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Interventional diagnostic and therapeutic procedures requiring intravascular iodinated contrast steadily increase patient exposure to the risks of contrast-induced acute kidney injury
(CIAKI), which is associated with death, nonfatal cardiovascular events, and prolonged hospitalization. The aim of this study was to investigate the efficacy of pharmacological and
non-pharmacological treatments for CIAKI prevention in patients undergoing cardiovascular
invasive procedures with iodinated contrast.
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Methods and findings
MEDLINE, Google Scholar, EMBASE and Cochrane databases as well as abstracts and
presentations from major cardiovascular and nephrology meetings were searched, up to 22
April 2016. Eligible studies were randomized trials comparing strategies to prevent CIAKI
(alone or in combination) when added to saline versus each other, saline, placebo, or no
treatment in patients undergoing cardiovascular invasive procedures with administration
of iodinated contrast. Two reviewers independently extracted trial-level data including number of patients, duration of follow-up, and outcomes. Eighteen strategies aimed at CIAKI
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prevention were identified. The primary outcome was the occurrence of CIAKI. Secondary
outcomes were mortality, myocardial infarction, dialysis and heart failure. The data were
pooled using network meta-analysis. Treatment estimates were calculated as odds ratios
(ORs) with 95% credible intervals (CrI). 147 RCTs involving 33,463 patients were eligible.
Saline plus N-acetylcysteine (OR 0.72, 95%CrI 0.57–0.88), ascorbic acid (0.59, 0.34–0.95),
sodium bicarbonate plus N-acetylcysteine (0.59, 0.36–0.89), probucol (0.42, 0.15–0.91),
methylxanthines (0.39, 0.20–0.66), statin (0.36, 0.21–0.59), device-guided matched hydration (0.35, 0.12–0.79), prostaglandins (0.26, 0.08–0.62) and trimetazidine (0.26, 0.09–0.59)
were associated with lower odds of CIAKI compared to saline. Methylxanthines (0.12, 0.01–
0.94) or left ventricular end-diastolic pressure-guided hydration (0.09, 0.01–0.59) were
associated with lower mortality compared to saline.

Conclusions
Currently recommended treatment with saline as the only measure to prevent CIAKI during
cardiovascular procedures may not represent the optimal strategy. Vasodilators, when
added to saline, may significantly reduce the odds of CIAKI following cardiovascular
procedures.

Introduction
Interventional diagnostic and therapeutic procedures requiring intravascular iodinated contrast are performed in millions of patients worldwide and are steadily increasing patient exposure to the risks of contrast-induced acute kidney injury (CIAKI)[1]. As CIAKI is associated
with death, nonfatal cardiovascular events, and prolonged hospitalization[2], the adoption of
optimal therapeutic strategies to prevent this complication offers an opportunity to reduce
patient morbidity and mortality. International guidelines advocate hydration as the standard
therapeutic strategy to minimise CIAKI, with lower levels of recommendation assigned to
other preventive strategies, given limited evidence from individual studies[3–5]. Although
there are numerous candidate therapies to prevent CIAKI, individual head-to-head trials and
pairwise meta-analyses cannot simultaneously compare all the available treatments tested in
the periprocedural period.
We therefore performed a network meta-analysis of pharmacological and non-pharmacological treatments assessed in randomised controlled trials (RCTs) for the prevention of
CIAKI in patients undergoing cardiovascular invasive procedures with iodinated contrast.

Methods
We registered the study protocol with PROSPERO (CRD42015016488) and conducted and
reported this review using the Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) extension statement for reporting systematic reviews incorporating network meta-analyses of health care interventions (S1 File)[6].

Data source and search strategy
We searched electronic databases (MEDLINE, Cochrane Central Register of Controlled Trials
(CENTRAL), Google Scholar and EMBASE) and the websites www.clinicaltrials.gov, www.
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clinicaltrialresults.org, as well as proceedings of major cardiovascular and nephrology societies
(American Society of Nephrology, European Dialysis and Transplant Association, World Congress of Nephrology, European Society of Cardiology, American College of Cardiology, and
American Heart Association), up to 22 April 2016. We used the following search terms: randomised controlled trial, contrast-induced acute kidney injury, contrast-induced nephropathy,
acute renal failure, contrast renal failure, contrast nephropathy, acetylcysteine, N-acetylcysteine,
aminophylline, ascorbic acid, vitamin C, atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP), fenoldopam, furosemide, haemodialysis, haemofiltration, renal replacement therapy, iloprost, prostaglandin E1 (PGE-1), mannitol, nebivolol, probucol, matched hydration,
RenalGuard1, saline, 0.9% NaCl, statin, HMG-CoA reductase inhibitor, sodium bicarbonate,
theophylline, trimetazidine, and left ventricular end-diastolic pressure (LVEDP)-guided hydration. The MEDLINE search strategy is provided in Table A in S1 Appendix.

