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Preventive Strategies of Renal Insufficiency in Patients With
Diabetes Undergoing Intervention or Arteriography
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Few studies have compared the ability of sodium bicarbonate plus N-acetylcysteine (NAC)
and sodium chloride plus NAC to prevent contrast-induced nephropathy (CIN) in diabetic
patients with impaired renal function undergoing coronary or endovascular angiography or
intervention. Diabetic patients (n � 382) with renal disease (serum creatinine >1.1 mg/dl
and estimated glomerular filtration rate <60 ml/min/1.73 m2) were randomly assigned to
receive prophylactic sodium chloride (saline group, n � 189) or sodium bicarbonate
(bicarbonate group, n � 193) before elective coronary or endovascular angiography or
intervention. All patients received oral NAC 1,200 mg 2 times/day for 2 days. The primary
end point was CIN, defined as an increase in serum creatinine >25% or an absolute
increase in serum creatinine >0.5 mg/dl within 48 hours after contrast exposure. There
were no significant between-group differences in baseline characteristics. The primary end
point was met in 10 patients (5.3%) in the saline group and 17 (9.0%) in the bicarbonate
group (p � 0.17), with 2 (1.1%) and 4 (2.1%), respectively, requiring hemodialysis (p �
0.69). Rates of death, myocardial infarction, and stroke did not differ significantly at 1 month
and 6 months after contrast exposure. In conclusion, hydration with sodium bicarbonate is not
superior to hydration with sodium chloride in preventing CIN in patients with diabetic
nephropathy undergoing coronary or endovascular angiography or intervention. © 2011

Elsevier Inc. All rights reserved. (Am J Cardiol 2011;107:1447–1452)
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Several strategies can interrupt the pathophysiology of
contrast-induced nephropathy (CIN), including periproce-
dural hydration,1 antioxidants such as N-acetylcysteine
NAC)2–5 and ascorbic acid,6 administration of low- or
so-osmolar contrast medium,7–9 and hemofiltration or dial-
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ysis.10,11 Results of these trials have been inconclusive or
heterogeneous, although periprocedural volume expansion
with hydration has shown some benefit in most trials. Less
is known, however, about the effectiveness of hydration in
patients with diabetes mellitus. Recent studies have sug-
gested that hydration with sodium bicarbonate may have a
greater protective effect in preventing CIN than hydration
with sodium chloride.12–14 We therefore compared their
ability to prevent CIN in diabetic patients with chronic
kidney disease who were undergoing coronary and/or en-
dovascular intervention or angiography.

Methods

From February 2008 through August 2009, 3,569 pa-
tients were screened at 9 major academic institutions in
Korea to determine if they met the study inclusion criteria
(Figure 1) including serum creatinine �1.1 mg/dl, estimated
lomerular filtration rate (eGFR) �60 ml/min/1.73 m2, age

�18 years, and diagnosis with diabetes mellitus. Estimated
GFR was calculated from serum creatinine concentrations us-

ing the Modification of Diet in Renal Disease study equation.15
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Exclusion criteria included an inability to obtain in-
formed consent, serum creatinine �8 mg/dl, eGFR �15

l/min/1.73 m2 at rest, end-stage renal disease on hemodi-
alysis, multiple myeloma, pulmonary edema, or uncon-
trolled hypertension (systolic pressure �160 mm Hg or
diastolic pressure �100 mm Hg), acute ST-segment eleva-
tion myocardial infarction while undergoing primary percu-
taneous intervention, emergency coronary angioplasty or
angiography, use of contrast media within the previous 2
days, pregnancy, and allergy to contrast medium or medi-
cations such as theophylline, dopamine, mannitol, fenoldo-
pam, and NAC.

Eligible patients scheduled for elective coronary or en-
dovascular angiography or intervention were randomly as-
signed 1:1 to prophylactic administration of sodium chlo-
ride (saline group) or sodium bicarbonate (bicarbonate
group) using an interactive Web response system. All pa-
tients received NAC 1,200 mg 2 times/day for 2 days
starting the day before the index procedure.11 The allocation
sequence was computer-generated, stratified according to
participating center, and blocked with block sizes of 6 and
10. Patients but not investigators were unaware of treatment
assignment. Diabetes mellitus was defined as use of oral
hypoglycemic agents or insulin, fasting plasma glucose
�126 mg/dl, or random plasma glucose �200 mg/dl.

