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N-acetyl cysteine versus allopurinol in the prevention
of contrast nephropathy in patients with chronic kidney
disease: A randomized controlled trial
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ABSTRACT

Contrast media administration can lead to acute deterioration in renal function particularly in patients with pre-existing chronic
kidney disease. This prospective, randomized controlled open-label parallel group study was undertaken at Nizam’s Institute
of Medical Sciences, Hyderabad, from June to December 2015. A total of 95 patients were included, of which 35 received
n-acetylcysteine (NAC) + normal saline (NS), 30 patients received allopurinol (ALL) + NS, and 30 patients received placebo. In
our study, the overall incidence of CIN was 24%. Incidence of CIN in NAC + NS, ALL + NS, and placebo group were 20%, 16%,
and 36%, respectively. The major finding of this study was there was no significant difference between NAC and allopurinol in the
prevention of contrast nephropathy. However, only allopurinol was superior to placebo. In our study, hyperuricemia and baseline

serum creatinine were the only risk factors associated with CIN.
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Introduction

Contrast-enhanced imaging services have been widely
used over the past decade. Contrast media can lead
to acute deterioration in renal function particularly in
patients with pre-existing chronic kidney disease. About
12-14% of patients who develop acute renal sufficiency
during hospitalization do so after procedures involving
radiographic contrast.? The incidence of progressive
deterioration can be as high as 42% in patients with
abnormal baseline renal function.!>#

Several protocols have been tested for the prevention
of radiocontrast-induced acute kidney injury including
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periprocedural hydration with isotonic or hypotonic
saline, antioxidant compounds such as N-acetyl
cysteine (NAC), ascorbic acid™ or allopurinol and the use
of low or iso—osmolar contrast agents, hemofiltration,!
or dialysis.[”? Conflicting evidence suggests that
administration of NAC prevents this renal impairment.
Few studies’ have shown that prophylactic oral
administration of allopurinol, along with hydration,
may protect against contrast-induced nephropathy (CIN)
in high-risk patients undergoing coronary procedures.
Very few studies™ compared NAC and allopurinol in the
prevention of CIN. The results were disappointing or
inconclusive and intravenous volume expansion remains
to date the only measure of undisputed efficacy.

This study compared the efficacy of NAC versus
allopurinol in addition to intravenous hydration with
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normal saline (NS) as prophylaxis for CIN in patients with
impaired renal function undergoing planned coronary
angiography or intervention.

Materials and Methods

This prospective, randomized controlled open-label
parallel group study was undertaken at Nizam’s Institute
of Medical Sciences, Hyderabad, from June 2015 to
December 2015.

Patients undergoing clinically driven nonemergent

coronary angiography and percutaneous coronary

interventions for both stable and unstable patients with

angina, non-ST-segment elevation myocardial infarction

(NSTEMI) and acute myocardial infarction/STEMI were

included in this study. They are as follows:

1. Age more than 30 years

2. Patients should have their serum creatinine =1.2 mg/dl
on their most recent sample drawn within 3 months
of planned procedure.

Patients with acute renal failure, endstage renal disease
requiring dialysis, intravascular administration of
contrast material within previous 6 days, pregnancy,
lactation, emergent coronary angiography, history of
hypersensitivity reaction to contrast media, cardiogenic
shock, pulmonary edema, mechanical ventilator,
parenteral use of diuretics, recent use of NAC, recent use
of ascorbic acid, and use of metformin or NSAIDS within
48 h of procedure were excluded from the study.

All eligible patients were divided into three groups. They

are as follows:

1. NAC + NS: Group of patients who received NS and
NAC

2. ALL + NS: Group of patients who received NS and
allopurinol

3. Placebo + NS: Group of patients who received NS only

A total of 95 adult patients of age >30 years with serum
creatinine =1.2 undergoing IV contrast study for coronary
angiography or interventions were enrolled in this study.
Quantity of IV contrast given to all patients was recorded
along with baseline and post procedure serum creatinine.
All patients received IV iodixanol. All the details of
patients such as age, gender, and comorbidities (presence
of hypertension [HTN], diabetes, and coronary artery
disease) were noted. Uric acid levels were measured in
all patients prior, and allopurinol was given irrespective of
uric acid level. Phases of the study are shown in Figure 1.

Serum creatinine, blood urea, electrolytes were done
before and every 24 h for 2 days after the study. The

effect of modality was evaluated by observing the change
in serum creatinine from baseline.

