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Abstract
This systematic review with meta-analysis sought to determine the strength of evidence for the effects of hydration (sodium
bicarbonate [SB] and normal saline [NS]), supplementations (N-acetylcysteine [NAC] and vitamin C), and some common drugs
(adenosine antagonists [AAs], statins, loop diuretics, and angiotensin-converting enzyme inhibitors [ACEIs]) on the incidence of
contrast-induced nephropathy (CIN) and requirement for hemodialysis after coronary angiography. After screening, a total of 125
trials that reported outcomes were identified. Pooled analysis indicated beneficial effects of SB versus NS (odds ratio [OR]¼ 0.73;
95% confidence interval [CI]: 0.56-0.94; P ¼ .01), NAC (OR ¼ 0.79; 95% CI: 0.70-0.88; P ¼ .001), vitamin C (OR ¼ 0.64; 95% CI:
0.45-0.89; P ¼ .01), statins (OR ¼ 0.45; 95% CI: 0.35-0.57; P ¼ .001), AA (OR ¼ 0.28; 95% CI: 0.14-0.47; P ¼ .001), loop diuretics
(OR ¼ 0.97; 95% CI: 0.33-2.85; P ¼ .9), and ACEI (OR ¼ 1.06; 95% CI: 0.69-1.61; P ¼ .8). Overall, hydration with SB, use of
supplements, such as NAC and vitamin C, and administration of statins and AA should always be considered for the prevention of
CIN after coronary angiography.
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Introduction

Contrast-induced nephropathy (CIN) is a possible complication

after coronary angiography associated with the administration

of radiocontrast media. The CIN is a prevalent cause of

hospital-acquired acute renal failure accounting for about

10% of all cases.1 The reported incidence of CIN varies widely

from 2% to 50% in low- and high-risk populations, respec-

tively.2 Risk factors for this common complication include

volume and type of contrast agents, history of chronic renal

impairment, diabetic nephropathy, heart failure, advanced age,

anemia, and reduced effective circulating volume.2 Increased
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incidence of CIN is usually associated with the need for renal

replacement therapy, prolonged length of hospital stay,

increased costs, and reduced short- and long-term survival.3

The complex pathogenesis of CIN involves a combination of

insults affecting renal tubular endothelial cells, such as oxida-

tive stress, intrarenal vasoconstriction, reperfusion injury,

medullary ischemia, and toxicity of renal cells.4,5

The optimal strategy to prevent CIN remains uncertain.

However, sufficient hydration, careful use of appropriate reno-

protective drugs and avoidance of nephrotoxic drugs, and mini-

mization of the volume of contrast agent are common strategies

in the management of this complication in patients requiring

coronary diagnostic imaging.5,6 This comprehensive systema-

tic review with meta-analysis sought to determine the strength

of evidence for the effects of hydration (sodium bicarbonate

[SB] and sodium chloride), supplementations (N-acetylcys-

teine [NAC] and vitamin C), and further common drugs (ade-

nosine antagonists [AAs], statins, loop diuretics, and

angiotensin-converting enzyme inhibitors [ACEIs]) on the

incidence of CIN and requirement for hemodialysis after cor-

onary angiography.

Methods and Materials

Literature Search

A comprehensive literature search was performed in major

medical databases (MEDLINE/PubMed, EMBASE, Elsevier,

Web of Science, and Google Scholar) from their inception

through October 20, 2014, to identify randomized controlled

trials (RCTs) reporting on the effects of 1 of our 7 therapeutic

strategies (strategy 1: normal saline [NS] vs SB; strategy 2:

NAC vs placebo; strategy 3: vitamin C vs placebo; strategy

4: statin vs placebo; strategy 5: AA vs placebo; strategy 6: loop

diuretic vs placebo; and strategy 7: ACEI or angiotensin recep-

tor blocker vs placebo) on the incidence of CIN and require-

ment for hemodialysis. Predefined search terms included

‘‘contrast-induced nephropathy,’’ ‘‘CIN,’’ ‘‘coronary angio-

graphy’’ and ‘‘N-acetyl cysteine,’’ ‘‘acetylcysteine,’’ ‘‘vita-

min C,’’ ‘‘ascorbic acid,’’ ‘‘sodium bicarbonate,’’ ‘‘sodium

chloride,’’ ‘‘adenosine antagonists,’’ ‘‘theophylline,’’ ‘‘ami-

nophylline,’’ ‘‘atorvastatin,’’ ‘‘statin,’’ ‘‘furosemide,’’ ‘‘loop

diuretic,’’ ‘‘angiotensin-converting enzyme inhibitors,’’

‘‘ACEI.’’ No limitations were imposed on language, study

period, or sample size. All retrieved references of the

included RCTs and recently published meta-analyses or

review articles were also reviewed to determine additional

studies not indexed in common databases. Studies were

included in the analysis when they met the following cri-

teria: (1) RCT, (2) comparison of SB with NS, NAC with

placebo, ascorbic acid with placebo, statins with placebo,

AA with placebo, loop diuretics with placebo, ACEI with

placebo, and (3) reporting data on the clinical outcomes

according to our review checklist. Manuscripts that did not

undergo a peer-review process and abstracts from congress

presentations were not included.

Data Extraction and Outcome Measures

Six investigators (S.A.-H.-S., S.-J.M., Z.G., E.R., Z.S.-C., and

A.A.K.-B.) extracted the data independently, and discrepancies

were resolved via a consensus standardized abstraction check-

list used for recording data for each study. Any disagreements

were resolved through discussion with other senior authors

(A.W., M.Z., A.-F.P., and A.S.). Author’s name, mean age,

gender, sample size, type of radiocontrast agent (low, iso, or

high osmolality), details of regimens in studies and control

groups, mean baseline serum creatinine, the incidence of CIN,

and requirement for hemodialysis were extracted from each

group. For exploration of heterogeneity among trials, subgroup

analyses were performed for the following items: (1) type of

radiocontrast agent (low, iso, high, combined, no exact data);

(2) type of coronary angiography (elective, emergency, both,

no exact data); and (3) subgroups of certain drug categories

(statin: atorvastatin, rosuvastatin, others; AA: theophylline,

aminophylline, others; ACEI: captopril, others).

Definitions

The CIN was defined as �25% and/or �0.5 mg/dL increase in

creatinine from its baseline. According to previous investiga-

tions, renal failure was defined as new onset of hemodialysis

after receiving radiocontrast agent.

Statistical Analysis, Publication Bias

Data were analyzed by STATA version 11.0 using METAN

and METABIAS modules. The effect measured was odds ratio

(OR) with 95% confidence interval (CI) for categorical vari-

ables. An OR <1 favored study groups and an OR >1 favored

control groups. The RCTs with no events in the 2 arms were

discarded from pooled analysis. A P value <.1 for Q test or I2 >

50% indicated significant heterogeneity among the studies. The

presence of publication bias was evaluated using the Begg

tests. Heterogeneity among trials was accounted for by apply-

ing a random-effects model when indicated.

Meta-Regression

Considering interventional nature of these studies and explora-

tion of relationship between variables and outcomes, for mod-

erator analysis, analysis of variance was used for qualitative

variables and regression for quantitative ones. For weighting

the studies in these tests, the same weight calculated by

METAN command in STATA was used. To demonstrate the

effect of these variables, error bar in SPSS (version 19) was

applied.

Quality Assessment

Quality assessment of RCTs was performed using the Jadad

score.7 The Jadad score assesses 3 items including randomiza-

tion (0-2 points), blinding of study (0-2 points), and withdra-

wals and dropouts (0-1 points). Higher scores indicate better

reporting (‘‘high’’ quality: 5; ‘‘good’’ quality: 3-4; ‘‘poor’’
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quality: 0-2). Results were considered statistically significant at

P < .05.

Results

Literature Search Strategy and Included Trials

Overall, for 7 treatment strategies included in the present meta-

analysis, our literature search retrieved 7730 studies from the

screened databases, of which 7605 were excluded after initial

review. The final analysis was conducted using a total of 125

RCTs. Details on therapeutic strategies, excluded trials, and

studies finally enrolled in the present meta-analysis are shown

in Supplemental Table 1.

