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The use of radiographic contrast during cardiac catheterization can cause acute renal failure
with an increase in morbidity and mortality. Prophylactic acetylcysteine plus intravenous
hydration have been shown to prevent contrast-induced nephropathy (CIN) in patients with
chronic renal failure undergoing computed tomography scan, who receive low doses of
intravenous contrast. Whether the use of prophylactic acetylcysteine can decrease the
incidence of CIN when larger doses of contrast are used remains to be determined. We
sought to evaluate whether the prophylactic administration of acetylcysteine plus intrave-
nous hydration is superior to intravenous hydration alone in prevention of CIN in patients with
chronic renal failure undergoing cardiac catheterization and receiving moderate to high
doses of intravenous contrast (> 1 cc/kg). Seventy-three consecutive patients with renal
insufficiency who received intravenous hydration and 600 mg of acetylcysteine twice a day
24 hr before and the day of the cardiac catheterization were compared with 106 consecutive
patients who received hydration alone. Baseline and 48-hr serum creatinine concentrations
were compared between the two groups before and after cardiac catheterization. Multivar-
iate and univariate analysis were performed to assess the effects of acetylcysteine and other
clinical variables in the change of serum creatinine after the procedure. Both groups had
comparable clinical characteristics and received similar volumes of intravenous hydration.
The volume of contrast used was similar for the two groups (2.2 � 1.7 vs. 2.3 � 1.5 cc/kg; P �
0.67). A mean change in serum creatinine of 0.17 � 0.54 mg/dl for the acetylcysteine group
vs. 0.19 � 0.40 mg/dl for the control group (P � 0.77) was observed at 48 hr. The incidence
CIN was 13% in the acetylcysteine vs. 12% in the control group (P � 0.84). Acetylcysteine,
whether analyzed with multivariate or univariate analysis, failed to demonstrate a significant
effect in the change of serum creatinine after cardiac catheterization. In patients with chronic
renal insufficiency, acetylcysteine in a dose of 600 mg twice a day before and after cardiac
catheterization, along with intravenous fluids, is as effective as fluids alone in the prevention
of CIN when moderate to high doses of contrast are used. Cathet Cardiovasc Intervent 2003;
58:336–341. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

The use of radiographic contrast can cause acute renal
failure with an increase in morbidity and mortality [1–5]. It
is estimated that more then 1,000,000 patients undergo
cardiac catheterization per year in the United States, making
it the second most frequent in-hospital operative procedure
performed [6]. Fourteen percent of patients develop con-
trast-induced nephropathy (CIN) after cardiac catheteriza-
tion and 7.7 per 1,000 will need renal replacement therapy in a
temporary or permanent basis as a consequence of CIN [7].

Previous reports suggest that the formation of reactive
oxygen radicals during reperfusion after contrast-induced
vasoconstriction and direct tubular damage secondary to
the contrast agent have an important role in the injury
mechanism of CIN [8–10]. Based on this rationale, the
use in animals of superoxide dismutase, a scavenger of

reactive oxygen radicals, has shown to be effective in
preserving renal function [9].

Recently, it has been reported that the prophylactic use
of the antioxidant acetylcysteine plus intravenous hydra-
tion when compared to hydration alone might prevent
CIN in patients with chronic renal insufficiency who
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received small doses (75 ml) of a nonionic, low-osmo-
lality contrast agent during elective computer tomogra-
phy scan [11].

During cardiac catheterization, the volume of contrast
is usually larger than the amount used for computer
tomography scan; whether the prophylactic use of ace-
tylcysteine can prevent CIN in patients undergoing car-
diac catheterization or percutaneous intervention remains
to be determined. Therefore, the purpose of this study
was to test the effects of the prophylactic administration
of acetylcysteine in patients with chronic renal insuffi-
ciency undergoing elective cardiac catheterization and
receiving moderate to high doses of intravenous contrast.

