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Background: The optimal preventive strategy for contrast induced acute kidney injury (CIAKI) in patients under-
going cardiac catheterization remains uncertain.
Objective:We conducted Bayesian network meta-analysis (NMA) to compare different preventive strategies for
CIAKI in these cohorts.
Methods: Forty-nine randomized controlled trials were extracted using MEDLINE, EMBASE and CENTRAL data
bases (inception-1st December 2017). We calculated median of the odds ratio (OR) with the corresponding
95% credible interval (CrI). The ranking probability of each treatment was based on SUCRA (surface under the
cumulative ranking curve).
Results: In NMA of 28,063 patients [normal saline (NS: 9716 patients), sodium bicarbonate (NaHCO3: 4484
patients), statin (2542 patients), N-acetylcysteine (NAC: 3006 patients), NAC + NaHCO3 (774 patients), NS
+ NAC (3807 patients), NS+ NaHCO3 (135 patients) and placebo (3599 patients)], statins reduced the relative
risk of CIAKI compared with NS (OR: 0.50; 95% CrI, 0.25–0.99), and placebo (OR: 0.44; 95% CrI, 0.24–0.83). Sub-
group analyses showed that in patients receiving low osmolar contrast, statins reduced the relative risk of CIAKI
by 58% versusNS, and 51% versus placebo. Therewereno significant differences across all the treatments in terms
of risk of hemodialysis or all-cause mortality. Statins had the highest probability for reducing the risk of CIAKI
(SUCRA, 0.86), risk of hemodialysis (SUCRA, 0.88) and all-cause mortality (SUCRA, 0.81).
Conclusion: Statins were the superior preventive strategy for reducing the risk of CIAKI compared with NS alone
and placebo.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Over the last few decades, the rise in cardiac catheterization proce-
dures has resulted in an increased incidence of contrast induced acute
kidney injury (CIAKI) and subsequently enhanced the risk of renal re-
placement therapy, prolonged duration of hospital stay, increased cost
of care and mortality [1]. This issue has generated enthusiasm among
themedical professionals to investigate the optimal therapy for preven-
tion of CIAKI. However, due to significant heterogeneity across the
published literature, the best preventive strategy for CIAKI remains
uncertain. Intravascular volume expansion is considered standard of
uare, Department of Medicine,
care for prevention of CIAKI [2, 3], but the contemporary AMACING
trial (Prophylactic Hydration to Protect Renal Function from Intravascu-
lar Iodinated Contrast Material in Patients at High Risk of Contrast
Induced Nephropathy) has challenged this notion and demonstrated
that absence of prophylactic hydration did not increase the risk of
CIAKI, hemodialysis or death compared with prophylactic hydration
[4]. Similarly, in the more recent PRESERVE trial (Prevention of Seri-
ous Adverse Events Following Angiography), there was no benefit of
intravenous sodium bicarbonate (NaHCO3) over normal saline (NS)
or of oral N-acetylcysteine (NAC) over placebo in terms of mortality,
need for dialysis or CIAKI in patients undergoing coronary angiogra-
phy [5]. Due to this controversy, we performed Bayesian network
meta-analysis (NMA) to compare all relevant treatment approaches
employed in current clinical practice to prevent CIAKI after cardiac
catheterization [6].
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2. Methods

This NMA is performed and reported in compliance with the
Cochrane Collaboration guidelines [7] and PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) Extension statement
for systematic reviews incorporating network meta-analyses for health
care interventions [8].

2.1. Search strategy

Two authors (HR, MUK) conducted the electronic data base
search using MEDLINE, EMBASE and CENTRAL (Cochrane Central
Register of Controlled Trials) from inception to 1st December
2017. Following search terms were used to generate search algo-
rithm: “contrast induced nephropathy”, “CIN”, “acute kidney in-
jury”, “AKI”, “contrast induced acute kidney injury” “acute renal
failure”, “ARF”, “coronary angiography”, “cardiac catheterization”,
“angioplasty”, “percutaneous coronary interventions” and “PCI”.
We also reviewed online libraries of www.clinicaltrials.gov, www.
clinicaltrialsregister.eu, www.clinicaltrialresults.gov, www.acc.org,
www.esccardio.org, www.tctmd.com, and bibliographies of the rele-
vant articles. The search was restricted to randomized controlled tri-
als (RCTs), full text articles and human subjects. There was no
restriction on language and publication year. All the results were
downloaded to Endnote X7 (Thompson ISI ResearchSoft, Philadel-
phia, Pennsylvania, USA) and duplicates were identified and re-
moved manually and via EndNote.

