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Abstract: We performed a meta-analysis of randomized controlled

trials (RCTs) to evaluate the protective effects of rosuvastatin on

contrast-induced acute kidney injury (CI-AKI) and major adverse

cardiovascular events (MACEs) in patients undergoing cardiac cathe-

rization.

PubMed, MEDLINE, Web of Science, EMBASE, ClinicalTrials.-

gov, and the Cochrane Central RCTs were searched for RCTs from

inception to May 2015, to compare rosuvastatin for preventing CI-AKI

with placebo treatment in patients undergoing cardiac catherization.

Five RCTs with a total of 4045 patients involving 2020 patients

pretreated with rosuvastatin and 2025 control patients were identified

and analyzed. Patients treated with rosuvastatin had a 51% lower risk of

CI-AKI compared with the control group based on a fixed-effect model

(OR¼ 0.49, 95% CI¼ 0.37–0.66, P< 0.001), and showed a trend

toward a reduced risk of MACEs (OR¼ 0.62, 95% CI¼ 0.36–1.07,

P¼ 0.08). A subgroup analysis showed that studies with Jadad score�3

showed a significant reduction of CI-AKI (OR¼ 0.53, 95% CI, 0.38–

0.73, P< 0.001). However, the risk of CI-AKI did not significantly

differ in the studies with Jadad score <3 (OR¼ 0.54, 95% CI, 0.13–

2.24, P¼ 0.40). In addition, the rosuvastatin treatment showed no effect

for preventing CI-AKI in patients with chronic kidney disease (CKD)

undergoing elective cardiac catherization (I2¼ 0%, OR¼ 0.81, 95%

CI¼ 0.41–1.61, P¼ 0.55).

This updated meta-analysis demonstrated that preprocedural rosu-

vastatin treatment could significantly reduce the incidence of CI-AKI,

with a trend toward a reduced risk of MACEs in patients undergoing

cardiac catheterization. However, rosuvastatin treatment did not seem to

be effective for preventing CI-AKI in CKD patients undergoing elective

cardiac catheterization.

(Medicine 94(30):e1226)

Abbreviations: 95% CI = 95% confidence interval, CI-AKI =

contrast-induced acute kidney injury, CKD = chronic kidney
D, and Yun-zhao Hu, MD

INTRODUCTION

C ontrast-induced acute kidney injury (CI-AKI) remains one
of the most important clinical complications of cardiac

catheterization, associated with both short- and long-term renal
and cardiovascular adverse outcomes.1 An increasing number of
studies have been performed to determine new or timely effective
strategies for preventing CI-AKI, other than periprocedural
hydration and limiting the volume of contrast medium (CM).

Increasing evidence has demonstrated that statins can
reduce the risk of CI-AKI by means of pleiotropic effects on
factors contributing to the progression of CI-AKI, such as
improving endothelial function, maintaining nitric oxide pro-
duction, and reducing oxidative stress.2 Previous studies
focused on beneficial effects of classic statins such as atorvas-
tatin on CI-AKI.3 However, pleiotropic effects of different
statins (such as rosuvastatin and atorvastatin) were not the
same. The differences might be associated with lipophilicity,
antiinflammatory effects, low-density lipoprotein cholesterol
lowering potency, renoprotection, and the effects on myocardial
function.4 Recent randomized clinical trials (RCTs)5–7 were
performed to demonstrate the effect of rosuvastatin on CI-AKI.
However, results of these studies were conflicting, and few
meta-analyses have been performed to explore this issue. There-
fore, we performed a meta-analysis of RCTs, to evaluate the
effects of rosuvastatin on CI-AKI prevention.

METHODS

Ethics Statement
As this study is a meta-analysis, ethical approval was

not required.

Search Strategies
All studies relevant to the effect of rosuvastatin on CI-AKI in

patients undergoing cardiac catheterization were identified by
searching PubMed (1998 through February 10, 2015), MED-
LINE, EMBASE (1998 through February 10, 2015), Clinical-
Trials.gov, and the Cochrane Central Register of Controlled Trials
databases. According to optimal search strategies, we used terms
such as rosuvastatin AND (contrast OR contrast media OR
contrast medium OR contrast agent) AND (nephropathy OR
kidney injury OR renal injury OR renal failure) AND (coronary
angiography or percutaneous interventions or cardiac catheter-
ization). Additionally, a manual search was conducted on the
scientific sessions of the European Society of Congress, the
American Heart Association, and the American College of
Cardiology from 1998 to 2015. We included unpublished studies
which only had abstracts online, and published studies in English.
lusion Criteria
uded if they met the following criteria:
e effect of rosuvastatin on CI-AKI;
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analysis was provided for 2 researches. Allocation concealment
and blinding were both used in only 1 study and the quality
characteristics of the studies are shown in Table 2.
compared with a placebo, the treatment groups received rosu-
vastatin before CM exposure at any dose, for any length of time;
studies directly comparing 2 different doses of rosuvastatin; and
studies that provided oral or intravenous N-acetylcysteine
(NAC) preparations were only included if both arms received
NAC. Exclusion criteria for studies were as follows: nonrando-
mized trials; unclear CI-AKI definitions not in accordance with
the current guideline; duplicate publications; and abstracts that
did not contain complete results.