Selection criteria
We screened the title and abstract of all retrieved records for eligibility according to the study
protocol. We applied no restrictions on language or publication status during this assessment.
We then reviewed in full text all citations that appeared relevant to determine inclusion in the
systematic review. We included RCTs comparing strategies to prevent CIAKI (alone or in combination) when added to saline versus each other, saline, placebo, or no treatment in patients
undergoing cardiovascular invasive procedures with administration of iodinated contrast. We
excluded non-randomised studies, studies in the setting of computed tomography alone, studies
in which the number of events for the clinical outcome of interest was not reported, studies in
which the evidence on a treatment was limited to one RCT with fewer than 100 patients, studies
testing early-stage investigational strategies, and studies comparing the same drug at different
doses without other control groups.

Data extraction, synthesis and quality assessment
Data were independently abstracted by three investigators (TJ, MJ and VG) on prespecified
forms. Differences were resolved by consensus after discussion with a fourth investigator
(MK). Study risk of bias was assessed using Cochrane Collaboration criteria[7].

Study endpoints
The primary endpoint was CIAKI as defined in the protocol of the original RCT. If multiple
definitions of CIAKI were reported, the trial’s primary endpoint definition was applied. As a
prespecified analysis, CIAKI in subsets of patients with moderate or severe kidney disease at
baseline was assessed. We included mortality, myocardial infarction, need for dialysis, and
heart failure as secondary outcomes.

Statistical analyses
Network meta-analyses compare different treatments within a connected analytical network
[8], integrating data from direct and indirect treatment comparisons whilst maintaining the
randomisation design[9]. We used a Bayesian hierarchical random-effects model, which is the
most conservative and accounts for differences among trials[10,11]. Comparative treatment
estimates were calculated as odds ratios (ORs) with 95% credible intervals (CrI). Results for
which the 95% CrI of the OR did not include unity were considered significant and are presented in bold in the outcome tables.
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Model fit was assessed by comparing the posterior mean of the residual deviance to the
number of data points[12,13]. We investigated the extent of heterogeneity in each network by
examining the magnitude of the common heterogeneity variance τau2 for the network[14].
We applied a standard 0.5 zero-cell correction when there were zero events in one arm of the
trial. Studies in which all arms had zero events were excluded as not providing evidence of relative treatment effects.
The network meta-analysis approach assumes consistency, i.e., that one can learn about
treatment A versus treatment B through a common comparator, treatment C. We assumed
that, in principle, participants in studies fulfilling our inclusion criteria could be randomly
allocated to any of the treatments being compared. We evaluated evidence of inconsistency in
the network, defined as difference in treatment estimates derived from direct and indirect
treatment comparisons, using the node splitting method and the corresponding Bayesian pvalue, which determines the statistical agreement between direct and indirect evidence for
each split node[15]. This was implemented using the gemtc R package[16].
We also explored potential sources of statistical heterogeneity and inconsistency through subgroup analyses and univariate random-effects meta-regression[7]. To this end, we stratified studies according to baseline estimated glomerular filtration rate (eGFR), as either 30–59 mL/min
per 1.73 m2 (moderate chronic kidney disease [CKD]), or <30 mL/min per 1.73 m2 (severe
CKD) according to KDOQI stages of CKD[17]. We additionally performed meta-regression
analyses, considering baseline mean age and diabetes as effect modifiers on estimates for CIAKI.
Calculation of the probability that each treatment is the best was performed by counting the
proportion of iterations in the Monte Carlo simulation at which each treatment had the most
favourable outcome. We also estimated the relative ranking probability of each treatment and
obtained the treatment hierarchy of competing interventions using rankograms. To obtain the
absolute probabilities of events for all treatments, a reference study[18] was chosen to provide
the probability of events for the reference treatment onto which the odds ratios were applied
(on the log-odds scale) to obtain the absolute probabilities of events for all treatments[19].
These were then used to calculate the numbers needed to treat (NNT) or to harm (NNH) to
prevent or cause one event for the compared treatments[13,20].
In additional prespecified sensitivity analyses we excluded studies in which <100 mL of
contrast medium was administered for assumed low complexity of the procedure, or studies
that did not define CIAKI as a 25% relative or 0.5 mg/dL (44 μmol/L) absolute increase
in serum creatinine from baseline within 48–72 hours after contrast exposure. We explored
potential publication bias by constructing funnel plots for the clinical outcomes in which the
standard error of the log of the OR was plotted against the OR[7]. The network meta-analysis
models used noninformative prior distributions for effect sizes (Normal(0,1002)) and
between-studies standard deviation (Uniform(0,2)), which yield comparable results to those
obtained by conventional statistical analysis. Models were estimated using Markov Chain
Monte Carlo implemented in WinBUGS 1.4.3. Convergence was achieved at 20,000 iterations
for all outcomes and lack of autocorrelation was checked and confirmed.
We conducted the analyses in WinBugs version 1.4.3 (MRC Biostatistics Unit, Cambridge,
UK) and R version 3.1.4 (R Development Core Team, Vienna, Austria).

