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BACKGROUND: Contrast-induced nephropathy (CIN) continues to
be a common cause of acute renal failure in high-risk patients undergo-
ing radiocontrast studies. However, there is still a lack of consensus
regarding the most effective measures to prevent CIN.

METHODS: One hundred eighteen patients with diabetes mellitus
and/or renal insufficiency, scheduled for coronary angiography or
intervention, were randomly assigned to one of four treatment groups:
intravenous (IV) 0.9% NaCl alone, IV 0.9% NaCl plus
N-acetyleysteine (NAC), IV 0.9% sodium bicarbonate (NaHCOs3)
alone or IV 0.9% NaHCOj; plus NAC. All patients received IV
hydration as a preprocedure bolus and as maintenance. Iso-osmolar
contrast was used in all patients. CIN was defined as an increase of
greater than 25% in the serum creatinine concentration from baseline

to 72 h.

RESULTS: The overall incidence of CIN was 6%. There was no sta-
tistically significant difference in the incidence of CIN among the
groups. There was a CIN incidence of 7% in the NaCl only group, 5%
in the NaCl/NAC group, 11% in the NaHCOj5 only group and 4% in
the NaHCO3/NAC group (P=0.86). The maximum increase in serum
creatinine was 14.14+12.38 pmol/L in the NaHCO; group,
10.60+29.14 pmol/L in the NaCl only group, 9.72+13.26 pmol/L in
the NaCl/NAC group and 0.177+15.91 pmol/L for the NaHCO5/
NAC group (P=0.0792).

CONCLUSION: CIN in high-risk patients may be effectively mini-
mized solely through the use of an aggressive hydration protocol and
an iso-osmolar contrast agent. The addition of NaHCO; and/or NAC
did not have an effect on the incidence of CIN.
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Contrast—induced nephropathy (CIN) is the third most
common cause of hospital-acquired acute renal failure,
and has become a significant source of morbidity and mortality
(1). CIN is commonly defined as an increase in serum cre-
atinine of greater than 25% or 44.2 pmol/L (greater than
0.5 mg/dL) within three days of intravascular contrast medium
administration in the absence of an alternative cause (2,3).
CIN has been shown to be associated with an increased risk for
a prolonged hospital stay, increased health care costs, poten-
tially irreversible reduction in renal function and death (4).
The incidence of CIN has been reported to be as high as 9%
to 50% in patients with pre-existing renal impairment or cer-
tain risk factors for acute renal dysfunction following exposure
to contrast media, such as diabetes, congestive heart failure,
advanced age and concurrent administration of nephrotoxic
drugs (4-9). The primary intervention for preventing CIN is
hydration. However, the most efficacious regimen regarding
the minimally effective length of time, optimal rate, and fluid
composition of intravenous hydration required before and after
contrast medium administration is still unclear (10).
N-acetylcysteine (NAC) and sodium bicarbonate
(NaHCO3) infusion are two other prophylactic strategies that
have been evaluated. The proposed mechanisms of CIN pre-
vention by NAC are antioxidation via glutathione production
or as a direct free radical scavenger, prevention of apoptotic
cell death mediated by the reduced generation of oxygen free

radicals, and vasodilation (11,12). Several studies (11,13-18)
have evaluated the effects of NAC; however, conflicting results
have been reported. The postulated mechanism of CIN pre-
vention by NaHCO; is through the reduction of oxygen free
radical formation by increasing the pH of renal flow. The Renal
Insufficiency Following Contrast Media Administration Trial
(REMEDIAL) (19) revealed that volume supplementation
with NaHCOj3 plus NAC was superior to the combination of
normal saline with NAC in preventing CIN in at-risk
patients.

The current study was performed to further evaluate
whether NaHCOj3 and/or high-dose NAC provides an effect-
ive option as prophylaxis of CIN in high-risk patients when
added to an aggressive hydration protocol and the use of an
iso-osmolar contrast medium.

METHODS

Patient population

The present single-centre, randomized study compared four
different strategies for preventing CIN in patients with renal
insufficiency and/or diabetes mellitus who underwent diag-
nostic coronary angiography or coronary angioplasty from
January 2007 to January 2008 at Beth Israel Medical Center
(New York, USA). During this time period, eligible partici-
pants included ambulatory or hospitalized patients who were
scheduled for invasive coronary angiography or percutaneous
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Figure 1) Flow chart of trial progress. *Other reasons include: can-
celled procedure (n=1), refusal of procedure (n=>5), repeat catheter-
ization the following day (n=4) and development of shortness of
breath before receiving fluids (n=1). NAC N-acetylcysteine;
NaHCOj3; Sodium bicarbonate

coronary intervention for the evaluation and treatment of cor-
onary artery disease. Eligible patients who were willing to par-
ticipate in the study, and were able to understand and provide
informed written consent, were included. Inclusion criteria
were patients older than 18 years of age, with renal insufficiency
defined by elevated serum creatinine (greater than 132.6 pmol/L
in men, and greater than 114.9 pmol/L in women) or reduced
calculated creatinine clearance (less than 1.002 mL/s) using the
Cockeroft-Gault formula [20]), and/or diabetes mellitus on oral
antiglycemic or insulin therapy. Exclusion criteria were preg-
nancy or lactation; acute myocardial infarction; clinical signs of
heart failure (or documented ejection fraction of less than
35%); cardiogenic shock; hypertrophic or restrictive cardio-
myopathy; contrast medium exposure within one week before
the procedure; previous serious reactions to contrast medium;
renal transplantation; dialysis; severe comorbid illness; use of
dopamine, mannitol or fenoldopam; newly discovered uncon-
trolled diabetes mellitus; or the inability to obtain informed
consent or follow-up.