Study Selection and End Points
Two independent reviewers (YY and YXW) screened the

selected studies based on their titles and abstracts. The full text
of an article was reviewed carefully for inclusion if the topic was
unclear after screening its title and abstract. Any disagreements
between the investigators were resolved through by a third
reviewer (YZH).

The primary endpoint was the incidence of CI-AKI,
defined as an absolute increase in serum creatinine (SCr)
�0.5 mg/dL or an increase�25% from baseline within 72 hours
after CM exposure.8 The secondary endpoints were major
adverse cardiovascular events (MACEs), including all-cause
mortality, the requirement of renal replacement therapy, non-
fatal myocardial infarction, or ischemic cerebrovascular acci-
dents.

Data Extraction
Two independent reviewers (YY and YXW) extracted data

from the identified studies using a standard data extraction
form. The following data was extracted: study characteristics,
patient characteristics, inclusion and exclusion criteria, treat-
ment protocol, the type and dose of CM, and definitions and
incidences of CI-AKI.

Quality Assessment
The identified studies were assessed for methodological

quality by 2 independent reviewers using the Jadad scoring sys-
tem.9 The quality assessment was judgedaccording to concealment
of treatment allocation, the similarity of the study groups at

Yang et al
baseline, eligibility criteria, any blinding procedure used, reporting
on those lost to follow-up, and intention to treat analysis.10

Disagreements were resolved by a third reviewer (YZH).

Statistical Analysis
The effect of statins on CI-AKI development was given as

an odds ratio (OR) with the 95% confidence interval (CI). The Q
statistic was calculated and heterogeneity was quantified using
the I2 statistic. We regarded I2� 25%, 25–50%, and >50% as
low, moderate, and high heterogeneity, respectively.11 An
I2> 50% indicates at least moderate statistical heterogeneity.
When a pooled analysis resulted in significant heterogeneity, the
random effects model was used. Otherwise, a fixed effect model
was used. We also performed subgroup analyses based on
patients with chronic kidney disease (CKD), studies with a
Jadad risk score �3 or not, to identify potential differences in
treatment across the trials. Publication bias was evaluated using
a funnel plot. Egger’s regression asymmetry test was also
performed to explore potential publication bias. All statistical
analyses were performed using Review Manager Version 5.2

(The Nordic Cochrane Centre, The Cochrane Collaboration,
2012) and STATA version 11 (Stata Corp, College Station, TX).
All tests were 2-tailed and P< 0.05 was considered significant.

2 | www.md-journal.com
RESULTS

Characteristics of the Included Studies
The flow chart of the search strategy is provided in

Figure 1. After excluding 33 duplicates and 11 clearly irrelevant
papers, 20 articles remained. The clearly irrelevant papers
included nonrandomized studies, and no target outcomes or
intervention procedures were described after carefully reading
the titles and abstracts. After systematical assessment of the 20
potentially relevant articles, 5 RCTs were included in the
analysis.5–7,12,13

A total of 4045 patients who underwent cardiac catheter-
ization (coronary angiography/percutaneous coronary interven-
tions) were included, 2020 in the rosuvastatin group and 2025 in
the control group. The mean age of patients included in the
studies ranged from 52� 11 to 68� 9 years. The mean baseline
SCr level ranged from 0.81� 0.2 to 1.4� 0.5 mg/dL. The mean
CM volume ranged from 72.2 to 150 mL. Four of the 5 trials
evaluated the effect of statins on CI-AKI in patients with an
estimated glomerular filtration rate (eGFR) �60 mL/minute/
1.73 m2 or a creatinine clearance �60 mL/minute (Table 1).

The criteria used to define CI-AKI were similar among the
individual studies. Three trials used the definition of an absolute
increase in the SCr of >0.5 mg/dL (44.2 mmol/L) or a relative
increase of >25% from baseline to within 72 hours after CM
exposure, and 1 trial employed the same SCr changes within
24 hours, and 1 trial within 48 hours.

