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Introduction: Contrast-induced nephropathy (CIN) is a leading cause
of acute renal failure and affects mortality and morbidity. Although the
incidence of CIN is quite low in the general population, CIN incidence
is significantly increased in patients with diabetes mellitus (DM).
Objectives: We compared the efficacy of prophylactic use consisting
of a saline infusion or a sodium bicarbonate infusion for the prevention
of CIN in patients with DM.
Materials and Methods: A total of 195 DM patients who had un-
selected renal function were randomized into 2 groups: 101 patients
were assigned to saline infusion, and 94 patients were assigned to bi-
carbonate infusion. The primary end point was the maximum increase
in the serum creatinine (SCr) level, whereas the secondary end point
was the development of CIN after the procedure.
Results: The maximum increase in SCr levels was significantly lower
in the saline group than in the bicarbonate group: j0.03 mg/dL (IQR,
j0.09 to 0.10 mg/dL) versus 0.02 mg/dL (IQR, j0.09 to 0.13 mg/dL)
(P = 0.014). The rate of CIN was significantly lower in the saline group
than in the bicarbonate group (5.9% vs 16%, P = 0.024). In the subset
of study participants with a baseline creatinine clearance of less than
60 mL/min, the maximum increase in SCr levels was significantly lower,
j0.08 mg/dL (IQR, j0.13 to j0.04 mg/dL), in the saline group than
in the bicarbonate group, 0.03 mg/dL (IQR, j0.13 to 0.12 mg/dL)
(P = 0.004).
Conclusions: The use of prophylactic hydration with isotonic saline
before coronary procedures may decrease SCr levels and reduce the
incidence of CIN in patients with DM with unselected renal functions to
a greater extent than sodium bicarbonate can.
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C ontrast-induced nephropathy (CIN) is one of the major
complications seen in patients who undergo coronary

angiography and percutaneous coronary intervention (PCI).1

Contrast-induced nephropathy is the third leading cause of acute
renal failure in hospitalized patients. Previous studies have shown
that patients who have CIN have increased risk of intrahospital
mortality, increased treatment costs, and hospital stay.2 Although
the mechanism of CIN is unknown, one hypothesis is that me-
dullar ischemia contributes to CIN by causing renal vasocon-
striction and free radical injury.3,4 Several protocols have been
tested for the prevention of CIN, including hydration with
isotonic or hypotonic saline as well as antioxidant molecules
(N-acetylcysteine [NAC] and ascorbic acid), but conflicting
results were obtained.1,5Y9 Recently, volume supplementation
with sodium bicarbonate has been tested as a potential new
treatment modality for preventing CIN: Sodium bicarbonate
can decrease the formation of free oxygen radicals by increasing
urine pH and by producing nefroprotection.10,11 In several ran-
domized studies, sodium bicarbonate plus hydration therapy was
found to be more effective in preventing CIN than saline ther-
apy was.10,12 Although CIN incidence is quite low in the gen-
eral population, the incidence of CIN and the need for transient
hemodialysis are significantly increased in patients with pre-
existing renal disease, diabetes mellitus (DM), and particularly
diabetic nephropathy.5,6,13,14 Diabetic patients have a 20% CIN
incidence, whereas nondiabetic patients have a 5.5% CIN inci-
dence, and this incidence may increase to up to 40% in diabetic
patients with renal impairment.14Y16

The presented study was designed to compare the effects
of sodium bicarbonate and isotonic saline on the prevention of
CIN; a prospective randomized multicenter trial was performed
in unselected patients with DM who were undergoing coronary
angiography and/or PCI.

MATERIALS AND METHODS

Study Population
From May 2009 to June 2010, all patients who met the

inclusion criteria and who were undergoing coronary angiog-
raphy and/or PCI were placed in the study. An ethics committee
approved the study, and informed consent was obtained from
the patients. Diabetic patients who were admitted to the 3 sep-
arate clinics (those at Gaziosmanpasa University, Necmettin
Erbakan University, and Erciyes University) and who underwent
coronary angiography were randomized into bicarbonate or sa-
line groups. In each clinic, a first patient was randomly selected
through a draw, and other patients were assigned by turns. Thus,
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all groups in each clinic were equally distributed. The inclusion
criteria were having DM and being at least 18 years old. Dia-
betes mellitus was described as any of the following: use of oral
hypoglycemic agents or insulin, fasting plasma glucose levels
greater than 126 mg/dL, or a random plasma glucose level of
200 mg/dL or greater. The exclusion criteria were contrast-agent
hypersensitivity, pregnancy lactation, decompensated heart fail-
ure, pulmonary edema, severe renal impairment (defined as se-
rum creatinine [SCr] Q3.0 mg/dL), emergency procedures, and
previous contrast agent administration within 7 days of study
enrollment. Metformin and nonsteroidal anti-inflammatory drugs
were ceased 48 hours before the procedure and re-initiated
48 hours after the procedure in patients who had not devel-
oped contrast nephropathy.