Study Characteristics, Effect Measures, and Clinical
Outcomes

Normal saline versus SB. A total of 6984 patients were included

from 33 RCTs. Patient populations from RCTs ranged from 34

to 502 (Table 1). Of the 6984 patients, 3485 were allocated to

the SB group and 3499 to the NS group. The overall incidence

of CIN was 10.7% ranging from 3.4% to 20.9%. The incidence

of CIN was 9.3% in the SB group and 12.11% in the NS group

(Table 2). Pooled treatment effect analysis revealed that SB

therapy could significantly decrease the incidence of CIN com-

pared with NS with an OR of 0.73 (95% CI: 0.56-0.94; P¼ .01)

using the random-effects model (Figure 1 and Supplemental

Figure 1A for fixed model). There was some heterogeneity

among the studies analyzed (w2 ¼ 68.44, I2 ¼ 53.2%). There

was no publication bias and risk of small study effects among

the included RCTs (Begg test, P ¼ .878; Supplemental Figure

1B). A subgroup analysis for this heterogeneity is reported in

Table 3. The subgroup analysis showed that SB, compared with

NS, was associated with stronger preventive effects on the

incidence of CIN after coronary angiography using low-

osmolarity radiocontrast agents rather than iso- or high-

osmolarity (OR ¼ 0.59; 95% CI: 0.47-0.74; P ¼ .001) media

and in emergency coronary angiography rather than elective

angiography (OR ¼ 0.62; 95% CI: 0.46-0.84; P ¼ .002).

Twenty-one RCTs reported data on the incidence of the need

for hemodialysis. The overall incidence of hemodialysis was

0.77%: 0.82% in the SB group and 0.73% in the NS group

(Table 2). In fact, 11 of the 21 comparisons did not present

any hemodialysis in 2 comparative arms; therefore, the remain-

ing 10 RCTs were used to perform the meta-analysis. Pooled

analysis indicated that the incidence of hemodialysis was simi-

larly distributed between the SB and NS groups with an OR of

1.11 (95% CI: 0.58-2.09; P ¼ .7) using the fixed-effects model

(Supplemental Figure 1B and C for fixed model and random

model, respectively).

N-acetylcysteine versus placebo. A total of 11 446 patients were

included from 49 RCTs. Patient populations from RCTs ranged

from 30 to 2308 (Table 1). Of the 11 446 patients, 5724 were

allocated to the NAC group and 5722 to the placebo group. The

overall incidence of CIN was 13.1%, ranging from 0% to

29.8% and accounting for 11.7% in the NAC group and

14.4% in the placebo group (Table 2). Pooled treatment effect

analysis revealed that NAC could significantly decrease the

incidence of CIN compared with placebo with an OR of 0.79

(95% CI: 0.70-0.88; P ¼ .001) using the fixed-effects model

(Figure 2 and Supplemental Figure 1D for random-effects

model). There was no significant heterogeneity among the

studies (w2 ¼ 71.68, I2 ¼ 34.4%). There was no publication

bias and risk of small study effects among the included RCTs

(Begg test, P ¼ .445) (Supplemental Figure 2B). Details of a

subgroup analysis are presented in Table 3. From 49 included

studies on NAC versus placebo, 24 RCTs reported data on the

incidence of the need for hemodialysis. The overall incidence

of hemodialysis was 2.07%: 1.9% in the NAC group and 2.18%
in the placebo group (Table 2). Thirteen of the 21 comparisons

did not present any hemodialysis in 2 comparative arms; there-

fore, the remaining 11 RCTs were used to perform the meta-

analysis. Pooled analysis indicated that NAC therapy could not

significantly decrease the incidence of hemodialysis with an

OR of 1.18 (95% CI: 0.60-2.3; P ¼ .6) using the fixed-effects

model (Supplemental Figure 1E and F for fixed model and

random model, respectively). There was no heterogeneity

among the studies (w2 ¼ 4.97, I2 ¼ 0%).

Vitamin C versus placebo. A total of 1243 patients were included

from 7 RCTs. Patient populations from RCTs ranged from 81

to 291 (Table 1). Of the 1243 patients, 568 were allocated to the

vitamin C group and 675 to the placebo group. The overall

incidence of CIN was 14.6%, ranging from 5.59% to 29.5%
and accounting for 10.7% in the vitamin C group and 17.9% in

the placebo group (Table 2). Pooled treatment effect analysis

revealed that vitamin C supplementation was associated with

the ability to significantly decrease the incidence of CIN with

an OR of 0.64 (95% CI: 0.45-0.89; P ¼ .01) using the fixed-

effects model (Figure 3 and Supplemental Figure 1G for ran-

dom model). There was no significant heterogeneity among the

studies (w2¼ 5.61, I2¼ 0%). There was no publication bias and

risk of small study effects among the included RCTs (Begg test,

P ¼ .293; Supplemental Figure 2C). Details of a subgroup

analysis are reported in Table 3. From the 7 included studies

on vitamin C versus placebo, 5 RCTs reported data on the

incidence of the need for hemodialysis. Four of the 5 compar-

isons did not present any hemodialysis in 2 comparative arms.

Therefore, no meta-analysis on the incidence of hemodialysis

was conducted in this therapeutic strategy because of the insuf-

ficient number of studies (only 1 study).

Statins versus placebo. A total of 5693 patients were included

from 12 RCTs. Patient populations from RCTs ranged from

130 to 2998 (Table 1). Of the 5693 patients, 2834 were allo-

cated to the statin group and 2859 to the placebo group. The

overall incidence of CIN was 5.51%, ranging from 0.6% to

13.8% accounting for 3.52% in the statin group and 7.48% in

the placebo group (Table 2). Pooled treatment effect analysis

revealed that patients who underwent treatment with statins had

a significantly lower incidence of postangiography CIN with an
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Table 1. Demographic Data of Included Studies.

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Hydration: SB versus saline
Boucek et al8 61 59 63 67 75.4 74.5 SB solution was produced by adding 154 mL of 8.4%

NaHCO3 to 846 mL of 5% glucose. 1 hour immediately
before (at the rate of 3 mL/kg BW/h limited to the
maximal amount of 330 mL and for 6 hours following the
intervention

119 mmol/L

Brar et al9 175 178 71 71 62 65 Infusion was begun 1 hour prior to the start of contrast
administration at 3 mL/kg for 1 hour, decreased to 1.5
mL/kg/h during the procedure and for 4 hours following
completion of the procedure

1.5 mg/dL

Alessandri et al10 138 158 64 65 66.6 67.7 160 mEq of NaHCO3 in 350 mL of 5% glucose solution 2
mL/kg/h since 2 hours before the administration of
contrast medium. The infusion prolonged for the
following 6 hours after the procedure with an infusion
rate of 1 mL/kg/h

1.5 mg/dL

REINFORCE trial
et al11

71 74 70.1 72.7 74.6 81 154 mEq of 1000 mEq/L of SB in 5% dextrose solution,
prepared at the hospital pharmacy by adding 154 mL of
1000 mEq of SB to 846 mL of 5% dextrose solution and
adjusting the dextrose concentration to 4.23%. Fluids
were administrated IV at the rate of 2 mL/kg BW/h for 2
hours before, at the rate of 1 mL/kg BW/h during, and 6
hours after administration of contrast medium

1.6 mg/dL

Yang et al12 159 161 58.7 59.6 52.8 53.4 SB IV infused with 1.5% SB solution at the rate of 1.5 mL/kg/
h for 6 hours before the application of the contrast
agent. After the contrast exposure was applied, the 1.5%
SB infusion was continued for 6 hours

70 mmol/L

Vasheghani-Farhani
et al13

36 36 61.4 62.7 77.7 80.5 75 mL of 8.4% SB to 1 L of 0.45% SC. IV bolus was given at
the rate of 3 mL/kg for 1 hour immediately before
contrast injection, followed by an infusion of 1 mg/kg/h
for 6 hours after the procedure

1.7 mg/dL

Vasheghani-Farhani
et al14

135 130 62.9 63.8 91.4 81.5 75 mL of 8.4% SB to 1 L of 0.45% SC. IV bolus was given at
the rate of 3 mL/kg for 1 hour immediately before
contrast injection, followed by an infusion of 1 mg/kg/h
for 6 hours after the procedure

1.6 mg/dL

CINSTEMI trial15 181 181 62 63 76.8 80.1 167 mmol/L SB IV as 500 mL in the first hour followed by
infusion of 100 mL/h in the next 5 hours

0.8 mg/dL

Ueda et al16 30 29 77 75 77 79 0.5 mg/kg SB as soon as possible after hospital admitted,
and 1 mL/kg/h during and for 6 hours after the
procedure

1.4 mg/dL

Tamura et al17 72 72 72.3 73.3 91.7 83.3 20 mEq SB 5 minutes before contrast exposure 1.3 mg/dL
Shavit et al18 51 36 72 71 84 70 154 mEq/L SB in 5% dextrose in water mixed by adding 154

mL of the 1000 mEq/L SB to 846 mL of 5% dextrose in
water. The initial IV bolus was 3 mL/kg for 1 hour before
the procedure, and 1 mL/kg/L for 6 hours after the
procedure

1.8 mg/dL

RENO trial19 56 55 65 64 68 71 Initial IV bolus 5 mL/kg/h SB with 154 mEq/L NaHCO3 in
5% glucose and H2O, after contrast same solution
continued at 1.5 mL/kg/h for 12 hours the day after
contrast