Results
Study selection and characteristics
A total of 33,463 patients from 147 studies were eligible for inclusion (Table B in S1 Appendix).
The PRISMA flowchart showing the electronic search process is available as Fig 1. Eighteen treatments, including saline (reference treatment), saline plus N-acetylcysteine, sodium bicarbonate,
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Fig 1. Flow diagram of network meta-analysis.
doi:10.1371/journal.pone.0168726.g001

sodium bicarbonate plus N-acetylcysteine, ascorbic acid, statins, furosemide, probucol, methylxanthines, fenoldopam, device-guided matched hydration, renal replacement therapy, nebivolol,
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Fig 2. Network of treatment comparisons for prevention of contrast-induced acute kidney injury in patients undergoing cardiovascular invasive
procedures. The size of the nodes corresponds to the number of trials that studied the treatments. Directly compared treatments are linked with a line, the
thickness of which corresponds to the number of trials that assessed the comparison. LVEDP = left ventricular end-diastolic pressure; NAC = N-acetyl
cysteine; n = number of patients allocated to a specific treatment.
doi:10.1371/journal.pone.0168726.g002

natriuretic peptides, mannitol, prostaglandins, trimetazidine and LVEDP-guided hydration, were
compared (Fig 2). The large majority of cardiovascular invasive procedures were coronary angiographies with or without percutaneous coronary intervention. The study mean age of participants was 65.0 years (Table C in S1 Appendix). On average, 142.80 mL of contrast agent per
procedure was administered (Table D in S1 Appendix). The number of patients and events for
single pairwise comparisons are shown in Table E in S1 Appendix.

Risk of bias
The risk of bias in studies contributing to the primary outcome is shown in Fig A in S1 Appendix. The large majority of studies showed low risk of bias in random sequence generation and
in incomplete outcome reporting. Several studies were open-label.
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Network consistency
There was no evidence of inconsistency between direct and indirect estimates for the compared drug treatments in CIAKI, with non-significant Bayesian p-values for the comparisons
(Table F in S1 Appendix). Visual inspection of funnel plots did not suggest any small study
effects (Figure B A-E in S1 Appendix). Evaluation of the goodness of fit of the models showed
adequate fit for all outcomes (Table G in S1 Appendix). Heterogeneity among trials was moderate for CIAKI, mortality and heart failure, whereas it was substantial for need for dialysis
and myocardial infarction (Table G in S1 Appendix).

Primary endpoint: CIAKI
All 147 studies (n = 33,463) contributed to the network analysis for the primary endpoint of
CIAKI (Fig 2). Several interventions were associated with lower odds of CIAKI compared with
saline treatment (Fig 3). Saline plus N-acetyl cysteine (OR 0.72, 95% CrI 0.57–0.88), ascorbic
acid (0.59, 0.34–0.95), sodium bicarbonate plus N-acetyl cysteine (0.59, 0.36–0.89), probucol
(0.42, 0.15–0.91), methylxanthines (0.39, 0.20–0.66), statin (0.36, 0.21–0.59), device-guided
matched hydration (0.35, 0.12–0.79), prostaglandins (0.26, 0.08–0.62) and trimetazidine (0.26,
0.09–0.59) were associated with lower odds of CIAKI compared to saline. Prostaglandin, trimetazidine, methylxanthine or statin therapy was associated with lower odds of CIAKI compared with saline plus N-acetyl cysteine. Table 1 summarises the probability that each
treatment is the best compared to saline (reference treatment): there was a 31.03% probability
that prostaglandins had the lowest CIAKI rate, followed by trimetazidine (27.38%) and

Fig 3. Network meta-analysis odds ratios and 95% credible intervals for contrast-induced acute kidney injury. Comparisons between treatments
should be read from left to right. Estimates of treatment effects in the cell in common between the row-defining treatment and the column-defining treatment.
Odds ratios lower than 1 favour the row-defining treatment. To obtain odds ratios for comparisons in the opposite direction, reciprocals should be taken.
Significant results are in bold and underlined. ER = event rate; LVEDP = left ventricular end-diastolic pressure; NAC = N-acetylcysteine.
doi:10.1371/journal.pone.0168726.g003
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Table 1. Overall and GFR stratified analysis for CIAKI prevention, with NNT.
Treatment

Overall analysis
Probability to be the best
[%]

GFR <30 ml/min

GFR 59–30 ml/min
NNT

Probability to be the best
[%]

NNT

Probability to be the best
[%]