Infusion of sodium bicarbonate (154 mEq/L in dextrose
and water) was begun 1 hour before the start of contrast
injection, starting at 3 ml/kg/hour and decreasing to 1 ml/
kg/hour during the procedure and for 6 hours after comple-
tion of the procedure.12,13 Patients allocated to the saline
roup received 0.9% sodium chloride 1 ml/kg/hour for 12
ours before and after the procedure.1 Infusion rates were

decreased to 0.5 ml/kg/hour in patients with left ventricular
ejection fraction �45% in the 2 treatment arms.

All patients received intraarterial iodixanol (Visipaque,
GE Healthcare, Ltd., Amersham, United Kingdom), a non-
ionic dimeric iso-osmolar contrast medium. Serum creati-
nine concentrations were assessed at baseline and on days 1
and 2 after the procedure. Additional assessments were
performed until any increase was resolved or further dete-
rioration of renal function was halted. Patients with CIN
were also assessed 1 month after the procedure.

The study protocol was approved by the institutional
review board of each participating center and all patients

Figure 1. Study flow. FU � follow-up.
provided written informed consent. 1
The primary end point of the study was development of
CIN, defined as a �25% increase in serum creatinine con-
centration or a �0.5 mg/dl absolute increase in serum cre-
atinine from baseline within 48 hours after contrast expo-
sure. Secondary end points were all-cause mortality,
myocardial infarction, stroke, and dialysis including hemo-
filtration at 1 month and at 1 month to 6 months after
contrast exposure.

The primary end points were also analyzed in prespeci-
fied subgroups of patients including patients with severe
renal impairment at baseline, defined as creatinine clearance
�30 ml/min,16 and those with high-contrast load (HCL)
uring the procedure, defined as contrast medium �140 ml
nd �5 times body weight (kilograms) per serum creatinine
milligrams per deciliter).17,18 Myocardial infarction was

defined according to universal guidelines but excluding pa-
tients with periprocedural myonecrosis.19 Stroke was de-

ned as an ischemic or hemorrhagic stroke or transient
schemic attack.

Clinical follow-up visits were scheduled at 1 month and
months. Clinical, angiographic, procedural, and outcome

ata were collected using a dedicated, electronic case-report
orm by specialized personnel at the clinical data manage-
ent center who were unaware of treatment assignments.
ll outcomes of interest were confirmed by source docu-
entation collected at each hospital and were centrally

djudicated by an independent clinical events committee,
he members of which were blinded to assigned treatment
roups. An independent data and safety monitoring board
eviewed the data periodically to identify potential safety
ssues, but there were no formal stopping rules.

The study sample size was calculated by assuming that
0% of the saline group12 and 2% of the bicarbonate

group13 would develop CIN. Using a 2-sided chi-square test
ith a significance level of 0.05, 368 randomized patients
ould give the study 90% power.
Continuous variables were compared using Student’s t

est or Wilcoxon rank-sum test, and categorical variables
ere compared using chi-square test or Fisher’s exact test as

ppropriate. Multivariate logistic regression analysis was
erformed using variables with p values �0.10 in univariate
nalyses to identify baseline independent predictors of CIN.
he final models were determined by backward elimination.

All p values were 2-sided, and p values �0.05 were
onsidered statistically significant. SAS 9.1 (SAS Institute,
ary, North Carolina) was used for statistical analysis. The
uthors had full access to the data and take full responsi-
ility for its integrity. All authors have read and agree to the
eport as written.

esults

During the study period, 423 patients were eligible for
nclusion, with 382 randomly assigned to the saline (n �
89) and bicarbonate (n � 193) groups (Figure 1). Of these
atients, 7 (2 in the saline and 5 in the bicarbonate group)
id not complete the study because their serum creatinine
oncentration was not measured within 48 hours after con-
rast exposure. The 2 groups were well balanced in baseline
linical, biochemical, and procedural characteristics (Table

). The median age of all cohorts was 68 years, 56% of all
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patients were women, and most had been diagnosed with
noninsulin-dependent diabetes, with 65% of patients being
treated with oral hypoglycemic agents. Median baseline
eGFR in the 2 groups was 46 ml/min/1.73 m2.

