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Abstract
Background: The proposed mechanism of vancomycin-induced nephrotoxicity (VIN) is indirect production of reactive oxygen 
species in the kidney tissue. This study aimed to investigate the effectiveness of N-acetylcysteine (NAC), an anti-oxidant agent, in 
the prevention of VIN.
Methods: Patients who received vancomycin for any indication were randomly divided to drug (NAC) and control groups. The 
patients in the drug group received oral NAC 600 mg every 12 hours for 10 days, starting concurrently with vancomycin. Serum 
creatinine (SCr) levels and blood urea nitrogen (BUN) as well as creatinine clearance (CrCl) and 12-hour urine volume were 
recorded at baseline, every other day during the study, and 12 hours after the last dose of vancomycin on the 10th day. Furthermore, 
the cases of acute kidney injury (AKI; ≥ 0.5 mg/dL or at least 50% increase in serum creatinine from baseline) were recorded in 
the two groups. 
Results: Over the study period, 84 and 95 patients completed the study in drug and control groups, respectively. SCr and CrCl 
were significantly lower and higher, respectively, at all-time points (except for baseline) in the NAC compared to the control 
group. Furthermore, although not statistically significant, 12 cases of vancomycin-induced AKI were observed in the control group 
(12.63%), while 4 cases (4.76%) were reported from drug group (P = 0.066; relative risk [RR] = 0.377, 95% CI: 0.126–1.124). 
Conclusion: NAC has the potential for reduction of VIN. However, more studies are necessary to confirm this effect.
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Introduction
Vancomycin is a glycopeptide antibiotic effective against 
gram-positive bacteria. It is one of the main antibiotics for 
the treatment of infections related to methicillin-resistant 
Staphylococcus aureus (MRSA).1,2 However, vancomycin-
induced nephrotoxicity (VIN), a known adverse effect 
reported in 5%–25% of patients as well as 35% of patients 
receiving concurrent aminoglycosides,3,4 has limited the 
clinical use of this antibiotic. On the other hand, new 
therapeutic guidelines have suggested higher doses (to 
attain trough level of 15–20 mg/L) and longer duration of 
vancomycin therapy for treatment of MRSA complicated 
infections including bacteremia and hospital-acquired 
pneumonia increasing the risk of renal damage.5-7

Risk factors for vancomycin-related acute kidney injury 
(AKI) include increased total drug exposure (determined 
by area under the curve and treatment duration), pre-
existing renal dysfunction, and concurrent use of 
nephrotoxic agents.8

Although the exact mechanism of VIN is unknown, 

animal studies have suggested pro-inflammatory oxidation, 
mitochondrial dysfunction, and cellular apoptosis as the 
main causes of injury.8 Production of oxygen free radicals 
due to superoxide dismutase inhibition is a probable cause 
of VIN.9 In this regard, the positive effects of several anti-
oxidant agents such as N-acetylcysteine (NAC),10 vitamins 
E and C,10 curcumin,11 and atorvastatin12 have been shown 
in some studies in diminishing VIN.

NAC is an antioxidant with sulfhydryl donor activity 
contributing to the regeneration of glutathione (GSH) 
as a hydroxyl free radical scavenger.13 Cellular GSH level 
is enhanced by the action of NAC as this molecule is a 
precursor in the GSH synthesis pathway.14 Therefore, 
it can restore the impaired balance of pro-oxidants 
and antioxidants. So, NAC is known and used as an 
antioxidant agent.15,16 The preventive effect of NAC 
against renal toxicity due to various drugs has been shown 
in several animal studies. For example, it was demonstrated 
that renal damage induced by ifosfamide, cisplatin, and 
contrast agents used for angiography could be prevented 
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by NAC.17-19

We found no human clinical study to investigate the 
effect of this antioxidant in prevention of VIN. So, this 
study aimed to assess the possible efficacy of NAC in the 
prevention of this adverse effect of vancomycin in patients 
receiving this antibiotic.

