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A b s t r a c t

Background: Atrial fibrillation (AF) is one of the most frequently occurring dysrhythmias after coronary artery bypass graft 
(CABG) surgery. 

Aim: The aim of this study was to evaluate the effect of intravenous N-acetylcysteine (NAC) on the prevention of AF after 
CABG surgery.

Methods: In a double-blind, randomised controlled trial, a total of 150 patients who were scheduled for on-pump CABG surgery 
were randomly assigned into two groups. In group A, patients received an intravenous NAC infusion (50 mg/kg) after induction 
of anaesthesia. These patients additionally received two intravenous doses of NAC on postoperative days 1 and 2. Patients 
in group B received normal saline (as a placebo) with the same volume, during the same time interval. During the first three 
days after surgery, postoperative AF (POAF) was assessed by continuous electrocardiogram monitoring; serum high-sensitivity 
C-reactive protein (hsCRP) level was also assessed before and three days after surgery.  

Results: During follow-up, 17 patients (17/141, 12.1%) developed POAF. POAF occurred in four (5.6%) patients in the NAC 
group and 13 (18.8%) patients in the placebo group (OR 0.23; 95% CI 0.08–0.82; p = 0.02). In the multivariable logistic 
regression analysis, the only predictor of AF after CABG surgery was the use of NAC (OR 0.21; 95% CI 0.06–0.73; p = 0.01). 
Also, the hsCRP level trend in the NAC group was different from the trend in the control group (group time interaction or 
interaction effect) (p < 0.001).

Conclusions: It seems that perioperative intravenous NAC therapy can be effectively used to reduce inflammation and the 
incidence of POAF after CABG surgery. 

The clinical trial registration number: IRCT2015040921669N1 
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INTRODUCTION
Atrial fibrillation (AF) is one of the most frequent dysrhythmias 
observed after coronary artery bypass graft (CABG) surgery [1],  
with an incidence that has ranged from 3% to 50% in  
previous studies [2]. Postoperative AF (POAF) is associated 
with decreased long-term survival as well as an increased 
risk of various complications, including post-surgical stroke, 
multi-organ failure, haemodynamic disturbances, palpitation, 
and thromboembolism in patients undergoing CABG surgery 
[2, 3]. These adverse events can lengthen hospital stays and 
in turn increase hospital costs [1, 2]. As such, to date many 
strategies have been attempted to prevent POAF after CABG 
surgery. However, the current success rates of preventive 
strategies — and the progress in terms of developing more 
advanced and effective strategies — has been disappointing 
so far, with POAF incidence remaining high [2, 4]. 

Although the exact mechanism of POAF has not been 
fully elucidated, it is believed that oxidative stress and in-
flammation play important roles in its development [1, 4, 5].  
Evidence from published studies has demonstrated that 
cardiac surgery activates a vigorous inflammatory response, 
stimulating initiation of the complement system and the re-
lease of inflammatory markers [5, 6]. Moreover, several studies 
have confirmed a significant association between two markers 
of inflammation, interleukin (IL)-6, and C-reactive protein 
(CRP) and the development of AF, supporting the potential 
benefit of anti-inflammatory and antioxidant therapy in the 
prevention of AF [4–6]. 

N-acetylcysteine (NAC) is a mucolytic, antioxidant, and 
anti-inflammatory agent that might diminish cellular oxidative 
damage and systemic inflammation during cardiac surgery [7].  
Theoretically, NAC may be a potential anti-inflammatory  
and antioxidant agent for the prevention of POAF after car-
diac surgery [8]. Some studies have suggested the existence 
of a positive effect for NAC in the prevention of POAF after 
cardiac surgery [8], although these findings were not confirmed 
by other studies [9, 10]. Additionally, a recent meta-analysis 
recommends additional studies to evaluate the efficacy of 
NAC in the prevention of POAF as a primary endpoint [7]. 
The current study aims to evaluate the effect of intravenous 
NAC on prevention of AF after CABG surgery given the im-
portance of POAF prevention and the contradictory findings 
yielded by previous studies. 