Table 2 lists mean creatinine concentrations and eGFR
before and after contrast exposure in the 2 groups. In the 2
groups, serum creatinine concentration and eGFR signifi-
cantly increased after administration of contrast medium (p �
0.02 and p � 0.001, respectively, in the saline group; and p �

Table 1
Baseline clinical characteristics

Variable

Age (years)
Women
Diabetes mellitus

Insulin dependent
Noninsulin dependent

Diabetes, treatment techniques
Oral hypoglycemic agent
Insulin requiring
emoglobin A1c (%)

Hypertension*
Hyperlipidemia†

urrent smoker
eripheral vascular disease
eight (cm)
eight (kg)

ody mass index (kg/m2)
Blood pressure (mm Hg)

Systolic
Diastolic
eart rate (beats/min)
aseline creatinine (mg/dl)
aseline estimated glomerular filtration rate (ml/min/1.73 m2)

Left ventricular ejection fraction (%)
Clinical presentation

Silent myocardial ischemia
Stable angina pectoris
Unstable angina pectoris
Acute myocardial infarction

Contrast volume (ml)
High-contrast load‡

erformed procedures
Coronary angiogram only
Percutaneous coronary intervention
Peripheral angioplasty§

Percutaneous coronary intervention and peripheral angioplasty
edications

Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
Calcium channel blockers
� Blockers
Diuretics
Statins

* As documented by (1) history of hypertension diagnosed and treated
r �90 mm Hg diastolic on �2 occasions; or (3) currently on antihyperte

† Includes documentation of (1) total cholesterol �200 mg/dl, (2) low-d
therapy.

‡ Defined as contrast media �140 ml and �5 times body weight (kilog
§ Including carotid, femoral, and renal artery stenting.
0.022 and p � 0.014, respectively, in the bicarbonate group).
These values, however, did not differ significantly between the
2 treatment groups (Table 2).

Rates of CIN, the primary end point of the study, were
5.3% (10/187) in the saline group and 9% (17/188) in the
bicarbonate group (p � 0.17; Figure 2). Detailed analyses
showed no significant differences between the saline and
bicarbonate groups in percentages of patients showing a
�0.5 mg/dl absolute increase in serum creatinine concen-
tration (4.8%, 9 of 187, vs 8.5%, 16 of 188, p � 0.15) and

Chloride Group Sodium Bicarbonate Group p Value
(n � 189) (n � 193)

.5 (62–72) 68.5 (63–73) 0.30
54 (28.6%) 57 (29.5%) 0.84

0.53
9 (4.8%) 12 (6.2%)

80 (95.2%) 181 (93.8%)
0.56

21 (64.0%) 129 (66.8%)
68 (36.0%) 64 (33.2%)
.2 (6.6–8.1) 7.4 (6.4–8.8) 0.68
51 (79.9%) 149 (77.2%) 0.49
63 (33.3%) 72 (37.3%) 0.42
29 (15.3%) 36 (18.7%) 0.56
18 (9.5%) 20 (10.4%) 0.78
162 � 7.8 162 � 7.8 0.56
67 � 9.7 66 � 9.1 0.16
5.4 � 3.3 25.1 � 3.0 0.31

131 � 17 132 � 18 0.67
75 � 12 75 � 11 0.72
74 � 13 76 � 12 0.07
.5 (1.3–1.7) 1.5 (1.3–1.9) 0.49
46 (37–53) 46 (34–53) 0.58
60 (50–65) 58 (48–64) 0.84

0.22
33 (17.5%) 35 (18.1%)
73 (38.5%) 98 (50.8%)
72 (38.1%) 51 (26.4%)
11 (5.8%) 9 (4.7%)
20 (79–223) 113 (80–220) 0.89
50 (26.5%) 54 (28.0%) 0.74

0.63
96 (50.8%) 97 (50.3%)
89 (47.1%) 86 (44.6%)

3 (1.6%) 7 (3.6%)
1 (0.5%) 3 (1.6%)

43 (22.8%) 32 (16.6%) 0.25
86 (45.5%) 84 (43.5%) 0.70
14 (60.3%) 120 (62.2%) 0.71
03 (54.5%) 103 (53.4%) 0.92
69 (36.5%) 60 (31.1%) 0.26
25 (66.1%) 138 (71.5%) 0.63

edication, diet, and/or exercise; (2) blood pressure �140 mm Hg systolic
harmacologic therapy.
ipoprotein �130 mg/dl, or (3) currently on lipid-lowering pharmacologic

er serum creatinine (milligrams per deciliter).
Sodium

67
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(4.8%, 9 of 187, vs 6.9%, 13 of 188, p � 0.39). We
evaluated continuous deterioration of renal function, de-
fined as a �25% decrease in serum creatinine20 or perma-
nent hemodialysis, at 1 month in patients who developed
CIN, finding persistent renal impairment in 50% (5 of 10)
and 41.2% (7 of 17) of patients in the saline and bicarbonate
groups, respectively (p � 0.71).

Overall 11.0% of patients had severe renal impairment
with basal eGFR �30 ml/min/1.73 m2. Of these, 33.3% (5 of
15) and 37.0% (10 of 27) of patients in the saline and bicar-
bonate groups, respectively, developed CIN (p � 0.81).