Protocol

After written, informed consent was obtained, patients were
randomly assigned to one of four regimens: normal intra-
venous (IV) 0.9% saline hydration alone (NaCl), normal IV
0.9% saline hydration with NAC (NaCIl/NAC), IV 0.9%
NaHCO;5 hydration alone (NaHCO3), or IV 0.9% NaHCO5
hydration with NAC (NaHCO;/NAC). Patients received a
weight-adjusted preprocedure bolus as well as a maintenance
intravenous regimen of an isotonic solution of either NaHCO4
(154 mL of 1000 mEqg/L NaHCO;5 to 846 mL of 5% dextrose,
slightly diluting the dextrose concentration to 4.23%) or
NaCl (154 mEq/L NaCl in 5% dextrose), at an infusion rate of
3 mL/kg/h for 1 h before contrast, and continued at 1 mL/kg/h
during the procedure and for 6 h following contrast exposure.
Patients who were randomly assigned to one of the NAC regi-
mens also received an intravenous bolus of 1200 mg of NAC
1 h before intervention and 1200 mg orally twice daily for 48 h
after intervention.

All patients received a nonionic, iso-osmolar, dimeric con-
trast medium — iodixanol (320 mg iodine/mL; 290 mOsm/kg
water [Visipaque, GE Healthcare, USA]). The volume of con-
trast medium used was left to the discretion of the operator, and
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was not standardized due to variation among patients (eg, dif-
fering coronary anatomy, need of obtaining additional views to
exclude eccentric coronary artery stenosis, and technical and
patient characteristics related to the length of the procedure).

The follow-up period was seven days. Baseline clinical
status and serum creatinine were measured before examination
(0 h) and at 24 h, 72 h and 168 h after the procedure. The
central laboratory at Beth Israel Medical Center performed all
laboratory tests for inpatients. Individuals who were discharged
before reaching the laboratory time points were instructed to
go to a standard laboratory near their home or place of work,
where a blood sample was drawn; serum creatinine test results
were forwarded to Beth Israel Medical Center.

The protocol was approved by the institutional review
board at Beth Israel Medical Center.

Study end points

The primary outcome measure was the development of CIN,
defined as an increase of greater than 25% in serum creatinine
concentration from baseline to 72 h after administration of the
contrast media. A secondary end point was the maximum abso-
lute increase in serum creatinine during the study period.

Statistical analysis

Treatment assighment among the four groups was determined
by randomization in a 1:1:1:1 ratio. To ensure that almost equal
numbers of patients received each of the four treatments, a
randomization block was used. Continuous variables are repre-
sented as mean = SD. ANOVA or the Kruskal-Wallis test was
used to determine differences between the groups. Categorical
variables were reported as percentages and were analyzed using
the %2 test or Fisher’s exact test. To compare the rate of CIN
(the primary outcome) in the treatment groups versus the rate
of CIN in the control group, tests for significance were per-
formed using Fisher’s exact test for categorical variables.
ANOVA was used to test and compare mean creatinine levels
between groups. ANCOVA was also performed for changes in
serum creatinine levels (controlling for baseline creatinine and
contrast volume) to determine whether a group effect was
present. All tests were two tailed, with differences reported as
significant if P<0.05.

RESULTS

Between January 2007 and January 2008, 118 patients were
randomly assigned to the four treatment groups (Figure 1). A
total of 78 patients (66%) completed the study. Twenty-nine
patients were excluded because they did not complete their
follow-up laboratory tests at 72 h after being discharged. The
other 11 patients were excluded for various reasons: cancelled
procedure (n=1), refusal of procedure (n=5), repeat catheter-
ization the following day (n=4) and development of shortness
of breath before receiving fluids (n=1). The statistical analysis
was based on the 78 evaluable patient studies.