METHODS
Patient selection

After obtaining approval from the institutional Ethics Com-
mittee and informed, written consent from patients, a total 
of 150 adult patients of both sexes (age, 35–75 years), who 
were scheduled for elective CABG surgery using cardiopul-
monary bypass (CPB) were included in this double-blind, 
randomised, placebo-controlled clinical trial. The study 
was carried out between August 2015 and April 2016 and 

registered in the Iranian Registry of Clinical Trials Database 
(IRCT2015040921669N1).

Patients with a history of previous cardiac surgery, 
prior treatment with antiarrhythmic medications (except 
beta-blockers), a history of heart failure with ejection frac-
tion (EF) < 30%, left atrium size > 55 mm, obstructive sleep 
apnoea, a need for more than four grafts, renal failure (se-
rum creatinine > 1.5 mg/dL on two consecutive tests), liver 
dysfunction (hepatic enzymes elevated over 1.5 times the 
normal value), a history of chronic obstructive pulmonary 
disease (COPD), hyperthyroidism, grade II to III atrioventricu-
lar block, serum pH < 7.25 or > 7.55, or who experienced 
myocardial infarction (MI) after surgery were excluded from 
the study. Additionally, we excluded patients who required 
a pacemaker or re-operation for any reason, as well as those 
who had postoperative haemodynamic instability (defined as 
mean arterial pressure < 60 mm Hg and heart rate < 50 bpm 
or > 110 bpm). 

Intervention
Patients who fulfilled the inclusion criteria were randomly 
divided into groups A and B (75 patients in each group) us-
ing a sealed envelope technique with a computer-generated 
random numbering system with the help of a nurse anaes-
thetist who was blinded to the study groups. In group A, after 
induction of anaesthesia, patients received intravenous NAC 
infusion at a dose of 50 mg/kg, diluted to a total volume of 
50 cc of normal saline, over a period of 30 min. Furthermore, 
these patients received two intravenous doses of 50 mg/kg 
NAC (with each dose occurring over a period of 30 min) on 
days 1 and 2 after surgery. Patients in group B received nor-
mal saline (as a placebo) with the same volume at the same 
time interval. All pharmaceutical preparations were done 
by an anaesthesiology resident who was not involved in the 
conduct of the study. 

Anaesthesia and CPB protocol  
and surgical procedure

Protocols for anaesthesia, CPB, and surgery were identical 
for all patients in both groups. Anaesthesia was induced with 
combinations of midazolam, sufentanil, and pancuronium 
bromide. After intubation, the lungs were mechanically 
ventilated with oxygen. Anaesthesia was maintained with 
moderate doses of sufentanil and midazolam supplemented 
with propofol (50–75 μg/kg/min). Tracheal intubation was 
facilitated with atracurium 0.6 mg/kg. A bispectral index (BIS) 
score between 40 and 60 was considered adequate to ensure 
adequate anaesthesia depth. Standard median sternotomy 
was performed, and the right atrium and ascending aorta 
were cannulated for CPB. 

Heparin was given at an initial dose of 300 IU/kg to 
achieve an activated clotting time (ACT) of > 480 s. At the end 
of CPB, the effect of the heparin was reversed using a full dose 
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of protamine chloride to achieve an ACT of < 120 s. Non-pul-
satile CPB was performed using a membrane oxygenator, 
an open cardiotomy reservoir, and uncoated tubing sys-
tems. A colloid solution of hydroxyethyl starch (Voluven; 
Fresenius Kabi, Germany) without any blood products was 
used as the priming solution. During CPB, the minimum and 
maximum allowed haematocrit levels were 20% and 24%, 
respectively. Moderate hypothermia (32°C) was used during 
CPB. Mean arterial blood pressure was maintained between 
60 mm Hg and 80 mm Hg. Alpha-Stat acid — base manage-
ment was used for all patients.

Follow-up for POAF
In this study, POAF was defined according to the European 
Society of Cardiology guideline as any dysrhythmia that 
represents the electrocardiogram (ECG) characteristics of AF 
lasting at least 30 s on a rhythm strip or 12-lead ECG [11]. 
Postoperatively, patients in both groups were carefully and 
continuously monitored during their stays in the intensive 
care unit (ICU) and after being transferred to the coronary 
care unit (CCU). In the presence of any suspicious rhythms 
on continuous ECG monitoring, as visually detected by the 
intensive care nurse practitioners, a 12-lead ECG was recorded 
for assessment by two independent cardiologists blinded to 
the treatment assigned. 