2.2. Study selection

The pre-defined inclusion criteria were: [1] RCTs which had com-
pared two or more preventive strategies for CIAKI in adults patients
(age ≥ 18 years) undergoing diagnostic or interventional cardiac cathe-
terization, [2] studies which reported at least one clinical event for
CIAKI, [3] studies with sample size of at least 100 patients (to avoid
small study effects), and [4] full text articles.We excluded observational
studies and trials assessing strategies that are not widely practiced and
have limited clinical applicability (xanthine, ascorbic acid, dopaminer-
gic drugs, natriuretic peptide and peripheral ischemic preconditioning).
Similarly, we also excluded trials which have compared protocol based
hydration strategies rather than comparing two different treatment
arms for prevention of CIN. The POSEIDON (Prevention of Contrast
Renal Injury with Different Hydration Strategies) trial compared left
ventricular end diastolic pressure (LVEDP) guided hydration strategy
versus standard hydration. Based on a priori exclusion criteria, this
trial was not selected for final analysis [9]. There were no restrictions
on comorbidities or follow up duration. Study screening was done by
two authors (HR andMUK) and any conflicts were resolved by consult-
ing third author (SUK).

2.3. Data extraction and quality assessment

Two authors (MUK andHR) independently abstracted data on study,
baseline characteristics of the participants, co-morbidities, number of
events, and number of patients at risk, sample size, data adjudication
time and follow-up duration on a pre-specified data collection form.
When available, we extracted data based on intention to treat principle.
Any divergence was resolved by referring back to the original article,
and/or opinion of third reviewer (SUK). The primary endpoint was
CIAKI. The secondary outcomes were risk of hemodialysis and all-
cause mortality. A notable number of studies did not report risk of he-
modialysis or all-cause mortality leading to a relatively lesser number
of comparisons for secondary endpoints' analyses. In accordance with
a prior NMA [10], we defined CIAKI as a relative increase of ≥25% or an
absolute increase of ≥0.5 mg/dL in serum creatinine within 48–72 h
after the procedure. The risk of bias of individual studies was assessed
using Cochrane bias risk assessment tool [11] (Supplement (S) Table 1).

2.4. Statistical analysis

The Bayesian NMAwas conducted using NetMetaXL 1.6.1 (Canadian
Agency for Drugs and Technologies in Health; Ottawa, Canada) and
winBUGS 1.4.3 (MRC Biostatistics Unit; Cambridge, United Kingdom).
Since we made no assumptions regarding the efficacy of these treat-
ments from data outside the included trials, random effects vague
priors' model was used to estimate the posterior distribution of all
parameters. For all outcomes, convergence was achieved at 40,000 iter-
ations and auto correlation was checked and confirmed. The conver-
gence was assessed using the Brooks-Gelman-Rubin method and by
checking whether the MCMC error is b5% of the standard deviation of
the effect estimates and between-study variance [12]. The median of
the posterior distribution was reported as odds ratio (OR) with the
corresponding 95% credible interval (CrI) ranging from 2.5th to the
97.5th centiles of the distribution. The between-study variance was
interpreted as low (τ2 = 0.04), moderate (τ2 = 0.14) and high (τ2 =
0.40) [13].

