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Summary 

 

Remote ischaemic preconditioning (RIPC) has been suggested as a non-invasive 

treatment option in many recent studies. The focus of this thesis is to evaluate the 

possible effect of this on major health problems in vascular and general surgery 

patients.  

 

Contrast-induced acute kidney injury is the third leading cause of intra-hospital 

acute kidney disease, accounting for 11% of all cases; the protective role of RIPC 

has been highlighted in recent reviews. The author has utilised Bayesian statistics 

and the Markov chain Monte Carlo method to compare direct and indirect 

evidence, and has conducted a comprehensive systematic review and network 

meta-analysis for randomised controlled trials that have examined preventive 

methods. The network compared RIPC against 43 other interventions. In total, 

42,273 patients and 44 interventions in 197 trials were included. 

 

Intermittent claudication is a common presentation with no discernible benefit 

from surgical options in the early and moderate stages. Animal data suggest that 

remote ischaemic conditioning can improve blood flow in ischaemic limbs and, 

consequently, may benefit claudication patients. The author has undertaken a 

randomised clinical trial to evaluate RIPC against structured exercise (SE). We 

randomised forty patients into four groups: RIPC alone, SE alone and RIC plus SE 

groups. The primary outcome was pain-free walking distance.  



 

 

x 

 

 

To establish a baseline for future evaluation of the RIPC cardioprotective effect on 

gastro-intestinal surgery patients, the author has conducted a prospective 

observational multicentre cohort study in four hospitals to determine the 

prevalence of myocardial injury. Preoperative demographic data, co-morbidities, 

blood sample including troponin T high sensitivity and ECG were recorded. 

Postoperative serum troponin levels were measured daily for the first 72 hours plus 

12-lead electrocardiogram performed at 48 hours post-surgery.  
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1.1 Population, ageing and the future of surgery: 

 

For centuries humans have struggled against natural disasters, harsh weather and 

diseases. Improvements in living conditions and access to better health services 

have led to a decrease in childhood mortality and an increase in life expectancy 

worldwide. Globally, life expectancy has increased from 61.7 years in 1980 to 71.8 

years in 2015. (1) This has produced a new reality, in which living longer (Figures 1 

and 2), when combined with the effect of   decreased fertility rates, has created a 

skewed age distribution among the population, in which the balance between birth 

rates, deaths, work force, dependents and retirees has been lost. There is a growing 

population of senior citizens, including octogenarians and nonagenarians, a cohort 

which is increasing quickly compared with the early twentieth century. United 

Nations world population prospects have estimated that the total elderly 

population is likely to see a quantum jump, with the figure of 435 million additional 

elderly persons since 2010 set to reach 1.2 billion by 2025, while a projected 1.5 

billion people aged 65 years or over worldwide in 2050 will outnumber adolescents 

and young people, aged 15 to 24 years (1.3 billion), (Figures 3 and 4). (2, 3) 

 

Age is an independent factor associated with an increase in comorbidities and 

decreased physiological reserve. The growing size of the ageing population creates 

new challenges for health service planning, including surgical specialities. We can 

observe an increase in costs per admission and longer lengths of stay for elderly 
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patients compared with younger patients. In the United States, the national 

hospital discharge survey for 1999 showed that patients aged 65 years or older 

represented 12% of the population but used 48% of days of in-patient care and 

accounted for 40% of total hospital discharges. (4-6) 

 

The predictive model from multiple country-based studies has ascertained the need 

to increase both the service capacity and the number of surgeons to meet current 

and future demand. Especially in the vascular surgery speciality, in which the ageing 

population will inevitably bring an increase in cases of arterial occlusive disease and 

aneurysms, leading to more pressure on beds, rehabilitation, physiotherapy, 

occupational health and theatre time for open and endovascular procedures. (7-10) 

 

There is general agreement on the importance of individualising patient experience 

according to their needs and whether a planned surgical procedure outcome can 

improve their quality of life, but leaning towards more conservative options when 

possible. We can identify this approach in the guidelines for the treatment of 

arterial occlusive disease, for which the first line of management is reducing risk 

factors and making lifestyle modifications by stopping smoking, exercising and 

following a healthy diet, added to use of aspirin and statins to lower cholesterol. 

Surgery is reserved for cases of pain while resting, occurrence of loss of tissue, or 

when symptoms start to interfere with daily life activities. (11) 

 

At this stage, remote ischaemic preconditioning is undergoing both laboratory and 

translational studies. On one hand, this is to determine the nature of the systematic 
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response to ischaemic preconditioning and the multiple complex mechanisms 

involved. On the other hand, it is to explore the potential applicable benefits that 

can be transferred from the laboratory to experimental and more extensive clinical 

trial phases. The focus is on surgical patients, especially those undergoing major 

invasive surgery, who would benefit from possible protective effects before such a 

significant physiological insult. Previous studies show that non-surgical 

interventions can be used to reduce the risk associated with surgery (12) and 

ischaemic preconditioning has been suggested as a non-invasive method that 

activates innate mechanisms with a relatively safe profile.  
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Figure 8-1 Probabilistic projection of male life expectancy at birth, using life 
expectancy at birth estimates (median 80% and 95% prediction intervals). 
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Figure 1-9 Probabilistic projection of female life expectancy at birth, using life 
expectancy at birth estimates (median 80% and 95% prediction intervals). 
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Figure 1-10 Prediction for world population over 65. 
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Figure 1-11 Probabilistic projection of total fertility estimates (median 80% and 95% 
prediction intervals). 
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1.2 History of remote ischaemic preconditioning: 

 

The reperfusion effect on reducing myocardial infarct has been known since the 

early 1970s (13), but the concept of ischaemic precondition was introduced by 

Murry et al. in 1986. They described it as a mechanism to reduce subsequent 

myocardial injury after applying intermittent periods of sub-lethal ischaemia. This 

followed from their previous results, which proved that repeated brief episodes of 

ischaemia do not have an accumulative deleterious effect compared with sustained 

ischaemia. In their experiment on animals, the intervention group was 

preconditioned with four circumflex occlusions, each lasting five minutes and each 

separated by five minutes of reperfusion, followed by a sustained 40 minute 

occlusion, while the control group received 40 minutes of sustained ischaemia. The 

post-mortem histology examination revealed a smaller infarct size in the 

intervention group. In 1993, Przyklenk produced the same effect by occluding a 

remote artery, suggesting that the mediators responsible can be activated and 

transported throughout the heart (14, 15). 

 

In 2002, another milestone was reached for the remote effect, by use of the human 

forearm. This non-invasive technique helps translational research to examine 

ischaemic preconditioning laboratory results in human trials; subsequently, the 

concept expanded from cardiac phenomena to tests on other body organs (16-18). 

The phenomenon has since been classified as ischaemic conditioning when applied 

to tissue or organs directly and as remote ischaemic conditioning if the reperfusion 
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cycles effect is propagated from a remote limb or organ. The effect has 

subsequently been subclassified in relation to the time of the event as pre-, peri-, 

and postconditioning. 

 

In addition to cardioprotection, the possible clinical applications that have been 

examined or are under examination include contrast-induced nephropathy, brain 

injury, reduction of intestinal injury, angiogenesis and exercise tolerance (19-24). 

The clinical trial results have not always been consistent when compared with 

laboratory-based and animal studies, so the topic is still under discussion. However, 

the early criticisms have concerned study design, in terms of their small size and the 

inclusion of participants who, in many cases, had suffered a major insult, thereby 

raising the question of whether it was too much to expect preconditioning to 

produce any effect (25). Our incomplete understanding of ischaemic conditioning 

mechanisms makes it very difficult to be sure if our study design is the optimum for 

harvesting any potential impact. The aspects of intervention timing, suitable 

candidate selection and the clinical area selected, based on evidence, are more 

promising for research funds to be directed towards. 

 

1.3 Mechanisms:  

 

The mechanisms through which remote ischaemic preconditioning (RIPC) works 

have been the subject of many studies, with models proposed including neural, 

humoral and anti-inflammatory pathways (26). Animal studies suggest a powerful 
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anti-inflammatory effect for RIPC (27-29). Other studies show endothelial 

protection through decreased formation of reactive oxygen species (ROS) and 

upregulation of endothelial nitric oxide synthase (eNOS), which is responsible for 

most vascular nitric oxide, a crucial protective molecule in reperfusion and shearing 

stress injuries (30-32). In human studies, Ischaemic preconditioning shows an 

endothelial protective effect and altered neutrophil function, including reduced 

adhesion, exocytosis, phagocytosis and modified cytokine secretion (33, 34). The 

three pathways model is now generally accepted as a possible general framework 

to explain how remote ischaemic preconditioning works (26, 35). 

 

1.3.1 Neural pathway: 

 

The proposed neuronal route includes the somatosensory system, autonomous 

nervous system, spinal cord and peripheral nociceptive sensory nerves. Endogenous 

substances like adenosine, bradykinin and calcitonin generated as a result of 

preconditioning or other stimuli in remote tissues or organs can activate a local 

afferent neural pathway that stimulates an efferent neural pathway which ends in 

the target organ. 

  

1.3.2 Humoral pathway: 
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The humoral pathway suggests that endogenous substances and other unidentified 

humoral factors are propagated via the bloodstream and activate various 

intracellular pathways by attaching to the corresponding cellular receptors. 

  

1.3.3 Systematic response: 

 

Ischaemia and reperfusion suppress the inflammatory response and apoptosis. The 

suggested mechanisms include a decreased number of activated leukocytes due to 

regulation of leukocyte-endothelium interactions, reduction in pro-inflammatory 

gene expression in circulating leukocytes and a direct effect on the inflammatory 

system. 

  

1.4 Translational possibilities for RIPC: 

 

The remote ischaemic protective effect on the cardiovascular system is one area 

that has been focused on, producing conflicting results in human trials. The 

incomplete understanding of the underlying mechanisms and the selection of 

participants who, in most cases, have sustained massive physiological stress that 

may be beyond the RIPC protective effect, may play a role in these conflicting 

results (36). 
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One interesting observation is that there are two windows of protection associate 

with RIPC, i.e. 1-2 hours and 12-24 post-preconditioning (37, 38).  Many trials have 

focused on the first window of protection because it produces the more potent 

effect and is practically easier to deliver before surgery; however, repeating similar 

designs in trials has ignored the possible benefit of creating a more prolonged and 

sustained effect by also using the second window. 

 

   



Chapter 1: Introduction  

 

14 

 

 

1.5  Rationale: 

 

The possible clinical application of ischaemic conditioning includes a wide range of 

medical conditions. On starting our research, we looked to develop a criterion to 

select which area to focus on, using three qualifications to choose our research 

topics: 

1. The size, financial burden and clinical impact of the medical problem.  

2. Are there potential benefits for remote ischaemic preconditioning on patients’ 

outcomes? 

3. Will this add to our knowledge of the problem? 

We highlight three areas: 

1. Contrast-induced nephropathy. 

2. Peripheral vascular disease.  

3. Perioperative cardiac complications focusing on myocardial injury. 

 

1.5.1 Contrast-Induced Nephropathy: 

 

Contrast-induced nephropathy remains one of the main concerns for any patient 

undergoing a procedure or investigation involving administration of contrast media; 

this is particularly crucial for a vascular patient whose renal perfusion may already 

be compromised via the systemic effect of atherosclerotic disease or associated 

cardiac problems. It accounts for 12% of hospital-acquired acute kidney injury, 

coming third after renal hypoperfusion and postoperative renal injury, and leads to 
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extended hospital stays and increase financial burden (39). The average in-hospital 

cost in the United States is around $10,345, with up to $11,812 per year being the 

cost of treating a patient with contrast-induced nephropathy (40). In Europe, we 

can observe similar figures; in France, there is an additional €12,413 cost of in-

hospital stay per patient, with a total burden of €401,023,050 per year (41). 

 

Contrast-induced nephropathy prevention methods have been heavily investigated 

in many clinical trials and many interventions have been proposed with little or no 

consensus on the best approach. Remote ischaemic preconditioning has been 

examined and compared with some of the other interventions with promising 

positive results (42). To evaluate and rank proposed interventions, including RIPC, 

we conduct a comprehensive network meta-analysis and in parallel, we evaluate 

and upgrade a new excel-based software that provides a clinician-friendly interface 

to conduct network meta-analysis, validating our results via existing software (43). 

 

1.5.2  Peripheral vascular disease: 

 

Peripheral vascular disease affects 200 million patients worldwide (44), with 

atherosclerotic changes almost exclusively affecting the lower limbs and sparing the 

upper limbs. While a group of affected patients is asymptomatic, others start 

manifesting claudication symptoms with pain typically provoked by exercise and 

subsiding when at rest, leading to limited movement and poor quality of life. 
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The disease is systemic and associated with coronary artery disease (13%) and 

cerebrovascular disease (8%) (44), with the risk of being affected increasing with 

age. Our current treatment strategies are limited to watchful waiting, medical 

management (including dual antiplatelet and cholesterol-lowering medications), 

exercise training, endovascular treatment and surgical reconstruction. More 

invasive options are not suitable for some elderly patients with a limited 

physiological reserve and complicated comorbidities, who would need 

prehabilitation or other non-surgical options. 

 

Remote ischaemic preconditioning is shown to increase exercise capacity and 

tolerance, with laboratory studies suggesting stimulation of new angiogenesis and 

collateral formation (45-47). 