Study Protocol
Patients were randomized into equally sized study groups

and given either an infusion of isotonic saline (saline group) or
sodium bicarbonate (bicarbonate group). In all cases, the pa-
tients’ demographic features, risk factors, and medications were
recorded. Patients who were assigned to the isotonic saline
group received 1-mL/kg per hour 0.9% sodium chloride for
12 hours before and 12 hours after the procedure.13 The so-
dium bicarbonate solution was prepared by adding 154 mL of
1000-mEq/L sodium bicarbonate to 846 mL of 5% dextrose in
water. Sodium bicarbonate (1 mL/kg per hour) was given to
the patients 6 hours before and 6 hours after the procedure.10

Echocardiography was used to evaluate all patients’ left ven-
tricular function before the procedure as well. In addition,
coronary angiography and/or PCI were done via the femoral
artery. Serum creatinine levels and urinary PH were measured
the day before as well as 24 hours and 48 hours after admin-
istration of the contrast agent. Creatinine clearance (CrCl) was
calculated using the Cockcroft-Gault formula.17

Study End Points
The primary end point was the maximum increase in the

SCr level within 48 hours after the administration of the contrast

media. The secondary end point was the development of CIN
after the procedure. Contrast-induced nephropathy was de-
fined as a baseline SCr of 25% or more and/or an absolute
increase in SCr of 0.5 mg/dL or more 48 hours after the
procedure.18

Subgroup Analysis
High-risk factors for CIN other than DM were used for the

subgroup analysis. The following high-risk factors were chosen
for the subgroup analysis: the presence of renal impairment
(defined as a baseline CrCl of less than 60 mL/min), the use
of high-dose contrast media (defined as 9100 mL), reduced left
ventricular systolic function (ejection fraction by echocardiog-
raphy e40%), and advanced age (70 years or older).

Statistical Analysis
To calculate the necessary sample size, a standard differ-

ence of 0.17 mg/dL11 in the primary end point of change in SCr
level between baseline and 48 hours’ follow-up was assumed
for both the saline and bicarbonate groups. The standard devi-
ation was 0.50; and consequently, the standardized effect size
was calculated to be 0.34 (0.17/0.50). According to these cal-
culations, a sample size of 93 patients per group would permit a
2-sided significance level of 5% and 90% power. Power analysis
was performed using G-Power version 3.1.2.

Pearson W
2 test and the Fisher exact test were used to

compare the incidence of CIN and other categorical variables
among the groups. Categorical variables were presented as counts
and percentages. The Kolmogorov-Smirnov test was used to
evaluate whether the distribution of variables was normal. The
2 independent sample t test or the Mann-Whitney U test was
used to compare continuous variables between the 2 groups.
Continuous variables were presented as mean (standard devia-
tion [SD]) or as median (interquartile range [IQR]). P G 0.05
was considered to be statistically significant. Analyses were
performed using commercially available software (PASW ver-
sion 18, ID: 33478001 SPSS Inc, Chicago, IL).

FIGURE 1. Patient flow.
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RESULTS

Baseline Characteristics and Study Population
Of 1881 consecutive patients referred for coronary angi-

ography and/or intervention, 212 were eligible for this study. A
total of 17 patients, 5 patients in the saline group and 12 patients
in the bicarbonate group, were not included in the study because
their SCr levels were not monitored 48 hours after the proce-
dure. Therefore, a total of 195 patients, including 101 patients
in the saline group and 94 patients in the bicarbonate group,
were used in the study (Fig. 1). The mean age was 62; and of
the total 195 patients, 102 patients were men. The 2 treatment
groups were similar with regard to baseline characteristics and
medications (Table 1). At the end of the study, none of the pa-
tients required hemodialysis, and there were no adverse re-
actions other than CIN.

Study End Points
The baseline median SCr levels in both groups are pre-

sented in Table 2. The maximum increase in the SCr levels was
significantly lower in the saline group than in the bicarbonate
group,j0.03 mg/dL (IQR,j0.09 to 0.10 mg/dL) vs 0.02 mg/dL
(IQR, j0.09 to 0.13 mg/dL), respectively (P = 0.014; Fig. 2).
Contrast-induced nephropathy developed in 21 (10.8%) of the
195 patients. The rate of CIN was significantly lower in the
saline group compared to the bicarbonate group (5.9% vs 16%,

respectively; P = 0.024; Fig. 3). Urinary pH was signifi-
cantly higher in the bicarbonate group than in the saline group
(P = 0.002; Table 2).

