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ABSTRACT

Objective: The aim of this meta-analysis was to
explore the efficacy of sodium bicarbonate in
preventing contrast-induced nephropathy (CIN).
Methods: We searched PubMed, Medline and the
Cochrane Library from 1 January 2004 to 1 August
2014. The effect estimate was expressed as a pooled
OR with 95% Cl, using the fixed-effects or random-
effects model.

Results: 20 randomised controlled trials (n=4280)
were identified. Hydration with sodium bicarbonate
was associated with a significant decrease in GIN
among patients with pre-existing renal insufficiency
(OR 0.67, 95% Cl 0.47 to 0.96; p=0.027). However,
moderate heterogeneity was noted across trials
(I2:48%; p=0.008). Subgroup analyses indicated a
better effect of sodium bicarbonate in studies using
low-osmolar (OR 0.59, 95% Cl 0.37 to 0.93;
p=0.024) compared with iso-osmolar contrast agents
(OR 0.76, 95% CI 0.43 to 1.34; p=0.351). The odds
of GIN with sodium bicarbonate were lower in
studies including only patients undergoing
emergency (OR 0.16, 95% Cl 0.05 to 0.51; p=0.002)
compared with elective procedures (OR 0.76, 95% CI
0.54 to 1.06; p=0.105). Sodium bicarbonate was
more beneficial in patients given a bolus injection
before procedures (OR 0.15, 95% Cl 0.04 to 0.54;
p=0.004) compared with continuous infusion

(OR 0.75, 95% CI 0.53 to 1.05; p=0.091). Sodium
bicarbonate plus N-acetylcysteine (OR 0.17, 95% Cl
0.04 to 0.79; p=0.024) was better than sodium
bicarbonate alone (OR 0.71, 95% Cl 0.48 to 1.03;
p=0.071). The effect of sodium bicarbonate was
considered greater in papers published before (OR
0.19, 95% Cl 0.09 to 0.41; p=0.000) compared with
after 2008 (OR 0.85, 95% Cl 0.62 to 1.16; p=0.302).
However, no significant differences were found in
mortality (OR 0.69, 95% Cl 0.36 to 1.32; p=0.263)
or requirement for dialysis (OR 1.08, 95% Cl 0.52 to
2.25; p=0.841).

Conclusions: Sodium bicarbonate is effective in
preventing CIN among patients with pre-existing
renal insufficiency. However, it fails to lower the risks
of dialysis and mortality and therefore cannot
improve the clinical prognosis of patients with CIN.

Strengths and limitations of this study

= In this updated meta-analysis, we demonstrated
that pre-procedural hydration with sodium bicar-
bonate was associated with a significant decrease
in the incidence of contrast-induced nephropathy
(CIN) among patients with pre-existing renal
insufficiency.

= We found that sodium bicarbonate did not lower
the risks of dialysis and mortality and so did not
improve the clinical prognosis of patients with CIN.

= The new Jadad scale was used to assess the
quality of reviewed articles.

= Publication bias and moderate heterogeneity
were found among the included trials.

INTRODUCTION
Contrastinduced nephropathy (CIN) is the
third leading cause of in-hospital acute
kidney injury,l_s which is a serious complica-
tion of angiographic procedures resulting
from the administration of contrast media.
Although the definition of CIN varies, it is
usually defined as an increase in the serum
creatinine (Scr) level of 25% or an increase
of 0.5 mg/dL (or 44 umol/L) from baseline
within 48-72h of contrast exposure. CIN
results in increased morbidity, prolonged hos-
pital stay and increased healthcare expend-
iture, and is associated with higher mortality.*
The incidence of CIN in the general popu-
lation is low, but increases exponentially in
patients with high-risk factors, such as
pre-existing renal insufficiency or diabetes
mellitus.” In a recent study, 21.7% of a group
with pre-existing chronic renal insufficiency
and 6.3% of a group without pre-existing
chronic renal insufficiency developed CIN.°
Thus, baseline renal insufficiency may be a
significant predisposing factor for CIN.
Sodium bicarbonate-based hydration has
been proposed to prevent CIN. Some recent
studies suggested that sodium bicarbonate
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had a more protective effect compared with sodium
chloride for the prevention of CIN, while others did
not.”” Although most previous meta-analyses supported
the use of sodium bicarbonate, there may have been
publication bias and none of the studies focused on
patients with pre-existing renal insufficiency. Therefore,
we performed this meta-analysis to determine the effi-
cacy of sodium bicarbonate in preventing CIN among
patients with renal insufficiency undergoing procedures
needing contrast agents. In addition, differences in the
requirement for dialysis and post-procedural death
between the two groups in various studies were com-
pared in this analysis.

