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ABSTRACT
Objective: We conducted this meta-analysis to examine the effect of remote 

ischemic conditioning (RIC) on contrast-induced acute kidney injury (CI-AKI) in 
patients undergoing intravascular contrast administrationon.

Methods: Pubmed, Embase, and Cochrane Library were comprehensively searched 
to identify all eligible studies by 15th March, 2017. Risk ratio (RR) and weighted 
mean difference with the corresponding 95% confidence intervals (CI) were used 
to examine the treatment effect. The heterogeneity and statistical significance were 
assessed with Q-test and Z-test, respectively.

Results: A total of 16 RCTs including 2175 patients were eventually analyzed. 
Compared with the control group, RIC could significantly decrease the incidence 
of CI-AKI (RR=0.58; 95% CI: 0.46, 0.74; P < 0.001), which was further confirmed 
by the trial sequential analysis. Subgroup analyses showed that remote ischemic 
preconditioning (RIPrC) and remote ischemic postconditioning (RIPoC) were both 
obviously effective, and perioperative hydration might enhance the efficiency of RIC. 
RIC also significantly reduced the major adverse cardiovascular events within six 
months.

Conclusion: RIC, whether RIPrC or RIPoC, could effectively exert renoprotective 
role in intravascular contrast administration and reduce the incidence of relevant 
adverse events.

INTRODUCTION

Contrast-induced acute kidney injury (CI-AKI) has 
become the third major cause of hospital-acquired renal 

insufficiency due to the widespread application of contrast 
medium in the clinical setting, which is associated with 
increased morbidity and mortality, prolonged hospital 
stay, and aggravated economic burden [1, 2]. Low osmolar 
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contrast medium, hydration protocols, and prophylactic 
utility of drugs have been introduced to prevent CI-
AKI [3-5]; however, the incidence of CI-AKI remains 
significant [3, 6]. Furthermore, undetermined adverse 
effects of prophylactic drugs and limited utilization of 
hydration deliver an insufficient role in renal protection 
[7, 8]. Therefore, a safe, feasible, and effective strategy is 
urgently warranted to prevent CI-AKI.

Remote ischemic conditioning (RIC) is a non-
pharmacological approach induced by several cycles of 
transient nonlethal ischemia and reperfusion to one remote 
organ or issue, which could protect another organ or tissue 
from prolonged lethal ischemia reperfusion injury (IRI) 
[9, 10]. According to diverse inducing time points, RIC is 
commonly categorized into three types: remote ischemic 
preconditioning (RIPrC), remote ischemic perconditioning 
(RIPeC), and remote ischemic postconditioning (RIPoC) 
[11-13]. RIC was initially performed to attenuate IRI of 
the heart [14], and rapidly extended to other vital organs 
including kidney, brain, intestine, and lung [15-18]. 
Although the exact mechanisms of RIC remain ambiguous, 
RIC has been proven to exert nephronprotective function 
in patients undergoing renal or non-renal surgery [17-20]. 

CI-AKI is a multifactorial pathophysiological 
condition with two major contributors, namely, direct 
toxicity and renal IRI caused by contrast medium [21-
24]. Encouraged by the positive results in animal studies 
[25, 26], various clinical studies have been conducted to 

explore the potential impacts of RIC on CI-AKI in patients 
intravascularly administrated with contrast medium [27]. 
However, inconclusive results were obtained because 
of the limited sample size and various study protocols. 
Previous meta-analysis studies were focused on the role 
of RIC in patients undergoing percutaneous coronary 
interventions (PCI) or coronary angiography (CA) [28, 
29]. Hence, we conducted this meta-analysis to evaluate 
the clinical safety and efficacy of RIC by pooling data 
from all eligible trials about intravascular contrast 
administration for diagnostic or therapeutic aims [7, 8, 22, 
30-42]. 