1.0 mg/dL

Ratcliffe et al20 19 15 67 64 58 60 154 mEq/L SB in 5% dextrose in water mixed by adding 154
mL of the 1000 mEq/L SB to 846 mL of 5% dextrose in
water. The initial IV bolus was 3 mL/kg for 1 hour before
the procedure, and 1 mL/kg/L for 6 hours after the
procedure

106 mmol/L

(continued)
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Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Pakfetrat et al21 96 96 57.8 58.5 58.3 64.5 SB solution was prepared in the hospital pharmacy by
adding 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in
water, and was infused at 3 mL/kg/h starting 1 hour
before contrast administration, followed by a 1 mL/kg/h
infusion for 6 hours after the procedure

1.1 mg/dL

Ozcan et al22 88 88 68 70 72.7 75 SB solution was prepared in the hospital pharmacy by
adding 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in
water, and was infused at 1 mL/kg/h starting 6 hours
before contrast administration, followed by a 1 mL/kg/h
infusion for 6 hours after the procedure

1.3 mg/dL

Motohiro et al23 78 77 71 74 76 64 SB solution was prepared in the hospital pharmacy by
adding 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in
water, and was infused at 1 mL/kg/h continued from 3
hours before to 6 hours after the procedure

1.5 mg/dL

Merten et al24 60 59 66.7 69.2 73 76 SB solution was prepared in the hospital pharmacy by
adding 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in
water. The initial IV bolus was 3 mL/kg/h for 1 hour
immediately before radiocontrast injection. Following
this, same fluid at a rate of 1 mL/kg/h during the contrast
exposure and 6 hours after the procedure

1.7 mg/dL

Masuda et al25 30 29 75 76 63 59 154 mL SB. The IV bolus was given at the rate of 3 mL/kg
for 1 hour before contrast injection, followed by an
infusion of 1 mg/kg/h during and 6 hours after the
procedure

1.3 mg/dL

Maioli et al26 250 252 74 74 57.2 60.7 154 mL SB. The IV bolus was given at the rate of 3 mL/kg
for 1 hour before contrast injection, followed by an
infusion of 1 mg/kg/h for 6 hours after the procedure

1.2 mg/dL

PREVENT trial27 193 189 68.5 67.5 70.5 71.4 154 mL SB. The IV bolus was given at the rate of 3 mL/kg
for 1 hour before contrast injection, followed by an
infusion of 1 mg/kg/h during and 6 hours after the
procedure

1.5 mg/dL

Koc et al28 94 101 62 62 58 48 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in water,
and was infused at 1 mL/kg/h starting 6 hours before
contrast administration, followed by a 1 mL/kg/h infusion
for 6 hours after the procedure

1.0 mg/dL

Klima et al29 87 89 78 75 66 62 The initial IV bolus SB was 3 mL/kg/h of 166 mEq/L for 1
hour immediately before injection. Following this, the
same fluid at a rate of 1 mL/kg/h during the contrast
exposure and for 6 hours after the procedure. SB 166
mEq as a bolus administrated over 20 minutes
immediately before contrast. Additionally, oral SB (500
mg NaHCO3 per capsule: 1 capsule/10 kg) at the start of
infusion and after contrast within 6 hours

137 mmol/L

Heguilén et al30 43 38 67.7 69.3 62.7 78.9 154 mEq/L of SB in 5% dextrose in H2O, mixed by adding
77 mL of 1000 mEq/L SB to 423 mL of 5% dextrose in
H2O, and was infused at 3 mL/kg/h from at least 2 hours
before the procedure, and 1 mL/kg/h during and for the
next 6-12 hours

1.5 mg/dL

Hafiz et al31 159 161 74 73 56.6 57.1 159 mEq/L SB to 5% dextrose in water, and was infused at 3
mL/kg/h starting 1 hour before contrast administration,
followed by a 1 mL/kg/h infusion for 6 hours after the
procedure

1.6 mg/dL

Gomes et al32 150 151 64.1 64.5 69.3 74.8 154 mEq/L SB to 5% dextrose in water, and was infused at 3
mL/kg/h starting 1 hour before contrast administration,
followed by a 1 mL/kg/h infusion for 6 hours after the
procedure

1.5 mg/dL

(continued)
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Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Castini et al33 52 51 70 72.7 85 84 IV bolus administration of SB at a rate of 1 mL/kg BW/h for
12 hours before and 12 hours after contrast injection

1.5 mg/dL

Briguori et al34 108 111 70 71 88 81 SB solution was prepared in the hospital pharmacy by
adding 154 mL 1000 mEq/L SB to 846 mL 5% dextrose in
water. The initial IV bolus was 3 mL/kg/h for 1 hour
immediately before radiocontrast injection. Following
this, same fluid at a rate of 1 mL/kg/h during the contrast
exposure and 6 hours after the procedure

2 mg/dL

Mahmoodi et al35 175 175 64.9 64.4 43.4 59.4 SB solution was prepared by adding 154 mL of 1000 mEq/L
SB to 846 mL of 5% dextrose with water. All the patients
received a fixed dose of fluid 6 hours before the
procedure and 6 hours after it

1.1 mg/dL

Inda-Filho et al36 125 125 56 58.4 59.1 60.5 NaHCO3, prepared by mixing 150 mEq (15 ampoules) of
SB with 1 L of 5% dextrose, was given in bolus at 3.5 mL/
kg/h before contrast medium was administered, then at
1.18 mL/kg/h. Saline (0.9%, isotonic) was given IV at 1
mL/kg/h

1.2 mg/dL

Manari et al37 145 151 72 75 63.9 65 SB solution was obtained by adding 77 mL of 8.4% SB to
433 mL of 5% glucose in H2O, to reach a final
concentration of 154 mEq/L. SB solution received 1 mL/
kg BW/h for 12 hours. IV NS (0.9%) at a rate of 1 mL/kg
BW/h for 12 hours

1.15 mg/dL

Manari et al37 154 142 65.2 65.2 75 77 SB solution was obtained by adding 77 mL of 8.4% SB to
433 mL of 5% glucose in H2O, to reach a final
concentration of 154 mEq/L. NS at a rate of 3 mL/kg
BW/h for 1 hour followed by 1 mL/kg BW/h for 11
hours. SB, 3 mL/kg BW/h for 1 hour, followed by 1 mL/
kg BW/h for 11 hours

1 mg/dL

Beyazal et al38 20 20 62.7 60.8 27.3 39.4 NS: 3 mL/kg isotonic sodium chloride for 1 hour prior to
the injection of iohexol. After the iohexol injection,
patients were administered a 1 mL/kg/h dose isotonic
sodium chloride for 6 hours.
SB: 850 mL of 5% dextrose solution with 150 mEq SB at a
dose of 3 mL/kg for 1 hour before injection of iohexol.
After the iohexol injection, 1 mL/kg/h of SB solution was
administered for 6 hours

1.3 mg/dL

Yeganehkhah et al39 50 50 60.9 58.5 62 44 SB solution, which was prepared by adding 150 mL NS 8.4%
to 850 mL isotonic NS. The first group received 3 mL/kg/
h of SB, an hour prior to angiography and 1 mL/kg/h,
within 6 hours after angiography. NS: Isotonic NS (1 mL/
kg/h; maximum 100 mL/h) was prescribed for 12 hours,
before and after angiography

1.1 mg/dL

Solomon et al40 195 196 71 72 70 58 5 mL/kg of either SB or sodium chloride over 60 minutes
before angiography and 1.5 mL/kg/h during and for 4
hours after angiography

1.9 mg/dL

Supplementations: NAC versus placebo
ACT trial41 1172 1136 68 68.1 62 60.7 A dose of 1200 mg of NAC was administrated orally every

12 hours, for 2 doses before and 2 doses after the
procedure

1.2 mg/dL

Albabtain et al42 62 66 62 59.8 71 81.8 NAC orally 600 mg twice daily for 2 days starting the
evening before the procedure

1.29 mg/dL

Alessandri et al10 138 158 64.2 65 66.6 67.7 NAC was administrated twice a day in 2 doses of 600 mg
from the day before until the day after the procedure

1.2 mg/dL

Amini et al43 45 45 63.2 65 44.4 75.5 NAC was orally administrated at the dose of 600 mg twice
a day, starting 24 hours before the procedure(2 doses
before and 2 doses after the procedure)

1.7 mg/dL

(continued)
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Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Baker et al44 41 39 67.4 70.9 90.2 84.6 NAC was administrated IV a dose of 150 mg/kg in 500 mL
saline over 30 minutes immediately before contrast
exposure, and followed by 50 mg/kg in 500 mlL saline
over the subsequent 4 hours

1.8 mg/dL

Baskurt et al45 73 72 67.9 67.1 63 56.9 NAC (600 mg orally twice daily the preceding day and the
day of angiography