METHODS

Data sources and searches

We searched PubMed, Medline and the Cochrane
Library from 1 January 2004 to 1 August 2014 without
language limitations. Medical subject headings and
keyword searches included the terms ‘contrast induced
nephropathy’, ‘sodium bicarbonate’, ‘sodium chloride’,
‘saline’, ‘acute kidney injury’ and ‘renal failure’. The ref-
erence lists of selected articles were reviewed for other
potentially relevant citations. In addition, the top 50 cita-
tions for each identified relevant study were searched by
using the ‘related articles’ function of PubMed.

Study selection

Two investigators (BZ and LL) independently reviewed

the titles and abstracts of all studies to identify those of

interest. The online publications identified from the pre-
liminary selection were then reviewed in full text to
assess if the studies met the following inclusion criteria:

1. Participants: adult patients (>18years) with pre-
existing renal insufficiency, defined as an Scr concen-
tration of >1.1 mg/dL or estimated glomerular
filtration rate (eGFR) of <60 mL/min'® or creatinine
clearance rate of <60 mL/ min?

2. Comparison: sodium  bicarbonate  (and/or N-
acetylcysteine) versus saline (and/or N-acetylcysteine)

3. Outcome: relevance to the primary outcome of this
study which is the incidence of CIN, while the sec-
ondary outcomes include the requirement for dialysis
and mortality

4. Type of study: only randomised controlled trials
(RCTs) were considered.

Exclusion criteria were as follows:

1. Insufficient data for extraction and analysis

2. Using N-acetylcysteine in only one arm.

Reviewers were not blinded to study authors or out-
comes. The final inclusion of studies was based on the
agreement of both reviewers.

Data extraction and quality assessment

Two independent reviewers (BZ and WBC) extracted
relevant information from the literature including base-
line clinical characteristics (mean age, percentage of

males, risk factors other than renal insufficiency, baseline
Scr, eGFR, procedures, interventions, type and volume of
contrast media, hydration regimen, definition of CIN)
(table 1), and data on primary (the incidence of CIN)
and secondary outcomes (ie, the requirement for dialysis
and mortality). CIN was defined variously in the studies,
but was usually described as an absolute or relative
increase in Scr level. Three studies defined CIN as a rise
in Scr of 25% or more within 2-5 days of contrast expos-
ure,' ' ** while 13 studies regarded CIN as a rise of
0.5 mg/dL or a 25% increase in Scr within 2-4 days of
contrast exposure. Two studies defined CIN
increase in Scr of 0.5 mg/dL after the procedures.’
However, the remaining two trials differed from the
above: CIN was defined in one trial as a decrease in eGFR
of 25% within 4 days, and in the other as an absolute
increase in Scr of at least 0.3 mg/dL or 50% or urine
output of <0.5 mL/kg/h (>6 h) within 5 days.® '” We
assessed the quality of articles using the new Jadad scale
after they were reviewed (table 2).

as an
15

Data synthesis and analysis

Data from included studies were combined and
expressed as pooled ORs with 95% ClIs. All analyses were
performed on an ‘intention-to-treat’ basis. Initially, a
fixed-effects model (Mantel-Haenzel method) was used
in this meta-analysis. We evaluated heterogeneity across
studies with Cochrane’s Q test and I? statistics. If p<0.10,
statistically significant heterogeneity was considered to
be present. The I? statistic was used to quantify the mag-
nitude of heterogeneity, with values of 0-30%, 31-50%
and >50% representing mild, moderate and substantial
heterogeneity, respectively. The outcome of fixed-effects
model analysis demonstrated statistical heterogeneity, so
we selected the random-effects model (Dersimonian
and Laird method).

In light of the clinical and statistical heterogeneity
across studies, subgroup analyses using the random-
effects model were performed to assess the effect of
sodium bicarbonate in various conditions, such as low-
osmolar versus iso-osmolar contrast agent, emergency
versus elective procedures, articles published before
versus after 2008, and continuous versus bolus infusion of
sodium bicarbonate (table 3). An influence analysis was
carried out to evaluate how robust the pooled estimator
was after individual studies were removed one at a time
(figure 4). An individual study was suspected of exerting
excessive influence if the point estimate of its omitted
analysis lay outside the 95% CI of the summary analysis.
Publication bias was assessed using Begg’s funnel plot
and Egger’s regression asymmetry test (figure 5). All stat-
istical analyses were performed using STATA software,
V.12.0 (Stata Corp LP, College Station, Texas, USA).