NNT

Saline

-

-

-

-

-

-

Saline plus N-acetylcysteine

0.0

30.79

0.0

33.90

16.99

5.35

Sodium bicarbonate

0.0

32.61

0.0

35.74

na

na

Sodium bicarbonate plus N-acetyl
cysteine

0.006

20.22

0.001

24.89

na

na

Ascorbic acid

0.03

19.97

0.004

25.63

na

na

Statin

1.53

13.07

1.14

14.57

na

na

Furosemide

0.0

-14.29

0.13

-5.35

0.73

-3.51

Probucol

5.24

13.48

na

na

na

na

Methylxanthines

2.17

13.48

3.66

14.10

na

na

Fenoldopam

0.01

14.81

0.02

-9.52

1.64

-2.31

Device-guided matched hydration

12.45

12.15

11.74

11.62

na

na

Renal replacement therapy

0.14

19.74

0.002

-5.61

62.40

4.72

Nebivolol

0.94

14.81

1.93

13.97

na

na

Natriuretic peptides

3.22

14.84

0.78

-3.93

18.24

5.49
na

Mannitol

1.13

13.52

8.22

10.71

na

Prostaglandins

31.03

10.87

35.63

10.24

na

na

Trimetazidine

27.38

10.97

33.24

10.43

na

na

LVEDP-guided hydration

14.37

12.21

3.51

13.43

na

na

CIAKI = contrast-induced acute kidney injury. GFR = glomerular filtration rate; na = not available; NNT = number needed to treat to prevent one episode of
CIAKI.
doi:10.1371/journal.pone.0168726.t001

LVEDP-guided hydration (14.37%). Rankograms for the competing treatments are shown in
Fig C in S1 Appendix.

Secondary outcomes
Thirty-eight studies (involving 14,372 patients) contributed to the network for mortality (Fig
D in S1 Appendix). Compared with saline, methylxanthines (0.12, 0.01–0.94) and LVEDPguided hydration (0.09, 0.01–0.59) were associated with lower odds of death in the overall
analysis (Fig 4, Table G in S1 Appendix). Data on the need for dialysis were derived from 43
studies (involving 14,985 patients). There were significantly lower odds of need for dialysis
with device-guided matched hydration (0.05, 0.01–0.58). Myocardial infarction and heart failure data were available in 12 (n = 2,900) and 17 studies (n = 6,284), respectively. Among compared treatments, LVEDP-guided hydration was associated with lower odds of myocardial
infarction compared to saline (0.27, 0.07–0.80). There was no evidence of significantly different effects on heart failure among treatments.

Sensitivity and subgroup analyses
Kidney function. Sixty-nine studies (involving 12,934 patients) contributed to the analysis of CIAKI restricted to patients with moderate CKD. Among these patients, prostaglandins
and trimetazidine were associated with lower odds of CIAKI when compared to either saline
or saline plus N-acetyl-cysteine (Fig E in S1 Appendix); saline plus N-acetylcysteine was superior to saline alone. Renal replacement therapy was associated with increased odds of CIAKI
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Fig 4. Forest plots for effect sizes of treatment strategies compared with saline, for mortality, dialysis, myocardial infarction and heart failure.
Estimates are presented as odds ratios and 95% credible intervals (95% CrI). LVEDP = left ventricular end-diastolic pressure; NAC = N-acetylcysteine; *in
severe chronic kidney disease.
doi:10.1371/journal.pone.0168726.g004

when compared to saline plus N-acetylcysteine, statin, device-guided matched hydration,
prostaglandins, trimetazidine and LVEDP-guided hydration. Nine studies (involving 1,205
patients) contributed to the analysis of CIAKI in patients with severe CKD: in these patients,
renal replacement therapy and saline plus N-acetylcysteine were associated with lower odds of
CIAKI when compared to saline (Fig F in S1 Appendix). Renal replacement therapy was associated with lower odds of death among severe CKD patients (0.21, 0.09–0.46) compared to
saline (Fig 4).
Contrast volume. Among patients receiving >100 mL of contrast, the lowest odds of
CIAKI were found with prostaglandins (0.26, 0.08–0.62), trimetazidine (0.26, 0.07–0.66),
methylxanthines (0.27, 0.11–0.53) and device-guided matched hydration (0.33, 0.11–0.76)
compared to saline (Fig G in S1 Appendix).
Stringent definition of CIAKI. In studies that defined CIAKI as a 25% relative, or
0.5 mg/dL or 44 μmol/L absolute, increase in serum creatinine from baseline within
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48–72 hours after contrast exposure, the results were consistent with the main analyses (Fig
H in S1 Appendix). The greatest CIAKI odds reductions were observed with trimetazidine
(0.21, 0.05 to 0.75), prostaglandins (0.23, 0.09 to 0.56), probucol (0.27, 0.09 to 0.79) and
statin (0.30, 0.16 to 0.52) as compared to saline. Similar results were observed when these
treatments were compared to the combination of saline plus N-acetylcysteine.
Meta-regression. Meta-regression analysis showed that neither baseline prevalence of diabetes (beta: -0.25 [-0.61 to 0.10]) nor mean age (beta: -0.02 [-0.05 to 0.02]) influenced the overall results.

