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Abstract

Background Contrast-induced nephropathy (CIN) is

a common cause of acute kidney injury. Several

preventive therapies for this injury have been tested;

however, there is still no consensus on the optimal

protocol.

Methods We performed a systematic search of the

National Library of Medicine and the Cochrane

Library databases from January 1985 to November

2008 to identify randomized controlled studies

examining sodium bicarbonate as a preventive

measure for CIN in humans. We also reviewed

conference abstracts from cardiology nephrology and

radiology meetings from 2004 to 2008. A change in

serum creatinine levels defined by an absolute

(C0.5 mg/dl) or percentage (C25%) increase in the

serum creatinine level is defined as CIN. The primary

outcome measure was the incidence of CIN, and the

secondary outcome measures were: change in serum

creatinine from baseline, requirement for renal

replacement therapy and death.

Results Seventeen randomized controlled trials

have investigated the role of sodium bicarbonate for

prophylaxis of CIN. The overall incidence of CIN

was 11.3%. Using the results from all 17 studies that

compared bicarbonate versus saline, the pooled

relative risk of developing CIN was 0.54 (95% CI,

0.36–0.83) in the intervention arm, indicating a

significant benefit from sodium bicarbonate. The

pooled relative risk of CIN was 0.57 (95% CI, 0.35–

0.95) when we analyzed for the studies that compared

the effects sodium bicarbonate to NAC on develop-

ment of CIN. There was no difference in the rates of

requirement for renal replacement therapy and death.

Conclusions The use of sodium bicarbonate appears

to reduce the incidence of CIN when compared to

other preventive strategies for CIN without a signif-

icant difference in the requirement of renal replace-

ment therapy and mortality. There are study

heterogeneity and publication biases. Further ade-

quately powered randomized controlled studies are

needed to determine whether sodium bicarbonate will
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reduce the clinically meaningful outcomes (e.g., need

for dialysis or death) and optimal hydration strategy

in high-risk patients.

Keywords Acute renal failure �
Contrast-induced nephropathy � Sodium bicarbonate

Introduction

Acute kidney injury (AKI) has life-threatening con-

sequences, and iodine contrast media is one of the

most important factors that precipitates acquired AKI

in hospitalized patients [1–3]. The rising incidence of

contrast-induced nephropathy (CIN) over the last

decades is related to an increasing number of invasive

diagnostic procedures requiring radiographic con-

trast, which are frequently performed in an ever more

susceptible, high-risk population. Primarily, several

different risk factors for CIN have been documented,

including impaired kidney function [4], diabetes [5],

age and conditions that impair renal blood flow, such

as hypotension or nonsteroidal anti-inflammatory

drugs [6]. It has been well established that patients

who develop CIN have an increased risk of morbid-

ity, prolonged hospitalization and mortality [7–11].

Due to these increased risks, efforts to prevent or

ameliorate CIN are warranted, but the best available

strategy to minimize these important risks still needs

to be exactly defined [2, 3].

Although the pathophysiological processes of CIN

are not completely understood, many potential

mechanisms for renal injury have been proposed,

including contrast-media-induced vasoconstriction

resulting in reduction in renal blood flow, direct

tubular toxicity, and free radical and oxidative injury

to tubular cells [12, 13]. Based on these mechanisms,

several preventive therapies for CIN have been tested

in patients receiving iodinated contrast media. There

are encouraging results in the prevention of CIN with

isotonic saline, theophylline, N-acetylcysteine, low

and iso-osmolar contrast [14–17]. A very recent

meta-analysis including 41 studies by Kelly et al. [18]

about the effectiveness of drugs (including dopamine,

fenoldopam, furosemide, N-acetylcysteine and the-

ophylline) for prevention of CIN showed that (1)

N-acetylcysteine is more protective than hydration

alone, (2) theophylline may also reduce the risk for

development of CIN, but its association with better

outcomes did not reach significance, (3) furosemide

increases the risk for development of CIN and (4)

dopamine and fenoldopam did not affect the risk of

CIN.