The baseline clinical and biochemical characteristics of the
patients in the four groups are shown in Tables 1 and 2. There
were no statistically significant differences in the baseline
patient characteristics among the groups with regard to age,
sex, height, weight, ethnicity, blood pressure, medications or
procedure time. The only variable that significantly differed
was contrast volume (P=0.024). Regardless of whether patients
were included in the study because of diabetes mellitus, renal
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TABLE 1
Baseline clinical characteristics of the patients in each study arm
All patients NaCl alone NaCl plus NaHCO; alone NaHCO; plus

Characteristics (n=78) (n=15) NAC (n=21) (n=19) NAC (n=23) P
Age, years 66+11 64+10 65+11 67+11 65+12 0.853
Male sex, % 60 60 52 58 70 0.701
Weight, kg 82+21 81+22 7724 84+18 85+18 0.6
Height, cm 165+10 166+8 161+10 168+10 166+12 0.225
Ethnicity, %

African-American 33 27 33 44 29

Asian 19 20 24 17 14 0.951

Caucasian 13 20 10 6 14

Hispanic 36 33 33 33 43
Blood pressure, mmHg

Systolic 138+20 131+11 143+25 143+24 134+19 0.193

Diastolic 74+10 70+11 76x10 749 76x10 0.25
Patients on each medication, %

Loop diuretic 21 20 24 28 10 0.562

ACEI 36 27 43 39 35 0.57

Angiotensin receptor blocker 20 20 24 22 15 0.939

Acetylsalicylic acid 76 73 95 61 75 0.061

Statin 7 67 95 72 75 0.115
Contrast volume, mL 150461 131+63 175+81 169+59 125+42 0.024
Procedure time, min 49.5+22.3 50.1+23.0 58.4+23.2 47.8+24.9 41.7+17.9 0.107
Inclusion criteria, %

Diabetes mellitus 59 40 62 68 65

Renal insufficiency 17 33 5 16 13 0.313

Both 24 27 33 16 22

Data presented as mean + SD unless otherwise indicated. ACEI Angiotensin-converting enzyme inhibitor; NAC N-acetylcysteine; NaHCO5; Sodium bicarbonate

TABLE 2
Change in serum creatinine from baseline

All patients NaCl alone  NaCl plus NAC NaHCOgj alone NaHCO; plus NAC
(n=78) (n=15) (n=21) (n=19) (n=23) P
Baseline serum creatinine, pmol/L 106.96+35.36 116.69+39.78 103.43+35.36 94.59+30.06 112.27+37.13 0.273
Change in serum creatinine at 72 h, umol/L 5.30+18.56 6.19+30.06 7.07+13.26 7.96+15.03 -1.77+£14.14 0.287
Patients who developed CIN, n (%) 5 (6) 1(7) 1(5) 2 (11) 1(4) 0.863
Maximum change in serum creatinine, pmol/L 8.84+17.68 10.60+£29.17 9.72+13.26 14.14+12.38 0.177+15.91 0.079

Data presented as mean + SD unless otherwise indicated. CIN Contrast-induced nephropathy; NAC N-acetylcysteine; NaHCO3 Sodium bicarbonate

insufficiency or both, there were no significant differences
between the subgroups in the number of patients fitting each
criteria (P=0.313).

Five patients (6%) developed CIN in the present study
population (Figure 2). Each group had one patient who
developed CIN, except the NaHCO; group, which had two
patients who developed CIN, although the difference was not
statistically significant (P=0.863). Results for baseline cre-
atinine, change in creatinine at 72 h, maximum change in
creatinine and development of defined CIN in each subgroup
were not statistically significant (Table 2). ANOVA was used
to calculate any significant difference in 72 h creatinine
change or maximum change in creatinine while controlling for
contrast volume and baseline creatinine, but there was no dif-
ference (F=1.02, P=0.39 and F=1.98, P=0.125, respectively).
Finally, there were no serious adverse events from any of the
medications given or from the procedure itself.

DISCUSSION
The results of the present study did not show a statistically sig-
nificant difference in the incidence of CIN among the patients
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Figure 2) Percentage of patients in each group who developed
contrast-induced nephropathy. NAC N-acetylcysteine; NaHCO3
Sodium bicarbonate

who received periprocedural prophylactic treatment with NaCl
alone, NaCl with NAC, NaHCO; alone or NaHCOj; with
NAC. The overall incidence of CIN, across all study groups, was
6%, much lower than expected in our high-risk population. This
low incidence may be explained by the aggressive hydration
protocol and the use of an iso-osmolar contrast medium alone,
independent of any of the other interventions. The amount of
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fluid given to each patient (infusion rate of 3 mL/kg/h for 1 h
before contrast and continued at 1 mL/kg/h during the proced-
ure and for 6 h following contrast exposure) was larger than in
most previously performed studies. Although a small study
(n=39) (21) showed that slow hydration is superior to bolus
hydration, it is still unclear which hydration method is most
effective. Furthermore, iso-osmolar contrast media was used for
all study participants, which may have further contributed to
the low incidence of CIN seen in the present study. The risk
difference between iso-osmolar and low-osmolar contrast
media is currently debatable because definitive studies are lack-
ing in this area (22-25). A recent meta-analysis (26) concluded
that the iso-osmolar contrast medium, iodixanol, was associ-
ated with neither a reduction nor an increase in acute kidney
injury when compared with low-osmolar contrast media.
While not statistically significant, there were trends in the
changes in creatinine values that may indicate an added
benefit of NaHCO; and NAC in the prevention of CIN. The
NaHCO3/NAC group was the only one to show a decrease in
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