Subgroup Analysis
Of the 195 patients, 46 patients (24%) were of advanced

age, 41 patients (21%) had reduced left ventricular systolic
function, 39 patients (20%) received a high-dose contrast agent,
and 59 patients (30%) had renal impairment. In the group of
patients with a baseline CrCl of less than 60 mL/min, the
maximum increase in SCr levels was significantly lower in the
saline group than in the bicarbonate group, j0.08 mg/dL (IQR,
j0.13 to j0.04 mg/dL) compared with 0.03 mg/dL (IQR,
j0.13 to 0.12 mg/dL), respectively (P = 0.004; Table 3). No
other significant differences existed between the high-risk sub-
groups at the primary and secondary end points.

DISCUSSION
The main finding of the present study is that in patients

with DM who are undergoing coronary angiography and/or PCI,
prophylactic saline infusion significantly reduces the maximum
increase in the SCr level and the rate of CIN compared with
bicarbonate infusion. Furthermore, in patients with CrCl less
than 60 mL/min, the maximum increase in the SCr level was
significantly lower in the saline infusion group than in the bi-
carbonate infusion group.

TABLE 1. Baseline Characteristics of Study Groups

Saline Group (n = 101) Bicarbonate Group (n = 94) P

Age, mean (SD), yrs 62 T 9 62 T 9 0.719
Age Q70, n (%) 22 (22) 24 (26) 0.538
Male, n (%) 48 (48) 54 (58) 0.166
BMI, median (IQR), kg/m2 28 (25Y30) 28 (26Y32) 0.082
LVEF, median (IQR), % 53 (45Y60) 50 (44Y60) 0.641
LVEF e40%, n (%) 20 (20) 21 (22) 0.664
HbA1c, median (IQR) 7.5 (6.6Y8.9) 7.1 (6.6Y8.3) 0.279
SBP, median (IQR), mm Hg 126 (111Y135) 125 (110Y140) 0.965
DBP, median (IQR), mm Hg 70 (65Y80) 80 (70Y82) 0.118
Hypertension, n (%) 61(60) 62 (66) 0.421
Current smoker, n (%) 26 (26) 31 (33) 0.267
Previous MI, n (%) 30 (30) 21 (22) 0.242
PCI performed, n (%) 33 (32) 23 (25) 0.245
Medications, n (%)
ACEI or ARB 93 (92) 85 (90) 0.683
Nitrate 48 (48) 40 (43) 0.486
Calcium-channel blocker 9 (9) 13 (14) 0.278
A-blocker 86 (85) 76 (81) 0.424
Statin 79 (78) 67 (71) 0.264
Insulin 36 (36) 25 (27) 0.173
Metformin 33 (33) 36 (38) 0.412

Contrast administration
Contrast dose, median (IQR) 90 (85Y100) 90 (90Y100) 0.275
Dose 9100 mL, n (%) 22 (21) 18 (19) 0.774

CrCl, median (IQR), mL/min 74 (54Y101) 78 (61Y108) 0.115
CrCl G60 mL/min, n (%) 36 (36) 23 (25) 0.090

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; DBP, diastolic blood
pressure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure;
SD, standard deviation.
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Several strategies have been recommended for the preven-
tion of CIN among patients undergoing coronary angiography
and interventions using a contrast agent.19 Hydration therapy
may reduce medullar ischemia by decreasing the unfavorable
effects of the contrast agent, such as renin activation and nitric
oxide reduction.11 Likewise, hydration therapy may reduce di-
rect cell damage by diluting the contrast agent as it passes
through the medullar tubules.20 Sodium bicarbonate plus hy-
dration may help to prevent CIN by reducing the production
of free oxygen radicals by increasing tubular pH and by scav-
enging peroxynitrate generated from nitric oxide.19 In previous
studies, sodium bicarbonate was found to be beneficial in the
prevention of CIN independent of clinical outcomes such as
death, heart failure, and the need for renal replacement.10,12,19,21,22

However, in recent studies, these findings were not confirmed,
and sodium bicarbonate was not shown to be superior to saline
for the prevention of CIN.11,23,24 In this present study, saline’s
more positive effect may be due to the earlier initiation and
larger volume of hydration in the saline group compared with
the bicarbonate group. In the saline group, SCr levels obtained
at the 48th hour were decreased compared with the baseline
levels; however, an increase in the SCr levels occurred in the
bicarbonate group. Hydration was initiated in the saline group
12 hours before the procedure and continued 12 hours after the
procedure (a total of 24 hours); whereas in the bicarbonate
group, hydration began 6 hours before the procedure and con-
tinued 6 hours after the procedure (a total of 12 hours). The
results of this study are consistent with our previous study,

coronary acetylcysteine study (CASIS).25 In CASIS, SCr levels
obtained after the 48th hour were decreased compared with
the baseline levels in patients to whom were recommended N-
acetylcysteine (NAC) plus high-dose hydration. In the previ-
ous literature, a detailed randomized study concerning the amount
and starting time of hydration does not exist. However, in 2 small
studies, hydration administration starting immediately before
the contrast medium administration and continuing 12 hours
after the procedure was compared to an intravenous hydration
regimen starting at least 12 hours before the procedure. Ac-
cording to the results of both studies, hydration therapy initiated
earlier is more favorable than therapy started later.26,27 Another
potential explanation for the finding that saline is more favor-
able than bicarbonate for the prevention of CIN is that our study
population had better baseline renal functions than did those in
some previous studies.10,12,22 Sodium bicarbonate may be more
effective in patients with significantly impaired renal functions.11