RESULTS

A total of 837 articles were reviewed and the 20 studies
meeting the inclusion criteria were included in the study
(figure 1).
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Table 3 Subgroup analyses used to assess the effect of sodium bicarbonate in various conditions

Subgroups Trials/patients OR (95% CI)

Test for overall effect Heterogeneity

Type of contrast

Low-osmolar 14/2823 0.59 (0.37 to 0.93)

Iso-osmolar 4/1189 0.76 (0.43 to 1.34)
Setting

Elective 18/4162 0.76 (0.54 to 1.06)

Emergency 2/118 0.16 (0.05 to 0.51)
Using NAC or not

Use 1/219 0.17 (0.04 to 0.79)

Non-use 18/3741 0.71 (0.48 to 1.03)
Publication year

Before 2008 4/573 0.19 (0.09 to 0.41)

After 2008 16/3707 0.85 (0.62 to 1.16)
Manner of administration

Continuous 18/4077 0.75 (0.53 to 1.05)

Bolus 2/203 0.15 (0.04 to 0.54)

Z=2.26 (p=0.024)
Z=0.93 (p=0.351)

¥2=26.61, df=13 (p=0.014), >=51%
¥2=4.67, df=3 (p=0.198), 1=36%

¥2=29.54, df=17 (p=0.030), 12=43%

Z=1.62 (p=0.105)
= ¥2=0.07, df=1 (p=0.784), 1=0%

Z=3.11 (p=0.002)

Z=2.26 (p=0.024)
Z=1.80 (p=0.071)

Not applicable
x?=33.13, df=17 (p=0.011), [2>=49%

Z=4.26 (p=0.000)
Z=1.03 (p=0.302)

¥2=1.08, df=10 (p=0.788), 12=0%
¥2=22.13, df=15 (p=0.105), =32%

Z=1.69 (p=0.091)
Z=2.90 (p=0.004)

¥2=30.21, df=17 (p=0.025), 1=44%
¥2=0.23, di=1 (p=0.632), 1>=0%

NAC, N-acetylcysteine.

A detailed description of the baseline characteristics
of the included studies is given in table 1. Patients in
most studies underwent coronary angiography or inter-
ventional procedures. There were also seven studies
which examined peripheral procedures, angioplasty, car-
diopulmonary bypass and CT.® '® ' #'"** The sodium
bicarbonate hydration regimen in 13 studies was as
described by Merten et al and consisted of sodium bicar-
bonate infusion at a rate of 3 mL/kg/h for 1 h before
and 1 mL/kg/h for 6 h after the procedure.

Primary outcome
CIN occurred in 158 of 2130 patients who received
sodium bicarbonate compared with 217 of 2150 patients

who received saline, demonstrating a lower overall inci-
dence of CIN in the sodium bicarbonate group (figure 2).
The pooled OR was 0.67 (95% CI 0.47 to 0.96; p=0.027),
also in favour of sodium bicarbonate (figure 2).

However, moderate heterogeneity (I°=48%:; p=0.008)
across studies was found (figure 2). Therefore, subgroup
analyses were conducted using a random-effects model
and showed a more pronounced effect of sodium bicar-
bonate in studies using low-osmolar contrast media (OR
0.59, 95% CI 0.37 to 0.93; p=0.024) (table 3). Similarly,
subgroup analysis by setting suggested a lower incidence
of CIN with sodium bicarbonate in studies of patients
undergoing emergency procedures (OR 0.16, 95% CI
0.05 to 0.51; p=0.002) (table 3). The effect of sodium

Figure 1 Flow diagram of
included studies. NAC,

837 potentially relevant studies identified

N-acetylcysteine.

