping the heart during CABG is using 
a cardioplegic solution along with a cardiopulmonary 
bypass machine. Previous studies have evaluated the 
toxicity of adding different compounds such as 
glucose-aspartate-insulin to cardioplegic solutions 
(10-12). According to research, the antioxidant 
effects of intracellular glutathione make it useful in 
establishing the cellular perfusion which decreases 
during ischemia (13,14). NAC is a medication 
containing thiol groups. It can cause increase 
intracellular glutathione concentration by transferring 
into myocardial cells. In the present research, 60 
elective CABG patients were evaluated to compare 
the cardioprotective effects of cardioplegic solutions 
containing either NAC or GIK. Similar to the 
findings of Davudi and Rasuli (15), we could not 
establish any significant differences between the 2 
groups in demographic specifications, the mean 
pumping duration, aortic cross-clamp duration, and 
the mean EF before surgery.  

On the other hand, statistically significant 
differences between the 2 groups were found in terms 
of the incidence of arrhythmia and the need for an 
inotropic drug after the termination of 
cardiopulmonary bypass machine, the incidence of 
arrhythmia in ICU, the mean EF after the operation, 
and the mean changes of EF from before to after the 
surgery.  
                  As mentioned before, arrhythmia is one of 
the acute and prevalent complications after CABG 
which can occasionally lead to death. In our study, 
patients who were received GIK developed a 

significantly higher incidence of arrhythmia after the 
operation. Curvnes et al. stated that patients suffering 
from atrial fibrillation have lower glutathione content 
in their left atrial cells (14). Using NAC in the 
present research could have elevated glutathione 
concentration in heart cells and thus reduced the rate 
of arrhythmia caused by ischemia. Adding insulin to 
a cardioplegic solution to improve the aerobic 
myocardial metabolism has not been found to be 
more effective than placebo in decreasing the rate of 
atrial fibrillation after operation (16). Therefore, 
using NAC in cardioplegic solutions seems more 
efficient than using GIK (17-20). Likewise, 
Bruemmer-Smith et al. showed that using GIK 
solution did not decrease myocardial cells injuries. 
GIK was not hence superior to other additive 
materials in eliminating arrhythmia (18).  
                 After the operation, we detected lower, but 
not significantly, levels of troponin enzyme in group 
N compared to group G. Rorrigus et al. assessed the 
administration of cardioplegic solutions containing 
NAC, aspartate, and glucose. They reported NAC to 
significantly decrease cardiac enzymes after the 
surgery in comparison with the other 2 compounds 
(11). The difference between the 2 studies might have 
been caused by different dosages and methods of 
drug administration. As declared by Hammasy et al., 
compared to placebo, the oral administration of NAC 
before operation did not make any significant 
changes in the rate of clinical parameters and levels 
of enzymes (21). To our surprise, some clinical 
parameters, such as the need for shock and 
pacemaker after separating the patients from 
cardiopulmonary bypass machine, the need for 
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pacemaker and inotropic drugs in ICU, dosage of 
inotropic drugs during and after the operation, the 
mean hospital and ICU stay, and the level of troponin 
enzyme, were not significantly different between the 
2 groups of the present study. The low number of 
cases requiring shock or pacemaker and the strict 
guidelines about how and when to discharge patients 
from the ICU could have been responsible for the 
absence of significant statistical differences between 
the 2 groups. Nevertheless, the clinical need for 
inotropic drugs in the ICU was lower in group N. In 
addition, group N received lower dosages of 
inotropic drugs after the surgery than they did during 
the surgery. In contrast, Koromaz et al. could not 
establish any significant differences in clinical 
efficacy of cardioplegic solutions with or without 
NAC after the operation (8). 
                  According to the results of comparisons 
between NAC and GIK in the present study and 
previous research, adding NAC to a cardioplegic 
solution not only improves the enzymatic effects of 
the solution in cellular level, but also has clinical 
effects on decreasing the incidence of some 
complications such as arrhythmia and the need for 
inotropic drugs during the surgery and after 
separating patients from the cardiopulmonary 
machine. On the other hand, despite the favorable 
clinical effects of adding GIK to a cardioplegic 
solution, high incidence of arrhythmia limits the use 
of this compound. However, Vento et al. reported 
NAC to reduce the levels of myeloperoxidase and 
myocardial glutathione while no hemodynamic 
differences were observed between the 2 groups of 
NAC and glucose-magnesium receivers. Moreover, 
arrhythmia was detected in neither group (22).  
                   Most previous studies have compared the 
myocardial protective effects of NAC and other 
compounds including normal saline at the molecular 
level (11,20). The present study thus employed a 
practical innovation since it showed the beneficial 
effects of NAC over GIK in decreasing the incidence 
of some signs and complications like arrhythmia and 
improving heart function. These findings are 
consistent with the antioxidant properties of NAC 
and the laboratory results obtained by other studies. 
Overall, NAC seems to be superior to GIK in 
protection of myocardial cells during open heart 
surgery due to its ability in reducing the rate of 
threatening signs, especially arrhythmia, and 
increasing EF after operation. It would also decrease 
the risk of mortality caused by arrhythmia after 
operation.  
 
Acknowledgements:   
               The authors acknowledge the staff of the 
ICU Open Heart in Mazandaran Heart Center (Sari-

Iran), and Research Deputy of Mazandaran 
University of medical sciences for the financial 
support of the research. Also, the authors wish to 
thank all the study participants for their tremendous 
cooperation and support. 
 