1.3 mg/dL

Berwanger et al46 717 678 64.6 64.3 60.8 59.3 A dose of 1200 mg of NAC was administrated orally every
12 hours, for 2 doses before and 2 doses after the
procedure

1.1 mg/dL

Briguori et al47 92 91 64 64 84 89 NAC was given orally at a dose of 600 mg twice daily, on
the day before and on the day of administration of the
contrast agent, for a total of 2 doses

1.5 mg/dL

Azmus et al48 196 201 ND ND ND ND NAC was given orally at a dose of 600 mg twice daily, on
the day before and on the day of administration of the
contrast agent, for a total of 2 doses

1.3 mg/dL

Calabrò et al49 152 170 54.6 54.1 79.9 71.9 NAC 600 mg was administrated 12 hours before, 1 hour
before, and 12 hours after the procedure

0.9 mg/dL

Carbonell et al50 107 109 63.1 60.7 80.4 72.5 NAC (600 mg diluted in 50 mL of saline) IV for 30 minutes
twice daily for a total of 4 doses

0.9 mg/dL

Carbonell et al51 39 42 70 69 80 81 NAC (600 mg diluted in 50 mL of saline) IV for 30 minutes
twice daily for a total of 4 doses

2 mg/dL

Castini et al33 53 51 70.5 72.7 94 84 NAC orally at the of 600 mg twice daily on the day before
and on the day administration of the contrast agent

1.5 mg/dL

Coyle et al52 68 69 66.7 63.3 61.8 68.1 NAC 600 mg every 12 hours orally for 2 doses before and
2 doses after the procedure

1.1 mg/dL

Diaz-Sandoval
et al53

25 29 74 72 68 89.6 NAC (600 mg diluted in 30 mL of ginger ale) orally, twice
daily at 4 doses

1.6 mg/dL

Durham et al54 38 41 71.4 69.8 63.1 68.2 NAC 1200 mg orally, administrated 1 hour prior to and 3
hours following the procedure

2.2 mg/dL

Ferrario et al55 99 101 75 75 68 62 NAC was supplied as tablet 600 mg twice a day for 2 days 1.6 mg/dL
Fung et al56 46 45 68.2 68 73.9 66.6 NAC 400 mg orally, thrice daily the day before, and the day

the contrast procedure
2.2 mg/dL

Goldenberg et al57 41 39 71 69 85.3 79.4 NAC 600 mg thrice daily was administrated orally for a
total 48 hours, starting 24 hours before the
administration of the contrast agent

1.9 mg/dL

Gomes et al58 77 79 63.8 66.5 61 57 NAC was orally administrated at the dose of 600 mg twice
a day, starting 1 day before the procedure (2 doses
before and 2 doses after the procedure)

117 mmol/L

Gulel et al59 25 25 61.4 61.5 80 72 NAC 600 mg orally, twice daily the day before, and the day
the contrast procedure

1.7 mg/dL

Günebakmaz et al60 40 40 64.7 66.4 72.5 62.5 600 mg NAC every 12 hours for 4 days; 4 doses before the
procedure day, 2 doses on the day of the procedure, and
2 doses after day of the procedure

1.4 mg/dL

Heng et al61 28 32 ND ND ND ND NAC 1200 mg twice daily ND
Hölscher et al62 139 139 ND ND ND ND Two oral doses 600 mg NAC 1.6 mg/dL
Jaffery et al63 192 206 65.1 65.6 59.4 67 NAC 1200 mg bolus followed by 200 mg/h for 24 hours 1.08 mg/dL
Kay et al64 102 98 69 69 60 63 NAC 600 mg tablet twice daily 1.2 mg/dL
Kim et al65 80 86 62 62 63 58 NAC 600 mg twice a day, on the day before procedure 1 mg/dL
Kinbara et al66 15 15 70 70 60 60 704 mg orally twice daily, the day before and the day of the

procedure
0.9 mg/dL

Koc et al67 80 80 62 65 76 79 NAC 600 mg IV bolus twice daily before and on the day of
the procedure

1.3 mg/dL

MacNeil et al68 21 22 72.1 72.9 76.1 95.4 Two doses of NAC 600 mg was administrated prior to the
procedure, the first at time of randomization, the second
4 hours later

1.8 mg/dL

Miner et al69 95 85 71 69 68 66 2000 mg NAC/dose twice a day for 3 doses 127 mmol/L
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Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Ochoa et al70 36 44 73 70 44 41 Two doses of NAC (1000 mg diluted in 20 mL of diet cola)
orally 1 hour prior to exposure, 4 hours later

2 mg/dL

Oldemeyer et al71 49 47 77 75 55.1 55.3 1500 mg NAC, starting the evening before the procedure,
and given every 12 hours for 4 doses

1.6 mg/dL

Ratcliffe et al20 21 15 65 64 52 60 NAC 1200 mg IV bolus was administrated 1 hour before,
and 1200 mg orally twice daily for 48 hours after the
procedure

109 mmol/L

Ratcliffe et al 20 23 19 65 67 70 58 NAC 1200 mg IV bolus was administrated 1 hour before,
and 1200 mg orally twice daily for 48 hours after the
procedure

103 mmol/L

Seyon et al72 20 20 76.4 74.7 60 70 600 mg NAC orally for a total 4 doses 130 mmol/L
Shyu et al73 60 61 70 70 70 65.5 400 mg NAC twice daily 2.8 mg/dL
Wang et al74 23 23 65.8 69.2 56.5 60 NAC (5 g) to a total volume of 1000 mL during and for 10

hours after the procedure
1.2 mg/dL

Thiele et al75 126 123 68 68 70 65.6 High-dose NAC (2� 1200 mg/d) for 48 hours 79.5 mmol/L
Brueck et al76 192 193 75 74 65.3 62.1 600 mg NAC IV twice (at 24 and 1 hour before

angiography)
1.5 mg/dL

Webb et al77 220 227 70.8 70 59.5 62 IV NAC 500 mg immediately before the procedure 141 mmol/L
Kefer et al78 53 51 62 62 77 76 1200 mg NAC in 0.9% saline IV over 60 minutes, 12 hours

before and 0 hour after the procedure
1.11 mg/dL

Arabmomeni et al79 28 30 64.5 65 39.3 43.3 600 mg NAC IV twice a day (from 24 hours before to 48
hours after administration of contrast material)

1.11 mg/dL

Kumar et al80 90 90 ND ND ND ND 600 mg NAC twice daily ND
Yeganehkhah et al39 50 50 58.1 58.5 50 44 Oral NAC (600 mg twice a day) 1 day before angiography

and on the day of angiography, in addition to isotonic NS
(1 mL/kg/h; maximum 100 mL/h) for 12 hours before and
after angiography.

1.12 mg/dL

Inda-Filho et al36 126 125 59.2 60.5 61.9 58.4 Medications IV 60 minutes immediately before, during, and
6 hours immediately after contrast medium was
administered. NAC in 500 mL of 5% dextrose was given
in bolus at 150 mg/kg/h before contrast medium was
administered, then at 50 mg/kg/h

1 mg/dL

Chong et al81 156 153 67 68.4 77.6 77.8 Patients in the NAC group received 1.2 g oral NAC (2
tablets of 600 mg NAC dissolved in approximately 250
mL of water) twice a day for 3 consecutive days, starting
from the day before angiography (to a total of 6 doses)

140.2 mmol/L

Thayssen et al15 176 181 63 63 72.2 80.1 NAC 1200 mg orally before the PCI followed by 1200 mg
daily during the next 48 hours

0.87 mg/dL

Thayssen et al15 177 181 63 62 78.5 76.8 NAC 1200 mg orally before the PCI followed by 1200 mg
daily during the next 48 hours

0.88 mg/dL

Supplementations: vitamin C versus placebo
Albabtain et al42 57 66 58.7 59.8 66.7 81.8 Vitamin C supplied as tablet 3 g for 2 hours before the

procedure, 2 hours after the procedure, and 2 g for 24
hours after the procedure

1.2 mg/dL

Boscheri et al82 74 69 ND ND ND ND 1 g ascorbic acid orally 20 minutes before exposure to CM;
500 mL NS 2 hours before and 500 mL during
angiography and subsequent 6 hours

1.4 mg/dL

Brueck et al76 98 193 75 74 63.7 62.1 I500 mg in 250 mL NS infusion IV (over 30 minutes) at 24
hours and 1 hour before exposure to CM. NS (1 mg/kg/
h) for 12 hours before to 12 hours after CM exposure

1.5 mg/dL

Briguori et al34 107 111 69 71 78.5 81 3000 mg vitamin C was given IV 2 hours before followed by
2000 mg the night and the morning after the procedure

1.9 mg/dL

Dvoršaket al83 40 41 70.7 70.7 77.5 68.3 Ascorbic acid in 500 mg capsules, 3 g orally before the
procedure, and 2 g after the procedure in the evening
and the next morning

136.35
mmol/L

(continued)