Figure 3 shows that incidence of CIN was significantly
higher in patients with HCL than those with non-HCL
among the total, saline, and bicarbonate groups. However,
there were no significant differences of the development of
CIN in the saline and bicarbonate groups according to
contrast volume.

Adverse clinical outcomes were evaluated 1 month and 6
months after the index procedure in all randomized patients

Table 2
Renal function before and after exposure to contrast medium

Measurement Before
Exposure

After
Exposure

p
Value*†

Sodium chloride group
Serum creatinine (mg/dl) 1.59 � 0.47 1.61 � 0.76 0.02
Estimated glomerular

filtration rate (ml/min/
1.73 m2)

47.6 � 16.16 44.3 � 10.11 0.001

odium bicarbonate group
Serum creatinine (mg/dl) 1.67 � 0.52 1.72 � 0.77 0.022
Estimated glomerular

filtration rate (ml/min/
1.73 m2)

45.9 � 17.48 43.21 � 11.73 0.014

* Within-group comparisons were assessed using Wilcoxon signed-
ank test.

† Between-group comparisons were assessed using Mann–Whitney U
test (not shown in this table, p �0.18 for all comparisons).

Figure 2. Incidences of contrast-induced nephropathy (left), absolute serum
creatinine (Cr) increase of �0.5 mg/dl (middle), and relative serum creat-
inine increase over baseline of �25% (right) within 48 hours after admin-
stration of contrast medium in the sodium chloride (n � 187) (gray bars)
nd sodium bicarbonate (n �188) (white bars) groups.
including those excluded from evaluation of the primary
end point (Table 3). One-month rates of mortality and dialysis
were similar in the saline and bicarbonate groups (p � 1.00 for
the 2 comparisons). From 1 month to 6 months there were
no significant between-group differences in additional rates
of mortality (p � 0.45) and dialysis (p � 0.25). At 6
months, cumulative rates of mortality were 1.1% (2 of 189)
in the saline group and 3.1% (6 of 193) in the bicarbonate
group (p � 0.45) and cumulative rates of dialysis were 1.6%
(3 of 189) and 5.2% (10 of 193), respectively (p � 0.053).
There was no incidence of myocardial infarction or stroke in
either group during the follow-up period.

Multiple logistic regression analysis showed that contrast
volume (adjusted odds ratio [OR] 1.066, 95% confidence
interval [CI] 1.027 to 1.106, p � 0.0008, per 10-ml in-
crease), left ventricular ejection fraction (adjusted OR
1.052, 95% CI 1.016 to 1.092, p � 0.0047, per 1-point

Figure 3. (A) Incidences of contrast-induced nephropathy according to
igh-contrast load (n � 104) (gray bars) and no high-contrast load
n � 271) (white bars) among total, sodium chloride, and sodium
icarbonate groups. (B) Incidences of contrast-induced nephropathy
etween sodium chloride (n � 187) (dark gray bars) and sodium
icarbonate (n � 188) (light gray bars) groups in high-contrast load
HCL [�]) and no high-contrast load (HCL [�]) populations, respec-
ively. High-contrast load was defined as amount of contrast media

140 ml and �5 times body weight (kilograms) per serum creatinine
milligrams per deciliter).
decrease), and baseline creatinine (adjusted OR 1.211, 95%
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CI 1.132 to 1.295, p �0.0001, per 0.1-mg/dl increase) were
independent predictors of development of CIN.

Discussion

The major finding of this multicenter randomized con-
trolled study was that hydration with sodium bicarbonate
was not superior to hydration with sodium chloride in pre-
venting CIN in patients with diabetic nephropathy under-
going coronary or endovascular angiography or interven-
tion. During the 6-month follow-up period, there were no
significant between-group differences in incidences of mor-
tality, dialysis, myocardial infarction, and stroke.

Although CIN is a leading cause of hospital-acquired
acute kidney injury, the optimal regimen for preventing CIN
has not been determined. Several reports have suggested
that sodium bicarbonate infusion plus NAC is superior to
sodium chloride infusion plus NAC,12,14 although more
recent studies have found that the 2 regimens have sim-
ilar efficacy in preventing CIN.20,21 These reports, how-
ever, did not compare the ability of these regimens to
prevent CIN in patients with diabetic nephropathy, a
critical risk factor for CIN.22,23

We found that incidence of CIN, the primary end point of
our study, was similar in the sodium chloride and sodium
bicarbonate groups (5.3% vs 9.0%, p � 0.17) of diabetic
patients. These results differed from those of 3 previous
studies, which found that sodium bicarbonate was superior
to sodium chloride,12–14 but were similar to those of recent

trials, in which 15% to 50% of patients had diabetes, and

Table 3
Long-term adverse clinical outcomes in all randomized patients

Variable Sodium Chloride
Group

Sodium
Bicarbonate Group

p
Value*

(n � 189) (n � 193)