References 

1. Dhalla NS, Panagia V, Singal PK , Makino N, 
Dixon IM, Eyolfson DA. Alterations in heart 
membrane calcium transport during the 
development of ischemia-reperfusion injury. J 
Mol Cell Cardiol 1988; 20 Suppl 2: 3-13. 

2. Bolli R. Causative role of oxiradicals in 
myocardial stunning: a proven hypothesis. A 
brief revew of the evidence demonstrating a 
major role of reactive oxygen sepsis in several 
forms of postischemic dysfunction. Basic Res 
Cardial 1998; 93(3): 156-62. 

3. Yu BP. Cellular defenses against damage from 
reactive oxygen sepsis. Physiol Rev 1994; 
74(1):139-62. 

4. Kharazmi A, Andeson LW , Beak L, Valerius 
NH, Laub M, Rasmussen JP. Endotoxemia 
and enhanced generation of oxygen radicals 
by neutrophyls from patients undergoing 
cardiopulmonary bypass. J Torac Cardiovasc 
Surg 1989;98(3):381-5 

5. Vermes E, Mesguich M, Houel R, Soustelle C, 
Le Besnerais P, Hillion ML, et al. Cardiac 
troponin I release after open heart surgery: a 
marker of myocardial protection? Ann Thorac 
Surg 2000;70(6): 2087-90.  

6. Larsen M, Webb G, Kennington S, Kelleher N, 
Shepard J, Kuo J, et al.Mannitol in 
cardioplegia as an oxygen free radical 
scavenger measured by malondialdehyde. 
Perfusion 2002; 17(1): 51-5. 

7. Andrews NP, Prasad A, Quyyumi AA. N-
acetylcysteine improves coronary and 
peripheral vascular function. J Am Coll 
Cardiol 2001; 37 (1): 117-23. 

8. Koromaz I, Pulathan Z, Usta S, Karahan SC, 
Alver A, Yaris E, et al. Cardioprotective effect 
of cold-blood cardioplegia enriched with N-
acetylcystein during coronary artery bypass 
grafting. Ann Thorac Surg 2006; 81 (2): 613-
8. 

9. Orhan G, Yapici N, Yuksel M, Sargin M, Seney 
S, Yalcin AS, et al. Effects of N-acetylcystein 
on myocardial ischemia-reperfusion injury in 
bypass surgery. Heart vesels 2006; 21 (1): 42-
7. 

10. Cailleret M, Amadou A, Andrieu- Abadie N, 
Nawrocki A, Adamy C, Ait-Mamar B, et al. 
N-acetylcystein prevents the deleterious effect 
of tumor necrosis factor-(alpha) on calcium 



Life Science Journal 2012;9(4)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  3130 

transients and contraction in adult rat 
cardiomyocytes. Circulation 2004; 109 (3): 
406-11. 

11. Ismail El-Hamamsy, Louis-Mathieu Stevens, 
Michel Carrier, Michel Pellerin, Denis 
Bouchard, Philippe Demers, et al. Effect of 
intravenous N-acetylcysteine on outcomes 
after coronary artery bypass surgery: A 
randomized, double-blind, placebo-controlled 
clinical trial, J Thorac Cardiovasc Surg 2007; 
133: 7-12. 

12. William A. Lell, Vance G. Nielsen, David C. 
McGiffin, Frank E. Schmidt, Jr, James K. 
Kirklin, Alfred W. Stanley. Glucose-insulin-
potassium infusion for myocardial protection 
during off-pump coronary artery surgery. Ann 
Thorac Surg 2002;73:1246-1251. 

13. Köksal H, Rahman A, Burma O, Halifeoğlu I, 
Bayar MK.. The effects of low dose N-
acetylcysteine (NAC) as an adjunct to 
cardioplegia in coronary artery bypass 
surgery, Anadolu Kardiyol Derg 2008; 8: 437-
43. 

14. Curvnes H, Vandex G, Gohet F. The effect of N 
ac in CABG functions. J Am Coll Cardial 
2007.37(2):534-65 

15. Davudi m.Rasuli H. The Evaluation of NAC in 
Cabg paitient. Tehran University Medical 
Journal 2004; 23(1):143-43  

16. Shakibaii J, Ahmadi U. Afsungar T. Differential 
Effect if N acetylcystein on coronary disease. 
Shahrekord University of medical sciences 
journal 2004.31(4):64-7 

17.Orhan G, Yapice N, Yuskel M. Effects of N-
acetylcystein on myocardial ischemia-
reperfusion injuri bypass surgery. Herat 
Vessels 2006:21(1):42-56. 

18. Bruemmer-Smith S, Avidan MS, Harris B, 
Sudan S, Sherwood R, Desai JB, et al. 
Glucose, insulin and potassium for heart 
protection during cardiac surgery. Br J 
Anaesth 2002; 88: 489-495. 

 19. Rodrigues AJ, Evora PR, Bassetto S, Alves L 
Jr, Scorzoni Filho A, Origuela EA, et al. 
Blood cardioplegia with N-acetylcysteine may 
reduce coronary endothelial activation and 
myocardial oxidative stress. Heart Surg Forum 
2009; 12(1):E44-8. 

20.Kormamed H. Lohfer T. N acetyl cistein On 
CABG surgery and the effect of post 
opration.J Cardiologhy 2006.23(12):24-32 

21. Hammasy Y, Kanki H, Owagah J. The effect of 
insulin cardioplegia on atrial fibrillation after 
CABG. J cardiac surgery 2007.43(5):623-4 

22. Vento Y, Ashet M, Holez Y. Endotoxemia And 
enhanced generation of oxygen radicals by N-
moramic Thilox.Basic Res Cardiol 2003. 
93(4):153-45.  

 
 
11/12/2012 