 

In the second part of our research, we have hypothesised that RIPC alone or with 

exercise could improve pain-free distance in these patients. We design a pilot 

randomised control trial to evaluate these interventions separately and to examine 

the possibility of a synergistic effect by combining them in one test group and 

comparing all test groups to a control group. 

  

1.5.3 Myocardial injury: 

 

Myocardial injury is evident by elevation of the troponin level, identified as an 

independent predictor for mortality at 30 days and one year follow-up (48). We 

intend to test RIPC’s protective effect on gastrointestinal surgery patients. As most 
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studies have focused on vascular and cardiac patients, we have realised that there 

is a gap in the literature, with no baseline data that includes the prevalence of the 

problem in this specific cohort of patients. 

  

We conduct a multicentre prospective cohort study to determine the prevalence of 

myocardium injury in elective gastrointestinal surgical patients to act as a guide for 

future research that tests the effect of RIPC on these patients’ mortality and 

morbidity.   
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1.6 Conclusion: 

 

RIPC translational research needs to recognise the limitations in what we know 

about the mechanisms involved and needs to accommodate at the same time 

continuous improvement in our understanding and better design of clinical trials to 

reflect this improvement. The inability to map all of the mediators and pathways 

involved creates a gap between laboratory and animal studies on one hand and 

human trials on the other hand. Contrast-induced acute kidney injury, peripheral 

vascular disease and perioperative myocardial injury are three major health 

problems affecting vascular and general surgical patients. We have examined the 

potential effect of RIPC on these patients via network meta-analysis, randomised 

control trial and multicentre cohort study, as described in the following chapters.  
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Chapter 2: Effectiveness of Contrast-induced Acute 

Kidney Injury Prevention Methods – a Systematic 

Review and Network Meta-Analysis  
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2.1 Abstract: 

 

Objectives: 

Different methods to prevent contrast-induced acute kidney injury (CI-AKI) have 

been tried in recent years. We performed a mixed treatment comparison to 

evaluate and rank RIPC and all other suggested interventions. 

Methods: 

A comprehensive systematic review and network meta-analysis for randomised 

controlled trials were completed. A Bayesian network meta-analysis was performed 

using the Markov chain Monte Carlo method in the WinBUGS 1.4.3 and GeMTC R 

software packages. Results were tabulated and graphically represented using 

network diagrams, forest plots and league tables. Treatments were ranked by the 

surface under the cumulative ranking curve (SUCRA). A stacked bar chart colour 

rankogram was generated. We performed the main analysis with 200 RCTs and 

three analyses according to contrast media and high or normal baseline renal 

profile that included 173, 112 and 60 RCTs, respectively.  

Results: 

42,273 patients and 44 interventions in 197 trials were included. Three studies had 

different intervention arms, which were analysed separately. The primary outcome 

was CI-AKI, defined as ≥25% relative increase three ≥0.5 mg/dl increase from 

baseline creatinine one to five days post-contrast exposure. The top-ranked 

interventions through the different analyses were allopurinol, PGE1 and oxygen 
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(0.9647, 0.7809 and 0.7527 in the main analysis). Comparatively, the reference 

treatment, intravenous hydration, was ranked lower but better than Placebo 

(0.3124 vs 0.2694 in the main analysis). 

Conclusion: 

Multiple CI-AKI preventive interventions have been tested in RCTs. This network 

meta-analysis evaluates data for all of the explored options. The results suggest 

that some options (particularly allopurinol, PGE1 and oxygen) deserve further 

evaluation in large scale trials. RIPC can be used as an additional safe protection 

against contrast-induced nephropathy.  
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2.2 Rationale: 

 

Contrast-induced acute kidney injury (CI-AKI, previously known as contrast-induced 

nephropathy or CIN) is the third leading cause of hospital-acquired acute renal 

injury, accounting for 12% of cases (39). It is defined as an abrupt deterioration in 

renal function following exposure to contrast media (CM) in the absence of other 

aetiological factors (49). The absolute and relative values used to define CI-AKI vary, 

but are most commonly quoted as a relative increase of >25% or absolute increase 

of 0.5mg/dL and ≥ 0.3mg from baseline serum creatinine measurement within 1-3 

days (4-5 days is less frequently used) of contrast exposure (50-54). In CI-AKI, the 

serum creatinine level begins to rise within 24 hours of contrast exposure, peaking 

after 72 hours, and usually returning to baseline within 1-3 weeks (53). 

 

The predominant pathophysiology of CI-AKI is acute tubular necrosis. The 

underlying mechanisms are thought to be vasoconstriction, leading to cellular 

hypoxia, or direct toxicity of contrast media to renal tubular cells (55, 56). Multiple 

therapies that have been postulated to prevent CI-AKI act by affecting these 

mechanisms or their metabolic mediators.  

 

In recent years, there have been many systematic reviews and meta-analyses with 

direct pair-wise comparisons of individual interventions suggested for CI-AKI 

prevention. With so many options explored, it is difficult to determine the 

treatment options most likely to show benefit in large scale trials. Unlike 
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conventional meta-analysis, network meta-analysis facilitates simultaneous 

comparison of indirect relationships between multiple interventions. The network 

can establish an estimate of comparative efficacy between two or more treatments 

compared to the same control intervention (57-59). We undertook a network meta-

analysis of preventive strategies for CI-AKI to determine the treatment most likely 

to be beneficial, based upon current available evidence, comparing RIPC to 43 

suggested preventive methods. 

  

2.3 Methods: 

 

We conducted a systematic review and network meta-analysis in accordance with 

the PRISMA extension for Network Meta-Analyses (60). 

 

2.3.1 Protocol and registration: 

 

No registered protocol  

 

2.3.2 Eligibility criteria: 

 

We consider all randomised controlled trials in which patients underwent a 

contrast-enhanced procedure with CI-AKI as a primary or secondary outcome. We 
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evaluate studies in which a prevention method was compared to placebo, control 

or other intervention. Excluded from the analysis were other research designs, 

including non-randomised control trials, clinical trials or trials in which CI-AKI was 

differently defined, trials comparing different doses of the same intervention and 

trials using re-randomisation of the same sample (crossover design). For the 

purpose of this review, we defined CI-AKI as an increase of more than or equal to 

0.5mg/dl and/or 25% increase in baseline serum creatinine one to five days post-

contrast exposure (50).  

 

2.3.3 Information sources: 

 

We searched for English language trials in PubMed, Embase and Cochrane Central 

Register of Controlled Trials without any date restrictions. The final search was 

undertaken on 25th April 2017.  

 

2.3.4 Search strategy and study selection: 

 

We searched electronic databases using MeSH terms “contrast nephropathy”, 

“contrast nephropathy prophylaxis”, “contrast nephropathy prevention”, with the 

Boolean operator “OR” as appropriate. Titles and abstracts of identified studies 

were assessed first, with full texts reviewed thereafter. The study was included if 

the methodology fulfilled the eligibility criteria.  
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2.3.5 Data collection: 

 

Data were recorded with respect to sample size, adverse events, the procedure 

performed, study inclusion and exclusion criteria, intervention type and dose, 

contrast media volume, CI-AKI definition, and contrast medium type and osmolality. 

 

2.3.6 Geometry of the network: 

 

A network diagram was created using the NetMetaXL tool to graphically represent 

the size of the trial and the number of pair-wise comparisons between 

interventions. The size of each intervention node is proportional to the number of 

patients included in the trial, while the thickness of inter-connecting lines is 

proportional to the number of pair-wise comparisons between any two 

interventions.  

 

2.3.7 Risk of bias: 

 

The Cochrane tool for risk of bias assessment (RevMan 5.3) was used to assess bias 

within individual studies. A bias graph was generated to portray the risk of bias 

overall across the included trials.  
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2.3.8 Summary measures: 

 

Odds ratios with 95% confidence intervals were calculated and presented in the 

form of forest plots. We generated a league table, which ranks summary estimates 

in order of the intervention impact on the primary outcome measure (10). In the 

league table, interventions were ranked from those with the highest effect to those 

with the lowest. A stacked bar chart colour rankogram was also created to 

represent ranking probabilities and their uncertainty. 

 

2.3.9 Software upgrading: 

 

NetMetaXL is relatively new software with a user-friendly interface, which produces 

excellent graphics. The original version can run up to 50 interventions, but on 

approaching the team responsible for the software, they advised that it could be 

upgraded. We worked with Mr. Vladimir Bakhmetyev, a USA-based programmer, 

for over a year to increase its ability to accommodate 250 comparisons (provided 

adequate computing power is available). The final upgrade was version 6.4.1. We 

continuously validated our results using published data. For the final update, we 

collaborated with Dr. Karim, a biostatistician and expert in network meta-analysis 

from the Centre for Health Evaluation and Outcome Sciences (CHEOS), St. Paul's 
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Hospital, Vancouver, Canada, to run an independent analysis using standered 

GeMTC R package.  

 

2.3.10 Analysis methods: 

 

Data with respect to events and number of patients in individual trials were 

prepared and entered using NetMetaXL (61) to facilitate completion of a Bayesian 

network meta-analysis using WinBUGS version 1.4.3 from within Microsoft excel. 

We used the Markov chain Monte Carlo method of parameter estimation to obtain 

posterior estimates of effects. Both vague prior and informative prior results were 

presented in the forest plot. Zero cells were adjusted using an adjusted continuity 

correction factor accounting for potential differences in sample size, centred 

around 0.5. 

 

As NetMetaXL is a relatively new tool, we ran a separate analysis for the same data 

on the GeMTC R package to validate our results; no significant differences were shown.  

 

For the Bayesian computation, we performed the analysis with both fixed effects models 

and random effects hierarchical models.  

 

2.3.11 Assessment of consistency, model fit and convergence: 
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In NetMetaXL an inconsistency plot was generated to facilitate visual assessment of 

conflicts between direct and indirect evidence with a limitation in our analysis due 

to a substantial number of nodes on excel. Heterogeneity for vague and informative 

priors were provided within the forest plot results and a Monte Carlo error < 5% of 

the standard deviation (SD) was used to assess convergence. 

  

For the GeMTC R package, Gelman-Rubin statistics were used numerically and 

graphically to assess convergence while the deviance information criterion (DIC) was 

used for assessing model fits, with models with smaller DIC values being considered 

better. 

  

2.3.12 Additional analyses: 

 

In addition to the main analysis, we performed three other analyses, the first 

excluding RCTs with any partial use of hyperosmolar contrast media and the other 

two being divided according to baseline renal profile.  

 

For each of the four analyses, we performed a sub-analysis excluding studies with 

zero values as corresponding effects estimates may be subject to numerical instability, 

generally over-estimating the effect, which can be observed in the associated wide 

confidence intervals.  
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2.4 Results: 

 

2.4.1 Study selection: 

 

A total of 32,596 study titles were identified in the initial literature search, of which 

197 fulfilled criteria for inclusion (51, 52, 54, 62-253) (Figure 1). Some studies were 

excluded as some data were partially included or re-analysed in a follow-up study 

involved in our review (254-259). A total of 32,399 studies were excluded; after 

removing duplication, the most common reasons for exclusion after full 

examination included observational methodology, different outcome measures, 

inadequate definition of CI-AKI, and unclear evidence of randomisation. In many 

cases, old studies did not comply with more than one of the eligibility criteria (260-

323). Twelve studies published in a language other than English included those from 

centres in Germany (324, 325), China (326-331), Spain (332), France (333), Turkey 

(334) and Italy (335). Eight further potentially suitable studies were identified in 

abstract form only but were excluded as no full-text article could be identified (336-

343).  
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Figure 2-12 Study selection flow chart 
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2.4.2 Study characteristics: 

 

Table 2-1 outlines individual study characteristics (study inclusion and exclusion 

criteria, procedure performed, baseline renal function, definition of CI-AKI used in 

the study, contrast medium volume and osmolality). In total, 197 studies fulfilled 

the inclusion criteria, including three which had multiple trial arms requiring 

separate analyses (Yang 2014, Kumar 2014 and Chen 2008). A total of 200 

comparative analyses were therefore included in our analyses. Coronary 

angiography accounted for 145 (72.5%) of the contrast-dependent procedures. Less 

frequently reported procedures included contrast-enhanced CT imaging (n=16, 8%), 

peripheral angiography with/without angioplasty and stenting (n=3, 1.5%), 

endovascular aneurysm repairs (EVAR) (n=1, 0.5%). Multiple procedures were 

included in 35 studies (17.5%). Low osmolar contrast agents were used in 111 

(55.5%), iso-osmolar agents in 44 studies (22%), and high osmolar media in three 

studies (1.5%). Physician discretion in selection of contrast media was permitted in 

26 (13%) trials, while a further 16 (8%) did not specify the contrast medium utilised. 