However, all of these previous strategies to

prevent CIN are often insufficient, and there is still

no certainty about the optimal protocol. Sodium

bicarbonate has recently been the focus of various

reports, both prospective and retrospective analyses

with large databases [19–36]. Results from two

retrospective studies, the Mayo clinic cohort study

[37] and the study by Schmidt et al. [38], suggest that

sodium bicarbonate is associated with increased

incidence of CIN, in contrast to several prospective

randomized but smaller size studies. Moreover, two

recent meta-analyses found that sodium bicarbonate

hydration significantly decreases the incidence of

CIN compared to normal saline [39, 40]. However,

two recently published randomized controlled trials

(RCT) and abstracts do not suggest that hydration

with sodium bicarbonate is superior to hydration with

normal saline for prevention of the development of

CIN [33, 34]. Therefore, it is time to systematically

review the available evidence and investigate the

results from pooling RCTs. In this report, we

performed a meta-analysis to assess the overall effect

of sodium bicarbonate in preventing CIN using all

available data.

Methods

Literature review

A systematic computer-aided search of the National

Library of Medicine, EMBASE, and the Cochrane

Library was performed for all pertinent studies

examining sodium bicarbonate as a preventive mea-

sure for CIN in humans published between 1985 and

November 2008 without language restriction. Key

words used included ‘contrast media or contrast or

radiocontrast,’ ‘nephropathy or contrast nephropa-

thy,’ ‘kidney failure or acute renal failure or acute

kidney injury’ and ‘sodium bicarbonate.’ In addition,

we identified other potentially relevant studies using

a manual search of references from all eligible

studies, review articles and Science Citation Index

Expanded on the Web of Science, and searched the
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top 50 citations for each paper through the ‘‘related

articles’’ feature of PubMed. Furthermore, we also

reviewed conference proceedings of the American

Society of Nephrology, International Society of

Nephrology, American College of Cardiology, Amer-

ican Heart Association, American Society of Anes-

thesiologists and American College of Clinical

Pharmacists. The two reviewers worked indepen-

dently (M.K., F.T.), and disagreements were resolved

by consensus.

Data extraction

We independently extracted data from all primary

studies fulfilling eligibility criteria. Inclusion criteria

were as follows: (1) study design (randomized

controlled trials), (2) target population (patients

receiving contrast media for angiography or com-

puted tomography), (3) intervention (trials of sodium

bicarbonate versus control) and (4) outcome (trials

with explicit definition of CIN). Data extracted

included identifying information, focus of the study,

details of the study protocol and demographic data.

The primary outcome measure was the incidence of

CIN. The secondary outcome measures were: change

in serum creatinine from baseline, requirement for

renal replacement therapy and mortality.

Statistical methods

We assessed the risk of CIN observed with the

administration of sodium bicarbonate versus control

therapies in 2 9 2 contingency tables. Initially, the

results were pooled using fixed effects (Mantel–

Haenzel) methods. Between study heterogeneity was

determined by the Q statistic, with a P value \ 0.1

considered statistically significant. The I2 statistic was

used to quantify the magnitude of heterogeneity, with

values of 0 to 30%, 31 to 50% and greater than 50%

representing mild, moderate and notable heterogene-

ity, respectively. Because statistical heterogeneity was

present, the overall results were mathematically

pooled using techniques that accounted for within

and between study heterogeneity (random effects

method of DerSimonian and Laird). All statistical

analyses were performed with the software program

Comprehensive Meta Analysis 1.0.25 (Englewood,

NJ).

Results

Identification of studies

A total of 2,173 unique citations were identified by

our search strategy (Fig. 1). After the initial screen,

332 citations were selected for further review. All of

these citations were identified by the electronic

search strategy and were published in peer-reviewed

journals. Only 17 studies (all published between 2004

and 2008; 9 available only in abstract format;

presented at international meetings) that investigated

the role of sodium bicarbonate for prophylaxis for

CIN [19–36] were randomized controlled trials.