RESULTS

Search results and study characteristics

A total of 874 citations were generated via the 
search strategy, of which 365 duplicates and 402 clearly 
irrelevant studies were excluded after reading the title 
and abstract. After full-text assessment of the remaining 
107 potentially relevant studies, 91 were removed for: 
trial protocol, conference abstract, no renal functional 
results, retrospective observational cohort design, or 
study subjects involved open surgery. Finally, a total of 16 
articles were eligible for this study [7, 8, 22, 30-42], and 
the detailed screening process was presented in Figure 1. 

Figure 1: Flow diagram of study selection. Description: a total of 16 studies were included in this meta-analysis after a comprehensive 
study selection.
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A total of 2175 patients were enrolled in the 
16 randomized controlled trials (RCTs), where 1093 
participants were randomly assigned to the RIC group and 
1082 to the control group. In these trials, contrast medium 
was utilized for PCI, CA, enhanced computed tomography 
scan, endovascular aneurysm repair, and other operation 
for diagnostic or therapeutic purpose. The detailed 
characteristics of included studies were shown in Tables 
1, Supplementary Table S1 in Supplementary and Table 2.

Risk of bias

The quality of the 16 trials was assessed 
independently by two authors (Xiao-Fei Gao and Ran Wu) 
using the Cochrane Collaboration tool [43]. Two trials 
scored high risk of bias for the absence of appropriate 
blinding [7, 32] and non-strict control [32]. The detailed 
quality assessments were shown in Figure 2.

Study outcomes

Incidence of CI-AKI

All 16 RCTs included in this study reported the 
incidence of CI-AKI. A significant decline in CI-AKI 
incidence cloud be observed in the RIC group compared 

with the control group based on the fixed effect mode 
(RR = 0.58; 95% CI: 0.46, 0.74; P < 0.001; Figure 3). 
Furthermore, the trial sequential analysis (TSA) revealed 
that the cumulative z curves for the incidence of CI-AKI 
crossed the sequential monitoring boundaries (Figure 4), 
which indicated that RIC had a protective effect on CI-
AKI compared with the control with 25% relative risk 
reduction (RRR), and the trend was unlikely to be altered 
by future RCTs.
Subgroup analyses

Hydration was administrated in eleven trials. 
Two RCTs conducted hydration only before contrast 
administration, while the other nine trials applied it before 
and after contrast administration. Subgroup analysis 
demonstrated that RIC could statistically reduce the risk 
of CI-AKI in patients undergoing perioperative hydration, 
whether it was conducted only before contrast infusion 
(RR = 0.34; 95% CI: 0.14, 0.80; P = 0.01; Figure 3) or 
combined with post-operation (RR = 0.49; 95% CI: 0.36, 
0.66; P < 0.001; Figure 3). However, absence of hydration 
rendered the RIC inefficient (RR = 0.99; 95% CI: 0.63, 
1.54; P = 0.95; Figure 3).

Mean contrast dose varied between studies, and the 
included studies were categorized into three groups: low 
level ( < 100 ml, four RCTs), medium level (100~200 
ml, nine RCTs), and high level (>200 ml, three RCTs) 
[41]. RIC effectively reduced the incidence of CI-AKI in 

Table 1: Characteristics of included trials
Author Year No. of patients Mean age Males (%) Operation name Contrast Dose (mL) Hydration