We observed that more recent studies had a better design, with the exclusion of 

patients using alternative CI-AKI prevention interventions from participation, or 

stratification of those methods among different trial arms. 
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Table 2-1 Study characteristics 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

A.C.T. 
Investig
ators 
2011 
(120) 

Inclusion Criteria: Patients 
undergoing  
1. Coronary or peripheral arterial 
diagnostic intravascular 
angiography 
OR  
2. Percutaneous intervention  
with  
≥ 1 risk factor for CI-AKI  
1. Age > 70 years 
2. CRF (stable S. Creat. > 132.6 
mmol/L [1.5 mg/dL]) 
3. Diabetes mellitus  
4. Clinical evidence of congestive 
heart failure 
5. LVEF < 0.45 
6. Hypotension 
 
Exclusion Criteria:  
1. Patients on dialysis 
2. Primary angioplasty for STEMI 
3. Pregnancy 
4. Breastfeeding 
5. Women of childbearing age not 
on contraception 

1. 
Peripheral 
vascular 
angiograph
y 
2. Coronary 
diagnostic 
angiograph
y 
3. PCI 

2561 > 25% 
increase in 
S. Creat. 
from 
baseline, 
48-96 
hours post-
angiograph
y 

1. Hi-Osm 
2. Iso-
Osm 
3. Low-
Osm 

• 0.9% 
Normal 
Saline 1 
mL/kg/hr 
from 6-12 
hours pre- 
and 6-12 
hours 
post-
angiograp
hy 
 
(Changes 
in volume/ 
speed of 
administra
tion 
permitted) 

NAC 1200 mg 
orally 
every 12 
hours 
• 2 doses 
pre- and 2 
doses 
post- 
procedure 

Median 
(IQR): 100 
(70-130) 

Mean S. 
Creat. 
1.2±0.5mg/d
L 

Placebo 1200 mg 
orally 
every 12 
hours 
• 2 doses 
pre- and 2 
doses 
post- 
procedure 

Median 
(IQR): 100 
(70-130) 

Mean S. 
Creat. 
1.2±0.5mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Abouzei
d 2016 
(231) 

Inclusion Criteria: 
Adult patients > 18 years with renal 
dysfunction [estimated glomerular 
filtration rate (eGFR), 60 
mL/min/1.73 m2 or less]  
Exclusion Criteria: 
1. End-stage renal insufficiency 
(eGFR < 15 mL/min) 
2. Acute renal insufficiency 
3. History of reaction to contrast 
media 
4. Use of potentially nephrotoxic 
medicines (48h before and 24h 
after the procedure) 
5. Pulmonary oedema 
6. Multiple myeloma 
7. Exposure to contrast media 
within seven days before the 
procedure 
8. Pregnancy 
9. Noncompliance of the patient 
10. Use of N-acetylcysteine, 
dopamine, fenoldopam and 
mannitol before CAG. 

1. Coronary 
angiograph
y 

210 Increase of 
more than 
absolute 
0.5 mg/dL 
and/or 
relative 
25% in 
serum 
creatinine 
after 48h 

Iohexol 
Low-Osm 

All 
patients 
were 
hydrated 
with 
intravenou
s normal 
saline at 1 
mL/kg/h 
for 12h 
before 
exposure 
to the 
contrast 
and 12h 
after 
coronary 
angiograp
hy 

Na/K citrate 5g of 
granules 
diluted in 
200 mL of 
water 12, 
6, and 1h 
before 
procedure 
followed 
by 
another 
two doses 
after 2 
and 8h 
post-
procedure
. 

Mean+SD: 
103.93±4
7.70 

S. Creat. 
Mean+SD: 
2.30±0.46 

NaHCO3 solution 
(150 
mEq/L) for 
8h before 
procedure 
continued 
until 6h 
post-
procedure 

Mean+SD: 
105.24±4
5.38 

S. Creat. 
Mean+SD: 
2.28±0.44 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Abaci  
2015 
(62) 

Inclusion Criteria:  
Elective coronary or peripheral 
angiography  
 
 
Exclusion Criteria  
1. Emergency coronary angiography 
2. Acute or end-stage renal failure 
requiring dialysis 
3. eGFRs < 30 or ≥ 60ml/min/1.73 
m2 
4. Congestive heart failure  
5. Coronary artery disease 
6. Severe coronary occlusion for 
CABG or PCI  
7. Allergy to contrast media 
8. Contrast media administration 
within the previous 14 days 
9. Current statin treatment 
10. Contraindications to statin 
treatment 
11. Severe co-morbidities 
12. Pregnancy 
13. Patient refusal 

1. Coronary 
angiograph
y 

235 
 

Absolute 
increase in 
S. Creat. of 
≥ 0.5mg/dl 
OR 
Relative 
increase of 
≥ 25% 48-
72 hours 
post-
procedure 

Low-Osm 
(Optiray - 
Ioversol) 

Isotonic 
saline 
(1ml/kg/h) 
for 12 
hours 
before and 
24 hours 
after 
contrast 
exposure 

Rosuvastati
n 

40mg on 
admission 
followed 
by 20 mg 
daily 

Mean ± 
SD.:  
139.2 ± 
77.4 

eGFRs < 
60ml/min/1.
73 m2 
measured on 
day 
preceding 
procedure 

Control (no 
statin) 

- Mean ± 
SD.:  
117.7+/-
56.8 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Adolph 
2008 
(63) 

Inclusion Criteria:  
1. Patients > 18y 
2. Elective diagnostic/therapeutic 
coronary angiography 
3. Stable renal insufficiency (2 
repeated S. Creat. levels > 
106µmol/L (> 1.2mg/dL) within 12 
weeks before procedures, with < 
5% difference between levels 
 
Exclusion Criteria:  
1. Acute MI requiring primary or 
rescue PCI 
2. Allergy to trial medication 
3. Exposure to contrast media 
within 7 days of procedure 
4. Thyroid dysfunction 
5. Pregnancy 
6. Uncontrolled hypertension 
7. Life-limiting co-morbidity 
8. Pulmonary oedema 
9. Chronic dialysis 
10. Administration of dopamine, 
mannitol, fenoldopam, or NAC 
during study 

1. Coronary 
angiograph
y 
2. PCI 

150 ≥ 25% or ≥ 
0.5mg/dL 
increase in 
S. Creat. at 
day 0, or 2 
of contrast 
administrat
ion 

Iodixanol 
Iso-Osm 

2ml/Kg/ho
ur for 2 
hours 
before 
procedure 
and 
1ml/kg/ho
ur during 
and for 6 
hours 
after 

NaCl 154 mEq/l 
infusion of 
sodium 
chloride in 
5% 
dextrose 

Mean ± 
SD 
(Range): 
138±52 
(51-282) 

Mean S. 
Creat. ±SD 
(Range): 
1.57±0.36 
(1.20-2.60) 
mg/dL 

NaHCO3 154mEq/l 
infusion of 
sodium 
bicarbonat
e in 5% 
dextrose 

Mean±SD 
(Range): 
141±50 
(39-270) 

Mean S. 
Creat. ±SD 
(Range): 
1.54±0.51 
(1.20-4.60) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Akyuz  
2014 
(64) 

Inclusion Criteria:  
1. Patients undergoing cardiac 
intervention  
2. High risk of CI-AKI  
 
Exclusion Criteria:  
1. < 18 years old 
2. Type 1 DM 
3. History of dialysis 
4. Not enough time for volume 
admission pre-procedure 
5. Known allergy for contrast media 
6. Exposure to contrast media 
within 3 days of procedure 
7. Nephrotoxic drugs within 7 days 
of procedure  
8. Pregnancy or breastfeeding 
9. Uncontrolled hypertension 
10. AKI of an alternative aetiology  
11. Contraindication to volume 
expanders 

1. Coronary 
angiograph
y 
2. PCI 

241 ≥ 25% 
relative or 
≥ 0.5mg/dL 
absolute 
increase in 
S. Creat. 
from 
baseline 48 
hours post-
contrast 

Low-Osm 
Ultravist 

As per 
interventi
on 
protocol 

IV hydration 
with 
isotonic 
(0.9%) 
saline 

1ml/kg/hr 
for 12 
hours pre-
procedure 
and 
continued 
for 12 
hours 
post-
procedure 

Mean±SD: 
108±76 

Median S. 
Creat (IQR): 
0.9 (0.4) 
mg/dL 

Oral 
hydration 

Patients 
encourage
d to drink 
water as 
much as 
possible 
starting 12 
hours pre-
procedure 
until 2 
hours 
directly 
prior to 
procedure 
and 
continue 
the same 
for the 12 
hours 
post-
procedure 

Mean±SD: 
107±70 

Median S. 
Creat (IQR): 
0.9 (0.3) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Albabtai
n 
2013 
(65) 

Inclusion Criteria:  
1. Patients > 18 years undergoing 
coronary angiography/PCI 
2. S. Creat. ≥ 1.3mg/dL OR 
taking medication for diabetes 
mellitus  
 
Exclusion Criteria:  
1. Known acute renal 
failure 
2. End-stage renal disease requiring 
dialysis 
3. Intravascular administration of 
contrast medium within 6 days of 
procedure 
4. Anticipated re-administration of 
contrast medium within 6 days 
post-procedure 
5. Use of vitamin C supplements on 

1. Coronary 
angiograph
y 
2. PCI 

195 1. 0.5 
mg/dL 
absolute 
increase in 
S. Creat.   
AND/OR  
2. 25% 
relative 
decrease in 
creatinine 
clearance 

Ioxaglate 
Low-Osm 

Normal 
saline 50-
125mL/h 
IV from 
point of 
randomisa
tion until 
at least 6 
hours 
post-
procedure 

NAC 600mg 
orally 
twice daily 
for 2 days, 
starting 
evening 
pre-
procedure 

Mean±SD:  
70.1 ± 
60.4 

Mean S. 
Creat. ±SD:  
1.45 ± 
0.56mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

a daily basis during the week before 
the procedure 
6. Inability to administer the study 
medication at least 2 hours before 
the procedure  
 
Note: A fourth study group using a 
combination of trial interventions 
was excluded from analysis 

Ascorbic 
acid 

Ascorbic 
acid as 
effervesce
nt tablets 
as three 
doses:  
1. 3g 2 
hours pre-
procedure 
2. 2g 
immediate
ly post-
procedure 
3. 2g 24 
hours 
post-
procedure 

Mean±SD:  
88.3 ± 
64.8 

Mean S. 
Creat. ±SD:  
1.24± 
0.44mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Placebo Placebo as 
effervesce
nt tablets 
as three 
doses:  
1. 2 hours 
pre-
procedure 
2. 
Immediat
ely post-
procedure 
3. 24 
hours 
post-
procedure 
 
 
 
 
 
 
 
 
 
 
 
  

Mean±SD:  
97.4±99.4 

Mean S. 
Creat. ±SD:  
1.22 ± 0.40 
mg/dL 

Allaqaba
nd 
2002 
(66) 

Inclusion Criteria:  
Patients undergoing cardiovascular 
interventions requiring the use of a 
radio contrast agent  
AND  
1. Baseline creatinine ≥ 1.6mg/dl  
OR  

1. PCI 143 Increase in 
S. Creat. 
level > 0.5 
mg/dl after 
48 hours 

Low-Osm IV saline 
(0.45%) at 
1ml/kg/hr 
for 12hr 
prior to, 
during, 
and for 

NAC 600mg 
orally 
twice daily 
starting 
the day 
before the 
procedure  

Mean±SD:  
1.52±0.81 
(ml/kg) 

Mean S. 
Creat. ±SD:  
2.20±0.73 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

2. eGFR ≤ 60ml/min 
 
Exclusion Criteria: 
Not specified 

12hr after 
the 
procedure 

Fenoldopam IV 
Fenoldopa
m at 0.1 
µg/kg/min 
starting 4 
hr prior to 
and 
continued 
for 4hr 
after 
contrast 
dose 

Mean±SD:  
1.63±0.67 
(ml/kg) 

Mean S. 
Creat. ±SD:  
1.94±0.38 
mg/dL 

Control IV fluid 
only as 
specified 
for all 
groups 

Mean±SD:  
1.47±0.90 
(ml/kg) 

Mean S. 
Creat. ±SD:  
2.03±0.79 
mg/dL 

Amini 
2009 
(67) 

Inclusion Criteria  
1. Elective diagnostic coronary 
angiography 
2. > 18 years  
3. Diabetes mellitus for at least one 
year 
AND  
4. CKD (S. Creat. ≥ 1.5mg/dL (male) 
or ≥ 1.4mg/dL (female)) 
 
 
Exclusion Criteria  
1. Acute coronary syndrome 
requiring primary or rescue 

1. Coronary 
angiograph
y 

98 Increase in 
serum 
creatinine 
≥ 0.5mg/ 
dL (44.2 
μmol/L) or 
≥ 25% 
above 
baseline at 
48h after 
exposure 
to contrast 

Iohexol 
Low-Osm 
Iodixanol 
Iso-Osm 

1L normal 
saline 
(0.9%) 
commenc
ed in the 
catheteris
ation 
laboratory
. 
Patients 
were also 
encourage
d to drink 
fluids (≥ 8 

NAC 600mg 
orally 
twice 
daily, 
starting 
the day 
before the 
procedure 
and 
continuing 
for 2 
doses 
post-
procedure  

Mean±SD:  
118.00±3
5.20 

Mean S. 
Creat. ±SD:  
1.736±0.42 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

coronary intervention within 12h of 
procedure 
2. Cardiogenic shock 
3. Current peritoneal or 
haemodialysis 
4. Known allergy to NAC 

glasses of 
~200ml) 
over 12h 
pre-
procedure 

Placebo 600mg 
orally 
twice 
daily, 
starting 
the day 
before the 
procedure 
and 
continuing 
for 2 
doses 
post-
procedure  