Patient characteristics

A total of 2,448 patients were examined in these trials,

among whom 1,225 received sodium bicarbonate and

1,223 were in control groups. Key elements of study

methods and reporting varied among studies [41].

Overall, the quality of the included studies was low to

moderate.

Table 1 describes baseline characteristics of the

study patients. The mean age ranged from 61 to

76 years, and men constituted 68–88% of participants.

Nine studies included diabetic patients, with the

prevalence ranging between 27 and 55% in these

studies [19, 23, 24, 26, 29, 33–36]. Ten studies were

performed exclusively in patients with stable chronic

kidney disease [19, 23, 25, 26, 29–33, 36]. In one

study, there were only nine patients (8%) with chronic

kidney disease, of whom four were in the sodium

bicarbonate group and five in the control group [20].

Intervention

The dosing and schedule of administration of sodium

bicarbonate were similar in all studies. Of note, sodium

bicarbonate was used alone in 12 studies [19, 20, 22,

25–27, 29–31, 33, 35, 36] and together with NAC in 5

studies [21, 23, 24, 32, 34]. Four studies compared

sodium bicarbonate and NAC [20, 22, 26, 29]. All

patients received a hydration protocol with their

angiographic procedure, and the most common dose

was 0.9% isotonic saline at 1 ml kg-1 h-1. The most

common schedule of hydration was for 12 h before the

procedure. Patients received non-ionic, iso-osmolar or

low-osmolar or high-osmolar contrast media, and the
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mean dose of contrast media ranged from 130 to

290 ml. In four studies, diuretics were withheld on the

day of contrast injection [19, 24, 35, 36].

The definitions of CIN varied across studies. Two

studies defined CIN as a[0.5 mg/dl increase in serum

creatinine from baseline [23, 34], 13 studies used a

[25% increase in serum creatinine from baseline [19,

21, 22, 24–35], and one study used a[25% decrease in

the glomerular filtration rate [36]. Except for one study

[34], the time for ascertaining CIN for all studies was

48–72 h after exposure to contrast media. Protocols

for administration and total cumulative dosages of

sodium bicarbonate varied across the studies. The

most common protocol was sodium bicarbonate

3 ml kg-1 h-1 1 h before and 1 ml kg-1 h-1 for 6 h

during and after the procedure for the bicarbonate

group and isotonic saline 3 ml kg-1 h-1 1 h before

and 1 ml kg-1 h-1 for 6 h during and after the

procedure for the control group.

Outcomes

Contrast-induced nephropathy

All studies reported the main outcome measure,

incidence of CIN, the secondary outcome measure

and mean change in creatinine at 48–72 h. All studies

reported on the need for RRT. The overall incidence

of CIN was 11.3%. Using the results from all 17

studies that compared bicarbonate versus saline, the

pooled relative risk of developing CIN was 0.54

(95% CI, 0.36–0.83) in the intervention arm, indi-

cating a statistically significant trend towards a

benefit from sodium bicarbonate (Fig. 2). Regarding

the secondary outcomes, CIN requiring dialysis only

occurred in 17 patients: 6 received sodium bicarbon-

ate, and 11 were in the control group (P = NS).

Sensitivity analysis

In an effort to explore the potential causes of

heterogeneity, we performed sensitivity analyses by

separating the studies into two subgroups. We

grouped the studies based on whether NAC was

administered together with sodium bicarbonate or

not. There were 11 randomized controlled studies not

using NAC and 5 studies using a combination of

NAC and sodium bicarbonate. The pooled relative

risk from the studies analyzing only sodium bicar-

bonate was similar to the overall effect size (pooled

RR 0.38, 95% CI, 0.18–0.79). Furthermore, we

analyzed four randomized controlled studies that

2173 articles identified via 
- Medline Search
- Embase
- Cochrane

1745 Excluded 
(Reports Other Than RCTs)

332 Reports of RCTs 
examined for further review

324 Reports excluded 

- 321 Not trials of sodium bicarbonate
- 3 retrospective studies

8RCTs identified

9 abstracts of bicarbonate for 
prophylaxis of CIN identified via 

search of ASN, ISN, AHA, ACC, ASA, 
ACCP congress

17RCTs included 
in final analysis

Fig. 1 Flow diagram of

study selection process.