Kahlert 2017 50/50 80.4±6.4/83.1±4.9 44/50 TAVI 183.6±68.0/201.4±71.0 B and A

Balbir 2016 51/51 67.8±7.6/69.0±8.6 45/49 PCI 197.5±114.3/196.4±118.8 B and A

Yamanaka 2015 47/47 67±12/67±15 76/76 PCI 177±53/199±87 B and A

Menting 2015 36/36 71±11/73±8.5 39/58 Diagnostic/treatment 99±29/98±29 B and A

Healy 2015 43/44 63±8.9/62±7.4 51/59 Enhanced CT scan 90 to 120 B

Gholoobi 2015 25/26 67.1±12.5/70.3±11.2 72/46 CA/PCI 77.7 B and A

Xu 2014 102/98 69.1±3.8/68.9±2.9 66/70 DES implantation 171.8±37.9/163.3±39 NO

Savaj 2014 48/48 63.0±8.9/60.9±9.6 35/29 CA 126.6±77.2/123.8±66.6 B

Lavi 1 2014 120/120 63.6±10.3/63.7±9.7 65/70 PCI 190±97/185±87 NO

Lavi 2 2014 120/120 64.9±9.6/63.7±9.7 68/70 PCI 190±84/185±87 NO

Crimi 2014 47/48 61±11/56±11 41/43 PCI 211±55/229±72 NO

Luo 2013 101/104 59.2±10.3/59.3±9.5 78/78 DES implantation 154±46/145±41 B and A

Igarashi 2013 30/30 71.3±8.1/70.8±7.6 20/23 CA 92.9±33.2/91.8±39.4 B and A

Deftereos 2013 113/112 68±7.4/68±4.4 65/62 PCI 270±59.3/265±37 B and A

Er 2012 50/50 73.2±9.1/72.7±11.4 68/74 CA+PCI 124±44/103±41 B and A

Walsh 2009 18/22 74±6.7/76±10.4 100/100 EVAR 309±137/286±93 NO

Hoole 2009 104/98 63.2±10.1/61.8±10.3 84/74 PCI 196.7±80.1/187.5±74.2 NO

PCI: percutaneous coronary intervention; CT: computed tomography; DES: drug-eluting stent; CA: coronary angiography; 
EVAR: endovascular aneurysm repair; TAVI: transcatheter aortic valve implantation; B: hydration performed before contrast 
administration; A: hydration performed after contrast administration.
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Figure 2: Risk of bias summary of all included randomised clinical trials. Green+: low risk; Red-: high risk; Yellow?: unclear 
risk.
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the low (RR = 0.42; 95% CI: 0.23, 0.79; P = 0.007) and 
medium level (RR = 0.61; 95% CI: 0.45, 0.84; P = 0.002). 
However, the renoprotective effects of RIC become 
unconspicuous in the high level (RR = 0.89; 95% CI: 0.32, 
2.47; P = 0.83).

Different types of RIC were conducted in these 
included studies. Among these studies, thirteen trials used 
RIPrC, while the remaining three performed RIPoC. Both 
RIPrC and RIPoC could significantly prevent CI-AKI 
(RIPC: RR = 0.55; 95% CI: 0.41, 0.74; P < 0.001; RIPoC: 
RR = 0.65; 95% CI: 0.44, 0.97; P = 0.03).

Diverse protocols were applied during the RIC 
procedures. Nine studies conducted conditioning protocol 
A (CPA, three cycles of 5 min of ischemia and 5 min 
of reperfusion) to induce RIC, five studies conducted 
conditioning protocol B (CPB, four cycles of 5 min of 
ischemia and 5 min of reperfusion), and the remaining 
two studies utilized other different protocols (Table 2). 
RIC implemented through CPB obviously reduced CI-
AKI incidence (RR = 0.37; 95% CI: 0.23, 0.61; P < 
0.001), while in CPA group, the reduction did not reach 
the significant level (RR = 0.74; 95% CI: 0.54, 1.03; P = 
0.08).

Additionally, twelve trials utilized upper limb as a 
conditioning organ, two trials used lower limb, one trial 
included three groups (upper limb, lower limb and control 
group), and the remaining one trial applied myocardium. 

Subgroup analysis indicated that RIC induced by upper 
limb showed a significant decline in CI-AKI incidence 
(RR = 0.52; 95% CI: 0.39, 0.70; P < 0.001). However, no 
significant protective effect of RIC induced by low limb 
was observed (RR = 1.36; 95% CI: 0.72, 2.56; P = 0.34).