Discussion
Cardiovascular invasive procedures with contrast media are increasingly performed in routine
clinical practice. Contrast-induced acute kidney injury (CIAKI) is a leading cause of hospitalacquired renal failure, associated in turn with a stepwise increase of mortality and a relevant
impact on public health[2]. The present report is the largest database ever analysed on different
treatments to prevent CIAKI in the setting of cardiovascular invasive procedures.
The main findings of this network meta-analysis, including 147 RCTs and 33,463 patients,
are that methylxanthines, prostaglandins and trimetazidine resulted in the lowest odds of CIAKI
as compared to saline or to saline plus N-acetylcysteine following cardiovascular invasive procedures requiring iodinated contrast. When compared to saline alone, methylxanthines, renal
replacement therapy limited to severe kidney disease patients, and LVEDP-guided hydration
were associated with lower odds of mortality, while LVEDP-guided hydration was also associated with reduced odds of myocardial infarction.
European Society of Cardiology guidelines recommend hydration to prevent CIAKI in
addition to limited contrast volume and to the use of iso- or low- osmolar contrast agents[5].
Similarly, the KDIGO Clinical Practice Guideline for Acute Kidney Injury recommends volume expansion with either isotonic sodium chloride or sodium bicarbonate in patients at high
risk of CIAKI[4,21]. To date, however, no robust conclusions on the comparative efficacy of
all potential preventive measures against CIAKI could be drawn, given the small numbers of
patients enrolled in the single studies and the limited treatment group comparisons. As a consequence, preventive measures other than saline have been discouraged by international guidelines. The limited available trial evidence is reflected by variations in routine clinical practice.
Current practice indicates that prevention of CIAKI with saline or saline plus N-acetylcysteine
provides only limited efficacy, leaving the physician ultimately challenged by the choice of
other treatment options[22].
A key finding of this network meta-analysis is the significantly lower odds of CIAKI with
added-on vasodilator agents, namely methylxanthines, prostaglandins, and trimetazidine,
compared to recommended standard treatments such as saline or saline plus N-acetylcysteine
alone. This benefit persisted in the analyses stratified by baseline kidney function.
The pathophysiological basis for the present findings includes the reduction in renal perfusion and the toxic effect on tubular cells induced by contrast media that are generally recognised
as important determinants of CIAKI[23]. This network meta-analysis challenges current international guidelines by demonstrating that effective prevention of CIAKI may not be optimally
achieved with saline hydration alone. The addition of other agents, particularly vasodilators
such as prostaglandins, methylxanthines and trimetazidine, has the potential to significantly
reduce the occurrence of CIAKI and other patient-relevant endpoints, and warrants evaluation
in large randomised trials. The complete biological mechanism underlying the effectiveness of
vasodilator agents is not entirely clarified, and may include beneficial effects on cardiac function
and haemodynamic performance.
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In this network meta-analysis, the benefits of vasodilator agents assumed a particular distribution in patients with different baseline renal function. The protective effects of prostaglandins were evident in the main analysis and persisted in the sensitivity analyses of patients who
had moderate CKD, studies in which a stringent CIAKI definition was used, and studies in
which >100 mL contrast volume was administered. In response to ischaemia, the synthesis of
prostaglandins is normally increased to modulate renal vascular resistance with a predominance of vasodilatory PGI2 and PGE2, in contrast to vasoconstricting PGF2 and thromboxane
[24]. In the presence of CKD, the release of eicosanoids, predominantly PGE2, is impaired
[25]. Therefore, it is biologically plausible that the external administration of prostaglandins
might abrogate renal hypoxia that is indeed increased in more advanced stages of kidney dysfunction. The association of methylxanthines with lower odds of CIAKI, observed in the main
analysis, was present but less pronounced in moderate stages of CKD. These results might be
explained by the fact that methylxanthines affect renal haemodynamics by blocking compensatory adenosine-mediated vasoconstriction in the early stages of CKD [25,26]. This effect can
be less pronounced in more advanced stages of renal dysfunction, owing to increased renal
hypoxia and reduced synthesis of nitric oxide and adenosine.
Our findings that vasodilator agents can be beneficial are concordant with single pairwise
meta-analyses showing that methylxanthines and trimetazidine reduce the incidence of CIAKI
[27,28]. This large-scale network meta-analysis, however, substantially differs from the single
pairwise meta-analyses by providing unified hierarchies of evidence for the several available
treatments to prevent CIAKI. In this meta-analysis a significant benefit was observed with