Assessment of the Study Quality and Publication
Bias

All of the studies included patients with similar baseline
characteristics, and provided details about the eligibility criteria
and the completeness of the follow-up. The intention to treat

Medicine � Volume 94, Number 30, July 2015
FIGURE 1. Flow diagram showing the exclusion and inclusion of
trials in this meta-analysis.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Three of the studies were deemed to have a high risk of
bias, while the remaining 2 had a low risk. The details of the
funnel plot are shown in Figure 2. The funnel plot was relatively
symmetrical, and the result of Egger’s test demonstrated no
obvious publication bias among the included trials for CI-AKI
(P¼ 0.231) or MACE (P¼ 0.324).

Study Outcomes
All of the studies provided information on the CI-AKI

incidence. Patients receiving rosuvastatin had a 51% lower risk
of CI-AKI compared with controls based on a fixed-effect model
(OR¼ 0.49, 95% CI¼ 0.37–0.66, P< 0.001) (Figure 3A). No
significant heterogeneity existed across studies (I2¼ 30%,
P¼ 0.22).

The incidence of MACEs was only reported in 3 trials, but
the trend indicated that rosuvastatin treatment reduced MACEs
compared to controls (I2¼ 0%, OR¼ 0.62, 95% CI¼ 0.36–
1.07, P¼ 0.08) (Figure 3B).

Subgroup Analysis
We performed a subgroup analysis according to whether

the Jadad score was �3 or not. The result indicated that studies
with Jadad score �3 had significantly reduced CI-AKI
(OR¼ 0.53, 95% CI, 0.38–0.73, P< 0.001). However, the risk
of CI-AKI did not significantly differ in the studies with Jadad
score <3 (OR¼ 0.54, 95% CI, 0.13–2.24, P¼ 0.40) (Figure 4).

Analysis of the subgroup of patients with CKD indicated that
rosuvastatin treatment was beneficial for preventing CI-AKI
compared to controls (I2¼ 8%, OR¼ 0.57, 95% CI¼ 0.34–
0.96, P¼ 0.04) (Figure 5A). However, when including CKD
patients undergoing elective cardiac catheterization, rosuvastatin
treatment showed no effect on preventing CI-AKI (I2¼ 0%,
OR¼ 0.81, 95% CI¼ 0.41–1.61, P¼ 0.55) (Figure 5B).

DISCUSSION
The present meta-analysis demonstrated that pretreatment

with rosuvastatin significantly decreased the incidence of CI-
AKI in patients undergoing cardiac catheterization. Rosuvas-
tatin treatment showed a nonsignificant trend toward decreasing
the incidence of MACE. However, rosuvastatin therapy did not
show a preventive effect on CI-AKI in CKD patients after
elective cardiac catheterization.

CI-AKI, as a common serious complication after the use of
CM, is the third most common cause of hospital-acquired renal
insufficiency. The reported incidence of CI-AKI ranges from
<5% in low-risk patients to 50% in high-risk patients, such as
patients with diabetes mellitus or CKD.14 CI-AKI development
has been associated with increased in-hospital and long-term
morbidity and mortality, prolonged hospitalization, and long-
term renal impairment.1 However, other than adequate peripro-
cedure hydration and limiting the amount of CM used, few
strategies have been proven effective for preventing CI-AKI.
Strategies for reducing the CI-AKI risk have been a highly
topical subject for years.

Recently, increasing evidence has demonstrated that sta-
tins could reduce the CI-AKI risk, through having beneficial
effects on endothelial function, maintaining nitric oxide pro-
duction, and reducing oxidative stress.15,16 Although meta-
analyses evaluated the effect of statins on preventing CI-
AKI, they mainly focused on beneficial effects of classic

Yang et al
statins-like atorvastatin on CI-AKI.3 However, pleiotropic
effects of different statins (such as rosuvastatin and atorvastatin)
were not the same. The differences might be related to T
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lipophilicity, antiinflammatory effects, low-density lipoprotein
cholesterol lowering potency, renoprotection, and the effects on
myocardial function.4 A large number of studies have been
performed to evaluate the effect of rosuvastatin on CI-AKI, and
the results remains conflicting. However, few meta-analyses
that explore this issue have been done. To our knowledge, the
present meta-analysis is the first to evaluate the role of rosu-
vastatin on CI-AKI development, and demonstrate that rosu-
vastatin significantly decreases CI-AKI risk in patients
undergoing cardiac catheterization.