Excluded: 808

review publications, comments, letters,

Y

duplicate publications, meta-analysis,

non-RCT, irrelevant studies

v

Full text evaluation: 29

Excluded: 9

normal renal function or not all patients

L 4

with renal insufficiency, using NAC in one
arm only, insufficient data for extraction

A 4

20 studies included in this meta-analysis
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Klima er al*! : 8.91 (1.09, 72.84) 8/87 1/89 2.26
Gomes ¢f al'? —E—‘-— 0.99 (0.38, 2.57) 9/151 9/150 6.33
Hafiz ef al'* _-..-_ 0.72 (0.35, 1.49) 14/159 19/161 7.85
Kristeller ef al'” —_— 0.65 (0.28, 1.54) 14/44 20/48 6.96
Boucek ef al'® e 1,40 (0.42, 4.69) 7/61 5/59 4.93
Kooiman ef al*? —_— 0.59 (0.24, 1.43) B/I267 14/281  6.76
Overall (l-squared = 48.4%, p = 0.008) ¢ 0.67 (0.47, 0.96) 158/2130 217/2150 100.00
NOTE: Weights are from random effects analysis E
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0122 1

Figure 2 The forest plot of ORs of contrast-induced nephropathy.

bicarbonate was considered greater in articles published
before 2008 (OR 0.19, 95% CI 0.09 to 0.41; p<0.001)
(table 3). Subgroup analysis based on the method of
sodium bicarbonate administration indicated a better
effect in patients given a bolus injection (OR 0.15, 95%
CI 0.04 to 0.54; p=0.004) (table 3). Sodium bicarbonate
in combination with N-acetylcysteine (NAC) was better
at preventing CIN (OR 0.17, 95% CI 0.04 to 0.79;
p=0.024) (table 3).

Influence analysis showed that no individual study had
an excessive influence on the overall estimate ORs or
95% Cls (figure 4).

Begg’s funnel plot and Egger’s test (p=0.396) implied
there was no significant publication bias in this study

(figure b).

Secondary outcomes

The requirement for dialysis

The requirement for dialysis was described in 17 studies
(n=3633). In eight of these studies, no dialysis was
carried out in either group.'! '# 17 10 18 1922 24 Qyerq]],
14 of 1809 patients treated with sodium bicarbonate
compared with 13 of 1824 patients treated with saline
underwent dialysis. No statistically significant difference
was observed (OR 1.08, 95% CI 0.52 to 2.25; p=0.841)
(figure 3A). Nonetheless, the OR for the requirement
for dialysis suggested that sodium bicarbonate was not
better than saline in reducing the number of dialysis
events.

Mortality
Post-procedural death was described in 12 studies
(n=2559). No deaths were reported in either group in

six of these studies.' '* '* 19 2% 2% There were 15 deaths
in 1279 patients treated with sodium bicarbonate and
22 in 1280 patients treated with saline. Although there
was no significant difference between the two arms
(OR 0.69, 95% CI 0.36 to 1.32; p=0.263) (figure 3B), a
trend toward lower mortality risk was found in the
sodium bicarbonate arm compared with the saline arm.

DISCUSSION

Although CIN is generally regarded as a transient
decline in renal function after contrast procedures, it
cannot be regarded as a benign complication® *° as it
accounts for 12% of all cases of acute renal failure.?” In
an observational study, 0.8% of patients undergoing cor-
onary angiography or interventional procedures started
dialysis and 18% of them needed permanent dialysis.*®
Furthermore, the development of CIN is associated with
longer hospital stay, increased morbidity and mortality,
and higher financial cost.

Various patient- and procedure-related risk factors
may contribute to CIN.* Pre-existing renal insuffi-
ciency and diabetes mellitus are the two main patient-
related risk factors. Renal insufficiency was usually
defined as a decrease in eGFR, and since the eGFR has
to fall by 50% before a rise in Scr occurs, an elevated
Scr level was used as the cut-off point for the definition
of renal insufficiency.”' In a retrospective review of 938
patients with stable renal insufficiency, the overall inci-
dence of CIN was 6.1%, while the incidence was 4.4%,
10.5% and 10.0% in patients whose eGFR was 45-60,
30-45 and <30 mL/min, respectively.30 Hence special
care should be taken with patients with renal
insufficiency.
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Figure 3 (A) The forest plot of the requirement for dialysis. (B) The forest plot of mortality ORs.

Various mechanisms have been proposed to explain
how sodium bicarbonate administration prevents CIN.”" **
One suggestion is that sodium bicarbonate makes tubular
urine more alkaline, thus attenuating free radical forma-
tion and peroxide injury.”® Oxygen free radicals and per-
oxide are usually generated in acidic conditions, and so
sodium bicarbonate infusion could increase the pH of
local renal tissue to neutral or slightly alkaline, thereby
reducing the production of free radicals and peroxide.

