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Background: Renal toxicity of contrast media remains an ever-present challenge.
Contrast agent-induced nephrotoxicity (CIN) is defined as a serum creatinine rise of at
least 25% from baseline, 48-72 h after contrast-agent infusion. It is suggested that
prophylactic administration of N-acetylcysteine 600 mg orally twice daily for 2 days along
with hydration prevents CIN, 48 h after contrast-agent administration in patients
undergoing coronary or peripheral angiography. Aims: This study was designed to
evaluate the efficacy of N-acetylcysteine 1200 mg once-daily oral administration on the
day before and the day of imaging for the prevention of CIN during a 72 h follow-up of
patients receiving contrast agents for abdominal and chest computed tomography (CT)
scanning. Methods: A total of 70 patients with renal insufficiency (serum creatinine
level >1.2 mg/dl) who referred to our institution for abdominal or chest CT scanning were
randomly assigned to receive either only normal saline before contrast-agent
administration (control group) or normal saline plus N-acetylcysteine 1200 mg single daily
oral dose on the day before imaging and at the day of contrast-agent injection
(N-acetylcysteine group). Both groups were comparable in terms of demographics, disease
states, drug regimens, risk factors for developing CIN, type of imaging and type, volume
or concentration of contrast agent used. Results: A total of 70 patients (35 per group)
completed the study. The mean of serum creatinine concentrations were increased over
72 h follow-up in both groups; however, the change in serum creatinine level was greater
in the control than the N-acetylcysteine group (p < 0.001). The percentage of patients
who experienced CIN was significantly greater in the control group (34.3%) than in the
N-acetylcysteine group (14.3%; p = 0.05). Conclusion: Prophylactic oral administration of
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Contrast agent-induced nephrotoxicity (CIN)
is the third most common cause of acute in-
patient renal failure after decreased renal per-
fusion and postoperative renal impairment [1].
Contrast agents (CAs) reduce renal function
by exerting direct toxic effects on tubular epi-
thelial cells 21 and altering renal hemo-
dynamics as a result of an imbalance between
vasodilator and vasoconstrictor factors [1,3].
There is evidence that reactive oxygen species
have a role in the development of CIN (4]. The
main risk factors for CIN are pre-existing
renal dysfunction, particularly that caused by
diabetic nephropathy, and reduced effective
arterial volume [4,5].

In patients with renal insufficiency, volume
expansion has been reported to ameliorate
CIN. However, administration of some previ-
ously proposed drugs, such as diuretics, calcium
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N-acetylcysteine 1200 mg once daily for 2 days, combined with intravenous hydration,
reduced the rise in serum creatinine levels over 48-72 h after the administration of the
contrast agent in patients undergoing CT studies.

antagonists, theophylline, dopamine-1 recep-
tor agonists and atrial natriuretic peptide, has
not shown any effect in the prevention of
CIN [1,5-71.

N-acetylcysteine (NAC) is proposed to be
effective in the prevention of CIN due to its
antioxidant properties and its ability to block
the expression of vascular cell-adhesion mole-
cule 1 [2,3,7). Clinical studies evaluating the effi-
cacy of NAC have yielded mixed results. Tepel
and colleagues proposed oral NAC 600 mg
twice daily for 2 days beginning one day before
imaging [4); however, some researchers suggest
that a double oral dose of NAC (1200 mg twice
daily for 2 days) may be more effective [8,9].

In this study, we assessed the effect of 2 days
administration of NAC 1200 mg orally (total
dose equal to that proposed by Tepel and col-
leagues) once daily, which is a more simple and
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convenient regimen for the prevention of CIN
in patients receiving CAs for abdominal and
chest computed tomography (CT) studies.

Methods

A toal of 70 patients with a known history of
chronic kidney disease (serum creatinine [SCr]
concentration above 1.2 mg/dl or creatinine
clearance [CrCl] of less than 60 ml/min) with
stable SCr during the 3 days prior to the injec-
tion of CAs were included in this prospective
study. Subjects with acute renal failure or who
were treated with theophylline, calcium channel
blockers, dopamine receptor agonists or diuretics
were excluded from the study.

Both groups were comparable in demograph-
ics, disease states, drug regimens and risk fac-
tors for developing CIN, and all patients in
both groups underwent elective abdominal or
CT scanning with 140 ml iohexol, a nonionic,
low-osmolality CA.

The patients were randomly assigned to
receive either NAC and intravenous normal
saline (NAC group) or normal saline only
(control group).

1000 ml of normal saline was administered
intravenously to all patients at a rate of 1 ml/kg/h
before contrast dye administration. 140 ml
iohexol (647 mg iohexol/ iodine 300 mg/ml) was
used as a CA for all patients. Additionally, sub-
jects in the NAC group received NAC 1200 mg
orally once daily on the day before imaging and
at the day of CA infusion.

SCr was measured repeatedly 3 days before
administration of the CA and at the day of CA
administration, 24, 48 and 72h after
CA injection.

CIN was defined as an increase of at least 25%
of baseline in the SCr concentration within
48-72 h after CA administration [10].