Isotonic normal saline was infused at a rate of 0.5 ml/kg/h
12 h prior to the procedure and was continued for 12 h
after contrast administration (total 24 h). Those patients
who had low ejection fraction (<40%) received NS at rate
of 0.3 ml/kg/h. NAC was given 600 mg orally twice daily,
the day before and the day of the procedure. single oral
dose of 300 mg of allopurinol was given the day before
the procedure. CIN, defined as either a relative increase
in serum creatinine from baseline of =25% or an absolute
increase of =0.3 mg/dl (44.2 umol/L) during days 1 and 2.

A total of 95 patients were enrolled into the study with
confidence level of 95% and power of 80% to determine
the significant change between treatment groups. This
study was planned as randomized pilot study in which the
sample size calculation was based on standard measures
of confidence levels and power, based on previous studies
involving the study drugs. No effect sizes were assumed.

Statistical analysis

Data were presented as mean * standard deviation.
Descriptive statistics were applied for the entire sample
and for the treatment subgroups. Odds ratio analysis was
performed between the treatment groups to determine
the association. Odds ratio was calculated using MedCalc
for Windows, Version 16.4.3 (MedCalc Software, Ostend,
Belgium). P < 0.05 was considered to be significant.

Results

The baseline characteristics in the study groups are shown
in Table 1. As shown in Table 2, there was no significant
difference between NAC and allopurinol in the prevention
of contrast nephropathy. However, when compared with

Patients undergoing CAG with
S. Cr. >1.2 mg/dI

Randomized

into 3 groups

l |

NAC+ NS Placebo + NS
n=35 n=30 n=30

ot

CIN No CIN CIN No CIN CIN No CIN
n=7 n=28 n=5 n=25 n=11 n=19

Figure 1: Flow diagram of the phases of the study. NAC: N-Acetyl cysteine,
NS: Normal saline, ALL: Allopurinol, CIN: Contrast-induced nephropathy
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placebo alone only allopurinol was proved to be superior.
As shown in Tables 3 and 4, odds ratio for age-CIN was
1.07, indicating an association between age >60 years
and the development of CIN. However, this was not
determined to be statistically significant (P > 0.05),
and a similar association between age >60 years and
development of CIN was observed in ALL + NS group,
without statistical significance. The odds ratio for
gender-CIN was 1.2, indicating an association between
male sex and the development of CIN. However, this was
not determined to be statistically significant (P > 0.05);
on analysis of the treatment groups, a similar association
between male sex and development of CIN was observed
in ALL + NS group and NAC + NS group, however
without statistical significance. The odds ratio for DM-CIN
was 0.62, indicating no association between DM and
the development of CIN; on analysis of the treatment
groups, an association between DM and development of
CIN was observed in ALL + NS group, however without
statistical significance. The odds ratio for HTN-CIN was
1.14, indicating an association between HTN and the

Table 1: The distribution of baseline characteristics in all
three groups which were similar

Base line NAC + NS ALL + NS NS (hydration) P
characters

Mean 60.74+10.61  62.9+8.67 62.6+11.84 0.66
age (years)

Male (n) 27 23 26

Females (n) 8 7 4

Diabetes 22 17 19

mellitus (n)

Hypertension (n) 31 20 26

Blood urea 53.5+21.9 49.7+28.1 53.5+22.5  0.79
(mgy/dl)

Base line serum  2.24+0.9 1.91+£0.72 2.19+1.01 0.31
creatinine

(mg/dl)

SBP (mmHg) 125+23.69 124+20.79 121£20.13  0.81
DBP (mg/dl) 76+11.32 79+11.25 77+14.3 0.77
Serum albumin  3.5+0.52 3.75+0.5 3.76+0.45  0.55
(mgy/dl)

Contrast 61.4+£34.8 68.7+46.77  77.33+43.30 0.31
volume (ml)

Hemoglobin 11.87+2.73  11.87+1.49 11.63+2.17 >0.05
(grdi)

Total leucocyte 1049.71+4603 9703.33+2715 9953.33+3175 >0.05
count
Uric acid
(mgy/dl)
NAC: N-acetyl cysteine, NS: Normal saline, ALL: Allopurinol, SBP: Systolic
blood pressure, DBP: Diastolic blood pressure

6.42+2.11 6.55+2.40 6.37+1.79  >0.05

Table 2: Incidence of contrast-induced nephropathy in
treatment groups

Treatment group Total CIN Non-CIN Incidence of CIN (%)
NAC + NS 35 7 28 20
ALL + NS 30 5 25 16
Placebo 30 11 19 36

NAC: N-acetyl cysteine, NS: Normal saline, ALL: Allopurinol, CIN: Contrast-induced
nephropathy

development of CIN; however, this was not determined
to be statistically significant (P > 0.05); on analysis of
the treatment groups, a similar association between HTN
and development of CIN was observed in ALL + NS group
without statistical significance.