Abbreviations: RCTs
randomized controlled

trials, ASN American

Society of Nephrology, ISN
International Society of

Nephrology, AHA
American Heart

Asscociation, ACC
American College of

Cardiology, ASA American

Society of

Anesthesiologists, ACCP
American College of

Clinical Pharmacists

620 Int Urol Nephrol (2009) 41:617–627

123



T
a

b
le

1
B

as
el

in
e

ch
ar

ac
te

ri
st

ic
s

o
f

th
e

st
u

d
y

p
at

ie
n

ts

A
u

th
o

rs
B

as
el

in
e

cr
ea

ti
n

in
e

(m
g

/d
l)

A
g

e
(y

ea
rs

)
D

ia
b

et
es

(%
)

H
ea

rt
fa

il
u

re
(%

)

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

M
er

te
n

et
al

.
[1

9
]

1
.8

9
±

0
.6

9
1

.7
1

±
0

.4
2

6
6

±
1

2
6

9
±

1
2

5
0

%
4

6
%

N
R

N
R

H
il

l
et

al
.

[2
0

]
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S

S
ai

d
in

et
al

.
[2

1
]

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

A
d

d
ad

et
al

.
[2

2
]

1
.0

8
±

0
.3

8
1

.1
6

±
0

.4
6

6
1

±
1

1
6

2
±

9
N

S
N

S
N

S
N

S

R
ec

io
-M

ay
o

ra
l

et
al

.
[2

3
]

1
.9

5
(m

ed
ia

n
)

2
(m

ed
ia

n
)

7
0

±
9

7
1

±
9

4
9

%
5

5
%

1
8

%
1

1
%

B
ri

g
u

o
ri

et
al

.
[2

4
]

1
(m

ed
ia

n
)

1
(m

ed
ia

n
)

6
5

±
1

0
6

4
±

9
3

2
%

2
7

%
1

1
%

1
8

%

M
o

ra
et

al
.

[2
5
]

1
.7

9
±

0
.3

2
1

.8
0

±
0

.2
9

6
1

±
1

3
6

3
±

1
1

N
I

N
I

N
I

N
I

O
zc

an
et

al
.

[2
6
]

1
.3

6
1

.4
0

6
8

7
0

4
2

%
4

8
%

2
7

%
2

4
%

L
in

et
al

.
[2

7
]

0
.8

±
0

.2
0

.7
±

0
.2

N
S

N
S

N
S

N
S

N
S

N
S

S
h

ai
k

h
et

al
.

[2
9

]
1

.8
5

1
.8

2
7

1
7

2
4

5
4

3
N

S
N

S

K
im

et
al

.
[3

0
]

C
r

C
1

.5
C

r
C

1
.5

N
S

N
S

N
S

N
S

N
S

N
S

C
h

en
,

et
al

.
[3

1
]

G
F

R
\

6
0

m
l

m
in

-
1

1
.7

3
m

-
2

G
F

R
\

6
0

m
l

m
in

-
1

1
.7

3
m

-
2

N
S

N
S

N
S

N
S

N
S

N
S

H
eg

u
il

en
et

al
.

[3
2

]
C

r
C

1
.2

5
o

r

G
F

R
\

5
0

m
l

m
in

-
1

1
.7

3
m

-
2

C
r

C
1

.2
5

o
r

G
F

R
\

5
0

m
l

m
in

-
1

1
.7

3
m

-
2

N
S

N
S

N
S

N
S

N
S

N
S

A
d

o
lp

h
et

al
.