Merten et al'’ first introduced the administration of
sodium bicarbonate at a concentration of 154 mmol/L to
prevent CIN. In our study, the hydration regimens of 13
trials”7 192! 3 were similar to the Merten protocol.
Although most previous systematic reviews and relevant
meta-analyses demonstrated that sodium bicarbonate infu-
sion could decrease the incidence of CIN,25 26 3442 g
ondary clinical endpoints as diverse as renal replacement
therapy and mortality were not improved. Furthermore, a
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retrospective cohort study of 7977 patients at Mayo Clinic
drew a surprising conclusion: sodium bicarbonate was asso-
ciated with an increased incidence of CIN.*’ In contrast to
most RCTs which used creatinine elevation within 48-72 h
after contrast exposure to define CIN, From et al extended
the definition time of CIN to a week as creatinine may
peak 3-7 days after exposure to contrast. However, this
issue remains to be discussed. Since all patients in our
study had a history of renal insufficiency, Scr levels may
have peaked earlier.

The underlying sources of moderate heterogeneity
should be taken into account in this meta-analysis,
because the study subjects, study settings and types of
contrast media varied. In this case, subgroup analyses
were conducted and the results revealed significant dif-
ferences between emergency and elective procedures,
with sodium bicarbonate providing more protection in
the former than the latter. In a meta-analysis* of the
effect of sodium bicarbonate on preventing CIN, sub-
group analyses also showed a more pronounced efficacy

. . . . 18 33 44 . .
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Figure 5 Funnel plot with pseudo 95% confidence limits.
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patients undergoing emergency procedures compared
with those undergoing elective procedures. However, the
exact mechanism by which sodium bicarbonate results
in a decrease incidence of CIN remains unknown;
perhaps it is related to the method of administration
and dosage. Similarly, sodium bicarbonate was more
beneficial in patients who received low-osmolar contrast
agents.45 6 However, since a significantly fewer number
of patients received iso-osmolar contrast media (n=1189)
compared with those receiving low-osmolar contrast
media (n=2823), the main reason for the better effect of
sodium bicarbonate was difficult to determine.

Although the use of NAC has been reported to
reduce the incidence of CIN in many studies, the
definitive effect of NAC has not yet been established.
A number of trials and meta-analyses indicated that
the combination of sodium bicarbonate and NAC is
superior to either regimen alone in preventing CIN.
Three studies®® ** *7 included patients who received
NAC in both groups after infusion of sodium bicar-
bonate or saline and the results favoured sodium
bicarbonate. The BINARIO study®™ indicated that
hydration with sodium bicarbonate in addition to
high-dose NAC in the setting of urgent percutaneous
coronary intervention for ST-elevation myocardial
infarction was associated with a net clinical benefit.
However, Yang et al” and Thayssen et al® concluded
that the use of NAC did not result in a significant
reduction in the incidence of CIN. In our study, only
one trial*’ using NAC was included in the sub-analysis,
the effect of which may be overestimated (OR 0.17,
95% CI 0.04 to 0.79; p=0.024). Accordingly, more
large-scale and well designed RCTs are warranted to
determine whether sodium bicarbonate plus NAC is
more useful in preventing CIN than either alone.

Many studies have shown that patients with CIN are at
greater risk of renal replacement therapy and death. In
fact, almost all the dialysis and death events occurred in

10

Zhang B, et al. BMJ Open 2015;5:¢006989. doi:10.1136/bmjopen-2014-006989



8 Open Access

patients at high risk of CIN. Therefore, sodium bicar-
bonate alone would not have been effective in the pres-
ence of CIN and underlying disease, such as renal
insufficiency and diabetes mellitus, perhaps explaining
why we did not find significant differences in dialysis
and mortality. However, insufficient power of included
RCTs could be another reason. In this meta-analysis, as
not all studies described renal replacement therapy, and
mortality and sample sizes were relatively small, this issue
remains to be explored in the future.

CONCLUSIONS

Our meta-analysis demonstrates that sodium bicarbonate
is superior to saline for the prevention of CIN in patients
with pre-existing renal insufficiency undergoing proce-
dures using contrast media. However, use of sodium
bicarbonate did not result in obvious benefit in decreas-
ing the requirement for dialysis or reducing mortality.
Therefore, larger trials are required to determine the
efficacy of sodium bicarbonate in preventing CIN and
improving the clinical prognosis of patients with CIN.
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