396 Angiology 68(5)



Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Zhou and Chen84 74 82 71.8 71.4 68 57.3 IV 3 g morning of the procedure, oral 0.5 g on the night of
the procedure and next morning (all doses 12 hours
apart). IV NS hydration 1 mg/kg/h for 4 hours before and
at least 12 hours after angiography

1.2 mg/dL

Spargias et al85 118 113 67 64 90.6 93.8 Vitamin C orally 3 g at least 2 hours before the procedure,
2 g night before and morning after the procedure

1.3 mg/dL

Line 4: drugs: statins versus placebo
Toso et al86 151 152 75 76 68 60 80 mg/d atorvastatin for 48 hours before and 48 hours

after CM administration plus oral NAC 1200 mg twice
daily from the day before to a day after the procedure

1.19 mg/dL

Acikel et al87 80 80 58.7 60.8 63.8 63.8 40 mg/d atorvastatin started 3 days before CAG and
continued for 48 hours after the procedure

0.8 mg/dL

Han et al88 1498 1500 61.45 61.44 64.3 66.1 10 mg/d rosuvastatin for 5 days (2 days before and 3 days
after the procedure)

95 mmol/L

PROMISS trial89 118 118 65 66.1 72.5 71.5 160 mg total, 40 mg orally every 12 hours starting evening
before and ending morning after the procedure

1.2 mg/dL

PRATO-ACS trial90 252 252 66.2 66.1 65.9 65.5 40 mg rosuvastatin on admission, followed by 20 mg/d plus
1200 mg NAC twice daily from the day before through
the day after angiography

0.9 mg/dL

Li et al91 78 83 66.3 65.4 74.4 77.1 High-dose atorvastatin 80 mg prior to the procedure and
40 mg everyday thereafter

82.4 mmol/L

Ozhan et al92 60 70 54 55 61.6 57.1 High-dose atorvastatin 80 mg plus 600 mg NAC twice daily
in first day followed by 80 mg atorvastatin for 2 days
after the procedure

0.8 mg/dL

ARMYDA-CIN93 120 121 65 66 76 79 80 mg atorvastatin 12 hours before intervention with
another 40 mg 2-hour before the procedure, after the
procedure everyone put on 40 mg/d

1.04 mg/dL

Quintavalle et al94 202 208 70 70 51 58 80 mg atorvastatin within 24 hours before CM exposure
plus NAC 1200 mg twice daily, orally the day before and
day of CM administration

1.3 mg/dL

Bidram et al95 100 100 59.9 60.4 90 92 80 mg oral atorvastatin (2 40-mg tablets) 12 hours before
contrast injection

1.16 mg/dL

Abaci et al96 110 110 67.5 67.7 64 73.4 40 mg of rosuvastatin <24 hours before coronary
angiography and then received 20 mg/d for 2 days

1.35 mg/dL

Shehata et al97 65 65 55 57 53 56 receive atorvastatin (80 mg daily for 48 hours) 177 mmol/L

Drugs: AA versus placebo
Bilasy et al98 30 30 56.8 57.2 70 50 200 mg of theophylline IV 30 minutes before CM

administration
1.4 mg/dL

Kinbara et al66 15 15 71 70 66.6 60 Aminophylline 250 mg IV 30 minutes before CM
administration

0.9 mg/dL

Rohani99 30 30 ND ND ND ND Aminophylline 250 mg IV 30 minutes before CM
administration

1.8 mg/dL

Abizaid et al100 20 20 75 75 65 70 Aminophylline 4-mg/kg bolus then 0.4 mg/kg/h IV 2 hours
before CM administration

2.1 mg/dL

Baskurt et al45 72 73 67.1 67.9 59.7 63 Theophylline 200 mg orally twice daily before and on the
day

1.43 mg/dL

Huber et al101 50 50 68.8 68.9 88 78 Theophylline 200 mg IV 30 minutes before CM
administration

1.2 mg/dL

Kapoor et al102 35 35 54.5 51.9 94.2 88.5 Theophylline 200 mg orally twice daily 24 hours before and
48 hours after CM administration

1.1 mg/dL

Matejka et al103 31 25 75 75 58 64 Theophylline 205.7 mg IV 1 hour before CM administration 2 mg/dL
Malhis et al104 128 152 51.8 48.5 60.9 58.6 Theophylline 200 mg orally twice daily 24 hours before and

48 hours after; or 200 mg IV 30 minutes before and 200
mg orally twice daily 48 hours after

1.3 mg/dL

Arabmomeni et al79 28 32 64.5 59.7 39.3 46.9 200 mg theophylline tablet from 24 hours before to 48
hours after administration of CM

1 mg/dL
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OR of 0.45 (95% CI: 0.35-0.57; P ¼ .001) using the fixed-

effects model (Figure 4 and Supplemental Figure 1H for ran-

dom model). There was no significant heterogeneity among the

studies (w2¼ 12.68, I2¼ 13.3%). There was no publication bias

and risk of small study effects among the included RCTs (Begg

test, P ¼ .998; Supplemental Figure 2D). A subgroup analysis

reported on preventive effects of statins regarding CIN in both

elective (OR ¼ 0.45; 95% CI: 0.30-0.67; P ¼ .001) and emer-

gency (OR ¼ 0.34; 95% CI: 0.21-0.55; P ¼ .001) coronary

angiographies. From 12 included studies, 6 RCTs reported data

on the incidence of hemodialysis. In fact, 3 of the 6 compar-

isons did not present any hemodialysis in 2 comparative arms;

therefore, the remaining 3 RCTs were used to perform the

meta-analysis. Pooled analysis indicated that the incidence of

hemodialysis was not statistically significant between the statin

and placebo groups with an OR of 0.23 (95% CI: 0.03-1.3;

P ¼ .1) using the fixed-effects model (Supplemental Figure

1I and J for fixed model and random model, respectively). There

was no heterogeneity among the studies (w2 ¼ 0.07, I2 ¼ 0%).

Adenosine antagonist versus placebo. A total of 901 patients were

included from 10 RCTs. Patient populations from RCTs ranged

from 30 to 280 (Table 1). Of the 901 patients, 439 were allo-

cated to the AA group and 462 to the placebo group. The

overall incidence of CIN was 9.98%, ranging from 4.82% to

32.5% with 4.78% in the AA group and 14.93% in the placebo

group (Table 2). Pooled treatment effect analysis revealed that

AA could significantly reduce the incidence of CIN with an OR

of 0.28 (95% CI: 0.14-0.47; P ¼ .001) using the fixed-effects

model (Figure 5 and Supplemental Figure 1K for random

model). There was no significant heterogeneity among the

studies (w2 ¼ 15.53, I2 ¼ 42.1%). There was no publication

bias and risk of small study effects among the included RCTs

(Begg test, P ¼ .325; Supplemental Figure 2E). Details of a

subgroup analysis are presented in Table 3. From 10 included

studies, 5 RCTs reported data on the incidence of the need for

hemodialysis. Three of the 5 comparisons did not present any

hemodialysis in 2 comparative arms; therefore, the remaining 2

RCTs were used to perform the meta-analysis. Pooled analysis

reported that the incidence of hemodialysis was similar in the

AA therapy and placebo groups with an OR of 3.37 (95% CI:

0.34-33.15; P ¼ .2) using the fixed-effects model (Supplemen-

tal Figure 1L and M). There was no heterogeneity among the

studies (w2 ¼ 0.00, I2 ¼ 0%).

Loop diuretics versus placebo. A total of 1294 patients were

included from 5 RCTs. Patient populations from RCTs ranged

from 53 to 859 (Table 1). Of the 1294 patients, 640 were

Table 1. (continued)

Author

n
Mean Age

(years) Male (%)

Regimen

Mean Base-
line Serum
CreatinineSG CG SG CG SG CG

Line 6: drugs: furosemide (loop diuretic) versus placebo
Gu et al105 422 437 58 59 69.4 74.8 20 mg furosemide IV before angiography 90.1 mmol/L
Majumdar et al106 46 46 64 63 89 65 100 mg furosemide IV 2.8 mg/dL
Marenzi et al107 87 83 73 74 78 78 Furosemide was then administered as a single IV bolus of

0.5 mg/kg (up to a maximum of 50 mg)
1.8 mg/dL

Shemirani and
Pourrmoghaddas108

60 60 66 65 48.3 53.3 ND 1.09 mg/dL

Solomon et al109 25 28 63 67 48 82.1 80 mg furosemide IV before angiography 1.9 mg/dL

Drugs: ACEI versus placebo
Oguzhan et al110 45 45 66.3 62.07 60 66.7 Three doses of amlodipine and valsartan 5/160 mg: 1 dose

was given 24 hours before the procedure, the second
was given on the morning before and the last dose was
given 24 hours after contrast media exposure