Other clinical, laboratory,  
and demographic measures

Prior to, immediately after, and on days 1, 2, and 3 after 
surgery (at 8:00 a.m. each day), venous blood samples were 
taken from all patients to assess the levels of blood urea 
nitrogen (BUN) and creatinine. Moreover, prior to and on 
the third day after the surgery, blood samples were obtained 
for evaluation of the high-sensitivity (hs) CRP level. Other 
information was recorded in data collection forms. This in-
formation included age, sex, body mass index, preoperative 
EF, history of MI, diabetes, right coronary artery involvement, 
duration of cross-clamping, duration of CPB, duration of 
mechanical ventilation, and the amount of blood received 
during surgery. All patients underwent control echocardiog-
raphy within three days after the surgery to provide a frame 
of reference. 

Endpoints of the study
The occurrence of AF during the study period after CABG 
surgery was considered the primary endpoint of the study. 
The secondary endpoints included the postoperative varia-
tions of hsCRP levels, the length of ICU and hospital stay, and 
the incidence of major adverse cardiac and clinical events 
(MACCE), which was defined as the occurrence of any of 
the following complications during the perioperative period: 
acute MI, non-fatal cardiac arrest, unstable angina pectoris, 
heart failure, postoperative stroke, and death. 

Statistical analysis 
We used the Shapiro-Wilk test to determine whether data 
were normally distributed or not. Comparisons of the de-
scriptive baseline characteristics of the two groups (NAC and 
control) were presented as mean (standard deviation [SD]) 
values or as percentages. Chi-square or Fisher’s exact tests 
were used to compare two groups of categorical data; for 
continuous data, t-tests or the Mann-Whitney U test were 
used. The primary efficacy data related to AF after surgery 
was examined using intention-to-treat analysis. The predic-
tors of AF were assessed with univariable and multivariable 
binary logistic regression analysis. General Linear Model levels 
of EF, CRP, creatinine, and BUN between two groups were 
compared by repeated-measurement analysis of variance 
(ANOVA) tests. The compound symmetry assumption was 
assessed using Mauchly’s sphericity test. The time groups’ 
cross-product (an interaction term) was considered as group 
differences in their response over time with the baseline values 
(age) as a covariate in this model. A significance level of 5% 
(alpha =  0.05) was used for all statistical tests. Data were 
analysed using IBM (Armonk, New York, USA) SPSS statistics 
version 16 and Stata version 12. 

RESULTS
A total of 168 patients who were referred for CABG surgery to 
our hospital were screened during the study period. Of these, 
12 patients did not meet the inclusion criteria and six patients 
declined to participate in the study. Of the 150 patients al-
located between the two groups, three and six patients from 
group A (NAC group) and group B (control group), respec-
tively, were lost to follow-up during the study period. A total 
of 141 patients (NAC group, n = 72; control group, n = 69) 
completed the present study, and data from all these patients 
were analysed (Fig. 1).

The basic demographic and clinical characteristics of the 
two groups are presented in Table 1. The results show that 
no statistically significant difference existed between the two 
study groups (p > 0.05). The procedural characteristics (vari-
ables) of the two groups are shown in Table 2. These variables 
were not statistically significant between groups (p > 0.05).

During follow-up, 17 patients (17/141, 12.1%) developed 
POAF. The rate of AF was lower in the NAC group compared 
to the control group (four [5.6%] patients in the NAC group 
and 13 [18.8%] patients in the placebo group had POAF; 
OR 0.23; 95% CI 0.08–0.82; p = 0.02; Table 3). The mean 
duration of surgery as well as the length of stay in the ICU and 
hospital were not different between groups (p > 0.05). Table 4  
shows the demographic and procedural characteristics in 
patients with and without POAF. These characteristics were 
not different between the two groups (p > 0.05).

To assess the independent predictive effect of NAC on 
POAF, multivariable logistic regression was performed, with 
adjustment for age in the final model (Table 5). As shown in 
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Table 5, the use of NAC (OR 0.23; 95% CI 0.069–0.751; 
p = 0.015) decreased the odds of POAF. Table 6 shows the 
mean and SD values of the pre- and post-operation EF, hsCRP, 
creatinine, and BUN of each group. There was a statistically 
significant time trend (within-subject differences or time effect) 
regardless of the study group (p < 0.001). The trend for the 
hsCRP level in the NAC group was different from that in the 

control group (group time interaction or interaction effect) 
(p < 0.001). EF, creatinine, and BUN trends were similar 
between two groups of study (no interaction effect).