Mean±SD:  
121.11±4
3.95 

Mean S. 
Creat. ±SD:  
1.736±0.17 
mg/dL 

Angoulv
ant 
2009 
(68) 

Inclusion Criteria:  
1. Patients 18-80 years  
2. Elective coronary angiography ± 
percutaneous transluminal 
coronary angioplasty  
AND  
3. Baseline S. Creat. < 140µmol/L 
(1.58mg/dL)  
 
Exclusion Criteria:  
1. NYHA class IV congestive heart 
failure 
2. Pregnancy 
3. Significant valvular heart disease 
4. Non-ischaemic dilated 
cardiomyopathy 

1. Coronary 
angiograph
y ± PCI 

213 Increase in 
serum 
creatinine 
> 25% 3 
days after 
contrast 
exposure 

Hexabrix 
Low-Osm 

As per 
interventi
on 
protocol 

IV Hydration 1000ml of 
0.9% 
saline 
infusion, 
started at 
the 
beginning 
of the 
procedure 
and 
continued 
for the 
next 24 
hours 

Mean±SD:  
231.4±7.8 

Mean S. 
Creat. ±SD:  
86.7±1.7 
µmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

5. Active cancer or any life-
threatening disease 

Control Received 
no 
additional 
hydration 
 
 
 
 
 
 
  

Mean±SD:  
242.7±8.6 

Mean S. 
Creat. ±SD:  
85.6±1.5 
µmol/L 

Arabmo
meni 
2015 
(232) 

Inclusion Criteria: 
Patients with at least moderate risk 
for CIN as defined by the Mehran 
risk score 
Exclusion Criteria: 
1. Unstable angina 
2. Myocardial infarction 
3. Cardiac arrhythmia 
4. Acute or chronic renal failure 
5. IV contrast media in the past 
month 

Coronary 
angiograph
y with or 
without 
angioplasty  

75 Increase in 
creatinine 
of ≥ 0.5 
mg/dl or ≥  
25% from 
the 
baseline 

Iodixanol 
Low-Osm 

0.9% 
sodium 
chloride (1 
ml/kg/h) 
for 24h, 
started 
12hbefore 
operation.  
 
Patients 
with left-
ventricular 

Theophyllin
e 

200mg 
slow-
release 
theophylli
ne tablet 
plus 
placebo 

Mean+SD: 
124.0 ± 
115.2 

S. Creat. 
Mean+SD: 
1.14 ± 0.40 

NAC  600mg 
tablet plus 
placebo  

Mean+SD: 
155.6 ± 
114.9 

S. Creat. 
Mean+SD: 
1.08 ± 0.22 



Chapter 2: Network Meta-Analysis 

 

43 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

6. Using theophylline or NAC in the 
past month 
7. Known hypersensitivity to trial 
drugs 

ejection 
fraction of 
less than 
40% or 
New York 
Heart 
Associatio
n 
functional 
class of III-
IV were 
hydrated 
at rate of 
0.5 
ml/kg/h. 

Theophyllin
e plus NAC 
(this group 
were 
excluded 
from this 
analysis)  

Both 
tablets  
All groups 
receive 
tablets 
twice 
daily, from 
24h 
before to 
48h after 
administra
tion of 
contrast 
material 

Mean+SD: 
128.9 ± 
89.4 

S. Creat. 
Mean+SD: 
1.08 ± 0.22 

Aslanger 
2012 
(69) 

Inclusion Criteria:  
1. Patients with STEMI undergoing 
primary angiography within 12h of 
symptoms  
2. > 30 years old 
 
Exclusion Criteria:  
1. Known allergies to NAC 
2. Undergoing chronic dialysis 
3. No written informed consent 

Primary 
angioplasty 

257 Increase in 
S. Creat. > 
25% 3 days 
after 
contrast 
exposure 

Ioxaglate 
Low-Osm 

Isotonic 
saline 
hydration 
(0.9%) for 
12h at 
1ml/kg/h 

IV NAC 1200mg 
bolus 
during the 
procedure 
and 
1200mg 
orally, 
twice daily 
for 48h 
post-
procedure 

Mean±SD:  
193±57 

Mean S. 
Creat. ±SD:  
0.9±0.3 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Intra-renal 
NAC   
 
**This 
group is 
excluded 
from our 
analysis** 

600mg 
bolus into 
both renal 
arteries 
before 
and after 
the 
procedure 
as well as 
1200mg of 
NAC orally 
twice daily 
for 48h 

 
Mean S. 
Creat. ±SD:  
0.89±0.4 
mg/dL 

Placebo 12ml 
bolus of IV 
saline 
during 
procedure 
and oral 
doses 
twice daily 
for 48h 
post 
procedure 

Mean±SD:  
204±67 

Mean S. 
Creat. ±SD:  
0.86±0.3 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Baker 
2003 
(70) 

Inclusion Criteria:  
Patients with stable renal 
dysfunction (S. Creat. > 1.36mg/dL 
OR creatinine clearance < 
50ml/min) 
 
Exclusion Criteria:  
1. Acute renal failure 
2. End stage renal failure on dialysis 
3. Patients who received a NSAID 
(except Aspirin 75-150mg) within 
24h of procedure 
4. Systolic blood pressure < 
90mmHg 
5. Haemodynamically significant 
valvular heart disease 
6. Signs of cardiac failure 

1. Coronary 
angiograph
y 
2. PCI 

90 Increase in 
S. Creat. ≥ 
25% 2-4 
days after 
contrast 
administrat
ion 

Iodixanol 
Iso-Osm 

Free oral 
fluids 
were 
commenc
ed 
immediate
ly post-
procedure 
in all 
patients 

IV NAC 150mg/kg 
in 500ml 
saline 
(0.9%) 
over 30 
min 
immediate
ly before 
contrast 
exposure 
followed 
by 
50mg/kg 
in 500ml 
saline 
(0.9%) 
over the 
subseque
nt 4 hours 

Mean±SD:  
238±155 

Mean S. 
Creat. ±SD:  
1.85±0.59 
mg/dL 

Control (IV 
Fluids) 

Normal 
Saline at 
1ml/kg/h 
for 12h 
pre- and 
post-
procedure
. 

Mean±SD:  
222±162 

Mean S. 
Creat. ±SD:  
1.75±0.41 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Balderra
mo 
2004 
(71) 

Inclusion Criteria:  
Patients with chronic renal 
impairment (stable S. Creat. > 
1.5mg/dL OR eGFR < 50ml/min)) 
undergoing same day angiography 
 
Exclusion Criteria 
1. Haemodynamic instability 
2. Congestive heart failure 
3. Pregnancy 
4. Lactation 
5. Severe asthma 
6. Contrast media use within 
preceding 10 days 

1. Coronary 
angiograph
y 
2. 
Peripheral 
angiograph
y 

64 Increase in 
S. Creat. >  
0.5mg/dL 
48 hours 
after the 
procedure 

Amidotriz
ate  
Ioxitalam
ate 
Iopamidol 
Iohexol 

All 
patients 
receive 
0.9% 
normal 
saline at 
4ml/kg/hr 
for 3 hours 
prior to, 
and 
2ml/kg/hr 
for 6 hours 
after 
radiocontr
ast 
exposure 

NAC 1200mg 
orally with 
125ml of 
orange 
juice 3 
hours 
before 
and 3 
hours 
after 
catheteris
ation 

Mean±SD:  
158±60.5 

Mean S. 
Creat. ±SD:  
1.46±0.46mg
/dL 

Placebo 125ml of 
orange 
juice 3 
hours 
before 
and 3 
hours 
after 
catheteris
ation 

Mean±SD:  
155.5±10
8.1 

Mean S. 
Creat. ±SD:  
1.42±0.37mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Baskurt 
2009 
(72) 

Inclusion Criteria:  
1. Patients with moderate CKD 
(eGFR 30-60mL/min) undergoing 
coronary angiography  
 
Exclusion Criteria: 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Chronic haemodialysis 
4. Overt congestive heart failure 
5. Exposure to radiocontrast 
medium within preceding 14 days 
6. Emergent procedures 
7. Patients with eGFR < 30 or ≥ 
60mL/min 
8. Age < 21 years 
9. Known allergy to NAC, 
theophylline or contrast agents 
10. Contraindications to 
theophylline 
11. Medication shown exerting 
pharmacokinetic interaction with 
theophylline 

1. Coronary 
angiograph
y 

157 Increase in 
S. Creat. > 
0.5mg/dL 
48 hours 
after the 
procedure 

Ioversol 
Low-Osm 

Isotonic 
saline 
1mL/kg/h 
for 12 
hours 
before and 
after 
contrast 

NAC 600mg 
orally 
twice daily 
day 
preceding 
and day of 
angiograp
hy 

Mean±SD:  
115.61±3
5.2 

Mean S. 
Creat. ±SD:  
1.39±0.24mg
/dL 

NAC+ Theophylline Group: 
This Group is not included in this analysis 

Control IV 
hydration 
only 

Mean±SD:  
113.54±3
7.7 

Mean S. 
Creat. ±SD:  
1.30±0.20mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Berwang
er 
2013 
(73) 

Inclusion Criteria  
1. Diabetes mellitus 
 
Exclusion Criteria 
1. Dialysis 
2. STEMI  
3. Pregnancy 
4. Breastfeeding 
5. Females aged < 45 years not 
using contraception 

1. 
Angiograph
y 
2. 
Percutaneo
us 
interventio
n 

1421 Increase in 
S. Creat. > 
0.5mg/dL 

High-Osm 
Low-Osm 
Iso-Osm 

0.9% 
saline, 
mL/kg/hr 
6-12 hours 
pre- to 6-
12 hours 
post-
angiograp
hy 

NAC 1200mg 
orally 
every 12 
hours 
• 2 doses 
pre- and 2 
doses 
post- 
procedure 

Median 
(IQR): 100 
(70-130) 

Mean S. 
Creat. ±SD:  
1.1±0.5mg/d
L 

Placebo 1200 mg 
orally 
every 12 
hours 
• 2 doses 
pre- and 2 
doses 
post- 
procedure 

Median 
(IQR): 100 
(70-130) 

Mean S. 
Creat. ±SD:  
1.1±0.6mg/d
L 

Bidram 
2015 
(74) 

Inclusion Criteria  
 
1. Chronic stable angina 
 
Exclusion Criteria 
 
1. Pregnancy 
2. Diabetes mellitus 
3. Renal failure 
4. Single kidney 
5. Cardiogenic shock 
6. Unstable angina 
7. MI 
8. Hypersensitivity to statins 
9. Previous intravascular contrast 
injection within month of admission 

1. PCI 203 Increase in 
serum 
creatinine 
> 0.5mg/dL 
48 hours 
after the 
procedure. 
Increase in 
S. Creat. of 
>0.5 mg/dl 
or >25% 
from 
baseline 

Iso-Osm 
Iodixanol 

1ml/kg/h 
of isotonic 
saline 
solution 
12h pre- 
and post-
contrast 

Atorvastatin 
(patients 
previously 
on statins 
excluded 
from 
analysis) 

80mg 30-40cc Mean S. 
Creat. ±SD:  
1.18±0.02mg
/dL 

Placebo 
 

30-40cc Mean S. 
Creat. ±SD:  
1.14±0.02mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Bilasy 
2012 
(75) 

Inclusion Criteria  
 
1. Stable S. Creat.  
2. Moderate risk for CI-AKI  
3. Elective intervention  
serum creatinine and at least 
moderate risk for CI-AKI  
 
Exclusion Criteria  
 
1. Patients with unstable S. Creat.  
2. Recent IV administration of 
contrast within month of procedure  
3. Shock 
4. End-stage renal disease 
5. Haemodialysis 
6. Hypersensitivity to NAC or 
theophylline 
7. Serious cardiac arrhythmias 
8. Seizures 
9. Acute renal failure 

1. Coronary 
angiograph
y 
2. PCI 

66 Elevation 
of S. Creat. 
by ≥ 
0.5mg/dL 
or ≥ 25% 
within 3 
days of 
contrast 
injection 

Iopamidol 
Low-Osm 

0.9% 
sodium 
chloride 
(1mL/kg/h
r for 24 
hours 
beginning 
12 hours 
before the 
procedure. 
 
All 
patients 
received 
NAC 600 
mg twice 
daily, on 
the day 
before and 
the day of 
procedure. 

Theophyllin
e 

200mg in 
100mL 
sodium 
chloride 
(0.9%) IV 
30 
minutes 
before 
contrast 

Mean±SD:  
116.33±5
9.44 

Mean S. 
Creat. ±SD:  
1.54±0.73mg
/dL 

Placebo 100mL 
sodium 
chloride 
(0.9%) 30 
minutes 
before the 
procedure 

Mean±SD:  
117.17 ± 
63.13 

Mean S. 
Creat. ±SD:  
1.34±0.66mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Boscheri 
2007 
(76) 

Inclusion Criteria  
 
1. Chronic renal failure and stable S. 
Creat. > 120µmol/l) 
 
Exclusion Criteria 
 
1. MI within 3 months 
2. Cardiogenic shock 
3. Use of vasopressors 
4. Ejection fraction < 25% 
5. Acute renal failure  
6. Current peritoneal dialysis or 
haemodialysis 
7. Pregnancy 
8. Exposure to contrast dye or 
medication with NAC up to 72 
hours prior to study entry 

1. Coronary 
angiograph
y 
2. PCI 

151 ≥ 25% 
absolute 
rise in S. 
Creat. day 
2 
compared 
to baseline 

Iodixanol 
Iso-Osm 

500ml of 
normal 
saline 2 
hours 
prior to 
procedure. 
500ml 
during the 
procedure 
and for 6 
hours 
after. 