Rosuvastatin is a hydrophilic statin with acute pleiotropic
effects; and it is different from a lipophilic statin such as

FIGURE 2. Funnel plot with 95% confidence interval (CI) for the
subjective assessment of bias among the included studies.
atorvastatin. It has a longer plasma half-life and stronger
antiinflammatory effects than atorvastatin.17 A recent exper-
imental study performed by Ferreira et al demonstrated that

FIGURE 3. Forest plot of the odds ratio (OR) and 95% confidence inte
major adverse cardiovascular events (MACEs) (B) among patients ass

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
rosuvastatin performed better than atorvastatin or simvastatin
through attenuating both inflammation and oxidative stress
parameters.18 In addition, short-term treatment with rosuvasta-
tin may also improve eGFR, independent of lipid fraction
changes, supporting the hypothesis that statins might have
pleiotropic mechanisms of action that include renal benefits.19

Furthermore, rosuvastatin is a particularly potent HMG-CoA
reductase inhibitor, reducing protein reabsorption in the prox-
imal tubules.20 Reduced protein trafficking in the proximal
tubules may result in reduced inflammation, endothelial dys-
function, and tubulointerstitial fibrosis, which are important
contributors to CI-AKI development. Rosuvastatin was demon-
strated to increase apolipoprotein A-I levels at all doses more
than atorvastatin in a recent meta-analysis.21 Apolipoprotein A-
I was proven to have antiinflammatory and antioxidant proper-
ties,22 which was involved in CI-AKI development.

Several recent studies have demonstrated that rosuvastatin
therapy can reduce the risk of CI-AKI after CM exposure,
consistent with the present meta-analysis result. Previous stu-
dies have indicated that rosuvastatin could exert a beneficial
renoprotective effect even in patients with CKD.23 Patients with
CKD had a significant higher mean C reactive protein concen-
tration,24 which contributed to the development of CI-AKI,25

therefore rosuvastatin may be effective in such patients. How-
ever, when the study by Leoncini et al was excluded from our
analysis, rosuvastatin was not effective at preventing CI-AKI in
CKD patients undergoing elective cardiac catheterization, in
accordance with studies by Han et al,5 Abaci et al,7 and Yun
et al.26 The 2014 European Society of Cardiology’s revasculari-
zation guidelines27 recommended as a Class IIa indication that
patients with moderate to severe CKD be treated with statins
(rosuvastatin or atorvastatin) before CM exposure for protection

Rosuvastatin for Contrast-Induced Acute Kidney Injury
against CI-AKI. Leoncini et al6 and the meta-analysis by Liu
et al3 were cited for this recommendation. However, Leoncini
et al evaluated patients with acute coronary syndrome (ACS),

rval (CI) for contrast-induced acute kidney injury (CI-AKI) (A) and
igned to rosuvastatin versus placebo therapy.
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who had inflammation in various organs, and the majority of the
patients had an eGFR �60 mL/minute/1.73 m2. Their research
demonstrated that rosuvastatin appears to exert more effective
kidney protection in ACS subjects with higher baseline high
sensitivity C reactive protein levels compared with those with
lower levels.28 The majority of the patients in the meta-analysis
by Liu et al also had an eGFR �60 mL/minute/1.73 m2. A
preventive effect of statins on CI-AKI in patients with an eGFR
<60 mL/minute/1.73 m2 was not demonstrated. Therefore, the
present meta-analysis, together with previous studies,5,9,11

FIGURE 4. Subgroup analysis of the forest plot of odds ratio (OR)
injury (CI-AKI) among patients assigned to rosuvastatin versus pla
suggests that rosuvastatin might not be effective at preventing
CI-AKI in stable CKD patients without evident inflammation
who are referred for elective cardiac catheterization.

FIGURE 5. Subgroup analysis of the forest plot of odds ratio (OR) an
injury (CI-AKI) among patients assigned to rosuvastatin versus placebo
or treatment with elective cardiac catheterization (B).
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LIMITATIONS
This study had several limitations. First, patients in the

rosuvastatin group were treated with different dose regimens for
varied periods of time in the different studies, which might
influence the conclusions about the efficacy of rosuvastatin in
preventing CI-AKI. Second, publication bias is always a poten-
tial limitation since neutral or negative studies might not be
published in a peer reviewed journal, whereas positive studies
are more likely to be published. Third, even though SCr was
used to define CI-AKI, limitations exist in its utility as a

d 95% confidence interval (CI) for contrast-induced acute kidney
o therapy according to the Jadad score.
surrogate marker of renal function. The studies included in
the present meta-analysis only used SCr to define CI-AKI, not
cystatin C, which is a potentially more sensitive biomarker.

d 95% confidence interval (CI) for contrast-induced acute kidney
therapy with patients grouped based on chronic kidney disease (A)
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Despite these limitations, the present review provides the most
comprehensive analysis of the benefits of rosuvastatin for
prevention of CI-AKI to date.

CONCLUSIONS
In conclusion, our analysis suggests that preprocedural

rosuvastatin treatment significantly reduces the risk of CI-AKI.
However, rosuvastatin treatment does not seem effective in the
prevention of CI-AKI in CKD patients undergoing elective
cardiac catheterization.
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