[3
3

]
1

.5
4

±
0

.5
1

1
.5

7
±

0
.3

6
7

0
±

8
7

3
±

7
3

7
%

2
8

%
N

S
N

S

M
ai

o
li

et
al

.
[3

4
]

1
.2

±
0

.3
1

.2
1

±
0

.3
7

4
7

4
2

5
%

2
3

%
8

%
7

%

M
as

u
d

a
et

al
.

[3
5
]

1
.3

1
±

0
.5

2
1

.3
2

±
0

.6
5

7
5

±
8

7
6

±
1

1
2

7
%

3
5

%
3

3
%

3
1

%

B
ra

r
et

al
.

[3
6
]

1
.4

9
±

0
.3

6
1

.4
9

±
0

.3
8

7
1

7
1

4
2

%
4

6
%

2
6

%
3

1
%

A
u

th
o

rs
P

er
ip

h
er

al
v

as
cu

la
r

d
is

ea
se

(%
)

P
re

v
io

u
s

A
C

E
in

h
.

o
r

A
R

B
tr

ea
tm

en
t

P
re

v
io

u
s

N
S

A
ID

tr
ea

tm
en

t

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

B
ic

ar
b

o
n

at
e

C
o

n
tr

o
l

M
er

te
n

et
al

.
[1

9
]

N
R

N
R

N
R

N
R

N
S

N
S

H
il

l
et

al
.

[2
0

]
N

S
N

S
N

S
N

S
N

S
N

S

S
ai

d
in

et
al

.
[2

1
]

N
S

N
S

N
S

N
S

N
S

N
S

A
d

d
ad

et
al

.
[2

2
]

N
S

N
S

N
S

N
S

N
S

N
S

R
ec

io
-M

ay
o

ra
l

et
al

.
[2

3
]

3
6

%
2

4
.5

%
8

0
%

7
7

%
N

S
N

S

B
ri

g
u

o
ri

et
al

.
[2

4
]

7
%

9
%

4
8

%
4

7
%

N
S

N
S

M
o

ra
et

al
.

[2
5
]

N
S

N
S

N
S

N
S

N
I

N
I

O
zc

an
et

al
.

[2
6
]

6
%

8
%

6
6

%
7

0
%

N
S

N
S

L
in

et
al

.
[2

7
]

N
S

N
S

N
S

N
S

N
S

N
S

Int Urol Nephrol (2009) 41:617–627 621

123



compared the effects of sodium bicarbonate and NAC

on development of CIN. The pooled relative risk was

0.57 (95% CI, 0.35–0.95), (Fig. 3).

Need for renal replacement therapy

There was no difference in the need for renal

replacement therapy between the sodium bicarbonate

and control group in 11 trials, 6 of 935 (0.6%) versus

11 of 927 (1.2%); the pooled relative risk was 0.64

(95% CI, 0.27–1.53) (Fig. 4).

Mortality

There was no difference in mortality between the

sodium bicarbonate and control group in 4 trials, 8 of

513 (1.6%) versus 12 of 512 (2.3%); the pooled

relative risk was 0.74 (95% CI, 0.29–1.87) (Fig. 5).

Discussion

The salient findings of this meta-analysis indicate that

(1) the administration of sodium-bicarbonate-based

fluids significantly reduces the risk of CIN compared

to other standard prophylactic hydration regimens,

(2) administration of sodium-bicarbonate-based fluids

significantly reduces the risk of CIN compared to

NAC and (3) administration of sodium-bicarbonate-

based fluids has no superiority in preventing the need

for renal replacement therapy and decreasing the rate

of mortality due to CIN compared to other standard

prophylactic hydration regimens. We demonstrate

that the use of sodium bicarbonate reduces the risk of

CIN by 54–83% to an overall incidence of CIN 8%.

However, we found a publication bias that may

influence the results in favor of sodium-bicarbonate-

based fluids for prevention of the development of

CIN.