Ascorbic 
acid 

1 g 
ascorbic 
acid orally 
20 
minutes 
prior to 
contrast 
exposure 

Mean 
±SD: 
99±46 

Mean S. 
Creat. ±SD:  
1.75±0.4mg/
dL 

Placebo 1g 
placebo 
orally 20 
minutes 
prior to 
contrast 
exposure 

Mean 
±SD: 
112±67 

Mean S. 
Creat. ±SD:  
1.73±0.4mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Boucek 
2013 
(77) 

Inclusion Criteria  
 
1. > 18 years old 
2. Diabetic patients with impaired 
renal function 
(Serum creatinine ≥ 100mmol/L) 
3. Use of low-osmolar contrast 
media. 
 
Exclusion Criteria  
 
1. End-stage renal disease 
2. Chronic dialysis treatment 
3. Kidney transplant 

1. Elective 
procedure 
with use of 
low-
osmolar 
contrast 
media 

132 Increase in 
S. Creat.  ≥ 
25% 
and/or ≥ 
44 mmol/L 
within 2 
days after 
contrast 
administrat
ion 

Low-Osm Both 
groups 
receive 
infusion 
solutions 1 
hour pre-
procedure 
at 3 
mL/kg/h 
to 
maximum 
330mL; 
and for 6 
hours 

NaHCO3 154 mL 
of 8.4% 
NaHCO3 
add to 846 
mL of 5% 
glucose 

Mean 
±SD: 
115±47 

Mean S. 
Creat. ±SD:  
170±84 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

4. Pre-planned dialysis following the 
contrast-involving procedure 
5. Emergency procedures 
6. Acute kidney injury 
(serum creatinine increase ≥ 
50mmol/L during the previous 
24-h period) 
7. Volume overload with left 
ventricular failure 
8. Uncontrolled hypertension 
(systolic BP ≥ 180 or diastolic BP ≥ 
110mmHg) 
9. Haemodynamic instability 
(systolic BP < 90 and diastolic BP < 
50 mmHg) 
10. Contrast use in the previous 48h 
period 
11. Multiple myeloma 
12. Pregnancy 
13. Breastfeeding 
14. Pre-planned use of any other 
measure for CI-AKI prevention 

after at 
1mL/kg/h 
to 
maximum 
of 660mL 

Control (IV 
Fluids) 

154mL of 
5.85% 
NaCl 
added to 
846mL of 
5% 
glucose. 

Mean 
±SD: 
104±32 

Mean S. 
Creat. ±SD:  
160±74 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Brar 
2008 
(78) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. Estimated GFR ≤ 60mL/min/1.73 
m2  
2. One or more of  
a. Diabetes mellitus 
b. Congestive heart failure 
c. Hypertension 
d. Age > 75 years 
 
Exclusion Criteria  
 
1. Inability to obtain consent 
2. Receipt of NaHCO3 infusion prior 
to randomisation 
3. Emergency cardiac 
catheterisation 
4. Intra-aortic balloon counter-
pulsation 
5. Dialysis 
6. Exposure to radiographic 
contrast media within the 
preceding 2 days 
7. Allergy to contrast media 
8. Acutely decompensated CHF 
9. Severe valvular 
abnormality 
10. Single functioning kidney 
11. History of kidney or heart 
transplantation 
12. Change in eGFR ≥ 7.5% per day 
or cumulative change ≥ 15% in 
preceding 2 or more days. 

1.Coronary 
angiograph
y 

379 ≥ 25% or ≥ 
0.5mg/dL 
increase in 
S. Creat. 

Ioxilan 
Low-Osm 

As per 
interventi
on 
protocol 

NaHCO3 3mL/kg 
for 1 hour 
before 
coronary 
angiograp
hy, 
decreased 
to 
1.5mL/kg/
hr during 
the 
procedure 
and for 4 
hours 
after 

Median 
(IQR): 
126 (80-
214) 

Median S. 
Creat. (IQR), 
1.49 (0.36) 
mg/dL 

NaCl 3mL/kg 
for 1 hour 
before 
coronary 
angiograp
hy, 
decreased 
to 
1.5mL/kg/
hr during 
the 
procedure 
and for 4 
hours 
after 

Median 
(IQR): 
137 (89-
247) 

Median S. 
Creat. (IQR), 
1.49 (0.36) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Briguori 
2002 
(81) 

Inclusion Criteria  
 
1. Chronic renal impairment (S. 
Creat. > 1.2mg/dl and/or eGFR < 
70ml/min) 
2. Elective procedure 
 
Exclusion Criteria  
None specified 

1. Coronary 
angiograph
y ± 
angioplasty 
2. 
Peripheral 
angiograph
y ± 
angioplasty 

199 1. Increase 
of ≥ 25% in 
S. Creat. 48 
hours after 
the 
procedure 
OR 
2. Need for 
dialysis 
post 
contrast 

Iopromide 
Low-Osm 

0.45% 
saline IV at 
1ml/kg/ho
ur for 12 
hours pre- 
and 12 
hours 
post-
procedure 

NAC 600mg 
orally 
every 12 
hours 
• before 
and on 
day of 
administra
tion, total 
of 2 days 

Mean 
±SD: 
194±127 

Mean S. 
Creat. ±SD:  
1.52±0.43 
mg/dL 

Control IV fluid 
only  

Mean 
±SD: 
200±144 

Mean S. 
Creat. ±SD:  
1.54±0.36 
mg/dL 

Briguori 
2004 
(80) 

Inclusion Criteria  
 
1. Elective patients  
2. Chronic renal impairment (S. 
Creat. ≥ 1.5mg/dl and/or creatinine 
clearance < 60ml/min)  
3. Stable S. Creat. 
 
Exclusion Criteria  
None specified 

1. Coronary 
angiograph
y ± 
angioplasty 
2. 
Peripheral 
angiograph
y ± 
angioplasty 

209 1. Increase 
in S. Creat. 
by ≥ 
0.5mg/dL 
48 hours 
after the 
procedure 
OR 
2. Need for 
dialysis 

Iodixanol 
Iso-Osm 

0.45% 
saline IV at 
1ml/kg/ho
ur (or 
0.5ml/kg/
hour in 
patients 
with LVEF 
< 40%) for 
12 hours 

NAC 1200mg 
orally 
every 12 
hours 
• before 
and on 
day of 
administra
tion, total 
of 2 days 

Mean 
±SD: 
160±82 

Median S. 
Creat. (IQR): 
1.72 (1.55-
1.90) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

post 
contrast 

pre- and 
12 hours 
post-
procedure 

Fenoldopam Infusion 
started at 
least 1h 
pre-
procedure 
at 
0.10µg/kg
/min 
continued 
during and 
for 12h 
post-
procedure 

Mean 
±SD: 
168±104 

Median S. 
Creat. (IQR): 
1.75 (1.62-
2.01) mg/dL 



Chapter 2: Network Meta-Analysis 

 

56 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Briguori 
2007 
(79) 

Inclusion Criteria  
 
1. Patients ≥ 18 years 
2. Chronic kidney disease (stable S. 
Creat. ≥ 2.0 mg/dL and/or 
estimated glomerular filtration rate 
< 40mL/min) 
 
Exclusion Criteria  
 
1. S. Creat. ≥ 8mg/dL 
2. History of dialysis 
3. Multiple myeloma 
4. Pulmonary oedema 
5. Acute MI 
6. Recent exposure to radiographic 
contrast within 2 days of the study 
7. Pregnancy 
8. Administration of theophylline, 
dopamine, mannitol or fenoldopam 
 
  

1. Coronary 
angiograph
y 
2. 
Peripheral 
angiograph
y 

238 Increase of 
≥ 25% in S. 
Creat. 48 
hours after 
the 
procedure 

Iodixanol 
Iso-Osm 

All 
patients 
received 
NAC orally 
at a dose 
of 1200mg 
twice daily 
on the day 
before and 
the day of 
administra
tion of the 
contrast 
agent. 
 
 
3rd group 
with 
mixed 
treatment
s 
excluded. 

NaCl Isotonic 
saline 
(0.90%) IV 
at a rate 
of 
1mL/kg/hr 
(0.5 mL/kg 
for 
patients 
with LVEF 
< 40%) for 
12 hours 
before 
and 12 
hours 
after 
administra
tion of the 
contrast 
agent 

Mean 
±SD: 
179±102 

Median S. 
Creat. (IQR), 
1.95 (1.69-
2.26) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

NaHCO3 154mEq/L 
NaHCO3 in 
dextrose 
and H2O 
bolus 
3ml/kg/h 
for 1 hour 
immediate
ly before 
contrast; 
then 
infusion at 
1mL/kg/h 
during 
contrast 
exposure 
and for 6 
hours 
after the 
procedure
. 

Mean 
±SD: 
169±92 

Median S. 
Creat. (IQR): 
2.04 (1.86-
2.36) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Brueck 
2013 
(82) 

Inclusion Criteria  
 
1. Chronic renal impairment (S. 
Creat. ≥ 1.3mg/dL)  
2. Elective procedure 
 
Exclusion Criteria   
 
1. Variability of ≥ 0.3mg/dL in S. 
Creat. measurements in 7 days pre-
procedure 
2. Exposure to contrast agents or 
nephrotoxic medication within 
week of procedure  
3. Renal transplant recipients 
4. Patients with plasmacytoma, 
oxalosis, nephrolithiasis or 
hyperthyroidism  
5. Inadequate time for study 
measurements pre-procedure  
study procedures 
6. Previously known sensitivity to 
NAC or ascorbic acid. 
7. Pregnancy  
8. Breast feeding women 
9. Child-bearing females not using 
contraception 

1.Cardiac 
catheterisat
ion 

622 1. Increase 
in S. Creat. 
by ≥ 
0.5mg/dL 
(≥ 
44.2µmol/L
) within 72 
hours of 
procedure 

Ultravist 
Low-Osm 

0.9% 
sodium 
chloride 
(1mL/kg/h
r for 12 
hours pre- 
and 12 
hours 
post-
procedure. 

IV NAC 600mg in 
250ml 
saline 
(0.9%) 
over 30 
min 24 
hours and 
one hour 
before 
contrast 
exposure 

Median 
(IQR): 
110 (80-
160) 

Median S. 
Creat. (IQR): 
1.5 (1.3-1.8) 
mg/dL 

Ascorbic 
acid 

500mg in 
250ml 
saline 
(0.9%) 
over 30 
min 24 
hours and 
one hour 
before 
contrast 
exposure 

Median 
(IQR): 
115 (90-
150) 

Median S. 
Creat. (IQR): 
1.5 (1.3-1.7) 
mg/dL 

Control (IV 
Fluids) 

as per 
fluid 
protocol 

Median 
(IQR): 
110 (80-
150) 

Median S. 
Creat. (IQR): 
1.5 (1.3-1.7) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Burns 
2010 
(83) 

Inclusion Criteria  
 
1. Critically ill adult patients 
2. ≥ 18 years of age 
3. Undergoing contrast-enhanced 
CT of any organ 
4. Patient considered at risk of CI-
AKI 
 
Exclusion Criteria  
 
1.  CK > 5,000 
2. Myoglobinuria 
3. Known hypersensitivity to 
contrast dye or NAC 
4. Serious illness with low likelihood 
of survival within 48 hours or poor 
prognosis 
5. Pregnancy 
6. Cardiogenic shock 
7. Known or suspected nephritic, 
nephrotic or pulmonary-renal 
syndromes 
8. Post-renal aetiology of renal 
impairment 
9. Previous renal transplant 
10. Known solitary kidney 
11. Serum creatinine > 200µmol/L 
12. Recent exposure to 
radiographic contrast within 14 
days of randomisation 

Contrast 
enhanced 
CT 

46 1. Increase 
in S. Creat. 
by > 
50µmol/L 
from the 
time of 
randomisat
ion up to 
day 5 
following 
contrast 
exposure 

not 
specified 

Normal 
saline 12 
hours pre- 
and 12 
hours post 
CT 

IV NAC 5g in 100 
ml D5W 
before CT, 
2.5g in 
50ml D5W 
at 6- and 
12-hours 
post-CT 

not 
specified 

Mean S. 
Creat. ±SD:  
102±40.9 
mmol/L 

Placebo 5g in 
100ml 
D5W 
before CT, 
2.5g in 
50ml D5W 
at 6- and 
12-hours 
post-CT 

not 
specified 

Mean S. 
Creat. ±SD:  
118.1±26.3 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Carbone
ll 
2007 
(84) 

Inclusion Criteria 
 
1. Patients with ACS syndrome 
2. Normal renal function (Stable S. 
Creat. < 1.4mg/dl (123.76μmol/l) or 
a creatinine clearance > 60ml/min) 
 
Exclusion Criteria  
 
1. Haemodynamic instability 
(Systolic B.P. < 90mmHg)  
2. Known allergy to NAC or contrast 
agent 
3. Untreated gastrointestinal 
bleeding 
4. Current or previous treatment 
with theophylline, mannitol or 
nephrotoxic drugs. 