Patients and Methods
This was a randomized controlled clinical trial conducted 
in Al-Zahra hospital affiliated to Isfahan University of 
Medical Sciences. The participants’ consent was obtained 
by means of a written, signed and dated informed consent 
form. In addition, the ethical committee of Isfahan 
University of Medical Sciences approved the study 
protocol (Project No. 294065). The study was registered 
in the Iranian Registry of Clinical Trials (identifier: 
IRCT20150721023282N3). The inclusion criteria 
included (1) age > 18 years; (2) receiving vancomycin for at 
least 10 days; (3) creatinine clearance (CrCl) > 60 mL/min; 
(4) no proteinuria and/or hematuria; (5) no renal disorder 
including glomerulonephritis, polycystic kidney disease, 
and renal artery stenosis; (6) no history of AKI; (7) no 
sepsis; (8) not using any other nephrotoxic drug including 
non-steroidal anti-inflammatory drugs, aminoglycosides, 
amphotericin B, cyclosporine, tacrolimus, and iodinated 
contrast media currently and within the last 4 days; (9) 
not using any other antioxidant (e.g., vitamins C and E); 
and (10) no history of allergic reaction to NAC. Patients 
who received vancomycin (Daana, Iran) for any indication 
and met the inclusion criteria were randomly assigned to 
drug (NAC) and control groups. Simple randomization 
using a random numbers table allocated the patients, with 
even and odd numbers being assigned to drug and control 
groups, respectively. Allocation concealment was properly 
done so that the prescribing physician was unaware of the 
allocation sequence. Vancomycin was initially administered 
at 15 mg/kg IV every 12 hours followed by dose adjustment 
to obtain a trough concentration of 10–15 mg/L. Blood 
samples were collected just 30 minutes before the 4th dose 
of vancomycin. For each case, 5 mL of whole blood was 
taken and rapidly transferred to the hospital laboratory 
in a heparinized tube. After centrifugation at 5000 rpm 
for 5 minutes, the serum (supernatant) was separated by 
sampler and used for assay. The drug concentration was 
determined using fluorescence polarization technique by 
COBAS INTEGRA® 400 plus analyzer (Roche Diagnostics 
International Ltd, Basle, Switzerland). The patients in the 
drug group received oral NAC (in the form of effervescent 
tablets; Zambon, Switzerland) 600 mg every 12 hours for 
10 days, starting concurrently with vancomycin, while 
the patients in the control group received vancomycin 
alone. The patients were excluded from the study if 
vancomycin was discontinued earlier than 10 days due 
to any reason except for AKI (e.g., thrombocytopenia 
and hypersensitivity reactions). Serum creatinine (SCr) 

levels and blood urea nitrogen (BUN) as well as CrCl and 
12-hour urine volume were recorded before the start of 
interventions, every other day during the study, and 12 
hours after the last dose of vancomycin on the 10th day 
of therapy for all patients. SCr and BUN assays were 
performed using calorimetric detection kits (Pars Azmoon, 
Iran) after obtaining 5 mL of venous blood from each 
patient, which underwent centrifugation at 2200 rpm for 
15 minutes (Kubota, Japan). CrCl was calculated using 
the Cockcroft-Gault equation. Urine was collected in 
2000-mL urine bags (Soha, Iran). The primary outcome 
measures were changes in SCr and BUN concentrations, 
urine output, and CrCl from the study enrollment to the 
end of follow-up (day 10) as well as differences in these 
parameters between the NAC and control groups at the 
evaluated points. Furthermore, the cases of AKI (defined 
as ≥ 0.5 mg/dL or at least 50% increase in serum creatinine 
from baseline) were recorded and compared in the two 
groups. 

The sample size was calculated using the following 
formula20

:

n = (Zα/2 + Zβ)
2 × (σ1

2 + σ1
2)/d2

where n is sample size (for each group), Zα/2 is the value 
of error α (1.96 [5%]), Zβ is the value of error β, (0.84 
[20%]), d is the minimum difference between the mean 
values, and σ1

 and σ2 are standard deviation of the variable 
in each group. Due to the lack of a similar clinical study 
on vancomycin nephrotoxicity, we used the values of CrCl 
(eGFR, as the main variable of the present study) from 
a study on cisplatin-induced nephrotoxicity21; thus, the 
values of d, σ1,

 and σ2 were estimated at 14.3, 16.7, and 
18.3, respectively. Therefore, a sample size of at least 23 
patients was obtained for each group. 

For statistical analysis of the obtained data, SPSS software 
(SPSS Inc., USA) version 20.0 was used. The mean values 
of the measured variables were finally compared between 
the two groups. Data distribution pattern (normal vs. non-
normal) was assessed by Kolmogorov-Smirnov test. Due 
to non-normality of data distribution, non-parametric 
statistical tests were used to enhance the precision of 
analysis. Data were presented as mean ± SD. Changes in 
the parameters within groups (at the five every-other-day 
assessment points) were analyzed using Friedman test. 
Mann-Whitney U test was used to compare the values 
between the groups at each point. The number of AKI 
cases in the two groups was compared by Pearson chi-
square test. For comparison of serum BUN between the 
groups, analysis of covariance (ANCOVA) was done with 
the control of baseline serum BUN as a covariate. P< 0.05 
was considered statistically significant.

Results
During the study, 266 patients were evaluated regarding 
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eligibility, of whom 179 patients were eligible who were 
randomly assigned to the study groups (Figure 1). Finally, 
84 and 95  patients completed the study in drug and 
control groups, respectively. 