MATERIALS AND METHODS

Study Population

All consecutive patients between August 2000 and
December 2001 with serum creatinine � 1.2 mg/dl or a
creatinine clearance � 50 ml (calculated by the formula
of Cockcroft and Gault [12]) who underwent elective
cardiac catheterization at Memorial Hermann Hospital
(Houston, TX) and received � 1 cc/kg of radiographic
contrast agent were included in the study. The patients
were divided in two groups. The first group received
acetylcysteine orally in a dose of 600 mg twice a day the
day before and the day of the catheterization; the second
group did not receive prophylactic acetylcysteine. All
patients were prospectively followed and compared dur-
ing the same time period. Both groups had a standardized
intravenous hydration regimen with half-normal saline
(0.45%) at 75 cc/hr for 12 hr before and after the proce-
dure. All patients included had at least one follow-up
serum creatinine at 48 hr after the procedure and at least
two stable creatinine concentration values before the
procedure. CIN was defined as an increase in serum
creatinine of � 0.5 mg/dl from the baseline value at 48
hr. Patients with acute renal failure or end-stage renal
disease, receiving oral theophylline, mannitol, furo-
semide, or dopamine, or undergoing renal angioplasty or
renal angiogram were excluded from the study.

After signing informed consent, all patients underwent
cardiac catheterization using approved techniques and
devices. The amount of contrast used was at the discre-
tion of the operator and all the patients received the same
low-osmolality, nonionic contrast agent (Iodixanol, Vi-
sipaque/Amersham Health, Princeton, NJ). The study
endpoint was the difference in the incidence of CIN
between the two groups.

Statistical Analysis

Categorical variables were summarized as frequencies
with percentages, and continuous variables as mean �

SD. The differences between groups were analyzed with
chi-square test for categorical variables and Wilcoxon-
Mann-Whitney nonparametric test for continuous vari-
ables. Statistical analysis was performed on intention-to-
treat basis and was powered to detect a relative risk
reduction of 10% incidence of CIN with the use of
prophylactic acetylcysteine with a 95% confidence for a
two-sided P value � 0.01. Multivariate and univariate
regression analysis were performed with the difference
between the pre- and postprocedure serum creatinine
concentration as the independent variable. The use of
acetylcysteine, body mass index, systolic, diastolic, and
mean blood pressure, age, sex, serum creatinine, and urea
nitrogen (BUN) before and after the procedure, diabetes
mellitus, hypertension, use of beta blockers, calcium
antagonist, angiotensin-converting enzyme inhibitors
(ACE), and previous use of diuretics were included in the
analysis. Statistica for Windows 5.1 (Statsoft, Tulsa, OK)
was used for the statistical analysis.

RESULTS

The study included 75 patients in the acetylcysteine
group and 106 patients in the control group. Both groups
were under similar medical regimens and had compara-
ble clinical characteristics including diabetes and hyper-
tension (Table I).

The total mean volume of contrast in absolute volume
or weight-adjusted (cc/kg) and intravenous fluids re-
ceived pre- and postprocedure were similar for both
groups (Table II). In the acetylcysteine group, the mean
baseline creatinine was 1.8 � 0.6 vs. 1.9 � 0.6 mg/dl
(P � 0.95) in the control group. After 48 hr from the
administration of the contrast agent, the acetylcysteine
group mean creatinine was similar to the control group
(1.9 � 0.8 vs. 2.0 � 0.7 mg/dl, respectively; P � 0.27).
Figures 1 and 2 display the changes in serum creatinine
for both groups before and after cardiac catheterization.
The absolute change in the creatinine concentrations was
0.17 � 0.54 for the acetylcysteine group vs. 0.19 � 0.40
mg/dl for the control group (P � 0.77). Table III displays
the laboratory characteristics. Ten patients (13%) had
CIN in the acetylcysteine group and 13 (12%) in the
control group (P � 0.84). In the acetylcysteine group, 13
patients (17%) had baseline serum creatinine concentra-
tions above 2.5 mg/dl, as did 18 patients (16%) in the
control group (P � 0.85). No treatment effect was found
in a subgroup analyses considering patients with elevated
baseline creatinine concentrations or among patients who
underwent percutaneous intervention. Neither in the mul-
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Fig. 1. Serum creatinine concentrations before and 48 hr after cardiac catheterization in the
group receiving acetylcysteine.