Markov chain Monte Carlo (MCMC) modeling was used to estimate
the relative ranking probability of each treatment group based on
SUCRA (surface under the cumulative ranking curve) [14, 15]. A
SUCRA is a numerical representation of the probability of safety or effi-
cacy of the treatment i.e. higher values represent better efficacy or
safety of the treatment. Prespecified subgroup analyses were conducted
to assess the effects of the treatments based on osmolarity of the con-
trast and setting of cardiac catheterization (emergent or elective proce-
dure). The comparisons are shown in the form of league tables with OR
b 1 means the treatment in the top left is more effective at reducing the
incidence of CIN compared with rest of the treatments.

3. Results

This initial search yielded a total of 3423 records. Out of which 1902
citationswere duplicates, and 865 studieswere excluded at title and ab-
stract level. Further 607 articles were removed at full text screening
based on predefined inclusion/exclusion criteria. Ultimately, 49 RCTs
were included in final analysis (Fig. 1). A total of 28,063 patients [NS
(9716 patients), NaHCO3 (4484 patients), Statin (2542 patients), NAC
(3006 patients), NAC + NaHCO3 (774 patients), NS + NAC (3807 pa-
tients), NS + NaHCO3 (135 patients) and placebo (3599 patients)]
were included in this NMA. The mean age of the study population was
67 ± 5 years, 69% were men, 68% had hypertension and 49% had
diabetes mellitus. Baseline serum creatinine was 1.3 ± 0.3 mg/dL. The
endpoint adjudication time varied from 24 h to 240 h (Table 1).

The NMA showed that statins were associated with 50% relative risk
reduction of CIAKI compared with NS alone (OR: 0.50; 95% CrI, 0.25–
0.99), and 56% risk reduction compared with placebo (OR: 0.44; 95%
CrI, 0.24–0.83). There were no statistical differences among rest of the
treatment strategies. The MCMC modeling suggested that statins had
the highest probability of having the lowest rate of CIAKI (SUCRA,
0.86), followed by NAC (SUCRA, 0.75), NaHCO3 + NAC (SUCRA, 0.64),
NaHCO3 (SUCRA, 0.54), NS + NAC (SUCRA, 0.45), NS + NaHCO3
(SUCRA, 0.29) and NS (SUCRA, 0.25) (Fig. 2).

The NMA did not demonstrate statistical differences between
statins, NS, NAC, NS + NAC, NaHCO3, NaHCO3 + NAC or placebo with
regards to risk of hemodialysis (Fig. 3). In the probability analysis, the
MCMC modeling suggested that statins had the highest probability of
having lowest risk of hemodialysis (SUCRA, 0.88), followed by NS
(SUCRA, 0.60) and NAC (SUCRA, 0.59) (Fig. 3). The NMA also failed to
demonstrate significant differences in terms of all-cause mortality
among statins, NaHCO3, NAC, NS, NS + NAC, NaHCO3 + NAC and pla-
cebo. TheMCMCmodeling suggested that statins had the highest prob-
ability of reducing all-cause mortality (SUCRA, 0.81), followed by
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Table 1
Baseline characteristics of the trials; CrCl (Creatinine Clearance) DM (DiabetesMellitus); eGFR (Estimated Glomerular Filtration Rate); HTN (Hypertension); IO (Iso Osmolar contrast); LO
(Low Osmolar contrast); NS (Normal Saline); NaHCO3 (Sodium Bicarbonate); NAC (N-Acetyl Cysteine).

Studies Groups n Mean age
(year)

Men
(%)

Baseline creatinine
(mg/dL)

HTN
(%)

DM
(%)

*Baseline eGFR
or CrCl

Contrast %
(n)

Contrast
volume (mL)

Adjudication time
(hours)

Boucek [27] NS 59 67 74.5 1.8 – 100 44.6 LO = 100
(120)

110 48
NaHCO3 61 63 75.4 2 – 100 43.6

Brar [24] NS 178 71 64.8 1.49 – 45.5 48.3 LO = 100
(353)

131.6 24–96
NaHCO3 175 71 62.3 1.49 – 43.4 47.7

Vasheghani-Farahani
A [28]

NS 130 63.8 81.5 1.66 55.8 25 45.4 LO = 100
(72)