The baseline demographic and clinical properties of 
study patients are presented in Table 1. As shown, both 
groups were matched regarding baseline values for all 
parameters except for BUN. 

Table 2 compares the results of the evaluated parameters 
in the two groups over the study period. As seen, 
administration of NAC with vancomycin significantly 
prevented the increase in SCr and decrease in CrCl 
compared to the control group, since a significant increase 
in SCr and decrease in CrCl were observed in the control 
group. Due to the significant difference in baseline BUN 
between the groups, ANCOVA test was performed for this 
variable with the baseline values as the covariate to control 
any confounding effect. As shown, according to this test, 
NAC significantly prevented the increase in serum BUN 
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Figure 1. Patients’ allocation and participation diagram. NAC, N-acetylcysteine; AKI, acute kidney injury; NAC, N-acetylcysteine.

Table 1. Baseline Demographic and Clinical Characteristics of Study Patients

Parameter 
Group

P ValueControl 
(n = 95)

NAC 
(n = 84)

Gender 

0.727   Male (n) 61 67

   Female (n) 23 28

Age (y) 46.6 ± 17.1  49.2 ± 18.7 0.999

SCr (mg/dL) 0.93 ± 0.16 0.96 ± 0.21 0.520

BUN (mg/dL) 13.6 ± 5.9 17.2 ± 7.4 < 0.001

CrCl (mL/min) 91.6 ± 20.8 88.7 ± 25.8 0.109

12-hour urine output (mL) 1494.7 ± 224.5 1423.4 ± 231.4 0.357

NAC, N-acetylcysteine; SCr, serum creatinine; BUN, blood urea nitrogen; 
CrCl, creatinine clearance.

compared to the control group. Furthermore, NAC had no 
significant effect on 12-hour urine output in comparison 
with the control group.

Regarding the rate of AKI in the two groups, although 
not statistically significant, 12 cases of vancomycin-
induced AKI were observed in the control group (12.63 
%), while 4 cases (4.76%) were observed in the drug 
group (P = 0.066; relative risk [RR] = 0.377, 95% CI: 
0.126–1.124).

Discussion
In the present study, NAC could prevent the VIN shown 
by prevention of increase in serum creatinine and BUN 
as well as inhibition of reduction in CrCl. Based on our 
search of the literature, most studies on prevention of VIN 
have used animal models. In a study by Celik et al, three 
different antioxidants (alpha-lipoic acid, Ginkgo biloba 
extract, and melatonin) and amrinone were evaluated 
for possible preventive effects against VIN in rats. Co-
administration of all four agents with vancomycin had 
preventive effect against the increase of urea, creatinine 
and kidney malondialdehyde levels. Also, it enhanced 
the activities of renal superoxide dismutase and GSH 
peroxidase. Furthermore, these agents improved renal 
pathology.22 In another animal study, the protective role 
of atorvastatin against VIN was shown. The authors 
attributed this effect of atorvastatin to antagonizing renal 
oxidative stress associated with vancomycin use.12 In the 
study by Ahmida in rats, the administration of curcumin 
with vancomycin resulted in the reduction of the serum 
and renal levels of thiobarbituric acid reactive substances 
as well as serum urea and creatinine. It also inhibited 
the decrease in the activities of antioxidant enzymes and 
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GSH.11 According to the results of these studies, it seems 
that the positive effects of NAC in our study could be due 
to its antioxidant effects. Vancomycin induces oxidative 
phosphorylation resulting in the induction of free 
oxygen radicals and subsequent reduction of the activity 
of defensive antioxidative enzymes. In animal models, 
administration of antioxidants expressing superoxide 
dismutase prevented renal tubular damage and improved 
kidney histology.23,24 NAC, with an unbound thiol group 
(-SH) in its chemical structure, interacts with free radicals 
and enhances the production of GSH peroxidase, the 
main endogenous antioxidant enzyme.25 Furthermore, 
enhancement of superoxide dismutase activity by NAC 
has been shown in several studies.26-28

In the present study, there was no significant change 
in urine output in either the drug or the control group. 
Therefore, it seems that VIN does not affect this parameter 
and, at least in early stages, it could not be used as a marker 
of vancomycin-induced renal damage. However, we did 

not find any report on the effect of vancomycin on urine 
output and any judgment on this issue needs more studies. 
Furthermore, although the number of cases of AKI was 
not significantly different between the groups, as the rate 
of AKI was three-folds higher in the control group (12 
vs 4 cases in NAC group), it is possible that use of larger 
sample size could yield a more significant effect. 