Moreover, multiple definitions of CI-AKI were 
adopted in the included RCTs. Seven trials applied 
traditional definition A (TDA, increase in serum creatinine 
[SCr]>0.5 mg/dl or >25%), three trials used traditional 
definition B (TDB, SCr> 25% increase), and the remaining 
six trials used other self-defined definitions. According to 
TDA, RIC showed a significant role in protecting CI-AKI 
from contrast damage (RR = 0.53; 95% CI: 0.38, 0.72; P 
< 0.001), as well as the other self-defined definitions (RR 
= 0.57; 95% CI: 0.37, 0.90; P = 0.01). By contrast, TDB 
was insufficient in identifying CI-AKI occurrence (RR = 
0.87; 95% CI: 0.47, 1.63; P = 0.67). All detailed results of 
subgroup analyses were summarized in Table 3.
Meta-regression analysis

The results of meta-regression indicated that there 
were no significant correlation between the renoprotective 
role of RIC and potential confounders such as percentage 
of prior other disease (including diabetes, hypertension, 
dyslipidaemia and coronary artery disease), previous 
contrast administration, baseline SCr, duration of RIC, 
and contrast dose. However, RIC tended to enhance its 

Table 2: Detailed information of operation process

Author Year RIC type RIC 
protocol

Conditioning 
organ CI-AKI Definition

Kahlert 2017 preconditioning 3×5/5 min arm 50% rise or 0.3 mg/dL increase of Scr within 72h

Balbir 2016 preconditioning 3×5/5 min arm increase of Scr ≥0.5 mg/dL or ≥25% above baseline with 48h

Yamanaka 2015 preconditioning 3×5/5 min arm increase of Scr >0.5 mg/dL or >25% above baseline within 72h

Menting 2015 preconditioning 4×5/5 min arm increase of Scr >0.5 mg/dL or >25% above baseline within 72h

Healy 2015 preconditioning 4×5/5 min arm increased SCr with eGFR <90ml/min/1.73m2  within 48h

Gholoobi 2015 preconditioning 4×5/5 min arm increase of Scr >0.3 mg/dL above baseline  within 48h

Xu 2014 preconditioning 3×5/5 min arm increase of Scr>25% above baseline within 16h

Savaj 2014 preconditioning 3×5/5 min arm 30% rise or 0.3 mg/dL increase of Scr within 24h

Lavi 1 2014 postconditioning 3×5/5 min arm increase of Scr >44 μmol/L or >25% above baseline within 24h

Lavi 2 2014 postconditioning 3×5/5 min thigh increase of Scr >44 μmol/L or >25% above baseline within 24h

Crimi 2014 postconditioning 3×5/5 min thigh  increase of SCr ≥25% above baseline within 24h

Luo 2013 preconditioning 3×5/5 min arm increase of Scr >44.2 μmol/L or >25% above baseline within 16h

Igarashi 2013 preconditioning 4×5/5 min arm increase of L-FABP >17.4µg/g Cr or >25% above baseline within 
24h

Deftereos 2013 postconditioning 4×30/30 sec heart increase of Scr >0.5 mg/dL or >25% above baseline within 96h

Er 2012 preconditioning 4×5/5 min arm increase of Scr ≥0.5 mg/dL or ≥25% above baseline with 48h

Walsh 2009 preconditioning 2×10/10 sec thigh decrease of eGFR ≥20% above baseline within 24h

Hoole 2009 preconditioning 3×5/5 min arm increase of Scr>25% above baseline within 24h

RIC: remote ischemic conditioning; CI-AKI: contrast-induced acute kidney injury; SCr: serum creatinine; eGFR: estimated 
glomerular filtration rate; L-FABP: liver-type fatty acidbinding protein.
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renoprotection with a marginal statistical significance 
along with a perioperative hydration (P = 0.05) 
(Supplementary Figure S1).
Postoperative kidney biomarkers

Data regarding SCr was assessed in nine trials. As 
presented in Figure 5, a significant difference could be 
detected in SCr levels at 48 h (WMD = -0.10; 95% CI: 
-0.18, -0.02; P = 0.01; Figure 5B), even though SCr at 24 
h postoperative did not differ significantly between two 
groups (WMD = 0; 95% CI: -0.03, 0.04; P = 0.83; Figure 
5A).
Mortality and major adverse cardiovascular events 
(MACEs)

All-cause mortality was mentioned in eight trials. A 
trend of decline in the mortality within six months could 
be observed s between two groups, however, the decrease 
did not reach statistical significance (RR = 0.51; 95% CI: 

0.22, 1.17; P = 0.11; Figure 6A). Seven trials reported 
MACEs during the six-month follow-up, and the incidence 
of MACEs was significantly decreased in the RIC group 
(RR = 0.58; 95% CI: 0.42, 0.80; P = 0.001; Figure 6B).