LVEDP-guided hydration on the clinical outcomes of death and myocardial infarction. Multiple reasons may explain this finding including plasma volume expansion, reduced renin activation, reduced loss of nitric oxide, reduced concentrations of reactive oxygen species, as well
as higher dilution of contrast within the tubular lumen[29,30], although in our paper the magnitude of CIAKI reduction with this strategy was only numerical and not significant in comparison with other treatments, partly because the available evidence was limited to a single
RCT.
Notably, in our network meta-analysis, renal replacement therapy exerted a possible GFRdependent effect on CIAKI prevention compared to saline hydration, with signals of potential
harm in patients with moderate CKD in contrast to lower odds of CIAKI among patients with
severe CKD. The directionally opposite biological effects of renal replacement therapy in moderate and severe kidney dysfunction may have contributed at least in part to some heterogeneity
in the network for the main CIAKI endpoint. The underlying mechanisms leading to harmful
effects of renal replacement therapy are possibly multiple; hypotension and myocardial stunning may correlate with loss of residual renal function[31,32]; blood contact with the dialysis
membrane may promote a pro-inflammatory systemic response which may in itself lead to
accelerated kidney injury; as a result, renal replacement therapy should be considered only in
severe CKD patients[33,34], who are most predisposed to develop CIAKI, and in whom the
benefits of renal replacement therapy would be expected to outnumber the risks. Our current
findings on the favorable effects of vasodilator treatment strategies are in line with results
observed in recent network meta-analysis[35]. At variance with the previous meta-analysis
focused on drug treatments only and with no inference on other outcomes than CIAKI [35], we
extended the analysis to both drug and invasive treatments to prevent CIAKI as LVDEP-guided
hydration that in our present paper has been proven to improve significantly survival. Moreover, in the paper by Su et al statin therapy was divided in high and low doses based on a non
declared statin type and dose classification strategy, an operation that prompts caution when
interpreting results on high dose statin therapy referred as a potential best strategyOur network
meta-analysis has limitations that need to be considered when interpreting its findings. The
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results were analysed on trial level data and not on individual patient data. Not all trials
assessed or reported GFR or CIAKI by the same method or definition; however, sensitivity
analyses for different stages of CKD and using a stringent definition of CIAKI indicated stable
results. Moderate to significant heterogeneity was found in the networks for most endpoints.
A certain degree of heterogeneity is inevitable when integrating the large body of available
RCT evidence on CIAKI. We explored potential sources of heterogeneity and found no evidence in meta-regression analyses that prespecified study-level variables such as age and prevalence of diabetes impacted the results. We also noted no statistically significant differences in
treatment estimates from direct and indirect drug treatment comparisons, indicating that the
assumption of transitivity, necessary for network analyses, was appropriate. Although the
power of consistency checks is limited when direct comparisons are few, the non-significant
Bayesian p-values describing the probability that the direct and indirect evidence differ, corroborate the a priori assumptions of transitivity. Some heterogeneity for the main CIAKI endpoint is likely explained by the directionally opposite treatment effect of renal replacement
therapy in moderate versus severe CKD patients; however, other sources of unexplained heterogeneity cannot be excluded. Several studies presented design limitations including the
small sample size and the fact that some of them were single center RCTs; however the present
network meta-analysis by design addresses the small sample size in single studies by providing
a large-scale analysis and more precise estimates. this network although is the largest source
of evidence does not include several treatment agents such as sodium/potassium citrate, allopurinol for which however exists large uncertainty as measures to prevent CIAKI; a stratified
analysis based on different statin doses was not performed given the substantial variations in
doses and types used across different trials. Caution should be exerted when referring to the
LVEDP-guided hydration findings given the single trial available so far. Given the association
of LVEDP-guided therapy with lower CIAKI and mortality, further studies are needed to
assess the LVEDP-guided strategy. Clinical endpoints other than CIAKI were analysed in a
minority of studies and individual RCTs were underpowered for the assessment of mortality.
Thus, these endpoint data should be viewed as preliminary, requiring formal testing in large
RCTs. The potential harms and costs for the considered treatments were not explored.