1. Coronary 
angiograph
y 

238 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h post-
contrast 

Iopromide 
Low-Osm 

As per 
interventi
on 
protocol 

IV NAC 600mg in 
50ml 
saline 
(0.9%) 
over 30 
min twice 
daily for 
total of 4 
doses, 
starting at 
least 6 
hours pre-
procedure 

Mean 
±SD: 
193±11 

Mean S. 
Creat. ±SD:  
0.94±0.16 
mg/dL 

Control (IV 
Fluids) 

50mL of 
0.9% 
saline 
solution 
for 30 
minutes 
twice daily 
for a total 
of 4 doses 

Mean 
±SD: 
183±10 

Mean S. 
Creat. ±SD:  
0.96±0.17 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Carbone
ll 
2010 
(85) 

Inclusion Criteria  
 
1. Patients with chronic kidney 
disease (S. Creat. ≥ 1.4mg/dL 
(123.76µmol/L) or < 60mL/min 
creatinine clearance) 
 
Exclusion Criteria  
 
1. Haemodynamic instability 
(systolic B.P. < 90mmHg)  
2. Known allergy to NAC or contrast 
agent 
3. Untreated gastrointestinal 
bleeding 
4. Current or previous treatment 
with theophylline, mannitol or 
nephrotoxic drugs. 

1. Coronary 
angiograph
y 

93 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h post-
contrast 

Iopromide 
Low-Osm 

As per 
interventi
on 
protocol 

IV NAC 600mg in 
50ml 
saline 
(0.9%) 
over 30 
min twice 
daily for 
total of 4 
doses, 
starting at 
least 6 
hours pre-
procedure 

Mean 
±SD: 
134.79±1
3 

Mean S. 
Creat. ±SD:  
2.01±0.77 
mg/dL 

Control (IV 
Fluids) 

50mL of 
0.9% 
saline 
solution 
for 30 
minutes 
twice daily 
for a total 
of 4 doses. 

Mean 
±SD: 
184.66±2
1 

Mean S. 
Creat. ±SD:  
1.87±0.7 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Castini 
2010 
(51) 

Inclusion Criteria  
 
1. Patients aged 18 years or older  
2. Stable S. Creat. ≥ 1.2mg/dL 
 
Exclusion Criteria  
 
1. S. Creat. > 4mg/dL 
2. History of dialysis 
3. Multiple myeloma 
4. Pulmonary oedema 
5. Cardiogenic shock 
6. Acute MI 
7. Emergency catheterisation  
8. Exposure to contrast media 
within 7 days of the study 
9. Allergy to iodinate contrast 
media or NAC 
10. Previous enrolment in the same 
or other protocols 
11. Pregnancy 
12. Administration of theophylline, 
mannitol, dopamine, dobutamine, 
nonsteroidal anti-inflammatory 
drugs, or fenoldopam 

1. Coronary 
angiograph
y ± PCI 

117 CI-AKI1: ≥ 
25% 
increase in 
S. Creat. 
over 
baseline at 
any of 3 
predefined 
time-
points.  
(24 hours, 
48 hours 
and 5 days) 
 
CI-AKI2: 
Absolute 
increase of 
≥ 0.5mg/dL 
in S. Creat 
at the 
same time-
points  
 
NB: 
CI-AKI1 
used for 
this 
analysis 

Iodixanol 
Iso-Osm 

As per 
interventi
on 
protocol 

NaCl 1mL/kg/hr 
for 12 
hours pre- 
and 12 
hours 
post-
contrast 
exposure 

Mean 
±SD: 
196.4±12
7.7 

Mean S. 
Creat. ±SD:  
1.59±0.38 
mg/dL 

NaHCO3 154mEq/L 
at 
3mL/kg/hr 
for one 1 
hour 
immediate
ly pre-
contrast 
injection, 
then 
1mL/kg/hr 
during 
contrast 
exposure 
and for 6 
hours 
post-
procedure
. 

Mean 
±SD: 
179.2±12
5.1 

Mean S. 
Creat. ±SD:  
1.59±0.38 
mg/dL 

NAC and IV 
NaCl 

Excluded 
from 
analysis 

Mean 
±SD: 
210.5±14
0.6 

Mean S. 
Creat. ±SD:  
1.57±0.38 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Chen 
2008 
(86) 

Inclusion Criteria  
 
1. Myocardial ischaemia  
 
Patients divided according to S. 
Creat.: 
< 1.5mg/dL: normal arm 
> 1.5mg/dL: abnormal arm before 
further randomisation. 
  
Normal and abnormal arms are 
considered separately 
 
Exclusion Criteria  
 
1. Coronary anatomy not suitable 
for PCI 
2. Emergency CABG required 
3. Patients on peritoneal or 
haemodialysis 
4. Acute MI 
5. No written formal consent  
6. Patients with normal coronary 
arteries 

1. PCI 1185 Absolute 
increase in 
S. Creat of 
0.5mg/dl at 
48h post-
procedure 

Iso-Osm As per 
interventi
on 
protocol 

IV 
hydration* 
*Abnormal 
group 
received 
1200mg 
NAC 12 
hours pre-
procedure 
and again 
post-
procedure 

Both 
arms: 
0.45% 
saline IV 
at 
1ml/kg/h 
starting 
12h pre-
procedure 

Mean 
±SD: 
Normal 
Arm: 
285±107 
Abnormal 
Arm: 
298±125 

Mean S. 
Creat. ±SD:  
Normal Arm: 
1.3±0.3 
mg/dL 
Abnormal 
Arm: 
2.5±0.1 
mg/dL 

Control (no 
hydration) * 
*Abnormal 
group 
received 
1200mg 
NAC 12 
hours pre-
procedure 
and again 
post 
procedure 

Control 
Group: 
1. Normal 
arm: 
no 
hydration 
2.Abnorm
al arm: 
no 
hydration 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Cho 
2010 
(87) 

Inclusion Criteria  
 
1. Chronic kidney disease  
2. 18 years 
3. Stable S. Creat. of 1.1mg/dL or 
estimated creatinine clearance < 
60mL/min  
4. Diagnostic, elective Cardiac 
angiography 
 
Exclusion Criteria  
 
1. Dialysis 
2. Multiple myeloma 
3. Myeloproliferative disease 
4. Current decompensated heart 
failure or significant change in 
NYHA symptom Class 
5. Current MI 
6. Symptomatic hypokalaemia 
7. Uncontrolled hypertension (SBP 
> 200mmHg or DBP > 100mmHg) 
8. Exposure to radiocontrast within 
7 days of enrolment 
9. Emergency catheterisation  
10. Allergy to contrast 
11. Pregnancy 
12. Administration of 
dopamine, mannitol, fenoldopam 
or NAC during the study 
13. Exacerbation of COPD  

1. Coronary 
angiograph
y 

79 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
72h post-
contrast 

Isoversol 
Low-Osm 

As per 
interventi
on 
protocol 

NaCl 154mEq/L 
at 
3mL/kg/hr 
for 1 hour 
immediate
ly pre-
contrast 
injection, 
then 
1mL/kg/hr 
for 6 
hours 
post-
procedure
. 

 
Mean S. 
Creat.:  
1.38mg/dL 

NaHCO3 154mEq/L 
at 
3mL/kg/hr 
for 1 hour 
immediate
ly pre-
contrast 
injection, 
then 
1mL/kg/hr 
for 6 
hours 
post-
procedure
. 

 
Mean S. 
Creat.:  
1.38mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

14. S. HCO3 > 28mEq/L 
15. S. Sodium < 133 mEq/L 

Oral 
hydration 

500mL of 
water to 
be started 
4 hours 
prior to 
contrast 
exposure 
and 
stopped 2 
hours 
prior to 
procedure 
and 
600mL of 
water 
post-
procedure 

 
Mean S. 
Creat.:  
1.38mg/dL 

NaHCO3 and 
oral 
hydration 

Excluded from analysis 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Cicek 
2013 
(88) 

Inclusion Criteria 
 
1. Diabetic patients 
2. Elective coronary angiography 
 
Exclusion Criteria  
 
1. S. Creat. > 1.5mg/dL 
2. Known malignancy 
3. Liver disease 
4. Allergy to contrast media 
5. Use of any nephrotoxic agent 
within 48h 
6. Exposure to contrast agent 
within 7 days 
7. Unstable angina 
8. Haemodynamically unstable 
patients 
9. Patients requiring PCI 

1. Coronary 
angiograph
y 

84 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h post-
contrast 

Iohexol 
Low-Osm 

saline 
infusion at 
1mL/kg/h 
from 3h 
before 
procedure 
continued 
for 24h 

Alpha-Lipoic 
Acid 

600mg 
thioctacid 
in 3 doses 
before 
meal; 
30 min 
pre- and 
at 24 and 
48 hours 
post-
angiograp
hy 

Median 
(IQR): 
75 (50-
100) 

Mean S. 
Creat. ±SD:  
0.86±0.18mg
/dL 

Control nil Median 
(IQR): 
80 (60-
120) 

Mean S. 
Creat. ±SD:  
0.89±0.18mg
/dL 

Coyle 
2006 
(89) 

Inclusion Criteria  
 
1. Age > 18 years  
2. Diabetes mellitus 
 
Exclusion Criteria  
 
1. Emergency procedure  
2. Inability to complete hydration 
protocol 
3. History of contrast nephropathy 

1. Coronary 
angiograph
y 

141 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline at 
48h post-
contrast 

Mixed: 
selection 
and 
volume of 
contrast 
at the 
discretion 
of the 
operator 

Oral 
hydration 
with 1 litre 
of clear 
fluids over 
10 hours 
before 
angiograp
hy. 
 
IV 

NAC 600mg 
orally 
every 12 
hours 
• 2 doses 
before 
and 2 days 
after 
administra
tion of 
contrast 

Mean 
±SD: 
88±61 

Mean S. 
Creat. ±SD:  
1.16±0.38mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

hydration 
on start of 
procedure 
with 
0.45% 
saline at 
300ml/ho
ur for 6 
hours. 

Control No 
interventi
on 

Mean 
±SD: 
98±65 

Mean S. 
Creat. ±SD:  
1.10±0.44mg
/dL 

Durham 
2002 
(90) 

Inclusion Criteria  
 
1. S. Creat. ≥ 1.7mg/dL 
 
Exclusion Criteria  
 
1. < 18 years 
2. Renal disease with reversible 
component 
3. Unwilling or unable to provide 
informed consent 
4. Inadequate time to perform the 
study procedures 
5. Evidence of active athero-
embolic disease 
6. Known allergy to NAC 
7. Severe asthma 
8. Breast feeding 

1. Coronary 
angiograph
y ± PCI 

98 Increase in 
S. Creat. ≥ 
0.5 mg/dL 
(44µmol/L) 

Iohexol 
Low-Osm 

0.45% 
saline at 
1ml/kg/hr 
for 12 
hours pre-
contrast, 
continuing 
for 12 
hours 
post-
procedure 

NAC 1200mg 
orally 1 
hour pre- 
and 3 
hours 
post-
contrast 

Mean 
±SD: 
77.4±35.9 

Mean S. 
Creat. ±SD:  
2.2±0.4mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

9. Severe peptic ulcer disease 
10. Respiratory depression 
11. > 15% variability in S. Creat. 
over three days prior to 
angiography 
12. Women of child bearing not 
using contraception 

Placebo 1200mg 
orally 1 
hour pre- 
and 3 
hours 
post-
contrast 

 
Mean S. 
Creat. ±SD:  
2.3±0.5mg/d
L 

Dussol 
2006 
(91) 

Inclusion Criteria 
 
1. Chronic renal failure (creatinine 
clearance 15-60ml/min) 
2. Radiological procedures 
necessitating a contrast medium 
injection  
 
Exclusion Criteria  
 
1. < 18 years 
2. Women of child-bearing age not 
on contraception 
3. Breast-feeding women 
4. LVEF < 30%, 
5. Uncontrolled hypertension (BP > 
180/110mmHg) 
6. Obvious extracellular over-
hydration 
7. Respiratory depression 
8. Known prior intolerance to 
theophylline or furosemide 

1. Contrast 
enhanced 
imaging 
procedure 

258 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline at 
48h post-
contrast 

Low-Osm 
contrast 
medium 

0.9% NaCl 
15ml/kg/h
r IV for 6h 
pre-
procedure. 
 