117.5 48
NaHCO3 +
NS

135 62.9 84.4 1.63 42.6 26 46.4

Thayssen [29] NS 181 63.0 80.1 0.87 32.8 9.9 94.3 IO = 100
(538)

140 24–72
NAC 176 63.0 72.2 0.84 34.5 8.5 91.4
NaHCO3 181 62.0 76.8 0.87 35.6 9.4 90.8

Tamura [30] NS 72 73.3 83.3 1.38 83.3 56.9 38.2 LO = 100
(144)

85.0 72
NaHCO3 72 72.3 91.7 1.55 84.7 59.7 40.0

Pakfetrat [31] NS 96 58.5 64.5 1.1 – 32.3 72.6 IO = 100
(192)

62.5 48
NaHCO3 96 57.8 58.3 1.1 – 27.1 73.2

Ozcan EE [32] NS 88 70 75 1.40 80.7 47.7 49.8 LO = 100
(264)

110.0 48
NS + NAC 88 67 76.1 1.40 68.2 45.5 45.3
NaHCO3 88 68 72.7 1.36 75.4 42 52.9

Motohiro [33] NS 77 74 64 1.55 83 63 42.8 – 135.0 48
NaHCO3 78 71 76 1.54 86 56 45.7

Merten [34] NS 59 69.2 76 1.71 – 46 45.0 LO = 100
(119)

134.0 48
NaHCO3 60 66.7 73 1.89 – 50 41.0

Maioli [35] NS + NAC 252 74 61 1.21 57 23 – IO = 100
(450)

216.0 24–240
NaHCO3 +
NAC

250 74 57 1.21 59 25

Lee [36] NS + NAC 189 67.5 71.4 1.50 79.9 100 46.0 IO = 100
(382)

116 24–48
NaHCO3 +
NAC

193 68.5 70.5 1.50 77.2 100 46.0

Koc [37] NS 101 62 48 1.00 60 100 36 LO = 100
(195)

90 48
NaHCO3 94 62 54 1.00 66 100 23

Klima [38] NS 89 75 62 1.59 81 34 43.0 IO = 11
(29)
LO = 89
(229)

100 48
‖NaHCO3 87 78 57 1.59 90 39 43.1
†NaHCO3 82 75 54 1.44 77 39 43.1

Gomes [39] NS 151 64.5 74.8 1.49 74.2 29.8 51.9 LO = 100
(301)

124.5 48
NaHCO3 150 64.1 69.3 1.50 77.3 28.7 50.5

Castini [40] NS 51 72.7 84 1.49 20 78 49.5 IO = 100
(156)

194.5 24–120
NS + NAC 53 70.5 94 1.57 26 83 48.8
NaHCO3 52 70 85 1.59 35 71 46.9

Mahmoodi [41] NS + NAC 175 64.48 59.4 1.17 – – 64.1 LO = 100
(350)

– 48
NaHCO3 +
NAC

175 64.96 43.4 1.16 – – 65.4

Manari [42] ††NS 151 65 75 1.00 42 15 81.0 IO = 100
(592)

198.2 72
‡NS 142 65.2 77 1.00 44 19 82.0
⃰NaHCO3 145 63.9 72 1.03 39 16 80.0
ₓNaHCO3 154 65.2 75 1.00 47 17 82.0

Yeganehkhah [43] NS 50 58.5 44 1.08 52 34 63.0 LO = 100
(150)

44.2 48
NS+ NAC 50 58.1 50 1.17 52 44 64.3
NaHCO3 50 60.9 62 1.17 42 44 64.3

Solomon [44] NS 196 72 58 1.85 94 55 33.8 – 107 24–72
NaHCO3 195 72 57 1.98 94 63 31.7

ACT investigators
[45]

NS 1136 68.1 40.7 1.20 85.9 59.7 69.0 IO = 2.9
(67)
HO = 22.1
(509)
LO = 73.9
(1705)

100 48–96
NAC + NS 1172 68 42 1.20 86.5 61.2 69.3

Albabtainl [46] NS 66 59.8 81.8 1.22 53.1 79.7 74 LO = 100
(243)