The odds ratio for preprocedural SBP-CIN was 0.77,
indicating no association between preprocedural SBP
and the development of CIN; on analysis of the treatment
groups, an association between preprocedural SBP and
development of CIN was observed in ALL + NS group and
NAC + NS without statistical significance. The odds ratio for
preprocedural DBP-CIN was 0.88, indicating no association
between preprocedural DBP and the development of CIN;
on analysis of the treatment groups, no association was
observed between preprocedural DBP and development
of CIN. The odds ratio for contrast volume-CIN was 0.8,
indicating no association between contrast volume and the
development of CIN; on analysis of the treatment groups,
no association between contrast volume and development
of CIN was observed in all three groups.

The odds ratio for anemia-CIN was 1.8, indicating an
association between anemia and the development of

Table 3: Risk factor analysis in general

Risk factors Total CIN Non-CIN Odds ratio
Age
=60 65 16 49 OR=1.07, P=0.8
<60 30 7 23
Males 76 19 57 OR=1.2, P=0.71
Females 19 4 15
DM 58 12 46 OR=0.62, P=0.31
No DM 37 11 26
HTN 77 19 58 OR=1.14, P=0.8
No HTN 18 4 14
SBP (mmHg)
=120 62 14 48 OR=0.77
<120 33 9 24
DBB (mmHg)
<80 31 8 23 OR=0.88, P=0.8
>80 64 15 49
Contrast volume (ml)
=100 ml 19 4 15 OR=0.8, P=0.71
<100 ml 76 19 57
Hemoglobin (g/dl)
<12 g/dl 56 16 40 OR=1.8, P=0.23
=12 g/dl 39 7 32
SUA
=7 28 10 18 OR=2.3, P=0.09
<7 67 13 54
Albumin
>3.5 g/dI 26 6 20 P=0.91
<3.5 g/di 69 17 52
Serum creatinine (m/dl)
=2 mg/dl 39 14 25 OR=2.9, P=0.02
<2 mg/dl 56 9 47

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SUA: Serum uric
acid, HTN: Hypertension, CIN: Contrast-induced nephropathy, NAC: N-acetyl
cysteine, DM: Diabetes mellitus, OR: Odds ratio
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Table 4: Subgroup analysis of risk factors
Risk factors NAC + NS (n=35) ALL + NS (n=30) Placebo (n=30)
CIN Non-CIN CIN Non-CIN CIN Non-CIN

Age (years)

=60 4 19 4 18 8 12
<60 3 9 1 7 3 7
OR=0.63, P=0.59 OR=1.56, P=0.71 OR=0.63, P=0.59
Males 6 21 4 19 9 17
Females 1 7 1 6 2 2
OR=2.0, P=0.5 OR=1.26, P=0.8 OR=0.52, P=0.5
DM
DM 3 19 3 14 6 13
Without DM 4 9 2 11 5 6
OR=0.35, P=0.23 OR=1.17, P=0.86 OR=0.55, P=0.44
HTN
HTN (in 25 6 16 4 17 9
number)
No HTN 3 1 9 1 2 2
(in number)
OR=0.72, P=0.79 OR=2.29, P=0.49 OR=0.52, P=0.55
SBP (mmHg)
=120 6 19 3 17 5 12
<120 1 9 2 8 6 7
OR=2.8, P=0.361 OR=2.8, P=0.3 OR=0.48, P=0.3
DBP (mmHg)
<80 3 11 1 7 4 4
>80 4 17 4 18 7 15
OR=0.86, P=0.86 OR=0.64, P=0.3 OR=0.48, P=0.3
Contrast
volume (ml)
=100 1 3 0 6 3 6
<100 6 25 5 19 8 13
OR=0.38, P=0.79 OR=0.27, P=0.4 OR=0.81, P=0.8
Hemoglobin
<12 4 17 4 14 8 9
=12 3 11 1 11 3 10
OR=0.86, P=0.86 OR=0.28, P=0.07 OR=2.93, P=0.18
SUA
>7 1 9 3 6 6 3
<7 6 19 2 19 5 16
OR=0.35, P=0.36 OR=4.75, P=0.12 OR=6.4, P=0.03
Albumin
<3.5 3 12 0 5 3 3
>3.5 4 16 5 20 8 16
OR=1, P=1 OR=0.33, P=0.4 OR=2, P=0.45
Serum
creatinine
(mgy/dl)
=2 5 12 3 8 6 5
<2 2 16 2 17 5 14