No significant side effects related to NAC administration 
were observed during the study period. Also, no MACCE 
were observed in either the NAC or the control groups until 
discharge from the hospital. 

Figure 1. Flow chart of the study

Table 1. Demographic and clinical characteristics of the two study groups

Variable Group of study p

NAC (n = 72) Control (n = 69)

Age [years] 62.36 ± 8.85 60.7 ± 8.43 0.26

Female gender 33 (45.8%) 35 (50.7%) 0.62

Body mass index 27.25 ± 5.2 26.88 ± 5.27 0.68

Diabetes mellitus Proportion 30 (41.7%) 25 (36.2%) 0.61

Duration [years] 3.56 ± 6.2 2.77 ± 4.68 0.51

History of hypertension Proportion 47 (65.3%) 41 (59.4%) 0.49

Duration [years] 5.31 ± 6.06 4.86 ± 5.47 0.65

Previous history of MI 12 (16.7%) 10 (14.5%) 0.82

Cigarette smoking Proportion 11 (15.3%) 14 (20.3%) 0.51

Pack years 2.28 ± 8.51 2.42 ± 6.28 0.44

Opium addiction Proportion 6 (8.3%) 7 (10.1%) 0.78

Duration [years] 1.01 ± 3.77 1.35 ± 4.67 0.69

Values expressed as mean ± standard deviation or number (per cent); MI — myocardial infarction; NAC — N-acetylcysteine
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DISCUSSION
We evaluated the effect of intravenous NAC on the preven-
tion of AF after CABG surgery. One of the major findings of 
this study was that patients receiving intravenous NAC had 
a significantly lower incidence of POAF as well as lower hsCRP 
concentrations compared to the control group. 

In a study by Ozaydin et al. [8], which assessed the effects 
of NAC in the prevention of POAF in patients undergoing 

Table 2. Procedural characteristics of patients in both groups

Group of study p

NAC (n = 72) Control (n = 69)

Cross-clamp duration 41.85 ± 14.57 38.26 ± 13.32 0.13

Pump duration 71.54 ± 18.86 68.41 ± 18.17 0.32

Graft number 3.42 ± 0.8 3.3 ± 0.75 0.39

Graft type: 0.54

LIMA 0 (0%) 2 (2.9%)

Saphenous vein 2 (2.8%) 2 (2.9%)

LIMA + saphenous vein 69 (95.8%) 64 (92.8%)

RIMA + saphenous vein 1 (1.4%) 1 (1.4%)

Ventilation time 9.03 ± 3.02 9.75 ± 3.94 0.23

Values expressed as mean ± standard deviation or number (per cent); LIMA — left internal mammary artery; NAC — N-acetylcysteine;  
RIMA — right internal mammary artery

Table 3. Follow-up profiles of patients in both groups

Variable Group of study p

NAC (n = 72) Control (n = 69)

Occurrence of AF 4 (5.6%) 13 (18.8%) 0.02

Duration of surgery [h] 4.12 ± 0.76 4.05 ± 0.67 0.59

Length of ICU stay [day] 2.82 ± 0.88 2.88 ± 0.83 0.66

Length of hospital stay [day] 8.81 ± 2.88 9.22 ± 3.31 0.43

Values expressed as number (per cent) or mean ± standard deviation; AF — atrial fibrillation; ICU — intensive care unit; NAC — N-acetylcysteine

Table 4. Demographic and clinical characteristics in patients with and without postoperative atrial fibrillation

Variable Atrial fibrillation after surgery p

Yes (n = 17) No (n = 124)