At 1 month
All-cause mortality 0 1 (0.5%) 1.00
Myocardial infarction 0 0 —
Dialysis 1 (0.5%) 1 (0.5%) 1.00
Stroke 0 0 —
Cumulative adverse

events†
1 (0.5%) 2 (1.0%) 1.00

t 1 month to 6 months
All-cause mortality 2 (1.1%) 5 (2.6%) 0.45
Myocardial infarction 0 0 —
Dialysis 0 3 (1.6%) 0.25
Stroke 0 0 —
Cumulative adverse

events†
2 (1.1%) 8 (4.1%) 0.11

t 6 months
Cumulative mortality 2 (1.1%) 6 (3.1%) 0.45
Cumulative myocardial

infarction
0 0 —

Cumulative dialysis 1 (0.5%) 4 (2.1%) 0.37
Cumulative stroke 0 0 —
Cumulative adverse

events†
3 (1.6%) 10 (5.2%) 0.053

* By Fisher’s exact test.
† Combination of all-cause mortality, myocardial infarction, dialysis,

and stroke.
meta-analysis.20,21,24 Although the Renal Insufficiency
ollowing Contrast Media Administration Trial (REME-
IAL) found that bicarbonate (n � 108) was superior to

aline (n � 111) in preventing CIN,12 the largest trial to date
n � 502) found that the 2 regimens had similar efficacy in
he prophylaxis of CIN.21 These differences among studies

may have been from population size, extension of creatinine
monitoring for up to 5 days, and planned nature of the
procedure.21 We also could not determine the reason for the
similar efficacy of the 2 arms, although our findings show
that this similar efficacy could be extrapolated to diabetic
patients.

The ability of orally administered NAC, an antioxidant,
and intravenously infused sodium bicarbonate to prevent
CIN may be related to the involvement of reactive oxygen
species in the development of CIN.23 NAC prevents direct
oxidative tissue damage and improves renal hemodynam-
ics.4,25 In contrast, sodium bicarbonate indirectly decreases
he production of reactive oxygen species mediated by al-
alization of renal tubular fluid, inhibiting free-radical for-
ation13 and further inhibiting subsequent renal damage.

Our results and those of previous studies21 indicate that
sodium bicarbonate may not be synergistic with NAC in the
prevention of CIN. Intravenous hydration is the cornerstone
in the prophylaxis of CIN in that it decreases urine concen-
tration by inducing a high urine flow rate and decreases the
contact time between the kidney tubules and contrast me-
dia.1,26 The intravenous hydration volume was larger in the
aline group than in the bicarbonate group, suggesting that
ntravenous infusion of sodium chloride still plays a major
ole in the prevention of CIN.

Volume of contrast medium is closely related to inci-
ence of CIN.22,27 Incidence of CIN was lower in our study

than in previous studies. Median volumes of contrast me-
dium were 120 ml in the sodium chloride and 113 ml in the
sodium bicarbonate group, smaller than volumes observed
in previous studies that ranged from 126 to 290 ml.12–14,20,21

Our multivariate logistic analysis showed that contrast vol-
ume was an important and significant predictor of CIN.
Thus, CIN may be prevented by performing angiography or
intervention using a minimal volume of contrast medium.

Observational studies have demonstrated that long-term
mortality is increased in patients who develop CIN.28 Sev-
ral previous randomized studies, however, had limited fol-
ow-up beyond the first few days after contrast expo-
ure.4,12,13,21 In contrast, all patients in our study, except for
, were evaluated 1 month and 6 months after the index
rocedure, with overall mortality rates of 2.1% in all ran-
omized patients including those excluded from analysis of
IN and 14.8% in patients who developed CIN. These

ong-term outcome results were similar to those of previous
tudies.20,29

Our study had several limitations. First, development of
CIN was assessed 48 hours after contrast exposure. This
may underestimate the incidence of CIN because previous
studies have shown that serum creatinine level usually
peaks 4 to 5 days after contrast exposure.6,21 All patients,
however, were assessed after 1 month and 6 months, which
may partly compensate for this limitation. Second, this was
a single-blind study with physicians performing the proce-
dures not blinded to treatment assignments. However, there

was no between-group difference in volume of contrast
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media. Third, although sodium content (154 mEq/L) was
similar in the 2 treatment groups, volume of fluid adminis-
tered differed. This formulation, however, was the same as
that used in the REMEDIAL study.12
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