In the current study, we used SCr as the main marker 
of VIN. However, due to limitations in detecting kidney 
damage using serum creatinine, alternative diagnostic 
measures have been proposed. SCr may remain unchanged 
despite a substantial renal damage and its rise may lag by 
about 48–72 hours after kidney injury.29 Considering 
that the probable mechanism of VIN is proximal tubular 
dysfunction, biomarkers differentiating impairment 
of glomerular filtration from that of tubular function 
including kidney injury molecule 1 and neutrophil 
gelatinase-associated lipocalin may improve the precision 
of diagnosis.8,30 Therefore, more studies using these 

Table 2. Laboratory and Clinical Characteristics of Patients in Control and Drug Groups Over the Study Period

Parameter Time
Group

Difference (95% CI) P Valuea

Control (n = 95) NAC (n = 84)

SCr (mg/dL)

0 0.93 ± 0.16 0.96 ± 0.21 -0.030 ± 0.028 (-0.085 to 0.025)  0.520

1 0.97 ± 0.20 0.89 ± 0.19 0.080 ± 0.029 (0.022 to 0.138) 0.019

2 0.99 ± 0.26 0.87 ± 0.20 0.120 ± 0.035 (0.051 to 0.190) 0.003

3 1.01 ± 0.37 0.85 ± 0.23 0.160 ± 0.047 (0.068 to 0.252) 0.002

4 1.04 ± 0.46 0.84 ± 0.24 0.200 ± 0.056 (0.090 to 0.310) 0.006

5 1.09 ± 0.50 0.89 ± 0.30 0.200 ± 0.063 (0.076 to 0.324) < 0.001

P valueb < 0.001 < 0.001

BUNc (mg/dL)

0 13.6 ± 5.9 17.2 ± 7.4 -3.600 ± 0.995 (-5.564 to -1.636) < 0.001

1 14.7 ± 6.2 15.7 ± 6.9 -1.000 ± 0.979 (-2.932 to 0.932) 0.412

2 15.0 ± 7.3 14.8 ± 7.8 0.200 ± 1.129 (-2.028 to 2.428) 0.529

3 15.7 ± 8.8 13.9 ± 7.2 1.800 ± 1.212 (-0.591 to 4.191) 0.059

4 15.5 ± 9.9 14.1 ± 7.8 1.400 ± 1.344 (-1.253 to 4.053) 0.251

5 16.7 ± 11.3 14.2 ± 9.1 2.500 ± 1.547 (-0.552 to 5.552) < 0.001

P valueb < 0.001 < 0.001

CrCl (mL/min)

0 91.6 ± 20.8 88.7 ± 25.8 2.900 ± 3.486 (-3.980 to 9.780) 0.109

1 87.7 ± 20.3 95.3 ± 25.9 -7.600 ± 3.459 (-14.426 to -0.774) 0.115

2 87.1 ± 25.4 95.7 ± 25.2 -8.600 ± 3.790 (-16.080 to -1.120) 0.020

3 87.4 ± 26.3 96.9 ± 26.2 -9.500 ± 3.932 (-17.260 to -1.741) 0.033

4 87.4 ± 27.8 97.7 ± 28.7 -10.300 ± 4.227 (-18.643 to -1.958) 0.026

5 82.6 ± 25.5 99.6 ± 29.3 -17.000 ± 4.096 (-25.083 to -8.917) < 0.001

P valueb < 0.001 < 0.001

Urine output (mL)

0 1494.7 ± 224.5 1423.4 ± 231.4 70.600 ± 34.112 (3.282 to 137.918) 0.357

1 1481.2 ± 342.1 1391.2 ± 312.5 90.000 ± 49.207 (-7.108 to 187.108) 0.224

2 1362.8 ± 320.1 1237.8 ± 441.6 125.000 ± 57.200 (12.118 to 237.882) 0.450

3 1255.3 ± 247.8 1561.2 ± 217.5 -305.900 ± 35.058 (-375.086 to -236.714) 0.045

4 1620.6 ± 182.9 1740.4 ± 184.6 -119.800 ± 27.513 (-174.095 to -65.505) 0.790

5 1722.2 ± 421.6 1733.4 ± 318.4 -11.200 ± 56.425 (-122.552 to 100.152) 0.336

P valueb 0.122 0.083

NAC, N-acetylcysteine; SCr, serum creatinine; BUN, blood urea nitrogen; CrCl, creatinine clearance, CI, confidence interval. 
a Between-group comparison (Mann-Whitney U test).
b Within-group comparison (Friedman test).
c ANCOVA test was performed for comparison of BUN between the groups.
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biomarkers are recommended to confirm the observed 
desirable effects of NAC on VIN in the present study.

The main limitations of our study were the method of 
randomization that resulted in imbalance of the sample 
size between the study groups and lack of placebo group 
and blinding.

In conclusion, NAC has the potential for reduction of 
VIN. However, more studies with larger sample size are 
necessary to confirm this effect.
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