Conclusion
The results of the present network meta-analysis support the notion that treatment with saline
during cardiovascular invasive procedures may not represent the optimal strategy to prevent
CIAKI. Large specific RCTs aimed at enhancing CIAKI prevention are warranted, as the findings, if confirmed, would have a profound impact on public health.

Supporting information
S1 Appendix. Appendix.
(DOC)
S1 File. PRISMA Network Meta-analysis checklist.
(DOCX)

Acknowledgments
We sincerely thank Vanessa Gray and Jasjot Maggo from University of Otago–Christchurch
(New Zealand) for their contribution as part of the data extraction team.

PLOS ONE | DOI:10.1371/journal.pone.0168726 February 2, 2017

12 / 15

Network meta-analysis for prevention of CIAKI

Author contributions
Conceptualization: EPN PAG FA MK SCP CO GFMS.
Data curation: TJ MJ MMK MK.
Formal analysis: EPN SD.
Investigation: EPN PAG FA MMK SD AB JK WW MB MR ML MJ MK.
Methodology: EPN SD.
Software: EPN SD.
Supervision: EPN.
Visualization: EPN SD.
Writing – original draft: EPN.
Writing – review & editing: EPN PAG FA MMK SCP SD AB JK MK TJ ML MJ MB FA MR
SDS WW CO GFMS.

References
1.

Murphy SW, Barrett BJ, Parfrey PS. Contrast nephropathy. J Am Soc Nephrol 11:177–82, 2000. PMID:
10616853

2.

McCullough PA. Radiocontrast-induced acute kidney injury. Nephron Physiol 109:61–72, 2008.

3.

Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al. 2011 ACCF/AHA/SCAI
guideline for percutaneous coronary intervention. Catheterization and Cardiovascular Interventions.
82:E266–E355, 2013. doi: 10.1002/ccd.23390 PMID: 22065485

4.

KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney International 2012. Avaliable at:
www.kidney-international.org.

5.

Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014 ESC/EACTS guidelines on
myocardial revascularization. EuroIntervention 10:1024–94, 2015. doi: 10.4244/EIJY14M09_01 PMID:
25187201

6.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. The PRISMA Extension
Statement for Reporting of Systematic Reviews Incorporating Network Meta-analyses of Health Care
Interventions: Checklist and Explanations. Ann Intern Med 162:777–84, 2015. doi: 10.7326/M14-2385
PMID: 26030634

7.

Higgins J, Green D. Cochrane handbook for systematic reviews of interventions. Version 5.1. Cochrane
Collaboration, 2011. Available at: www.cochrane-handbook.org. Accessed October 7, 2015.

8.

Dias S, Welton NJ, Sutton AJ, Ades AE. Evidence synthesis for decision making 1: Introduction. Med
Decis Making 33:597–606, 2013. doi: 10.1177/0272989X13487604 PMID: 23804506

9.

Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment comparisons. Stat Med
23:3105–24, 2004. doi: 10.1002/sim.1875 PMID: 15449338

10.

Navarese EP, Tandjung K, Claessen B, Andreotti F, Kowalewski M, Kandzari DE, et al. Safety and efficacy outcomes of first and second generation durable polymer drug eluting stents and biodegradable
polymer biolimus eluting stents in clinical practice: comprehensive network meta-analysis. BMJ 347:
f6530, 2013. doi: 10.1136/bmj.f6530 PMID: 24196498

11.

Palmer SC, Mavridis D, Navarese E, Craig JC, Tonelli M, Salanti G, et al. Comparative efficacy and
safety of blood pressure-lowering agents in adults with diabetes and kidney disease: a network metaanalysis. Lancet 385:2047–56, 2015. doi: 10.1016/S0140-6736(14)62459-4 PMID: 26009228

12.

Welton N, Sutton A, Cooper N, Abrams KR, Ades AE. Evidence synthesis for decision making in healthcare. Chichester: John Wiley & Sons, 2012.

13.

Dias S, Welton NJ, Sutton AJ, Ades AE. NICE DSU Technical Support Document 2: A Generalised Linear Modelling Framework for Pairwise and Network Meta-Analysis of Randomised Controlled Trials.
National Institute for Health and Clinical Excellence, 2011. Updated April 2014. Available at http://www.
nicedsu.org.uk. Accessed October 20, 2015.

PLOS ONE | DOI:10.1371/journal.pone.0168726 February 2, 2017

13 / 15

Network meta-analysis for prevention of CIAKI

14.

Spiegelhalter D, Abrams K, Myles J. Bayesian approaches to clinical trials and health care evaluation.
Chichester: John Wiley & Sons, 2004.

15.

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed treatment comparison metaanalysis. Stat Med 29:932–44, 2010. doi: 10.1002/sim.3767 PMID: 20213715

16.

van Valkenhoef G, Kuiper J. gemtc: Network Meta-Analysis Using Bayesian Methods. 2015. R package
version 0.7–1. Available at: http://CRAN.R-project.org/package=gemtc. Accessed September 15,
2015.

17.

KDOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification, and Stratification. Kidney Int Suppl 3:1–150, 2013.

18.

ACT Investigators. Acetylcysteine for prevention of renal outcomes in patients undergoing coronary and
peripheral vascular angiography: main results from the randomized Acetylcysteine for Contrast-induced
nephropathy Trial (ACT). Circulation 124:1250–9, 2011. doi: 10.1161/CIRCULATIONAHA.111.038943
PMID: 21859972

19.