Heterogeneity evaluation and sensitivity analysis

No significant heterogeneity was observed in the 
global analyses, except in the subgroup analysis of CI-
AKI in terms of contrast dose and conditioning protocols, 
where the random effects model was applied. These 
heterogeneities might be attributed to the relatively large 
difference of sample size between trials included in the 
two subgroups. Moreover, sensitivity analyses were 
conducted on all outcomes to detect the potential role of 
each individual study on the pooled results. The results 
revealed that no single study delivered substantial power 
to alter the pooled outcomes significantly, except one 

Figure 3: Forest plot with 95% confidence interval in CI-AKI incidence. Studies are sorted by performance of hydration during 
perioperative period.



Oncotarget79329www.impactjournals.com/oncotarget

study in the subgroup of high contrast dose regarding the 
primary outcome [38].

Publication bias and quality assessment

Both Begg’s funnel plot and Egger’s linear 
regression test were performed to assess the publication 
bias of the currently available literature. The funnel plots 
did not reveal any apparent asymmetry (Supplementary 
Figure S2 and Supplementary Table S2). Egger’s test 
also did not reveal any evidence of publication bias 
(Supplementary Table S2). Furthermore, the overall 
quality of evidence for each endpoints was rated as 
moderate by Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) instrument for 
the presence of risk of bias, inconsistency, indirectness, or 
imprecision (Supplementary Table S3).

DISCUSSION

CI-AKI is a frequent and severe complication 
in patients intravascularly administrated with contrast 
medium [39], signifying the need for more protective 
approaches. To the best of our knowledge, this report 
is the first meta-analysis to comprehensively evaluate 
the efficacy and safety of RIC in intravascular contrast 
administration. The results demonstrated that RIC could 
significantly prevent CI-AKI, which was further supported 
by TSA.

Although the precise underlying mechanisms remain 
ambiguous, mounting evidence has proved renal IRI as 
a major contributor of CI-AKI [21, 44]. RIC has been 
demonstrated as a potent approach to prevent renal IRI both 
experimentally and clinically [20]. Hoole and colleagues 
initially reported in 2009 that RIC could prevent CI-AKI 
in PCI [22]. Subsequently, numerous clinical trials have 

Table 3: Subgroup analysis of CI-AKI incidence
Category No. of trials RR 95% CI P P heterogeneity

Total 16 0.58 0.46, 0.74 <0.001 0.16
Hydration
    Before 2 0.34 0.14, 0.80 0.01 0.56
    Before and after 9 0.49 0.36, 0.66 <0.001 0.25
    NO 5 0.99 0.63, 1.54 0.95 0.64
Mean contrast dose
    low 4 0.42 0.23, 0.79 0.007 0.70
    medium 9 0.61 0.45, 0.84 0.002 0.18
    high 3 0.89 0.32, 2.47 0.83 0.04
RIC type
    preconditioning 13 0.55 0.41, 0.74 <0.001 0.20
    postconditioning 3 0.65 0.44, 0.97 0.03 0.15
RIC protocol

    CPA 9 0.74 0.54, 1.03 0.08 0.39

    CPB 5 0.37 0.23, 0.61 <0.001 0.76

    Other 2 0.86 0.16, 4.71 0.87 0.04
Conditioning organ
    arm 13 0.52 0.39, 0.70 <0.001 0.41
    thigh 3 1.36 0.72, 2.56 0.34 0.73
    heart 1 0.42 0.24, 0.74 0.003 –
CI-AKI definition