The study protocol was approved by the local
ethics committee and all patients signed written
informed consent form.

Levene’s test for equality of variances was
performed and showed no significant difference
in variances between two groups. Paired t-test
and independent sample t-test were used to find
the differences in SCr and CrCl from baseline

and between the two groups, respectively.

Results

The clinical and biochemical characteristics of
the patients in both groups are shown in
Table 1. Table 2 shows the p value of comparisons

of SCr and CrCl at 24, 48 and 72 h after CA

administration from baseline in both groups.
Table 3 presents the number of subjects who
experienced CIN in each group at 24, 48 and
72 h after CA injection.

All 70 patients (35 in each group) completed
the study. The causes of renal insufficiency were
diabetic nephropathy in 25, nephrosclerosis in
five and glomerulonephritis in five, tubu-
lointerstitial nephritis in six patients. The
underlying causes of renal failure were
unknown in 29 subjects.

The mean weight of the patients in the
NAC group and the control group were not
statistically different (74 +8 and 71+ 8y,
respectively; p = 0.50).

In the control group, the mean of SCr concen-
tration increased from 1.31:0.15 to
1.48 + 0.05 mg/dl 48 h after CA injection
(p=0.01) and to 1.61 + 0.01 mg/dl 72 h after
administration of CA (p < 0.001). In the NAC
group, the mean of SCr level increased from
1.43+0.50 to 1.51+0.01 mg/dl (p=0.14)
48 h after CA infusion and to 1.45 + 0.59 mg/dl
(p=0.64) 72h after administration of CA.
Change in SCr from baseline at 72 h after CA
administration ~ was  significantly ~ different
between the NAC and control groups
(2.42 + 1.85vs23.00 + 7.11; p < 0.001).

When the CrCl of patients was calculated using
the modification of diet in renal disease (MDRD)
formula, the mean CrCl in the control group was
significanty decreased from 59.23 + 11.54 at base-
line to 50.45 + 10.01 ml/min/1.73 m? (p = 0.04);
however, this change was not significant in the
NAC group (56.49 +9.11 ml/min/1.73 m? at
baseline vs 55.70 + 9.77 ml/min/1.73 m> 72h
after CA injection, p = 0.14).

CIN occurred in 17 of the 70 patients
(24.3%). Five of the 35 patients in the NAC
group (14.3%) and 12 of the 35 patients in the
control group (34.3%) showed CIN.

In the NAC group, 12 patients (34%) had
baseline SCr concentration above 1.5 mg/dl, as
did six patients (17%) in the control group.
Among patients with elevated baseline SCr, three
of the 12 in the NAC group (25%) and four of
six in the control group (66.7%) showed CIN.

Among the 12 patients in the control group
who showed CIN 72 h after CA infusion, six
(50%) showed an up to 25% rise in SCr 48 h
after CA administration. Two out of five
patients in the NAC group who suffered CIN
showed SCr increase within 24 h after CA
administration and one case experienced CIN
72 h after CA injection.
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Table 1. The clinical and biochemical characteristics of the patients.

Characteristic NAC group*
Weight (kg) 74 £ 8

Age (years) 59.76 + 1.99
Sex (male/female) 20/15
Baseline SCr (mg/dl) 1.43 £ 0.37
SCr 24 h after CA (mg/dl) 1.41 £ 0.71
SCr 48 h after CA (mg/dl) 1.51 £ 0.54
SCr 72 h after CA (mg/dl) 1.45 + 0.48
Baseline CrCI* (ml/min/1.73m?2) 56.49 + 11.03
CrCl 24 h after CA 57.30 + 14.61
CrCl 24 h after CA 53.45 + 14.81
CrCl 24 h after CA 55.70 + 12.97
Patients with CIN 5

Diabetic patients at baseline 14

Diabetic patients with CIN 3

Change in SCr after 24 h (%) -2.24£1.80
Change in SCr after 48 h (%) 6.02 £ 2.08
Change in SCr after 72 h (%) 2.42 £1.85
Change in CrCl after 24 h (%) -12.39 £ 8.11
Change in CrCl after 48 h (%) -20.45 £ 5.78
Change in CrCl after 72 h (%) -9.69 + 7.66

Control group* p-value
71+8 0.50
55.89 + 12.92 0.30
22/13 0.08
1.31+0.15 0.15
1.41 +£0.21 0.21
1.48 = 0.27 0.19
1.61+0.29 0.09
59.23 + 11.54 0.1
57.74 + 10.10 0.22
54.96 + 13.07 0.10
50.45 + 13.95 0.06
12 0.05
11 0.07
7 0.02
8.16 £4.23 0.06
13.11 £ 4.67 0.33
23.00 £ 7.11 <0.001
-4.30 £ 2.97 0.30
-0.44 + 1.07 0.41
-11.53 +4.90 0.04

*Values are presented as Mean = SD.

#CrCl based on modification of diet in renal disease formula.
CA: Contrast agent; CIN: Contrast agent-induced nephrotoxicity; CrCl: Creatinine clearance; NAC: N-acetylcysteine;

SCr: Serum creatinine.