Dias S, Welton NJ, Sutton AJ, Ades AE. Evidence Synthesis for Decision Making 5: The Baseline Natural History Model. Med Decis Making 33:657–670, 2013. doi: 10.1177/0272989X13485155 PMID:
23804509

20.

Stettler C, Wandel S, Allemann S, Kastrati A, Morice MC, Schömig A, et al. Outcomes associated with
drug-eluting and bare-metal stents: a collaborative network meta-analysis. Lancet 370:937–48, 2007.
doi: 10.1016/S0140-6736(07)61444-5 PMID: 17869634

21.

Langham RG, Bellomo R, D’ Intini V, Endre Z, Hickey BB, McGuinness S, et al. KHA-CARI guideline:
KHA-CARI adaptation of the KDIGO Clinical Practice Guideline for Acute Kidney Injury. Nephrology
(Carlton) 19:261–5, 2014.

22.

Laville M, Juillard L. Contrast-induced acute kidney injury: how should at-risk patients be identified and
managed? J Nephrol 23:387–98, 2010. PMID: 20349411

23.

Heyman SN, Khamaisi M, Rosen S, Rosenberger C. Renal parenchymal hypoxia, hypoxia response
and the progression of chronic kidney disease. Am J Nephrol 28:998–1006, 2008. doi: 10.1159/
000146075 PMID: 18635927

24.

Rosenberger C, Rosen S, Heyman SN. Renal parenchymal oxygenation and hypoxia adaptation in
acute kidney injury. Clin Exp Pharmacol Physiol 33:980–8, 2006. doi: 10.1111/j.1440-1681.2006.
04472.x PMID: 17002677

25.

Osswald H, Schnermann J. Methylxanthines and the kidney. Handb Exp Pharmacol 200:391–412,
2011.

26.

Arakawa K, Suzuki H, Naitoh M, Matsumoto A, Hayashi K, Matsuda H, et al. Role of adenosine in the
renal responses to contrast medium. Kidney Int 49:1199–206, 1996. PMID: 8731082

27.

Bagshaw SM, Ghali WA. Theophylline for prevention of contrast-induced nephropathy: a systematic
review and meta-analysis. Arch Intern Med 165:1087–93, 2005. doi: 10.1001/archinte.165.10.1087
PMID: 15911721

28.

Nadkarni GN, Konstantinidis I, Patel A, Yacoub R, Kumbala D, Patel RA, et al. Trimetazidine Decreases
Risk of Contrast-Induced Nephropathy in Patients With Chronic Kidney Disease: A Meta-Analysis of
Randomized Controlled Trials. J Cardiovasc Pharmacol Ther 20:539–46, 2015. doi: 10.1177/
1074248415573320 PMID: 25715308

29.

Seeliger E, Wronski T, Ladwig M, Dobrowolski L, Vogel T, Godes M, et al. The renin-angiotensin system
and the third mechanism of renal blood fl ow autoregulation. Am J Physiol Renal Physiol 296:F1334–
45, 2009. doi: 10.1152/ajprenal.90476.2008 PMID: 19339631

30.

Heyman SN, Rosen S, Khamaisi M, Idée JM, Rosenberger C. Reactive oxygen species and the pathogenesis of radiocontrastinduced nephropathy. Invest Radiol 45:188–95, 2010. doi: 10.1097/RLI.
0b013e3181d2eed8 PMID: 20195159

31.

Jansen MA, Hart AA, Korevaar JC, Dekker FW, Boeschoten EW, Krediet RT. Predictors of the rate of
decline of residual renal function in incident dialysis patients. Kidney Int. 62:1046–53, 2002. doi: 10.
1046/j.1523-1755.2002.00505.x PMID: 12164889

32.

Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, et al. Acute renal failure in critically
ill patients: a multinational, multicenter study. JAMA 294:813–8, 2005. doi: 10.1001/jama.294.7.813
PMID: 16106006

33.

Sulowicz W, Radziszewski A. Pathogenesis and treatment of dialysis hypotension. Kidney International
70:S36–S9, 2006.

34.

Leggate P. Preventing hypoxaemia during haemodialysis: Oxygen therapy and bicarbonate profiling.
EDTNA-ERCA Journal. 26:7–9, 2000.

PLOS ONE | DOI:10.1371/journal.pone.0168726 February 2, 2017

14 / 15

Network meta-analysis for prevention of CIAKI

35.

Su X, Xie X, Liu L, Lv J, Song F, Perkovic V, Zhang H. Comparative Effectiveness of 12 Treatment
Strategies for Preventing Contrast-Induced Acute Kidney Injury: A Systematic Review and Bayesian
Network Meta-analysis. Am J Kidney Dis. 2016 Oct 1.[ahead of print]

PLOS ONE | DOI:10.1371/journal.pone.0168726 February 2, 2017

15 / 15