Age [years] 64 ± 6.73 61.21 ± 8.86 0.21

Female gender 9 (52.9%) 59 (47.6%) 0.8

Body mass index 27.53 ± 5.72 27 ± 5.2 0.52

Diabetes mellitus 7 (41.2%) 48 (38.7%) 0.85

History of HTN 10 (58.8%) 78 (62.9%) 0.75

Previous history of MI 3 (17.6%) 19 (15.3%) 0.73

Smoking 3 (17.6%) 22 (17.7%) 0.99

Pack years of smoking 2.15 ± 5.72 2.38 ± 7.7 0.91

Opium addiction 2 (11.8%) 11 (8.9%) 0.7

NAC administration 4 (23.5%) 68 (54.8%) 0.02

Values expressed as mean ± standard deviation or number (percent); HTN — hypertension; MI — myocardial infarction; NAC — N-acetylcysteine

Table 5. Multivariable logistic regression analysis predicting 
the effect of N-acetylcysteine (NAC) on postoperative atrial 
fibrillation, adjusted for age 

Standard  

error

Odds ratio  

(95% CI)

p

NAC administration 0.611 0.23 (0.069–0.751) 0.015

Age 0.032 0.95 (0.895–1.014) 0.128

CI — confidence interval
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CABG and/or valve surgery, it was shown that intravenous 
administration of NAC before and until two days after surgery 
significantly reduced POAF incidence. The multivariable 
logistic regression analysis from this study indicates that the 
use of NAC was an independent predictor of POAF [8], which 
is consistent with our study. The results of another study by 
Ozaydin et al. [8] that compared the efficacy of carvedilol, 
metoprolol, or carvedilol plus NAC in the prevention of POAF 
after cardiac surgery indicated that intravenous infusion of 
NAC one hour before surgery (followed by its concomitant 
infusion with carvedilol for two days after the surgery) signifi-
cantly reduced the incidence of POAF compared to the use 
of either agent as monotherapy. Furthermore, using NAC plus 
carvedilol was associated with significantly lower oxidative 
stress and inflammation as well as reductions in the length of 
hospital stay compared with metoprolol [12, 13]. 

N-acetylcysteine, as described above, is a potentially safe 
antioxidant that possesses preventive and therapeutic effects 
in the inflammatory conditions, and its side effects are similar 
to (or less than) placebo [7, 8]. The degree to which these 
effects contribute to prevention of  POAF are related to the 
characteristics of the patient population and other factors. Ka-
zemi et al. [9] evaluated the effect of high-dose oral NAC that 
was initiated two days before surgery and continued for three 
days after surgery for prevention of POAF in patients undergo-
ing cardiac surgery. The results of the study do not support the 
preventive efficacy of NAC on POAF, postoperative morbid-
ity or mortality, or duration of hospitalisation. Additionally, 
a study by Wijeysundera et al. [14] did not support the efficacy 
of perioperative intravenous administration of NAC in the 
prevention of POAF in patients with moderate pre-existing 
renal insufficiency, and who underwent CABG and/or valve 
surgery with CPB. In that study, POAF was not the primary 
endpoint variable, which may potentially confound the results 
of the study. Moreover, NAC was administered after induction 

of anaesthesia, followed by a continuous infusion until 4 h 
after CPB. In our study, the duration of NAC administration 
was extended until the second postoperative day. Extending 
the duration of NAC therapy until postoperative day 2 to 3 is 
probably the best approach because previous studies have 
indicated that inflammatory cytokines are at their highest 
levels on postoperative days 2 and 3. This finding is consist-
ent with the higher incidence of POAF during the first two to 
three days after surgery [1, 7]. 

The results of our study showed that NAC therapy was 
associated with significantly lower levels of hsCRP as a strong 
marker of postoperative systemic inflammation. Although the 
precise underlying mechanisms involved in AF development 
after CABG have not been fully clarified, inflammation and 
oxidative stress are among the major contributing factors [1, 4].  
Evidence suggested that CPB-induced inflammation is  
interconnected with atrial remodelling, which is associated 
with the development of AF [6, 15, 16]. 