OR=3.3, P=0.19 OR=8.18, P=0.2 OR=3.36, P=0.12
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, NAC: N-acetyl
cysteine, NS: Normal saline, ALL: Allopurinol, CIN: Contrast-induced
nephropathy, SUA: Serum uric acid, OR: Odds ratio

CIN. However, this was not determined to be statistically
significant (P > 0.05). On analysis of the treatment
groups, an association between anemia and development
of CIN was observed in placebo group, however without
statistical significance. The odds ratio for uric acid-CIN
was 2.3, indicating an association between uric acid
and the development of CIN and it was not statistically
significant (P > 0.05). Incidence of CIN in hyperuricemia
group was 35% and 19% in normouricemic group.

Upon odds ratio analysis of the treatment groups, an
association between uric acid and development of CIN
was observed in ALL + NS group and placebo, however
without statistical significance in ALL + NS group and
it was statistically significant in the NS group. The odds
ratio for albumin-CIN was 0.91, indicating no association
between albumin and the development of CIN; on
analysis of the treatment groups, no association between
albumin and development of CIN was observed in all
three groups. Analysis shows that an association was
found between baseline serum creatinine and CIN, which
was statistically significant; upon odds ratio analysis of
the treatment groups, an association between baseline
serum creatinine and development of CIN was observed
in all three groups without statistical significance.

Overall six patients needed dialysis; one patient in
NAC group, one patient in allopurinol group, and
four in placebo group. Four patients improved after
few sessions of hemodialysis, two patients became
dialysis dependent in placebo group. One patient died
of sudden cardiac arrest before giving dialysis support
in allopurinol group.

Discussion

The main objective of this study was to compare NAC and
allopurinol in the prevention of contrast nephropathy in
patients with impaired renal function. The major finding
of this study was absence of difference between NAC and
allopurinol in the prevention of contrast nephropathy.
However, compared with placebo alone only allopurinol
was superior.

In our study, the overall incidence of CIN was 24%.
Incidence of CIN in NAC + NS, ALL + NS, and placebo
group were 20%, 16%, and 36%, respectively.

To the best of our knowledge, this is the first study
comparing NAC and allopurinol in the prevention of
CIN in patients with pre-existing CKD. A similar study
was done by Kumar et al.’! in 2014 comparing NAC and
allopurinol in the prevention of contrast nephropathy in
patients undergoing cardiac catheterization with normal
baseline serum creatinine and showed that prophylactic
administration of allopurinol along with hydration was
better than NAC and hydration for protection against
CIN. They showed that in patients receiving iodixanol as
contrast agent, the incidence of CIN in allopurinol and
hydration were 0% and 30%, respectively.

Erol et al.™® analyzed efficacy of allopurinol pretreatment
for the prevention of CIN. In this study, 159 patients
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were enrolled with baseline serum creatine >1.1 mg/dl.
Patients were randomized to either allopurinol + NS
or hydration alone. Mean serum creatine was around
1.45 mg/dl. CIN occurred in 7.5% of patients in hydration
alone group and 0% in allopurinol group. Erol et al.'®
concluded that allopurinol along hydration may protect
against CIN in high-risk patients undergoing coronary
procedures.

Our study also showed similar results such that allopurinol
along with hydration was superior to hydration alone in
the prevention of CIN. In our study, incidence of CIN
in allopurinol group was 16% compared to 36% in
hydration group alone, which was statistically significant.
As shown in Table 5 incidence of CIN was high both
in allopurinol and hydration group in our study when
compared to studies done by Erol et al.®® and Kumar
et al.™ probably due to high baseline creatinine and
increase of >0.3 mg/dl being taken as CIN.

In our study, the incidence of CIN in NAC + NS subgroup
was 20%, and in hydration only group was 36%. Our
study showed that NAC + NS was superior to hydration
alone in the prevention of CIN, although statistically not
significant. Several studies compared hydration with NS,
with or without NAC in the prevention of CIN in patients
with elevated renal parameters.

Table 6 compare various studies regarding NAC in the
prevention of CIN. Ramesh et al.''% in 2006 compared NAC
with hydration in the prevention of contrast nephropathy
in patients with elevated serum creatine (=1.5 mg/dl).
The incidence of CIN in NAC + NS and hydration alone
groups was 4% and 29%, respectively. This study showed
that NAC was superior to hydration alone which was
statistically significant.