CIN is the third most common cause of hospital-

acquired renal failure [42–45]. Moreover, the use of

elective and particularly emergency coronary angi-

ography continues to increase, and patients are opting

for medical treatment more frequently than for

surgical solutions. In the highest risk patients, i.e.,

those with a total risk score C16 (according to the

score described by Mehran et al. [6]), the risk of a

25% increase in serum creatinine is 57.3%, and the

risk of dialysis is 12.6% after percutaneous coronaryT
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Fig. 2 Relative risk for CIN in bicarbonate- versus saline-treated patients

Fig. 3 Relative risk for the development of CIN in bicarbonate- versus NAC-treated patients

Fig. 4 Relative risk for need for renal replacement therapy in bicarbonate- versus saline-treated patients

Fig. 5 Relative risk for mortality in the bicarbonate- versus saline-treated patients
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intervention [6]. Most importantly, CIN is associated

with markedly increased short-term and long-term

mortality. Therefore, determining the best strategies

to minimize CIN is an important objective. Volume

supplementation and the use of the smallest amount

of low/iso-osmolar contrast agents are currently

recommended strategies for CIN prevention [46].

However, in patients at high risk—as defined by

available and validated risk stratification algorithms

[11]—additional measures might be required. Reac-

tive oxygen species (ROS) generated by contrast

media may enhance the effects of vasoconstrictors;

subsequently, medullary hypoxia further promotes

mithocondrial generation of ROS. Thus, it seems

reasonable to combine agents targeting the various

pathogenic mechanisms of CIN, particularly antiox-

idative-oriented treatments, such as NAC, bicarbon-

ate and ascorbic acid—the most investigated

compounds. However, two large retrospective studies

suggested that sodium bicarbonate was not beneficial

for prevention of CIN [37, 38]. In our analyses, data

from the 17 RCTs in our systematic review demon-

strated a protective effect of sodium bicarbonate [19–

36] when compared to saline alone or saline plus

NAC.

While NAC prevents direct oxidative stress in a

dose-dependent manner, working through pathways

similar to ascorbic acid, bicarbonate may also

intervene in a different, additive manner. Most

importantly, it is an efficient and rapid method to

alkalinize the renal tubular fluid. At the kidney

(tubular) level, free radical generation is promoted

and enhanced by the typical acidic milieu and is

inhibited by the higher pH of normal extracellular

fluid. This is clinically relevant, as supported by the

increased risk of CIN observed in patients with

enhanced urinary acid excretion from high aldoste-

rone (dehydration, congestive heart failure, hypopro-

teinemia). The beneficial effect of sodium

bicarbonate is not related to a better (compared to

sodium chloride) direct volume expansion [47].

Indeed, in animal models, pretreatment with sodium

bicarbonate is more protective than sodium chloride

for prevention of acute kidney injury promoted by

ischemia [48] or doxorubicin [49].

The achievement of sodium bicarbonate in reduc-

ing the development of CIN does not seem to be only

due to the result of volume expansion but is

consistent with the hypothesis that contrast injury is

from the increased production of free radicals, which

may play a role in the effects of various vasocon-

strictors, generated within the acid environment of

the renal medulla [50]. Furthermore, medullary

hypoxia also contributes to mitochondrial generation

of reactive oxygen species, which have a major role

in the development of CIN [51]. In the previous

studies, it was shown that free-radical formation is

promoted by an acidic environment typical of tubular

urine, but it is inhibited by the higher pH of normal

extracellular fluid [52]. At physiological concentra-

tions, bicarbonate also scavenges peroxynitrite and

other reactive species generated from nitric oxide

[53]. Thus, alkalinizing renal tubular fluid with

bicarbonate may prevent the development of CIN

by reducing renal injury by slowing the free radical

production in the renal medulla.

There are several methodological limitations that

were relevant when the impact of sodium bicarbonate

was assessed from the studies included in this review.