4th Group 
using oral 
NaCl only 
excluded 
from this 
analysis 

Furosemide 3mg/kg 
intraveno
usly just 
after the 
procedure 

Mean 
±SD: 
119±42 

Mean S. 
Creat. ±SD:  
201±81 
mmol/L 

Theophyllin
e 

5mg/kg 
one hour 
before the 
procedure 

Mean 
±SD: 
133±70 

Mean S. 
Creat. ±SD:  
214±113 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

9. Previous exposure to contrast 
media in the 14 days before 
randomisation 
10. No informed consent 

Control nil extra Mean 
±SD: 
115±57 

Mean S. 
Creat. ±SD:  
208±84 
mmol/L 

Dvorsak 
2013 
(92) 

Inclusion Criteria  
 
1. Chronic renal impairment with 
stable S. Creat. > 107mmol/L  
 
Exclusion Criteria  
 
1. Regular vitamin C-containing 
medication 
2. Acute renal failure 
3. End-stage renal disease 
4. Radiocontrast procedure in the 
previous 3 months 
5. Cardiogenic shock 
6. Acute MI 

1. Coronary 
angiograph
y ± PCI 

86 > 25% 
increase in 
S. Creat or 
> 25% 
increase in 
S. Cystatin 
C from 
baseline, 3-
4 days 
post-
procedure 

Iopamidol 
Iso-Osm 

Normal 
saline 50-
100mL/h 
for 2h pre- 
and for at 
least 6h 
post-
procedure 

Ascorbic 
acid 

3g orally 
pre-
procedure 
and 2g 
orally 
post-
procedure 
and again 
the next 
morning 

Mean 
±SD: 
144.6±86 

Mean S. 
Creat. ±SD:  
139.4±24 
mmol/L 

Placebo 3g orally 
pre-
procedure 
and 2g 
orally 
post-
procedure 
and again 
the next 
morning 

 
Mean S. 
Creat. ±SD:  
133.3±30.9 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Efrati 
2003 
(93) 

Inclusion Criteria  
 
1. S. Creat > 106µmol/L  
2. Elective coronary angiography 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Acute MI 
3. Non-compensated CHF 
4. Haemodynamic instability 
5. Known sensitivity to contrast 
media 

1. Coronary 
angiograph
y 

51 Increase of 
≥ 25% in S. 
Creat. 96 
hours after 
the 
procedure 

Ultravist 
Low-Osm 

0.45% 
saline at 
1ml/kg/hr 
for 12 
hours pre-
contrast, 
continuing 
for 12 
hours 
post-
procedure 

NAC Mucomyst 
20% 
solution 
diluted in 
30ml of 
regular 
Coca Cola, 
as 1g 
orally 
twice daily 
24 hours 
pre- and 
24 hours 
post-
angiograp
hy 

Mean 
±SD: 
142±25.3 

Mean S. 
Creat. ±SD:  
135.25±6.19 
mmol/L 

Placebo Regular 
Coca Cola 
alone 
orally 
twice daily 
24 hours 
pre- and 
24 hours 
post-
angiograp
hy 

Mean 
±SD: 
138±33.7 

Mean S. 
Creat. ±SD:  
131.7±6.19 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Er, F. 
2012 
(94) 

Inclusion Criteria  
1. > 18 years of age 
2. Presented with stable angina 
pectoris  
4. Renal function test revealed 
impaired renal function (elevated 
serum creatinine of > 1.4mg/dL or 
reduced eGFR < 60mL/min/1.73 m2) 
 
Exclusion Criteria: 
Patients who do not meet inclusion 
criteria 

1. Coronary 
angiograph
y 

126 Increase in 
serum 
creatinine 
≥ 25% or ≥ 
0.5mg/dL 
above 
baseline at 
48 hours 
after 
contrast 
medium 
exposure 

Iohexol 
Low-Osm 

 RIPC Intermitte
nt arm 
ischaemia 
through 4 
cycles of 5 
minute 
inflation 
and 5 
minute 
deflation 
of a blood 
pressure 
cuff 
started 
immediate
ly before 
procedure
. 

Mean 
±SD: 
124±44 

Mg/dl 
1.63 (1.47–
1.81) 
 

Placebo Sham 
(RIPC) 

Mean 
±SD: 
103±41 

Mg/dl 
1.62 (1.39–
1.93) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Eric 
Chong 
2015 
(234) 
 

Inclusion Criteria: 
adults > 21 years of age with a 
glomerular filtration rate (GFR) of 
15-60mL/min/1.73m2 and who 
were able to receive pre-hydration 
for 12h 
 
Exclusion Criteria: 
1. End-stage renal failure with GFR 
of < 15mL/min/1.73m2 
2. Acute renal failure with a > 
44μmol/L increase in serum Cr 
levels in the previous 24h 
3. Pre-existing dialysis, pulmonary 
oedema or moderate to severe 
congestive heart failure (New York 
Heart Association III–IV) 
4. Inability to withstand the fluid 
load and presence of 
haemodynamic compromise, 
uncontrolled hypertension 
(untreated systolic blood pressure > 
160mmHg, or diastolic blood 
pressure > 100mmHg) 
5. Emergency cardiac 
catheterisation  
6. Exposure to contrast or study 
drugs within the previous 48 
7. Allergies to contrast or trial 
medications 

1.Elective 
cardiac 
catheterisat
ion  
 

331 ≥ 25% 
increase of 
serum Cr 
concentrati
on or a ≥ 
44μmol/L 
(0.5mg/dL) 
increase in 
serum Cr 
within 48h 
of cardiac 
catheterisa
tion or PCI  
 

- 
 

See 
Groups 
 

NAC 154mEq/L 
sustained 
sodium 
chloride 
regime 
(1mL/kg/h 
12h 
before, 
during and 
6h after 
the 
procedure
) with oral 
NAC at 
1.2g bid 
for 3 days 

Contrast 
(ml) Mean 
(SD): 
116 (83.5) 

S. Creat. 
Mean (SD): 
134.0 (35.5) 

NaHCO3 154mEq/L 
abbreviate
d SOB 
regime at 
3mL/kg/h 
1h before 
the 
procedure 
and 
1mL/kg/h 
during and 
6h after 
the 
procedure 

Contrast 
(ml) Mean 
(SD): 
115 (85.4) 

S. Creat. 
Mean (SD): 
141.8 (44.8) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

8. Clinical conditions requiring 
continuous fluid therapy 
9. Potentially renal-toxic drugs 
within 48h of cardiac 
catheterisation and throughout the 
study 
 

Combinatio
n (excluded) 

combinati
on 

Contrast 
(ml) Mean 
(SD): 
116 (84.5) 

S. Creat. 
Mean (SD): 
138.7 (36.6) 

Erley 
1999 
(95) 

Inclusion Criteria:  
 
1. Chronic renal insufficiency (S. 
Creat. > 1.5mg/dl)  
2. Receive ≥ 80ml low-osmolality 
contrast media (Iopromide) 
 
Exclusion Criteria: 
 
1. Allergy to contrast media or 
theophylline 
2. Pregnancy 
3. Uncontrolled hypertension 
4. Severe heart failure 
5. Liver failure 
6. Nephrotic syndrome 

1. CT digital 
subtraction 
angiograph
y 

67 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 

Iopromide 
Low-Osm 

All 
patients 
received 
hydration 
with 2-
2.5ml fluid 
(either 
orally as 
mineral 
water or 
IV with 
0.45% 
saline) 
starting at 
least 24h 
before and 
continued 
for 24 

Theophyllin
e 

810mg 
daily in 
divided 
doses, 
270mg 
mané and 
540mg 
tardé 
started 2 
days 
before 
and 
continued 
until 3 
days post-
contrast 

Mean 
±SD: 
118±48 

Mean S. 
Creat. ±SD:  
1.9±0.5mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

hours 
post-
contrast 

Placebo Divided 
doses, 
mané and 
tardé 
started 2 
days 
before 
and 
continued 
until 3 
days post-
contrast 

Mean 
±SD: 
110±44 

Mean S. 
Creat. ±SD:  
1.7±0.4mg/d
L 

Erol 
2013 
(96) 

Inclusion Criteria  
 
1. S. Creat > 1.1mg/dL 
2. cardiac catheterisation 
 
Exclusion Criteria  
 
1. Acute myocardial infarction 
requiring PCI within 24h 
2. Cardiogenic shock 
3. Acute renal failure 
4. Current or planned peritoneal or 
haemo-dialysis 
5. Previous administration of 
contrast agents or anticipated re-
administration of contrast agents 
within the following 4 days. 

1. Coronary 
angiograph
y / PCI 

165 Increase of 
≥ 25% in S. 
Creat. 48-
96 hours 
after the 
procedure 

Iohexol 
Low-Osm 

1mg /kg/h 
saline for 
12h pre- 
and post-
contrast 

Allopurinol 300mg 
orally 24h 
before 
administra
tion of 
contrast 
agent 

Mean 
±SD: 
121±25 

Median S. 
Creat. (IQR): 
1.43(1.1-
4.15) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control fluid only Mean 
±SD: 
119±26 

Median S. 
Creat. (IQR): 
1.48(1.1-
2.96) mg/dL 

Erturk 
2014 
(97) 

Inclusion Criteria  
 
1. Age > 21 years 
2. eGFR < 60ml/min/1.73m2  
3. Elective intra-arterial procedure 
 
Exclusion Criteria  
  
1. Dialysis  
2. eGFR < 15ml/min/1.73m2 
3. Uncontrolled HTN 
4. Radiocontrast medium within 7 
days of trial 
5. Acute/chronic inflammatory 
disease 
6. NSAID or metformin up to 2 days 
before procedure 
7. Pregnancy 
8. Allergy to contrast or NAC 
9. Patients receiving fenoldopam, 
mannitol, dopamine and 
theophylline 

1. Coronary 
angiograph
y 
2. PCI 
3. 
Peripheral 
interventio
n 

225 > 25% 
increase in 
S. Creat or 
> 25% 
increase in 
S. Cystatin 
C from 
baseline, 
48 hours 
post-
procedure 

 
0.9% 
normal 
saline for 
12 hours 
pre- and 
12 hours 
post-
procedure 

Intravenous 
NAC 

2400mg 1 
hour pre-
procedure 
and 
4800mg 4-
6 hours 
post-
procedure 
**for this 
analysis 
only IV 
NAC 
included 

Mean 
±SD: 
122±67 

eGFR 30-
59ml:  
n=97 
 
eGFR 15-
29ml:  
n=5 

Oral NAC 1200mg 
orally 
every 12 
hours 
for 24 
hours pre- 
and 48 
hours 
post-
procedure 

Mean 
±SD: 
127±89 

eGFR 30-
59ml:  
n=95 
 
eGFR 15-
29ml:  
n=7 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

IV hydration normal 
saline only 

Mean 
±SD: 
127±66 

eGFR 30-
59ml:  
n=92 
 
eGFR 15-
29ml:  
n=11 

Eshraghi 
2017 
(235) 

Inclusion Criteria: 
Patients with ST elevation MI and 
above 18 years of age who were 
referred for emergency angioplasty 
 
Exclusion Criteria: 
1. Serum creatinine more 
than 1.5mg/dl 
2. heart failure, history of end-stage 
renal failure or being on dialysis 
3. Use of NAC, theophylline, 
aminoglycosides non-steroidal anti-
inflammatory medicines 
4. IV contrast media administration 
within the previous 2 days 
5. Pulmonary oedema, multiple 
myeloma and uncontrolled 
hypertension 

1.  
Emergency 
coronary 
angioplasty 

189 0.5mg/dl 
or 25% 
increase in 
serum 
creatinine 
above the 
baseline, 
48 hours 
after 
exposure 
to contrast 
media 

Iodixanol 
Iso-Osm 

Normal 
saline 1-
1.5cc/kg 
was 
administer
ed from 6 
hours 
before to 
6 hours 
after 
procedure 

Pentoxifyllin
e 

400mg 3 
times a 
day from 
referral 
day until 
24 hours 
after the 
procedure 

Mean+SD: 
190.88 ± 
75.82 

S. Creat. 
Mean+SD: 
1.147 ±0.424 

Control  IV 
hydration 
only  

Mean+SD: 
231.29 ± 
105.10 

S. Creat. 
Mean+SD: 
1.12 ±0.26 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Fan, Y 
2016 
(236) 

Inclusion Criteria: 
Patients > 18 years with an 
estimated glomerular filtration rate 
(eGFR) of 60mL/min or less 
undergoing elective cardiac 
catheterisation 
 
Exclusion Criteria: 
1. Cardiogenic shock 
2. Acute ST-segment elevated MI 
requiring primary PCI 
3. Left ventricular ejection fraction 
< 30% 
4. Allergy to contrast agent or 
nicorandil 
5. Previous contrast media 
exposure within 1 week 
6. Uraemia or renal failure receiving 
dialysis 
7. Administration of NAC, 
metformin, or NaHCO3 within 48h 
of the procedure 

2. Elective 
coronary 
angiograph
y 

269 25% 
increase in 
serum 
creatinine 
from 
baseline or 
44µmol/L 
(0.5mg/dL) 
increase in 
absolute 
value 
within 72h 
after 
exposure 
to contrast 
medium 

Ultravist 
Low-Osm 

0.9% 
saline at a 
rate of 
1mL/kg/h 
(0.5mL/kg
/h for 
patients 
with LVEF 
< 40%) at 
least 6h 
before and 
12h after 
procedure 

Nicorandil 
 

10mg 
three 
times daily 
from 2 
days 
before to 
3 days 
after 
contrast 
media 
exposure 

Mean+SD: 
145.3 ± 
51.6 

S. Creat. 
Mean+SD: 
123.55 ± 
10.77 

Placebo Matching 
Placebo 

Mean+SD: 
149.2 ± 
57.0 

S. Creat. 
Mean+SD: 
122.99 ± 
10.39 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ferrario 
2009 
(98) 

Inclusion Criteria  
 
1. Age > 18 years  
2. Elective coronary and/or 
peripheral angiography and/or 
angioplasty 
3. Creatinine clearance < 55ml/min 
with only ±10% variation in S. Creat. 
3-30 days before the procedure 
 
Exclusion Criteria  
 
1. NYHA symptoms class III to IV 
2. Ongoing acute myocardial 
infarction 
3. Acute coronary syndrome 
4. Renal replacement therapy 
5. Allergy to NAC 
6. Need for theophylline, 
dopamine, fenoldopam, mannitol 
or nephrotoxic drugs within 1 week 
of the procedure 
7. Presence of clinical signs of 
dehydration and systemic 
hypotension. 