    TDA 7 0.53 0.38, 0.72 <0.001 0.16

    TDB 3 0.87 0.47, 1.63 0.67 0.50

    Self-defined 6 0.57 0.37, 0.90 0.01 0.19

CI-AKI: contrast-induced acute kidney injury; RIC: remote ischemic conditioning; CPA: conditioning protocol A; CPB: 
conditioning protocol B; TDA: traditional definition A; TDB: traditional definition B. Statistically significant results are 
shown in bold.
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been conducted in patients administrated with contrast 
medium [7, 8, 30-40]. However, due to the different study 
designs and limited sample size, inconclusive results were 
obtained. In the current study, we integrated the data by 
pooling all eligible studies, and found that RIC could 
significantly prevent CI-AKI, in the terms of both primary 
and secondary endpoints, and the robustness of evidence 
for each outcomes was moderate. Moreover, the subgroup 
analyses indicated that: 1) hydration, conducted either 
before or after contrast administration, may positively 
promote RIC to prevent CI-AKI; 2) RIC was effective 
at low and medium doses of contrast administration; 3) 
Both RIPrC and RIPoC were functional; 4) RIC induced 
through CPB, rather than other conditioning protocols, 
revealed a significant renoprotective role; 5) Using upper 
limb as the remote conditioning organ could obviously 
reduce the risk of CI-AKI; 6) TDB might be insufficient 
in identifying CI-AKI occurrence.

Among all available strategies for preventing 
kidneys from contrast damage, sufficient intravenous 
hydration (commonly induced by infusion of isotonic 
saline) is one of the most beneficial method [24]. Our 
findings showed that hydration, conducted before or 
after contrast infusion, could enhance the efficiency of 
RIC compared with trials without hydration, and the two 
renoprotective strategies might have synergism in the 
protection of contrast damage. However, hydration was 

frequently limited in numerous patients with subclinical 
heart and kidney dysfunction [7]. Therefore, given the 
synergistic effect and limitation, hydration should be 
performed as sufficiently and safely as possible when 
conducting RIC during contrast administration.

The administrated contrast dose is significantly 
associated with the incidence of CI-AKI [24, 45], which 
could influence the renoprotective effects of RIC. Savaj et 
al. [7] performed a stratified analysis concerning diverse 
risk factors to compare the change of SCr in groups. The 
results indicated that both RIC-treated and control groups 
revealed a remarkable change of SCr when the contrast 
dose >60 ml. Subgroup analysis of the present study also 
further demonstrated that RIC was significantly effective 
in studies involving low and medium dose contrast rather 
than in high doses. Unfortunately, the results of meta-
regression did not yield a significant dose-effect, and more 
well-designed RCTs are warranted to further confirm this 
conclusion.

Additionally, we explored the influence of RIC 
executing process in different aspects: 1) conditioning 
type. The initial conditioning type was RIPrC, and RIPoC 
was regarded as a further evolution for the limitation of 
RIPrC in urgent situations [34]. Accordingly, our findings 
showed that both RIPrC and RIPoC could significantly 
decrease the incidence of CI-AKI. Moreover, Ovize et al. 
[46] proposed that postconditioning should be performed 

Figure 4: Trial sequential analysis of the CI-AKI incidence. As shown in panel, the cumulative z curve for rates of CI-AKI did 
cross the sequential monitoring boundaries, however the required optimal sample size was not achieved.
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Figure 5: Forest plot with 95% confidence interval in postoperative 24h (A) and 48h (B) serum creatinine in patients 
treated with RIC compared with controls.

Figure 6: Forest plot with 95% confidence interval in incidence of mortality (A) and major adverse cardiovascular 
events (B) in patients treated with RIC compared with controls.
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initially at the time of reperfusion instead of a delay to 
achieve a protective effect. 2) conditioning protocol. RIC 
is generally induced by three or four cycles of 5 min of 
ischemia and reperfusion. Subgroup analysis revealed 
that CPB (four cycles) was significantly effective in 
renal protection, while CPA (three cycles) was not. In 
accordance with our inference, pre-clinical trials induced 
by Dong et al. [47] and Lu et al. [48] confirmed the 
relevance between conditioning cycles and its efficiency, 
and demonstrated that more cycles rendered the RIC more 
powerful. 3) conditioning organ. Arm and thigh are widely 
treated as conditioning organs to induce RIC because of 
their security and convenience [30]. Previous evidence has 
indicated that a large organ combined with simultaneous 
interventions was more effective compared with smaller 
organ and single intervention in either animal models or 
human beings [49, 50]. However, our findings delivered 
contradictory outcomes, in which conditioning with the 
arm significantly reduced the risk of CI-AKI rather than 
the thigh, which should be validated in future RCTs.