Tepel et al.l'!! prospectively studied 83 patients with
chronic renal insufficiency with mean serum creatinine
2.4 = 1.3 mg/dl. Patients were randomly assigned to
receive either NAC and 0.45% NS or placebo with saline.
Incidence of CIN in NAC + NS group was 2%, 21% placebo
and saline group, which were statistically significant.

Calabro et al.'*?! showed that intravenous hydration
with saline and NAC is an effective and low-cost tool in
preventing CIN in patients undergoing coronary artery
angiography. Marenzi et al.l** showed that intravenous
and oral NAC may prevent contrast nephropathy with a
dose-dependent effect.

Durham et al.l'¥ conducted a randomized controlled
trial of NAC to prevent contrast nephropathy in cardiac
angiography. Patients were recruited with serum

Table 5: Allopurinol in the prevention of contrast
nephropathy

Study Overall Allopurinol (%) Hydration (%)
incidence of CIN

Kumar et al. 17.8 Zero 30

Erol et al. 3 Zero 7.5

Our study 24 16 36

CIN: Contrast-induced nephropathy

Table 6: Comparing various studies regarding N-acetyl
cysteine in the prevention of contrast-induced
nephropathy

Study Overall NAC group (%) Hydration

incidence- group (%)
CIN (%)
Giancarlo et al. 18 Standard dose - 15 33
Double dose - 8

Paolo calabro et al. 71 2.6 11.2

Ramesh et al. 17 4 29

Durham et al. 24 26.3 22

Tepel et al 12 2 21

Allagband et al. - 17.7 15.3

Our study 24 20 36

NAC: N-acetyl cysteine, CIN: Contrast-induced nephropathy

creatinine >1.7 mg/dl. Total of 79 patients were enrolled
in the study. CIN developed in 26.3% of NAC group and
22% of placebo group (hydration alone). This study shows
that NAC was not effective for the prevention of CIN after
cardiac angiography (P = 0.09).

Allagaband et al.!*> showed that in patients with chronic
renal insufficiency, NAC or fenoldopam offered no additional
benefit over hydration with saline in preventing CIN.

In our study, uric acid and baseline serum creatinine were
the only risk factors associated with CIN. Age, male sex,
history of hypertension, hemoglobin <12 g/dl, diabetes
mellitus, preprocedural systolic and diastolic blood
pressure (SBP and DBP), volume of contrast and serum
albumin were were not significantly associated with CIN.

Toprak et al.l'®! assessed hyperuricemia as a risk factor
for CIN in patients with chronic kidney disease. CIN
occurred in 15.1% of hyperuricemic group and 2.9% of
the normouricemic group (P < 0.001); Hypoalbuminemia
and age >70 years were other risk indicators. In our study;,
the incidence of CIN in hyperuricemia group was 35%
and 19% in normouricemic group. CIN incidence was
high in our study due to high baseline serum creatinine
and >0.3 mg/dl increase being taken as CIN.

Toprak et al.''”! in 2006 showed that patients with diabetes
are at high risk of developing CIN. CIN occurred in 20%
of the DM patients and 11.4% of the pre-DM, and 5.5% of
normal group. In our study, 20% of DM patients develop
CIN, similar to Toprak et al. but there was no statistical
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difference between diabetics and nondiabetics developing
CIN may be due to other risk factors influencing CIN.

McCullough et al.™¥ showed that the risk of CIN is minimal
in patients receiving <100 ml contrast volume. Klein et al.*®
showed that in the diabetic population, CIN developed every
fifth, fourth, and second patient who received 200-400,
400-600, >600 ml contrast study, respectively. In our study,
no significant association was found between patients who
received contrast volume >100 ml and CIN. The probable
reason could be the mean contrast volume used in our study
was low, around 70 ml.

This single-center study had small number of cases.
Rise in serum creatinine was observed only for 48 h. In
some patients, there could have been late rise in serum
creatinine which were probably missed. The type of acute
renal failure (ischemic, nephrotoxic, or atheroembolic)
could not be determined precisely as renal biopsies were
not performed. Because of the nature of the patients and
the procedures being performed, acute rise in serum
creatinine was assumed to be multifactorial.

Conclusions

We concluded that there was no significant difference
between NAC and allopurinol in the prevention of
contrast nephropathy in patients with impaired renal
function. Allopurinol along with hydration was better
than hydration alone in the prevention of CIN. Overall
incidence of CIN was high. Hyperuricemia and baseline
serum creatinine were the only risk factors associated
with CIN.
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