1.1 mg/dL

Gupta et al111 35 36 55.8 56 91.4 88.9 Captopril in a dose of 25 mg thrice a day for 3 days, starting
1 h prior to angiography

1.3 mg/dL

Toprak et al112 48 32 58.6 57.7 52.1 56.3 25 mg captopril orally 8 hours and an hour before CM 0.97 mg/dL
Hashemi et al113 42 46 55.1 53.6 71.4 71.7 Captopril was administered as 12.5 mg every 8 hours from

2 hours prior the procedure until 48 hours thereafter
1.01 mg/dL

Shemirani and
Pourrmoghaddas108

60 60 64 63 43.3 48.3 ND 1.1 mg/dL

Li et al114 52 62 60.8 61.8 57.7 56.5 benazepril tablets 10 mg/d at least for 3 days before the
procedure

0.9 mg/dL

Rosenstock et al115 113 63 71.8 68.5 54 63.5 ND 1.6 mg/dL
Wolak et al116 33 61 67.6 62.9 56.3 72.1 ND 0.97 mg/dL
Bainey et al117 102 106 72.4 73.2 73.5 73.6 ND 1.6 mg/dL

Abbreviations: AA, adenosine antagonists; ACEI, angiotensin converting enzyme inhibitors; BW, body weight; CAG, coronary artery angiography; CG, control
group; C, control; CM, contrast medium; IV, intravenously; NAC, N-acetylcysteine; ND, no data; NS, normal saline; N, number; PCI, percutaneous coronary
intervention; SB, sodium bicarbonate; SG, study group.
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Table 2. Clinical Outcomes of Included Studies.

Author

Incidence of CIN Incidence of Hemodialysis

Jadad ScoreSG CG SG CG

Hydration: sodium bicarbonate versus normal saline
Boucek et al8 7 5 0 0 4
Brar et al9 26 30 1 2 4
Alessandri et al10 10 15 ND ND 3
REINFORCE trial11 3 2 3 2 5
Yang et al12 8 5 ND ND 3
Vasheghani-Farhani13 1 2 ND ND 5
Vasheghani-Farhani14 4 4 ND ND 5
CINSTEMI trial15 33 43 0 0 3
Ueda et al16 2 8 0 0 4
Tamura et al17 9 1 0 1 3
Shavit et al18 5 3 0 0 2
RENO trial19 1 12 1 3 2
Ratcliffe et al20 2 1 ND ND 3
Pakfetrat et al21 4 12 0 0 5
Ozcan et al22 4 12 1 1 2
Motohiro et al23 2 10 0 0 3
Merten et al24 1 8 0 0 3
Masuda et al25 2 10 1 3 3
Maioli et al26 25 29 1 1 5
PREVENT trial27 10 17 4 1 5
Koc et al28 17 7 ND ND 2
Klima et al29 15 2 2 0 4
Heguilen et al30 3 6 ND N.D 3
Hafiz et al31 14 19 ND ND 3
Gomes et al32 9 9 0 0 2
Castini et al33 13 11 0 0 2
Briguori et al34 2 11 1 1 3
Mahmoodi et al35 12 34 ND ND 2
Inda-Filho et al36 7 14 0 0 4
Manari et al37 24 29 ND ND 4
Manariet al37 27 27 ND ND 4
Beyazal et al38 6 5 ND ND 2
Yeganehkhah et al39 6 7 ND ND 2
Solomon et al40 26 18 8 6 5

Supplementations: NAC versus placebo
ACT trial41 147 142 3 3 5
Albabtain et al42 12 13 ND ND 3
Alessandri et al10 10 15 ND ND 3
Amini et al43 5 6 ND ND 3
Baker et al44 2 8 ND ND 3
Baskurt et al45 7 5 0 0 3
Berwanger et al46 97 98 2 2 5
Briguori et al47 6 10 0 1 3
Azmus et al48 14 17 1 1 3
Calabrò et al49 4 19 ND ND 3
Carbonell et al50 11 11 0 0 5
Carbonell et al51 2 10 0 1 4
Castini et al33 14 11 0 0 3
Coyle et al52 6 1 ND ND 3
Diaz-Sandoval et al53 2 13 ND ND 4
Durham et al54 10 9 ND ND 4
Ferrario et al55 8 6 ND ND 4
Fung et al56 8 6 0 0 3
Goldenberg et al57 4 3 ND ND 5
Gomes et al58 8 8 2 0 3
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Table 2. (continued)

Author

Incidence of CIN Incidence of Hemodialysis

Jadad ScoreSG CG SG CG

Gulel et al59 3 2 0 0 3
Günebakmaz et al60 9 11 ND ND 3
Heng et al61 2 3 ND ND 3
Hölscher et al62 6 10 ND ND 3
Jaffery et al63 33 25 3 2 4
Kay et al64 4 12 0 0 4
Kim et al65 3 7 ND ND 3
Kinbara et al66 0 4 ND ND 2
Koc et al67 2 13 ND ND 3
MacNeil et al68 1 7 ND ND 3
Miner et al69 9 19 1 0 3
Ochoa et al70 3 11 0 0 4
Oldemeyer et al71 4 3 0 0 4
Ratcliffe et al20 1 1 ND ND 2
Ratcliffe et al20 1 2 ND ND 2
Seyon et al72 1 2 0 0 3
Shyu et al73 2 15 0 1 2
Wang et al74 0 0 ND ND 4
Thiele et al75 18 25 4 1 4
Brueck et al76 53 62 ND ND 5
Webb et al77 25 24 0 0 5
Kefer et al78 2 3 ND ND 4
Arabmomeni et al79 2 6 ND ND 5
Kumar et al80 18 31 ND ND 2
Yeganehkhah et al39 6 7 ND ND 3
Inda-Filho et al36 9 14 0 0 5
Chong et al81 16 19 0 1 3
Thayssen15 32 43 0 0 5
Thayssen15 33 33 0 0 5

Supplementations: vitamin C versus placebo
Albabtain et al42 4 13 ND ND 2
Boscheri et al82 5 3 0 0 3
Brueck et al76 24 62 0 0 5
Briguori et al34 11 11 4 1 3
Dvoršak et al83 2 3 0 0 4
Zhou and Chen84 4 6 ND ND 3
Spargias et al85 11 23 0 0 5

Line 4: drugs: statins versus placebo
Toso et al86 15 16 0 0 3
Acikel et al87 0 1 ND ND 3
Han et al88 34 58 0 2 3
PROMISS trial89 3 4 0 1 5
PRATO-ACS trial90 17 38 0 2 3
Li et al91 2 13 ND ND 5
Ozhan et al92 2 7 ND ND 2
ARMYDA-CIN93 6 16 ND ND 5
Quintavalle et al94 9 37 ND ND 3
Bidram et al95 1 2 ND ND 3
Abaci et al96 6 9 0 0 3
Shehata et al97 5 13 0 0 4

Drugs: adenosine antagonists versus placebo
Bilasy et al98 0 6 ND ND 4
Kinbara et al66 0 4 0 0 2
Rohani99 4 6 ND ND 2
Abizaid et al100 7 6 1 0 4
Baskurt et al45 0 7 0 0 3
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allocated to the loop diuretic group and 654 to the placebo

group. The overall incidence of CIN was 12.9%, ranging from

2.5% to 39.1% accounting for 11.25% in the loop diuretic

group and 14.52% in the placebo group (Table 2). Pooled treat-

ment effect analysis revealed that loop diuretics did not have

the ability to reduce the incidence of CIN with an OR of 0.97

(95% CI: 0.33-2.85; P ¼ .9) using the random-effects model

(Figure 6 and Supplemental Figure 1N for fixed model). Also,

there was a significant heterogeneity among the studies ana-

lyzed (w2 ¼ 21.99, I2 ¼ 81.8%). There was no publication bias

and risk of small study effects among the included RCTs (Begg

test, P ¼ .327; Supplemental Figure 2F). From the 5 included

studies, 4 RCTs reported data on the incidence of the need for

hemodialysis. Pooled analysis reported that the incidence of

hemodialysis was statistically similar in loop diuretic and pla-

cebo groups with an OR of 1.0 (95% CI: 0.37-2.67; P ¼ .9)

using the fixed-effects model (Supplemental Figure 1O and P

for fixed model and for random model, respectively). There

was no heterogeneity among the studies (w2 ¼ 1.7, I2 ¼ 0%).

Angiotensin-converting enzyme inhibitor versus placebo. A total of

1041 patients were included from 9 RCTs. Patient populations

from RCTs ranged from 71 to 208 (Table 1). Of the 1041

patients, 530 were allocated to the ACEI group and 511 to the

placebo group. The overall incidence of CIN was 9.51%, rang-

ing from 4.1% to 16.9%, whereas CIN was observed in 9.62%
in the ACEI group and in 9.39% in the placebo group (Table 2).