87.6 120–144
NAC 62 62 71 1.45 62.3 85.2 59.3

Baskurt [47] NS 72 67.1 56.9 1.30 59 33 51.5 LO = 100
(217)

119.1 48
NAC 73 67.9 63 1.39 53 27 48.9

Brigouri [48] NS 91 64 89 1.50 72 32.5 54 LO = 100
(183)

197.0 48
NS + NAC 92 64 84 1.50 72 43 56

Azmus [49] NS 201 67 58.2 1.27 – 50.7 60 HO = 95.7
(380)
LO = 4.3
(17)

125.5 48
NS + NAC 196 66 59.7 1.30 – 48.5 63

Carbonell [50] NS 109 60.7 72.5 0.96 57.8 27.5 88 LO = 100
(216)

188.0 48
NS + NAC 107 63.1 80.4 0.94 52.3 39.3 86

Coyle [51] NS 69 63.3 68.1 1.10 87 100 76.0 – 93 48–96
NS + NAC 68 66.7 61.8 1.16 91.2 100 70.0

Ferrario [52] NS 99 75 62 1.60 83 25 45 IO = 100
(200)

173.9 72
NS + NAC 99 75 68 1.60 80 25 40

Gomes [53] NS 79 66.5 57 1.20 84.8 51.9 62 LO = 100 102.7 48

(continued on next page)
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Table 1 (continued)

Studies Groups n Mean age
(year)

Men
(%)

Baseline creatinine
(mg/dL)

HTN
(%)

DM
(%)

*Baseline eGFR
or CrCl

Contrast %
(n)

Contrast
volume (mL)

Adjudication time
(hours)

(156)NS + NAC 77 63.8 61 1.40 87 51.9 59
Holscher [54] NS 127 – – – – – – – 192.6 72

NS + NAC 128 – – – – –
Kay [55] NS 98 69 63 1.26 43 36 44 LO = 100

(200)
125 48

NS + NAC 102 69 60 1.24 38 39 46
Kim BJ [56] NS 86 62 67 1.03 – – – IO = 46.4

(77)
LO = 53.6
(89)

208.8 72
NS + NAC 80 62 79 1.03 – – –

Miner [57] NS 85 69 66 1.40 77 67 44.1 LO = 100 347.0 72
NAC + NS 95 71 68 1.40 72 68 46.3

Shyu [58] NS 61 70 65 2.80 67 64 – LO = 100
(121)

117.0 48
NAC + NS 60 70 70 2.80 70 63 –

Thiele [59] NS 125 68 66 0.80 74 33 86 LO = 100
(251)

170.0 72
NAC + NS 126 68 71 0.90 71 25 85

Brueck [60] NS 198 74 62 1.50 94 51 42.0 LO = 100
(499)

111.0 72
NAC + NS 199 75 65 1.50 94 43 40.0

Webb [61] NS 245 70 62 1.60 67.1 39.2 43.7 LO = 100
(487)

120.0 48–192
NAC + NS 242 71 59 1.60 67.6 30.6 44.2

Kumar [62] NS 300 66 75 1.0 65 42 83.0 IO = 40.0
(200)
LO = 60.0
(300)

NR 48–72
NAC 200 68 82 1.1 45 34 78.0

Chong [63] NAC + NS 157 69 72 1.5 90.5 49.7 48.3 LO = 100
(466)

116.0 48
NaHCO3 153 68.4 77.8 1.60 85 45.1 47.3
NAC +
NaHCO3

156 67 77.6 1.57 89.1 48.1 47.6

Han [64] NS 1500 61.44 66.1 1.07 72.7 100 74.4 IO = 100
(2998)

115 48–72
Rosuvastatin 1498 61.45 64.3 1.08 71.3 100 74.1

Jo SH [65] Placebo 123 65.0 71.5 1.24 58.5 23.6 55.4 IO = 100
(247)