TABLE I. Clinical Characteristics

Acetylcysteine
group (n � 73)

Control
group (n � 106) P

Age, year 66 � 13 65 � 11 0.579
Sex, M/F 49/24 59/47 0.142
Percutaneous interventions 28 (38%) 37 (34%) 0.885
Systolic plood pressure (mm Hg) 139 � 21 140 � 20 0.747
Diastolic plood pressure (mm Hg) 72 � 13 75 � 13 0.613
Heart rate (bpm) 72 � 12 74 � 12 0.602
Body mass index, kg/m2 31.7 � 14.8 31.3 � 14.4 0.856
Diabetes mellitus, n (%) 49 (67) 61 (57) 0.179
Hypertension, n (%) 64 (87) 91 (85) 0.706
ACE inhibitors, n (%) 40 (54) 68 (64) 0.163
Beta blockers, n (%) 34 (46) 51 (48) 0.792
Calcium antagonist, n (%) 17 (23) 26 (24) 0.877
Diuretic therapy 18 (24) 23 (21) 0.635

TABLE II. Incidence of Contrast-Induced Nephropathy, Intravenous Fluids, and
Contrast

Acetylcysteine
group (n � 73)

Control
group (n � 106) P

Contrast induced nephropathy, n (%) 10 (13%) 13 (12%) 0.842
Contrast administered (cc) 192 � 142 191 � 120 0.959
Contrast administered (cc/kg) 2.2 � 1.7 2.3 � 1.5 0.678
Total fluid volume preprocedure (cc) 899 � 401 896 � 392 0.960
Total fluid volume postprocedure (cc) 933 � 402 992 � 397 0.332
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tivariate analysis (P � 0.93) nor the univariate analysis
(P � 0.69) was acetylcysteine associated with a reduc-
tion in the rise of serum creatinine postprocedure. None
of the variables studied in the multivariate analysis was
associated with a decrease in the postprocedure rise in
serum creatinine. In the univariate analysis, a higher
body mass index (P � 0.005), lower baseline creatinine
(P � 0.001) and BUN (P � 0.007) concentrations,
higher creatinine clearance (P � 0.001), absence of di-
abetes mellitus (P � 0.001), and absence of hypertension
(P � 0.001) were associated with a lower risk of CIN.

DISCUSSION

The important finding of this study is that the prophy-
lactic use of oral acetylcysteine is as effective as hydra-

tion alone in the prevention of CIN in patients with
chronic renal insufficiency undergoing coronary angiog-
raphy and receiving moderate to high doses of intrave-
nous contrast. We observed that acetylcysteine did not
influence the change in serum creatinine 48 hr after the
administration of radiographic contrast if the volume
used is higher than 1 cc/kg.

In contrast to other pharmacological strategies, includ-
ing the use of diuretics, mannitol, and aminophylline,
hydration before and after the procedure has been the
only consistent successful strategy to prevent CIN
[4,5,13–16].

It has been proposed that the antioxidant activity of
acetylcysteine may prevent oxidative tissue damage me-
diated by the direct toxic effects of the contrast agent or

Fig. 2. Serum creatinine concentrations before and 48 hr after cardiac catheterization in the
control group.