Pooled treatment effect analysis revealed that ACEI could not

reduce the incidence of CIN with an OR of 1.06 (95% CI: 0.69-

1.61; P ¼ .8) using the fixed-effects model (Figure 7 and Sup-

plemental Figure 1Q for random model). There was no signif-

icant heterogeneity among the studies (w2 ¼ 13.9, I2 ¼ 42.7%).

There was no publication bias and risk of small study effects

among the included RCTs (Begg test, P ¼ .677; Supplemental

Figure 2G). From 9 included studies about ACEI versus pla-

cebo, 4 RCTs reported data on the incidence of the need for

hemodialysis. In fact, 3 of the 4 comparisons did not present

any hemodialysis in 2 comparative arms; therefore, no meta-

analysis on the incidence of hemodialysis was conducted due to

insufficient number of studies (only 1 study).

Correlation Between CIN and Hemodialysis

In order to explore whether there is a correlation between CIN

and hemodialysis, the Pearson test was used. There was a sig-

nificant correlation between the 2 clinical variables (correlation

coefficient: 0.370, P ¼ .003).

Meta-Regression

A meta-regression analysis was conducted to determine

whether there was any association between rate of CIN and

several variables such as type of contrast agent, history of

CKD, history of diabetes mellitus, baseline serum creatinine,

and mean age of patients. Overall, there was no significant

association detected when considering contrast agent (P ¼
.78), history of kidney disease (P ¼ .15), history of diabetes

Table 2. (continued)

Author

Incidence of CIN Incidence of Hemodialysis

Jadad ScoreSG CG SG CG

Huber et al101 2 10 N.D ND 2
Kapoor et al102 1 11 0 0 2
Matejka et al103 3 0 ND ND 4
Malhis et al104 2 12 1 0 2
Arabmomeni et al79 2 7 ND ND 5

Line 6: drugs: furosemide (loop diuretic) versus placebo
Gu et al105 34 62 1 1 3
Majumdar et al106 23 13 5 4 5
Marenzi et al107 4 15 1 3 4
Shemirani and Pourrmoghaddas108 1 2 ND ND 3
Solomon et al109 10 3 1 0 3

Line 7: drugs: ACEI versus placebo
Oguzhan et al110 8 3 0 0 3
Gupta et al111 2 10 0 0 2
Toprak et al112 5 1 ND ND 1
Hashemi et al113 5 5 ND ND 3
Shemirani and Pourrmoghaddas108 2 3 ND ND 3
Li et al114 2 6 ND ND 3
Rosenstock et al115 7 4 0 0 3
Wolak et al116 1 5 ND ND 2
Bainey et al117 19 11 4 0 4

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; CG, control group; CIN, contrast-induced nephropathy; NAC, N-acetylcysteine; ND, no data; SG,
study group.
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mellitus (P ¼ .47), baseline serum creatinine (P ¼ .51), mean

age of patients (P ¼ .31), and quality of included studies

(P ¼ .53) among all studies.

Discussion

The increasing incidence of ischemic heart disease has accen-

tuated the importance of timely diagnosis and appropriate treat-

ment.1 Coronary angiography is a commonly used diagnostic

procedure that is commonly performed worldwide.1 Acute kid-

ney injury following the use of radiocontrast agents is an

important complication of coronary angiography.1,2 The inci-

dence of CIN can lead to renal failure, need for hemodialysis,

increased morbidity, longer hospital stay, greater cost of treat-

ment, and higher mortality.1,2 Although sufficient hydration

and consumption of drugs with renoprotective effects can

decrease the incidence of CIN, there are still various contro-

versies regarding the prevention and treatment of CIN. In this

comprehensive study, we conducted a parallel meta-analysis

and systematic review to evaluate various prophylactic effects

on the incidence of CIN after coronary angiography.

Regarding the role of oxygen-free radicals as an important

part of the pathogenesis of CIN, SB with its alkali nature might

have a prophylactic effect on CIN. Considering hydration, we

tried to compare the effects of hydration with NS and SB. The

results of our study revealed that SB had noticeably more abil-

ity to decrease the incidence of CIN compared with NS. Sub-

group analysis indicated that prophylactic effects of SB against

CIN were higher when radiocontrast angiography was per-

formed using low-osmolarity radiocontrast agents. According

to the results of the present study, hydration with SB is also

more beneficial than NS in patients requiring emergency cor-

onary angiography. This is also consistent with the study by

Jang et al who reported that hydration with SB is clearly better

than NS, particularly for patients undergoing emergency angio-

graphy.118 Our previous study showed that despite more

Figure 1. Forest plot of odds ratio (OR) for effects of normal saline versus sodium bicarbonate on contrast-induced nephropathy.
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prophylactic effects, SB was not associated with major adverse

cardiovascular events compared with NS; therefore, we recom-

mend hydration using SB, where only a monitoring of potas-

sium level and acid–base balance is required.119 The current

analysis with larger studies and patient cohorts enrolled the

preference of using SB compared with NS is even more

enhanced, although both hydration strategies appear to have

the same effect on preventing the need for hemodialysis.

Since the toxicity of renal cells and oxygen-free radicals are

known as important pathogens in the incidence of CIN, using

antioxidant supplements can possibly have protective effects

on renal cells.120,121 Cellular damage is mediated by an altera-

tion in the antioxidant status, which increases the concentration

of reactive oxygen species in oxidative stress. Oxidative stress

mediates a wide spectrum of renal impairments from acute

renal failure, obstructive nephropathy, to chronic renal failure

and hemodialysis.120,121 In terms of various supplementations,

we examined the effects of the commonly used antioxidants,

Table 3. Subgroup Analysis for Clinical Outcomes.

Subgroup Studies (N) Odd ratio (95% CI) P-value

SGA for CIN and hydration according to OR
Radio-contrast
Low osmolality 20 0.59 (0.47-0.74) 0.001
Iso-osmolality 9 0.83 (0.68-1.10) 0.2
High osmolality 1 0.47 (0.13-1.20) 0.1
Combined – – –
ND 3 1.16 (0.81-1.65) 0.4
Type of coronary angiography
Elective 21 0.85 (0.69-1.06) 0.1
Emergency 6 0.65 (0.46-0.84) 0.002
Both 1 0.86 (0.48-1.52) 0.6
ND 5 0.58 (0.38-0.88) 0.01
SGA for CIN and NAC according to OR
Radio-contrast
Low osmolality 32 0.61 (0.52-0.73) 0.001
Iso-osmolality 10 0.93 (0.72-1.21) 0.6
High osmolality 1 0.61 (0.25-1.46) 0.2
Combined 5 0.98 (0.81-1.17) 0.8
ND – – –
Type of coronary angiography
Elective 34 0.79 (0.69-0.90) 0.001
Emergency 7 0.87 (0.67-1.13) 0.3
Both 1 0.27 (0.07-1.06) 0.06
ND 6 0.65 (0.44-0.96) 0.03
SGA for CIN and vitamin C according to OR
Radio-contrast
Low osmolality 4 0.651 (0.415-1.02) 0.062
Iso-osmolality 1 1.042 (0.431-2.515) 0.928
High osmolality – – –
Combined 2 0.467 (0.241-0.905) 0.024
ND – – –
Type of coronary angiography
Elective 5 0.68 (0.47-0.99) 0.04
Emergency – – –
Both 1 0.30 (0.09-1.0) 0.06
ND 1 0.72 (0.19-2.67) 0.6
SGA for CIN and statins according to OR
Radio-contrast
Low osmolality 6 0.34 (0.20-0.56) 0.001
Iso-osmolality 6 0.48 (0.37-0.64) 0.001
High osmolality – – –
Combined – – –
ND – – –
Type of coronary angiography
Elective 7 0.45 (0.30-0.67) 0.001
Emergency 3 0.34 (0.21-0.55) 0.001
Both 1 0.57 (0.37-0.88) 0.01
ND 1 0.31 (0.06-1.55) 0.1
Type of statin
Atorvastatin 8 0.36 (0.24-0.52) 0.001
Rosuvastatin 3 0.52 (0.37-0.72) 0.001
Simvastatin 1 0.74 (0.16-3.97) 0.7
SGA for CIN and Adenosine antagonists according to OR
Radio-contrast
Low osmolality 8 0.27 (0.15-0.47) 0.001
Iso-osmolality 1 6.23 (0.30-127.1) 0.2
High osmolality 1 0.06 (0.008-0.53) 0.01
Combined – – –
ND – – –

(continued)

Table 3. (continued)