182.1 48
Simvastatin 124 66.1 73.3 1.28 67.7 28.2 53.4

Leoncini [66] Placebo 252 66.1 65.5 0.96 54.8 22.6 82.6 IO = 100
(504)

144.0 72
Rosuvastatin 252 66.2 65.9 0.95 56.7 19.8 82.5

Li W [67] NS 83 65.4 77.1 0.93 83.1 28.9 – LO = 100
(161)

101.8 48
Atorvastatin 78 66.3 74.4 0.93 78.2 26.9 –

Patti [68] Placebo 121 66 79 1.04 74 25 77.0 LO = 100
(241)

211.0 48
Atorvastatin 120 65 76 1.04 76 30 79.8

Quaintavalle [69] Placebo 208 70 58 1.29 87.5 38.5 43.0 IO = 100
(410)

180.6 48
Atorvastatin 202 70 51 1.32 85.5 44 42.0

Bidram [70] NS 100 60.4 92 1.14 – 0 70.2 IO = 100
(200)

NR 48
Atorvastatin 100 60 89 1.18 – 0 68.0

Abaci [71] NS 105 67.7 73.4 1.40 87.6 47.6 51.3 LO = 100
(208)

128.3 48–72
Rosuvastatin 103 67.5 64 1.30 88.3 51.4 52.8

Shehta [72] Placebo 65 57 53 2.00 52 100 48.0 LO = 100
(130)

276.0 72
Atorvastatin 65 55 53 2.00 52 100 48.0

Nijssen [4] Placebo 332 72.6 64 1.33 – 33 47·59 LO = 100
(660)

90 44–144
NS 328 71.9 59 1.34 – 32 47·30

Weisbord [5] NaHCO3 2511 70 94 1.50 – 81 50 IO = 56
(5584)
LO = 43
(4290)

85 72–120
NS 2482 70 94 1.50 – 82 50
NAC 2495 70 94 1.50 – 81 50
Placebo 2498 70 93 1.50 – 81 50
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NaHCO3 (SUCRA, 0.72) (Fig. 4). There was a higher degree of statistical
heterogeneity for CIAKI (τ2 = 0.66), while risk of hemodialysis and all-
cause mortality were affected by moderate (τ2 = 0.21) and low degree
of heterogeneity (τ2 = 0.08) respectively.

Subgroup analyses showed that when low osmolarity contrast was
used for cardiac catheterization, statins were superior to NS alone
(OR: 0.42; 95% CrI, 0.20–0.82) and placebo (OR: 0.41; 95% CrI, 0.23–
0.74) in reducing the risk of CIAKI. The MCMC modeling showed that
statins had the highest probability of reducing the risk of CIAKI in pa-
tients having low osmolarity contrast (SUCRA, 0.97) (S Fig. 1). The
NMA did not show significant differences among the treatments in
patients with iso-osmolarity contrast based procedures. The MCMC
modeling demonstrated that NaHCO3+NAC had the highest probabil-
ity of being the best strategy to prevent CIAKI (SUCRA, 0.78), followed
by NAC (SUCRA, 0.77) and statins (SUCRA, 0.64) (S Fig. 2).

In subgroups having elective cardiac catheterization, the NMA
showed that risk of CIAKI was identical between all the treatments.
The MCMC demonstrated that NaHCO3 had the highest probability of
having the lowest risk of CIAKI (SUCRA, 0.80), followed by NAC
(SUCRA, 0.66) and NaHCO3+ NAC (SUCRA, 0.61) (S Fig. 3). In patients
undergoing emergent catheterization, the NMA showed that statins re-
duced the risk of CIAKI by 56% compared with placebo (OR: 0.42; 95%
CrI, 0.210–0.87). The MCMC modeling demonstrated that statins had
the highest probability of having the lowest rate of CIAKI in the setting
of emergent cardiac catheterization (SUCRA, 0.88), followed by NAC
(SUCRA, 0.74) and NaHCO3 + NAC (SUCRA, 0.56) (S Fig. 4).