Discussion

The incidence of CIN varies from 0 to 90%,
depending on the presence of risk factors
including chronic renal insufficiency or diabe-
tes mellitus and volume or osmolality of CA
administered [11,12]. The reported incidence of
CIN due to iohexol administration in patients
with moderate-to-severe renal insufficiency is
19.9% (101]. All patients in this study had risk
factors and received the same volume of

Table 2. p-value of SCr and CrCl comparisons from baseline in

both groups.

Paired comparisons NAC group Control group
Baseline SCr-SCr 24 h after CA 0.15 0.54
Baseline SCr-SCr 48 h after CA 0.14 0.01
Baseline SCr-SCr 72 h after CA 0.64 <0.001
Baseline CrCI-CrCl 24 h after CA 0.18 0.09
Baseline CrCI-CrCl 48 h after CA 0.10 0.06
Baseline CrCI-CrCl 72 h after CA 0.14 0.04

CA: Contrast agent; CrCl: Creatinine clearance; NAC: N-acetylcysteine;

SCr: Serum creatinine.
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nonionic, low-osmolality CA, iohexol, and
CIN occurred in 24.3% of patients, which is
in concordance with Radiological Society of
North America report.

The beneficial role of NAC in the preven-
tion of CIN has been shown by some investiga-
tors [1-4,7]. It is reported that nephrotoxicities
of iso-osmolality and low-osmolality contrast
agents were similar when a prophylactic strat-
egy of hydration plus NAC was used [13]. How-
ever, there are some conflicting results in the
findings of some other researchers. Some stud-
ies showed no prophylactic effects of NAC in
the prevention of CIN following coronary ang-
iography in patients with moderate renal fail-
ure (14] and in patients undergoing peripheral
angiography using current contrast media [15].

Although some meta-analyses supported the
role of NAC in the prevention of CIN, except
for the study by Tepel and colleagues that is
performed in patients receiving CAs for CT
scanning, the remaining trials included in these
meta-analysis were on subjects receiving CAs
for coronary or peripheral angiography [16-18].
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Table 3. Number of patients with CIN at 24, 48 and 72 h after

CA injection.

24 h after CA injection
48 h after CA injection
72 h after CA injection
Total

NACgroup Control group p-value
2 0 0.15
2 6 0.13
1 6 0.04
5 12 0.05

CA: Contrast agent; CIN: Contrast agent-induced nephrotoxicity;

NAC: N-acetylcysteine.

Our study showed CIN prevention with NAC
in patients receiving CA for chest or abdominal
CT studies.

Although some researchers suggest that a
double dose of NAC (1200 mg orally twice
daily for 2 days) seems to be more effective than
the standard dose (600 mg orally twice daily for
2 days), especially with high volumes of a non-
ionic, low-osmolality contrast agent that could
be explained by dose-dependent pharmacoki-
netics of NAC and an increase in its bioavaila-
bility and peak serum concentration with
increasing dose [8,9], most controlled studies use
the standard dose of NAC. In this study, the
total daily dose equal to the standard dose of
NAC was used; however, because of the 30%
renal elimination of NAC and some of its active
metabolites, the authors suggest that the simple
regimen of NAC 1200 mg once daily may be
also effective in preventing CIN in subjects with
chronic kidney disease.

CIN may occur beyond 48 h after CA adminis-
tration; however, in previous studies, SCr levels
were only monitored for 48 h after infusion of
CAs. In this study, we followed subjects for 72 h
after CA administration. Among those patients
who showed CIN, six out of 12 in the control
group (50%) showed a less than 25% increase in
SCr within 48 h after CA administration. Indeed,
in the NAC group, two of the five patients who
suffered CIN showed a SCr rise within 24 h and
another within 72 h after CA administration.

If we followed subjects for only 48 h, six
patients in the control group and three patients
in the NAC group could have been missed.

The main limitation of this study was the
small number of subjects in each group and the
lack of a placebo group. Further studies with
larger patient sample sizes with renal insuffi-
ciency who were designed to undergo CT scan-
ning are needed to confirm the results of the
current study.

Conclusion

NAC administration with a simple protocol of
1200 mg orally once daily for 2 days, along
with intravenous hydration, may be proposed

to prevent CIN in high-risk patients receiving
CA for abdominal or chest CT studies.
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Highlights

mg single daily oral dose.

¢ \We designed a study to evaluate the efficacy of 1200 mg once-daily oral administration of
N-acetylcysteine on the day before and the day of imaging for the prevention of CIN.

¢ In total, 70 patients with renal insufficiency referred to our institution for abdominal or chest
computed tomography scanning were randomly assigned to receive either only normal saline
before contrast-agent administration (control group) or normal saline plus N-acetylcysteine 1200

¢ N-acetylcysteine administration with a simple protocol of 1200 mg orally once daily is effective in the
prevention of contrast agent-induced nephrotoxicity.

¢ Contrast agent-induced nephrotoxicity may occure after 48 h of contrast agent administration,
therefore patients should be followed for a minimum of 72 h.
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