TABLE III. Laboratory Characteristics

Acetylcysteine
group (n � 73)

Control
group (n � 106) P

Baseline creatinine clearence (cc/min) 54 � 37 50 � 29 0.419
Baseline creatinine concentration (mg/dl) 1.8 � 0.6 1.9 � 0.6 0.274
48-hr creatinine concentration (mg/dl) 1.9 � 0.8 2.0 � 0.7 0.377
Change in creatinine concentration (mg/dl) 0.17 � 0.54 0.19 � 0.4 0.776
Baseline BUN concentration (mg/dl) 30.18 � 13.38 33.0 � 19.2 0.279
48-hr BUN concentration (mg/dl) 32.35 � 13.30 34.9 � 13.4 0.211
Change in BUN concentration (mg/dl) 2.3 � 11.4 1.8 � 15.6 0.815
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due to a decrease in the kidney antioxidant activity in
renal failure [16,17]. It has vasodilatory effects and may
prevent ischemia induced by contrast-mediated vasocon-
striction [18,19].

A recent small randomized clinical study by Tepel et
al. [11] showed that the prophylactic use of acetylcys-
teine plus intravenous fluids prevented the reduction of
renal function induced by intravenous contrast in patients
undergoing computer tomography scan.

Our findings are in apparent contrast with Tepel et al.
[11]. However, in their study, only 16% of the patients
received ACE inhibitors, the mean baseline creatinine
was 2.4 � 1.3 mg/dl, and low doses of contrast were used
(75 cc/patient). In the present study, based on a different
and larger population, 60% of patients were taking ACE
inhibitors, which can substantially affect renal hemody-
namics and might interfere with the vasodilatory propri-
eties of acetylcysteine [18–20]. In addition, our patients
had lower baseline creatinine levels (1.8 � 0.5 mg/dl)
and received a higher dose (� 1 cc/kg; mean, 2.2–2.3
cc/kg) of nonionic, low-osmolality contrast. This amount
of contrast is consistent with those reported in other
studies performing cardiac catheterization [21,22]. Fi-
nally, the number of diabetics and hypertensive patients
is higher in our study because diabetes and hypertension
are two of the leading causes of chronic renal insuffi-
ciency as well as two of the leading risk factors for
coronary artery disease. This is consistent with previous
reports studying CIN in patients with coronary artery
disease [23,24] and is an important difference in com-
parison with other studies addressing patients with renal
failure without coronary artery disease.

Neither in multivariate nor in univariate analysis did
the use of acetylcysteine have an effect on the rise in
serum creatinine after cardiac catheterization. In univar-
iate analysis, and as previously reported by other authors,
the presence of higher body mass index [7,16], lower
baseline creatinine and BUN [4,7], higher creatinine
clearance [4,7,16], absence of diabetes mellitus [1,23],
and hypertension [23] were all associated with a lower
rise in postprocedure serum creatinine.

Our observations do not exclude that acetylcysteine
may be useful in the catheterization laboratory in a pop-
ulation with more severe renal dysfunction and/or when
lower doses of contrast are used. In conclusion, we
believe that the use of acetylcysteine should not be wide-
spread but evaluated in a cost-effective manner until
evidence from new large randomized prospective studies
will support its use in the catheterization laboratory,
identifying the patients that will most benefit from this
strategy. Meanwhile, adequate hydration, careful clinical
judgment, and decrease in the total amount of intrave-

nous contrast should remain the most important measures
to prevent CIN.

Study Limitations

This study was powered to find a 10% (95% confi-
dence) relative risk reduction in the incidence of CIN
with the use of acetylcysteine based on the findings of a
previous study [9]. It is possible that acetylcysteine may
be effective in a larger randomized study powered to
detect a smaller difference, using a larger population with
more severe renal impairment or with less incidence of
ACE inhibitors, which may interfere with the hemody-
namic effect of acetylcysteine in the renal vasculature.

CONCLUSIONS

The prophylactic use of oral acetylcysteine plus intra-
venous fluids is as effective as fluids alone to prevent
contrast-induced nephropathy in patients with renal dys-
function when moderate to high doses of intravenous
contrast are used. Further prospective randomized studies
are necessary to identify those patients who will most
benefit from acetylcysteine use in the cardiac catheter-
ization laboratory.
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