The various definitions of CI-AKI can directly 
and markedly influence the incidence of CI-AKI. Trials 
included in the present study utilized the change in SCr, 
estimated glomerular filtration rate, and even urinary 
liver-type fatty acid binding protein (L-FABP) to evaluate 
the degree of kidney injury. Subgroup analysis based on 
varied definitions uncovered an inadequacy of the TDB 
which would be biased and miss the cases with relatively 
high baseline level. Moreover, TDA based on SCr and 
definitions based on L-FABP were performed together by 
Igarashi et al. [37] to evaluate the incidence of CI-AKI. 
The results showed that no significant difference according 
to TDA, whereas remarkable distinction was observed on 
L-FABP.

We also measured the SCr level at 24 and 48 
h postoperative to assess renal injury. Pooled results 
indicated that SCr at 48 h postoperative obviously differed 
between the two groups, but not at 24 h postoperative. In 
accordance with our findings, Luo et al. [36] demonstrated 
no significant difference when CI-AKI was evaluated at 16 
h postoperative. Moreover, they held that most of contrast-
induced nephropathy should have been induced at 48 h 
postoperative rather than at an earlier time. Although SCr 
is widely used, it is treated as a suboptimal biomarker 
because it cannot rapidly reflect the degree of kidney 
injury [37, 51]. Thus, growing trials utilize more sensitive 
biomarkers, such as L-FABP, cystatin C, and neutrophil 
gelatinase-associated lipocalin, to evaluate renal function 
after contrast administration [37, 39].

We introduced mortality and MACEs within six 
months to assess the security of RIC. In accordance with 
our hypothesis, RIC was proven to reduce the CI-AKI 
rates without aggravating the incidence of adverse events.

Several limitations of this study should be 
acknowledged when interpreting the results. First, the 
duration of measuring relevant biomarkers to define CI-

AKI differed among studies, from 16 h to 96 h, which 
could directly influence the rates of CI-AKI. Second, SCr 
utilized in most of the included trials was not sensitive to 
detect kidney injury after contrast administration, resulting 
in a relatively low incidence of CI-AKI. Third, renal 
function was evaluated just by some short-term outcomes 
without a long-term follow-up. Fourth, most of the trials 
included in the present analysis were associated with PCI 
or CA, only four RCTs referred to other contrast-related 
operations. Finally, only three double-blind trials were 
included in our study, the outcomes would be interfered 
by aware participants.

In summary, our work indicated that RIC, either 
RIPrC or RIPoC, could effectively exert renoprotective 
role in diagnostic or therapeutic intravascular contrast 
administration and reduce the incidence of relevant 
adverse events. Moreover, well-designed RCTs with 
unified criteria and large sample size are needed to 
evaluate the exact efficacy and safety of RIC in contrast 
administration.

MATERIALS AND METHODS

Identification of eligible studies

This meta-analysis was performed and presented in 
accordance with the guidelines of the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses [52]. 
We conducted a comprehensive electronic search of 
Pubmed, Embase and Cochrane Library (last update: 
15th March, 2017) to identify all eligible studies. The 
following keywords were used in multiple combinations: 
remote ischemic preconditioning, remote ischemic 
postconditioning, remote ischemic conditioning, or remote 
ischemic perconditioning; randomized controlled trial 
or controlled clinical trial or randomized trial. We also 
searched ClinicalTrials.gov website, Google Scholar and 
Open Grey for other potential eligible RCTs. Furthermore, 
the reference lists of reviews and retrieved articles were 
manually searched for additional records. No restriction 
was executed during the literature search. 