Subgroup Studies (N) Odd ratio (95% CI) P-value

Type of coronary angiography
Elective 7 0.27 (0.11-0.47) 0.001
Emergency – – –
Both 1 6.23 (0.30-127.1) 0.2
ND 2 0.34 (0.11-0.88) 0.02
Type of adenosine antagonist
Theophylline 7 0.19 (0.10-0.37) 0.001
Aminophylline 3 0.62 (0.26-1.47) 0.2
SGA for CIN and loop diuretic according to OR
Radio-contrast
Low osmolality 2 0.93 (0.50-1.7) 0.8
Iso-osmolality – – –
High osmolality – – –
Combined 1 5.55 (1.31-23.4) 0.02
ND 2 0.52 (0.34-0.81) 0.004
Type of coronary angiography
Elective 2 2.06 (0.93-4.56) 0.07
Emergency – – –
Both 2 0.46 (0.30-0.70) 0.001
ND 1 5.55 (1.31-23.4) 0.02
SGA for CIN and ACEI according to OR
Radio-contrast
Low osmolality 4 1.74 (0.97-3.11) 0.06
Iso-osmolality 1 0.97 (0.27-3.47) 0.9
High osmolality – – –
Combined – – –
ND 4 0.46 (0.21-1.01) 0.05
Type of coronary angiography
Elective 6 1.55 (0.92-2.61) 0.09
Emergency – – –
Both – – –
ND 3 0.43 (0.19-0.97) 0.04
Type of ACEI
Captopril 4 0.68 (0.32-1.41) 0.3
Others 5 1.32 (0.78-2.23) 0.2

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; CI, confidence
interval; CIN, contrast-induced nephropathy; NAC, N-acetylcysteine; ND, no
data; OR, odds ratio; SGA, subgroup analysis.
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NAC, and ascorbic acid. The results indicated that administra-

tion of NAC in candidates for angiography could significantly

reduce the incidence of CIN, though without any significant

effect on the need for hemodialysis. The present study showed

that administration of vitamin C could clearly reduce the inci-

dence of CIN, whereas its renoprotective effects were even

better when applied to patients undergoing angiography using

low-osmolarity radiocontrast agents. Albabtain et al42 also

found that administration of vitamin C, NAC, and a combina-

tion of both could prevent CIN, although their effects were

nothing more than hydration. They also believed that using

antioxidants in patients undergoing coronary angiography was

complication free. Therefore, in addition to prophylactic

effects of NAC and vitamin C against CIN, their safety can

justify their usage as a standard treatment.42

Statins are widely administered for primary and secondary

prevention of coronary artery disease. They are able to reduce

oxygen-free radicals and inflammation, upregulate inhibitors of

transforming growth factor-b signaling, and decrease renal

fibrosis.122,123 The results of the present study revealed that

statins could also significantly reduce the incidence of CIN

while having a slight trend toward decreasing the incidence

Figure 2. Forest plot of odds ratio (OR) for effects of N-acetylcysteine (NAC) on contrast-induced nephropathy.
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Figure 3. Forest plot of odds ratio (OR) for effects of vitamin C on contrast-induced nephropathy.

Figure 4. Forest plot of odds ratio (OR) for effects of statins on contrast-induced nephropathy.
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Figure 5. Forest plot of odds ratio (OR) for effects of adenosine antagonists on contrast-induced nephropathy.

Figure 6. Forest plot of odds ratio (OR) for effects of loop diuretic on contrast-induced nephropathy.
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of the need for hemodialysis. According to our subgroup anal-

ysis, statins showed noticeable prophylactic effects on reducing

the incidence of CIN in angiography using low- and iso-

osmolarity radiocontrast agents and, on the other hand, in both

elective and emergency angiography. Lee et al confirmed that

using statins at a daily dosage of > 40 mg could significantly

reduce CIN.124 Also, they reported no statistically meaningful

difference in muscle pain and disorders, abnormality of liver

function, gastrointestinal disease, edema, and rash between the

statin and placebo groups.124 Singh et al reported that statins

could decrease CIN and should be used in all cases of coronary

angiography and interventional procedures using radiocontrast

agents.125 In addition to the above-mentioned administration

for primary and secondary prevention of coronary artery dis-

ease, previous literature reported on further beneficial effects of

statins in patients undergoing PCI, beyond cholesterol lowering.

Such cholesterol-independent or ‘‘pleiotropic’’ effects may

improve endothelial function, leading to the stability of athero-

sclerotic plaques and less oxidative stress. Moreover, inflamma-

tory and thrombogenic response can be inhibited by this

mechanism facilitating better prognosis.122 Nevertheless, further

studies are required for the determination of the pretreatment

dosing, regimen, and duration of statin application.125

Animal models indicated that adenosine may mediate renal

vasoconstriction after administration of radiocontrast

agents.126 Adenosine receptor antagonists, such as theophylline

and aminophylline, are effective in preserving glomerular fil-

tration rate following injections of radiocontrast agents.126-128

The present study found that using AAs in patients undergoing

coronary angiography could greatly reduce CIN, while having

no effect on the need for hemodialysis. Interestingly, our sub-

group analysis revealed that the renoprotective effects of AAs

were only related to theophylline, whereas aminophylline was

not associated with such effects. Also, AAs were found to be

more effective in reducing CIN when used in angiography with

low-osmolarity radiocontrast agents and in elective

angiography.

Similar to our results, Dai et al showed in their meta-

analysis of RCTs (published in 2012) that theophylline could

considerably reduce the incidence of CIN and had modest

improvement in renal function.129 However, they noted that

administration of theophylline in patients with baseline serum

creatinine >1.5 mg/dL was not associated with beneficial

effects in terms of protection against CIN.129

The ACEI are generally used in patients with cardiovascular

diseases including hypertension, CAD, heart failure, and car-

diomyopathy, as well as renal diseases, such as diabetic

nephropathy and chronic kidney disease.130 Loop diuretics,

such as furosemide, can theoretically lower the risk of fluid

overload, protect renal tissue, and reduce the incidence of CIN

through volume expansion. However, practically, there is a

notable controversy in terms of clinical effects of furosemide

Figure 7. Forest plot of odds ratio (OR) for effects of angiotensin-converting enzyme inhibitors (ACEI) on contrast-induced nephropathy.
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on the incidence of CIN.131 The findings of our study showed

that treatment with furosemide did not lead to a decreased

incidence of CIN and renal failure requiring hemodialysis.

Also, a relatively common finding in patients treated with a

loop or thiazide diuretics, which may lead to gouty arthritis

over a period of time, is hyperuricemia. Dependent on the dose

administered, diuretics reduce urate excretion by both directly

and indirectly increasing urate reabsorption and decreasing

urate secretion.132 However, treatment of asymptomatic hyper-

uricemia is not necessary. If diuretic-induced gout occurs, it is

usually treated with a urate-lowering drug such as allopuri-

nol.133 A subgroup analysis of our study indicated that ACEI

in patients undergoing elective angiography, even if performed

using low-osmolarity radiocontrast agents, had even a trend to

increase the incidence of CIN.

In the present study, we tried to examine different therapeu-

tic strategies to prevent CIN in patients undergoing coronary

angiography. In general, according to these results, several

renoprotective therapeutic strategies can be applied to reduce

the incidence of CIN, such as hydration that is considered the

first line of preventing CIN with more renoprotective effects

when using SB as compared with NS. On the other hand, being

complication free and safe with a great ability in reducing the

incidence of CIN, administration of vitamin C and NAC anti-

oxidant supplementations is highly recommended for patients

undergoing angiography. In terms of further drugs examined in

this study, statins and theophylline may also be able to decrease

the incidence of CIN, whereas furosemide and ACEI did not

show such effect. Subgroup analyses suggested that therapeutic

effects of sufficient hydration with SB, effects of NAC and

vitamin C supplementations, as well as statin and theophylline

therapy may only have beneficial effects when angiography is

carried out using low-osmolarity radiocontrast agents. Also, for

cases of emergency angiography, the best possible preventive

strategy seems to be hydration with SB and using low-

osmolarity radiocontrast agents. Due to the fact that CIN is a

multifactorial adverse event, more optimal outcomes might be

achieved by considering multiple prevention strategies. In

many centers for the diagnosis and treatment of cardiovascular

diseases, hydration is still solely performed to prevent CIN.

Considering combined prophylactic strategies that might

improve outcome as shown in our analysis, such as hydration

using SB (while monitoring acid–base balance and potassium

level) accompanied by the administration of NAC or vitamin C

supplements as well as statins and theophylline before and after

injection of radiocontrast agents, may prove promising. How-

ever, such combinations should be evaluated in trials before

application in clinical practice.

Limitations

The Jadad score used in our analysis might be less adequate for

validity appraisal, whereas Cochrane risk of bias might be more

suitable for RCTs.134 Although in most studies included in the

present analysis renal failure was defined as new-onset hemo-

dialysis during hospitalization after angiography, such

definition may ignore a significant proportion of patients with

considerable renal failure, however not yet advanced enough

for the need of hemodialysis. Thus, further research should pay

more attention to the evaluation of the incidence of renal failure

in patients with or without the need of hemodialysis. Also, the

duration of follow-up should be extended in the future studies.
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