4. Discussion

In this NMA of 49 RCTs including 28,063 patients, statins signifi-
cantly reduced the relative risk of CIAKI compared with NS alone and
placebo. These benefits were mainly driven by effects of statins in pa-
tients who received low osmolar contrast and patients who underwent
emergent cardiac catheterization. There were no statistical differences
between other treatments regarding the risk of CIAKI. In terms of risk
of hemodialysis or all-cause mortality, all the treatment strategies



Fig. 1. Search strategy using PRISMA statement and network diagram. The size of circle represents sample size of the group. NS = Normal Saline, SB = Sodium Bicarbonate,
NAC = N-Acetylcysteine, S = Statins, P = Placebo.
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showed comparable outcomes. The MCMC modeling showed that
statins had the highest probability of having the lowest risk of CIAKI,
risk of hemodialysis and all-cause mortality.

The majority of meta-analyses on this topic were conducted via tra-
ditional methodology and compared one form of prophylaxis to other
[16–18].We are aware of at least one NMA by Giacoppo and colleagues,
which had utilized the Bayesian approach to compare multiple inter-
ventions [10]. Giacoppo and colleagues reported that statin administra-
tion was associated with significant and sustained relative risk
reduction compared with NS in patients undergoing PCI across various
sensitivity analyses [10]. They further showed that xanthine, NAC,
NaHCO3, NAC + NaHCO3, ischemic preconditioning and natriuretic
Fig. 2. League table comparing different treatment strategies for CIAKI. OR b 1 means the trea
NaHCO3 = sodium bicarbonate, NS = Normal Saline.
peptide might have protective effects but the results were not
consistent across sensitivity analyses. But in diabetic patients, none of
the interventions reduced the risk of CIAKI. This NMA had certain short-
coming. First, this study assessed treatments which are not used in rou-
tine clinical practice (ascorbic acid, xanthine, dopaminergic agent,
peripheral ischemic preconditioning and natriuretic peptide), and
hence had relatively limited clinical applicability of the provided evi-
dence. Second, the NMA focused only on CIAKI and did not assess the
risk of hemodialysis or all-cause mortality, which represent more
serious sequelae of contrast related renal complications. Third, due to
inclusion of studieswith small sample size, this NMAwas potentially af-
fected by reporting bias due to small study effects [19]. Finally, this NMA
tment in the top left is more effective than other interventions. NAC = N-Acetylcysteine,

Image of Fig. 1
Image of Fig. 2


Fig. 3. League table comparing different treatment strategies for risk of hemodialysis. OR b 1means the treatment in the top left is more effective than other interventions. NAC=
N-Acetylcysteine, NaHCO3 = sodium bicarbonate, NS = Normal Saline.
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was published prior to AMACING [4] and PRESERVE [5] trials and thus
lacked these contemporary data sets. Our up to date report has encoun-
tered these limitations via a strict inclusion/exclusion criteria which
allowed us to include studies with relatively larger sample size, com-
pare relevant treatment strategies and generate comprehensive assess-
ment of contrast associated renal complications and mortality.

In another meta-analysis of 125 trials including N6000 patients,
Sayegh et al., showed that statins reduced the risk of CIAKI by 55% com-
pared with placebo (OR, 0.45, 95% confidence interval, 0.35–0.57) [20].
Fig. 4. League table comparing different treatment strategies for risk of all-cause mortality
NAC = N-Acetylcysteine, NaHCO3 = sodium bicarbonate, NS = Normal Saline.
Meta-analysis by Subramaniam and colleagues included 86 RCTs com-
paring NAC, NaHCO3, statins, ascorbic acid and NS [21]. This study
showed that low dose NAC plus NS and NAC plus NS significantly re-
duced the relative risk of CIN compared with NS alone. Moreover,
greatest reduction in CINwas observedwith NAC plus NS in patients re-
ceiving low osmolar contrast and with statins plus NAC plus NS. This
was a pair-wise meta-analysis which essentially validates the impres-
sion that NS alone was not an optimal approach for prevention of CIN
and groups receiving statins had significant benefit compared with
. OR b 1 means the treatment in the top left is more effective than other interventions.