Selection criteria

Studies were assessed independently by two 
investigators (Chang-Cheng Zhou, and Yu-Zheng Ge) 
according to the following predesigned inclusion criteria: 
(1) study design as prospective RCTs; (2) patients received 
a recorded dose of intravascular contrast administration; 
(3) treatment group was administrated with one type 
of RIC (RIPrC, RIPeC, or RIPoC); and (4) sufficient 
data were provided to evaluate the short- or long-term 
outcomes. The trial protocols, conference abstracts, 
retrospective researches, and studies about open surgery 
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were discarded. Studies without detailed information were 
also excluded, after the efforts to extract data from the 
original paper or contact the corresponding authors failed.

Data extraction

Two authors (Chang-Cheng Zhou and Wen-Tao 
Yao) gathered data from all eligible studies independently 
using a predesigned data collection form. The following 
information was extracted: primary outcome, incidence 
of CI-AKI; secondary outcomes, SCr at 24 h and 48 h 
post administration, mortality and MACEs in six months. 
Concurrently, the following data were also extracted: 
last name of first author, publication year, demographic 
characteristics of the patients, type of operation, RIC type 
and protocol, definition of CI-AKI, and administration 
of hydration. Discrepancies were resolved via discussion 
with another two investigators (Yu-Zheng Ge and Rui-
Peng Jia).

Assessment of risk of bias

The Cochrane Collaboration tool was used to assess 
the methodological quality of each included studies [43], 
which including the following domains: random sequence 
generation, allocation concealment, blinding of patients, 
personnel and outcome assessment, incomplete outcome 
data, selective reporting, and other sources of bias. Each 
item was judged as “low”, “unclear”, or “high” risk of 
bias.

Statistical analysis

Weighted mean difference (WMD) and the 95% 
confidence interval (CI) were calculated for continuous 
variables, while risk ratio (RR) with its corresponding 95% 
CI was yielded for dichotomous variables. We conducted 
subgroup analyses of CI-AKI incidence based on contrast 
dose, RIC type, RIC protocol, conditioning organ, 
hydration, and the definition of CI-AKI. Meta-regression 
analysis was also performed to evaluate the potential 
effects of confounders on the renoprotective role of RIC 
(evaluated by the incidence of CI-AKI). The confounding 
factors assessed by meta-regression were the history of 
other disease, baseline SCr, prior contrast administration, 
duration of RIC, contrast dose, and hydration. Statistical 
significance of RR and WMD was evaluated with Z test, 
and P < 0.05 was considered statistically significant.

Heterogeneity for each outcome analysis was 
assessed by χ2-based Q-test, and the presence of 
heterogeneity was considered significant if P < 0.10 
[53]. When the between-study heterogeneity was absent, 
the fixed effect model (Mantel-Haenszel method) was 
applied to pool the outcomes from different studies [54]; 

otherwise, the random effects model (DerSimonian and 
Laird method) was executed [55]. We also conducted 
sensitivity analysis to explore the effect of individual 
study on pooled outcomes and confirm the reliability of 
results through deleting a single study every time [56]. 
Begg’s funnel plot and Egger’s linear regression test were 
performed to investigate the potential publication bias, and 
P < 0.05 indicated statistical significance [57, 58].

In addition, we also conducted a TSA of the 
incidence of CI-AKI to reduce type I error caused by 
repetitive significance test of sparse and accumulated 
data from traditional meta-analyses [59, 60]. TSA was 
performed with an overall 5% risk of a type I error and 
a power of 80%, as well as an anticipated 25% RRR. 
Moreover, the incidence of control arm was estimated 
after removing high bias risk trials.

For the present analyses, we used Review Manager 
(version 5.3; Cochrane Collaboration, Oxford, UK), 
STATA (version 12.0; Stata Corporation, College Station, 
Texas, USA), and TSA (version 0.9 beta; Copenhagen 
Trial Unit, Copenhagen, Denmark).

Quality of evidence

The quality of all evidence for primary and 
secondary outcomes was estimated using the GRADE 
instrument with GradePro (version 3.6; http://ims.
cochrane.org/revman/gradepro) [61]. The grade 
assessment of outcomes was categorized as high, 
moderate, low and very low.
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