In 9 of the 17 studies cited, sodium bicarbonate was

compared to saline alone—in each of these 9 trials,

the saline regimens differed in the amounts admin-

istered, timing of administration and duration of

therapy. In one study, the dose and manner of

administration of NAC differed between the control

and intervention [23]. Furthermore, there was con-

siderable variation in the degree of renal dysfunction

in the cohorts studied, ranging from a mean serum

creatinine of 0.8 mg/dl (Lin et al. [27]) to 1.95 mg/dl

(Recio-Mayoral et al. [23]). There was also consid-

erable variation in the definitions of CIN among the

studies. Despite the reported association of CIN with

impaired outcomes, no trial examined clinical hard

outcomes, such as long-term dialysis dependency and

mortality, length of hospital stay, hospital mortality

and morbidity. Another limitation of the studies

examined are that all studies included fewer than 110

patients per intervention arm and could have repre-

sented false-positive results. In the landmark trial by

Merten et al. [19], 13% of the initially randomized

subjects were lost from analysis, and the trial was

terminated early. The timing of the interim analysis

and the stopping rules were not prespecified, and the

P value for the difference in event rates (P = 0.02)

was higher than the standard for stopping a trial early.

In addition, the statistical power of the trial reported

by Ozcan et al. [26] may also be insufficient due to

the small size of the study population, while the study
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reported by Lin et al. [27] offered preliminary data

also derived from a small population. A second

relevant methodological issue is related to the type of

population included. The results from the trial

reported by Briguori et al. [24] cannot be extended

to high-risk patients (with a risk score C16, see

above). Similarly, the study reported by Mora et al.

[25] did not include patients with acute renal failure,

diabetes mellitus, overt hypervolemia or those on

non-steroid antiinflammatory drugs. However, most

of the patients requiring contrast have such risk

factors. Finally, Brar et al. [36] included patients with

a GFR B60 ml min-1 1.73 m-2 (stage 3 chronic

kidney disease). Therefore, the results of these studies

cannot be extended to all patients (with

GFR [60 ml min-1 1.73 m-2 and/or high risk).

Additional relevant issues should also be underlined.

In the RENO study [23], the definition of the primary

endpoint was different from the other seven RCTs,

and the prevalence of CIN in the control and

intervention arms was significantly high (22 and

15%, respectively), although the proportion of very

high risk patients is not reported. Although the study

of Recio-Mayoral has several differences from other

studies because of the different hydration protocols

used in the treatment arms, we performed an analysis

with and without that study, and we obtained similar

results [20]. Most of the studies were performed in

single centers and were not blinded. Taking into

account the discrepancy between the results provided

by retrospective analyses [37, 38], the largest RCT

study [34, 36] and the current meta-analysis, we

suggest that additional larger and better designed

RCTs are warranted. Despite any inherent limitations

of pooling and meta-analyzing the above-mentioned

data, increasing the effective sample size will bring

further support and greater precision to the point

estimate of the protective effect of sodium bicarbon-

ate. Finally, studies included in the present meta-

analysis measured a surrogate outcome as their

primary endpoint (CIN based on change in serum

creatinine) and not hard outcomes, such as dialysis-

requiring CIN or death; we were also not able to

assess the protective effect of sodium bicarbonate for

dialysis-requiring CIN because the incidence of this

endpoint was too low in these studies. These limita-

tions may be the reason we observed a high amount

of statistical heterogeneity when we pooled the

results.

In conclusion, despite the limitations noted above,

the use of sodium bicarbonate appears to be an

effective strategy for the prevention of CIN. Further

studies are needed to determine whether sodium

bicarbonate will reduce clinically meaningful patient-

centered outcomes (e.g., need for dialysis or death) in

high-risk patients. However, until these studies are

performed and the definitive data emerge, it appears

that sodium bicarbonate can be safely applied to

patients at risk for CIN without much risk for adverse

events or significant cost.
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