Image of Fig. 3
Image of Fig. 4
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groups without statins. Furthermore, interventions had more benefit in
patients who received low osmolar contrast versus iso-osmolar con-
trast. However, because this study did not utilize Bayesian principles
and therefore probability analyses could not be conducted. Our report
can be considered an extension of these findings which ranked the
treatments based on their efficacy suggesting that statins were most ef-
fective intervention followed by NAC while NS alone was ranked just
above placebo on rankogram.

Theoretically, statins due to their “pleiotropic effects” can improve
endothelial function, stabilize the atherosclerotic plaques and subse-
quently mitigate oxidative stress [22]. Statins can be highly effective in
the state of profound inflammation and ultimately impede the process
of contrast induced tubular cells apoptosis [23]. Perhaps, this is the rea-
son that statins were more effective in emergent cardiac catheteriza-
tion, which is a state of high inflammatory response.

There is significant body of evidence suggesting periprocedural hy-
dration for the prevention of CIAKI in patients undergoing PCI [24, 25].
In recent PRESERVE trial, periprocedural intravenous NaHCO3 showed
no benefit over NS in terms of risk of CIAKI or mortality. Moreover,
there was no benefit of using oral NAC over placebo with respect to
the risk of renal complications in patients undergoing angiography.
These findings suggest that use of NaHCO3 or NAC can no longer be rec-
ommended in high risk patients receiving angiography and IVhydration
with NS remains themainstay of the prevention of CIN [5]. Conversely, a
more recent meta-analysis (61 RCTs, 11,480 patients) suggested that in
patients undergoing coronary angiography, use of NAC was associated
with 26% relative risk reduction compared with control (RR, 0.74; P =
0.0002) [26]. On the same note, the AMACING trial suggested that with-
holding hydration in patients with eGFR N 29mL/min/1.73 m2might be
a safer approach in patients receiving contrast media [4]. It is important
to note that ~48% patients receiving intra-arterial contrast underwent
contrast enhanced computed tomography while only ~16% patients re-
ceived coronary angiography or PCI in this study. Current NMA
attempted to incorporate available quality data to provide a compre-
hensive summary of the evidence for prevention of CINwhich is consis-
tent with various former reports [10, 20, 21].

Our NMA has certain limitations. First, this study was conducted on
study level information and due to lack of individual patient level data;
various important subgroup analyses (age, comorbidities, contrast vol-
ume, baseline eGFR or CrCl etc.) could not be performed. Second, like
former meta-analyses, there was a noticeable heterogeneity across the
studies with respect to methodology, dosing of the treatments, contrast
agents, their strength and volume, procedural setting, definition of
CIAKI, adjudication timing of renal function and characteristics of the
patients. Similarly, use of background volume expansion with concom-
itant use of oral NAC in certain studiesmight have generated a potential
bias in the treatment effect. It is also possible that in statin trials, the
population without statins could be sicker than patients in statin
group. These differences could potentially bias the results in favor of
statins arm. These variations resulted in high degree of statistical het-
erogeneity for the primary estimate. However, we used random effects
model to account for any between study variability. Finally, since Bayes-
ian approach generates evidence based on direct and indirect compari-
son, our NMA should be viewed as hypothesis generating.

In conclusion, our NMA suggests that in patients undergoing cardiac
catheterization, statinswere found to reduce the risk of CIAKI compared
with NS alone. The use of NS, NaHCO3, NAC or combination of these
agents provided no statistical differences in preventing CIAKI. Statins
were shown to bemore effective in patients receiving low osmolar con-
trast or requiring emergent cardiac catheterization. Neither of the strat-
egies had significant superior protective effects on dialysis or all-cause
mortality. However, probability analysis demonstrated that in addition
to preventing CIAKI, statins had the highest probability of reducing the
risk of dialysis and all-cause mortality. These findings do not contradict
the role of background NS infusion rather suggest that a preventive
strategy based only on NS infusion might not be highly effective.
These observations carry important clinical value and should be further
evaluated by conducting well-powered RCTs.
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