It has previously been demonstrated that intravenous 
administration of NAC during surgery can significantly reduce 
CPB-induced ischaemia-reperfusion injury in patients under-
going CABG. Clinical studies provide significant support for 
decreasing hsCRP levels using short-term oral or intravenous 
NAC therapy [17]. In a study by Song et al. [18], aiming to 
evaluate the efficacy of perioperative NAC administration 
in prevention of acute kidney injury (AKI) after off-pump 
CABG surgery, intravenous administration of NAC during 
induction of anaesthesia and until postoperative day 1 was 
not able to prevent AKI, with no statistically significant dif-
ferences observed between NAC and the control group in 
terms of reducing hsCRP levels [18]. However, another study 
by Aldemir et al. [19] confirmed the efficacy of intravenous 
NAC therapy in prevention of AKI in elderly patients under-
going CABG. Additionally, several studies have indicated the 
effectiveness of NAC in the pulmonary function of patients 

Table 6. Mean ± standard deviation of ejection fraction (EF), high-sensitivity C-reactive protein (CRP), creatinine, and blood urea 
nitrogen (BUN) at pre- and post-operation times in both groups

Variable Time p

Before Day 1 Day 3 Day 5 Time 

effect

Interaction 

effect 

EF NAC 51.07 ± 6.2 – 49.03 ± 6.44 –

Control 51.72 ± 5.96 – 48.29 ± 6.08 – < 0.001 0.21

hs-CRP NAC 3.25 ± 2.80 – 30.39 ± 9.60 –

Control 3.43 ± 2.19 – 39.19 ± 7.48 – < 0.001 < 0.001

Creatinine NAC 1.05 ± 0.20 1.12 ± 0.24 1.07 ± 0.27 0.99 ± 0.24

Control 1.03 ± 0.18 1.11 ± 0.25 1.02 ± 0.19 0.97 ± 0.19 < 0.001 0.44

BUN NAC 15.79 ± 3.85 20.19 ± 5.77 22.31 ± 9.22 16.63 ± 6.21

Control 15.54 ± 4.34 20.16 ± 5.81 20.73 ± 8.37 16.16 ± 7.54 < 0.001 0.6

NAC — N-acetylcysteine
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undergoing CABG. Erdil et al. [20] confirmed the efficacy of 
NAC in the prevention of pulmonary dysfunction in patients 
with COPD undergoing on-pump CABG surgery. Another 
study demonstrated that intravenous infusion of NAC before 
and one day after CPB can significantly improve systemic 
oxygenation and decrease lung injury in patients undergoing 
on-pump CABG surgery [21]. 

The results of our study showed that perioperative intra-
venous administration of NAC does not reduce the length of 
ICU and hospital stay in patients undergoing CABG surgery. 
In a systematic review by Ali-Hassan-Sayegh et al. [22], 
polyunsaturated fatty acids and vitamin C (an antioxidant) 
were shown to reduce the length of hospital stay in patients 
undergoing cardiac surgery; however, NAC therapy did not 
have this effect. Several side effects have also been reported 
for NAC, including fever, haemolysis, cutaneous eruptions, 
moderate neutropaenia, and wheezing [19]. None of the side 
effects related to NAC administration were observed in our 
study. In a study by Wijeysundera et al. [23], it was shown 
that perioperative NAC therapy in patients undergoing cardiac 
surgery, who had moderate pre-existing renal insufficiency, 
was associated with increased blood loss and utilisation of 
blood products. Conversely, another study revealed that 
preoperative NAC therapy was not associated with increasing 
postoperative blood loss or interference with other bleeding 
parameters in patients undergoing cardiac surgery [24]. 

Limitations of the study
This study has some limitations. First, we did not investigate 
the oxidative stress-related parameters that may contribute to 
the incidence of POAF. In this study, we used NAC at a dose 
of 50 mg/kg, with infusion occurring after induction of an-
aesthesia as well as on days 1 and 2 postoperatively. Further 
studies should be performed to evaluate the efficacy of larger 
doses of NAC or the length of time from NAC administration. 
Another limitation of this study was that while the two groups 
were given propofol by continuous infusion for maintenance 
of anaesthesia and propofol has potent anti-arrhythmic prop-
erties [25], the dosages per kg body weight of this drug may 
be unequally distributed between groups, and thus may be 
a confounding variable. Finally, the results might be influ-
enced by unknown variables; however, we tried to match 
confounding factors.

CONCLUSIONS
In conclusion, it seems that perioperative intravenous NAC 
therapy can be effectively used to reduce inflammation and 
the incidence of POAF after CABG surgery. We believe that 
intravenous NAC therapy should be considered by clinicians 
for prevention of POAF in patients undergoing on-pump 
CABG surgery, especially in higher-risk patients. 
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