In our study, the baseline median SCr level was 1.0 mg/dL
(IQR, 0.80Y1.30 mg/dL). Therefore, in our study, saline therapy
might be more effective than bicarbonate treatment. The other
possible explanation for the decreased efficacy of sodium bi-
carbonate prophylaxis in our study may be the pro-oxidant ability
of bicarbonate in the presence of free oxygen radicals. The gen-
eration of free radicals is increased in DM, and bicarbonate
may increase the formation of peroxymonocarbonate, which is
a potent free radical generated by the coupling of bicarbonate
with hydrogen peroxide.15,28 The present study is the first study
of bicarbonate use in patients with DM, according to the current

FIGURE 2. Difference of SCr after procedure. FIGURE 3. Rate of CIN in study groups.

TABLE 2. Study End Points and Urine pH After 48 Hours of Administration of Contrast Agent

Saline Group (n = 101) Bicarbonate Group (n = 94) P

SCr, median (IQR), mg/dL
Baseline 1.0 (0.87Y1.33) 1.0 (0.80Y1.30) 0.147
Difference j0.03 (j0.09 to 0.10] 0.02 (j0.09 to 0.13) 0.014

CIN, n (%)
SCr Q25% 6 (5.9) 15 (16) 0.024
SCr Q0.5 mg/dL 1 (1) 2 (2.1) 0.610

Urine pH, median (IQR)
Baseline 5.5 (5.0Y6.0) 5.5 (5.0Y6.0) 0.414
Difference 0 (j0.5 to 0.5) 0.5 (0Y1.0) 0.002
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knowledge, and does not support bicarbonate use in these pa-
tients. Administration of NAC in the prevention of CIN may be
an alternative treatment in patients with DM. N-acetylcysteine
may prevent CIN by decreasing oxidative tissue damage and
by improving renal hemodynamics.5,13,14 Initial studies sug-
gested a highly beneficial effect of NAC, therefore resulting in
a trend for physicians to use NAC in procedures in which con-
trast agent must be administered.1,5,29Y31 However, a study pop-
ulation of Coyle et al.32 was similar to ours, and no superior
effect of NAC therapy was found over hydration therapy in di-
abetic patients.

Study Limitations
This study has certain limitations. First, the follow-up pe-

riod was only 48 hours in this study. There are some studies that
report that SCr levels peak 72 hours after a procedure using
contrast agent and that the levels do not return to normal for up
to 10 days.12 However, this does not constitute a major problem
because CIN develops within 24 hours after the procedure
in most patients.33 Second, contrast osmolality together with
contrast amount are one of the affecting factors on CIN in dia-
betic patients. Low osmolar agent, iohexol, was found less re-
lated with CIN than high osmolar agents in diabetic patients in
the previous studies.15 Although in several studies, iso-osmolar
agents were found to be protective than low osmolar agents in
prevention of CIN in patients with DM,34,35 there was no dif-
ference found between these agents in some studies.36Y39 In our
study, low osmolar agent, iohexol, was preferred routinely in
all included centers. Finally, the main limitation is that the time
of initiation of hydration and the hydration volume were not the
same for the saline and bicarbonate groups. However, there are
different studies in the literature that compared saline and bi-
carbonate with different doses of hydration regimens.23,38,40 Al-
though optimal hydration strategy is not precisely described
in the literature, 12 hours preprocedure and 12 hours post-
procedure strategy of hydration therapy is the most preferred
regimen in the literature.2 In our previous study, CASIS, we
have performed the same strategy of hydration therapy in the
saline control group (250 individuals). Bicarbonate group was
designed similarly with the longest hydration therapy reported

by Ozcan et al.10 Prophylactic bicarbonate therapy prevents free
radical damage mainly by increasing urinary pH. Thus, less
hydration of the saline group does not exactly depreciate the
study. However, this conflict may be resolved in a different
study of which the equal amount of fluid therapy will be used
in diabetic patients.

CONCLUSION
This study evaluated, together with the results of previous

studies, that isotonic saline and standard hydration therapy are
thought to be a method more appropriate than other alternatives
for the prevention of CIN in patients with DM. However, mul-
ticenter randomized studies with large study population will
clarify this issue.
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