1 .Coronary 
/ peripheral 
angiograph
y ± 
angioplasty 

214 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
contrast 

Iodixanol 
Iso-Osm 

Normal 
saline 
(0.9%) at 
1ml/kg/h 
in the 12-
24h pre- 
and 24h 
post-
procedure. 
 
Oral clear 
fluid 
intake was 
not 
restricted 
pre- or 
post-
procedure. 

NAC 600mg 
orally 
every 12 
hours 
on day 
pre- and 
day of 
procedure 

Mean 
±SD: 
180±104.
4 

Mean Creat. 
Clearance±S
D:  
37±11.5 
ml/min 

Placebo Glucose 
tablet 
orally 
every 12 
hours 
on day 
pre- and 
day of 
procedure 

Mean 
±SD: 
168±103.
3 

Mean Creat. 
Clearance±S
D:  
40±9.3 
ml/min 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Firouzi 
2012 
(99) 

Inclusion Criteria  
 
1. Non-emergent coronary 
angiography and 
intervention 
 
Exclusion Criteria  
 
1. S. Creat. > 2mg/dl 
2. Acute MI 
3. Unstable coronary syndrome 
4. Cardiogenic shock 
5. End-stage renal failure  
6. Dialysis 
7. Use of NAC 
8. History of intravenous contrast 
media administration within the 
previous 10 days 

1. 
Angiograph
y / PCI 

318 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iodixanol 
Iso-Osm 
Iopromide 
Iso-Osm 

Normal 
saline 1-
1.5cc/kg 
from 6h 
before to 
6h after 
procedure 

Pentoxyfylli
ne 

400mg 
three 
times a 
day from 
24h pre- 
to 24h 
post-
procedure 

Mean 
±SD: 
319.28±9
8.1 

Mean S. 
Creat. ±SD:  
1.17±0.22mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
325.34±1
01.41 

Mean S. 
Creat. ±SD:  
1.21±0.24mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Firouzi 
2015 
(100) 

Inclusion Criteria  
 
1. Acute MI 
2. Age > 20 years 
 
Exclusion Criteria  
 
1. S. Creat. > 2mg/dl 
2. Cardiogenic shock 
3. LVEF < 40% 
4. End-stage renal failure 
5. Dialysis 
6. N-acetylcysteine use 
7. History of intravenous contrast 
media administration within 10 
days 
8. Metabolic disorder with 
impairment of serum magnesium 
level. 

2. PCI 152 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iso-Osm 
Iodixanol 
or  
Low-Osm 
iopromide 

Normal 
saline 
infusion 1-
1.5cc/kg 
from start 
of 
procedure 
until 
6h post-
procedure 

MgSO4 1g just 
before the 
procedure 

Mean 
±SD: 
319.28±9
8.1 

Mean S. 
Creat. ±SD:  
1.17±0.22mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
325.34±1
01.41 

Mean S. 
Creat. ±SD:  
1.21±0.24mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Fung 
2004 
(101) 

Inclusion Criteria  
 
1. Moderate to severe renal 
insufficiency (S. Creat 1.69-
4.52mg/dL) 
2. Elective coronary angiography 
and/or intervention 
 
Exclusion Criteria  
  
1. Cardiogenic shock 
2. Current dialysis therapy 
3. Use of dopamine, theophylline, 
or mannitol 
4. Allergy to NAC or contrast agents 

1. Coronary 
angiograph
y / PCI 

105 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
reduction 
in eGFR 
within 48 
hours of 
contrast 

Iopromide 
Low-Osm 

Normal 
saline at 
100mL/h 
from 12 
hours pre- 
until 12 
hours 
post-
procedure 

NAC 400mg, 
thrice 
daily the 
day pre- 
and day of 
contrast 
procedure 

Mean 
±SD: 
135.8±66.
6 

Mean S. 
Creat. ±SD:  
2.27±0.54mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
121±66.2 

Mean S. 
Creat. ±SD:  
2.37±0.61mg
/dL 

Gare 
1999 
(102) 

Inclusion Criteria  
 
1. Mild-moderate chronic renal 
failure 
AND/OR   
2. Diabetes mellitus   
 
Exclusion Criteria  
 
1. Severe renal insufficiency (S. 
Creat. > 200µmol/l) 
2. Acute coronary events (MI or 
unstable angina) < 48h pre-
procedure 
3. Known intolerance to dopamine 
4. Allergy to contrast material 
5. Pheochromocytoma 

1. Coronary 
angiograph
y 

72 Increase in 
S. Creat. by 
40% from 
baseline 
after the 
injection of 
the radio-
contrast 
agents 

Lopromid
e 
Low-Osm 

0.45% 
Saline/D5
W for 8-
12h pre-
and 36-
48h post-
angiograp
hy at 
100ml/h 
(increased 
depending 
on urinary 
output). 

Dopamine 120ml of 
0.9% 
saline plus 
2mg/kg 
dopamine 
per day 
for 48h 

Mean 
±SD: 
173.8±13 

Mean S. 
Creat. ±SD:  
100.3±5.4 
mmol/L 

Control IV 
hydration 
only 

Mean 
±SD: 
163.2±13.
2 

Mean S. 
Creat. ±SD:  
100.6±5.2 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Geng 
2012 
(103) 

Inclusion Criteria  
 
1. Type 2 DM 
2. eGFR ≤ 60mL/min  
 
Exclusion Criteria 
 
1. Allergy to contrast media 
2. Contraindication for anisodamine 
3. Emergency cardiac 
catheterisation 
4. Congestive heart failure 
5. Intra-aortic balloon counter-
pulsation 
6. Dialysis 
7. Exposure to contrast media 
within the previous 7 days 

1. Coronary 
angiograph
y / PCI 

299 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
contrast 

Ultravist 
Low-Osm 

Saline at 
1ml/kg/hr 
12 hours 
pre- and 
12 hours 
post-
procedure 

Anisodamin
e 

0.2µg/kg/
min 12 
hours pre- 
and 
continued 
for 12 
hours 
post-
procedure 

Mean 
±SD: 
119±25 

Mean S. 
Creat. ±SD:  
120.9±19.2 
mmol/L 

 Control IV 
hydration 
only 

Mean 
±SD: 
124±23 

Mean S. 
Creat. ±SD:  
122±19.5 
mmol/L 

Goldenb
erg 
2004 
(104) 

Inclusion Criteria  
 
1. Chronic renal insufficiency (S. 
Creat. ≥ 1.5mg/dl or creatinine 
clearance < 50ml/min) 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Acute MI requiring primary or 
rescue PCI within 12 hours 
3. Cardiogenic shock 
4. Current peritoneal or 
haemodialysis 
5. Planned post-contrast dialysis 
6. Known allergy to acetylcysteine 

1. Coronary 
angiograph
y / PCI 

87 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 48 
hours 

Iopamidol 
Low-Osm 

0.45% 
Saline at 
1ml/kg/hr 
12 hours 
pre- and 
12 hours 
post-
procedure 

NAC 600mg 
orally 
thrice 
daily for 2 
days, 
starting 
24h pre-
procedure 

Mean 
±SD: 
111±43 

Mean S. 
Creat. ±SD:  
2±0.4mg/dL 

Placebo placebo 
orally 
thrice 
daily for 2 
days, 
starting 
24h pre-
procedure 

Mean 
±SD: 
121±49 

Mean S. 
Creat. ±SD:  
1.9±0.3mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Gomes 
2005 
(106) 

Inclusion Criteria  
 
1. S. Creat > 106.08mol/l, creatinine 
clearance < 50ml/min, or drug 
treated diabetes mellitus 
2. Elective intervention  
 
Exclusion Criteria  
 
1. Age < 18 years 
2. Use of contrast media within 21 
days of randomisation 
3. Current dialysis 
4. Haemodynamic 
instability before the procedure 
(SBP ≤ 90mmHg or DBP ≤ 60mmHg) 
5. History of sensitivity to N-
acetylcysteine. 

1. Coronary 
angiograph
y / PCI 

172 Increase in 
S. Creat. ≥ 
0.5 mg/dL 
(44µmol/L) 
within 48 
hours 

Ioxaglate 
Low-Osm 

0.9% 
Saline at 
1ml/kg/hr 
12 hours 
pre- and 
12 hours 
post-
procedure 

NAC 600mg 
orally 
twice daily 
for 2 days, 
starting 
24h pre-
procedure 
(2 doses 
pre- and 2 
doses 
post-
procedure
) 

Mean 
±SD: 
102.5±47.
3 

Mean S. 
Creat. ±SD:  
123.76±45.08 
mmol/L 

Placebo placebo 
orally 
twice daily 
for 2 days, 
starting 
24h pre-
procedure 
(2 doses 
pre- and 2 
doses 
post-
procedure
) 

Mean 
±SD: 
102.8±60.
4 

Mean S. 
Creat. ±SD:  
111.38±30.94 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Gomes 
2012 
(105) 

Inclusion Criteria  
 
1. S. Creat. ≥ 1.2mg/dL or eGFR < 
50mL/min 
 
Exclusion Criteria  
 
1. Age < 18 years 
2. Use of contrast media during the 
previous 21 days 
3. History of dialysis 
4. Cardiac insufficiency (NYHA III-IV) 
5. Emergency procedures. 

1. Coronary 
angiograph
y / PCI 

319 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 48 
hours 

Ioxaglate 
Low-Osm 

IV bolus of 
assigned 
fluid at 
3mL/kg/h 
for 1 hour 
immediate
ly pre-
contrast.  
 
IV 
hydration 
to 
continue 
at 
1mL/kg/hr 
during and 
for 6 hours 
post-
procedure 

NaHCO3 154mEq/l 
in D5W 

Mean 
±SD: 
124±65 

Mean S. 
Creat. ±SD:  
1.5±0.4mg/d
L 

NaCl 154mEq/l 
in D5W 

Mean 
±SD: 
125±87 

Mean S. 
Creat. ±SD:  
1.49±0.5mg/
dL 

Gu 
2013 
(107) 

Exclusion Criteria  
 
1. NYHA stage IV 
heart failure 

1. Coronary 
angiograph
y / PCI 

859 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

 
1/ml/kg/h 
saline for 
4 hr pre- 
and for 24 
hr post-
procedure 

Furosemide 20mg over 
30 
seconds 

Mean 
±SD: 
100±40 

Mean S. 
Creat. ±SD:  
91±21.3 
mmol/L 

Control IV 
hydration 
only 

Mean 
±SD: 
100±40 

Mean S. 
Creat. ±SD:  
89.2±17.6 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Gulel 
2005 
(108) 

Inclusion Criteria  
 
1. Elective coronary intervention 
2. Chronic renal impairment (stable 
S. Creat. > 1.3mg/dl)  
 
Exclusion Criteria  
 
1. Acute renal failure  
2. End stage renal failure on regular 
dialysis 
3. Clinically evident heart failure  
4. Allergy against contrast medium 
5. Serious hepatic dysfunction 
6. Planned for percutaneous 
coronary intervention 

1. 
Diagnostic 
coronary 
angiograph
y 

55 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 48 
hours 

Ioxaglat 
Low-Osm 

0.9% 
Saline at 
1ml/kg/hr 
12 hours 
pre- and 
12 hours 
post-
procedure 

NAC 600mg 
orally 
twice daily 
for 2 days, 
starting 
24h pre-
procedure 

 
Mean S. 
Creat. ±SD:  
1.6±0.4mg/d
L 

Control IV 
hydration 
only 

 
Mean S. 
Creat. ±SD:  
1.8±0.6mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Guneba
kmaz 
2012 
(109) 

Inclusion Criteria  
 
1. Patients scheduled for coronary 
angiography and ventriculography 
2. S. Creat. ≥ 1.2mg/dL 
 
Exclusion Criteria  
 
1. Dialysis 
2. Recent exposure to contrast 
media or a nephrotoxic agent 
within 7 days before the study 
3. Urgent PCI 
4. Requiring loop diuretics, 
theophylline, aminophylline or 
dopamine throughout the study 
5. Haemodynamically unstable 
patients 
6. Contraindications for β-blocker 
prescription. 

1. Coronary 
angiograph
y / PCI 

148 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 2-5 
days of 
contrast 

Iopromide 
Low-Osm 

Intravenou
s isotonic 
saline at 
1mL/kg/h
our, for 6 
hours pre- 
and 12 
hours 
post-
procedure 

NAC 600mg 
orally 
twice daily 
for 4 days, 
4 doses 
pre-
procedure
, 2 doses 
day of 
procedure 
and 2 
doses day 
post-
procedure 

Mean: 
63.4 

Mean S. 
Creat. ±SD:  
1.42±0.13mg
/dL 

Nebivolol 5mg every 
24 hours 
for 4 days: 
2 doses 
pre-
procedure
, 1 dose 
day of 
procedure
, and 1 
dose day 
post- 
procedure 

Mean: 
61.8 

Mean S. 
Creat. ±SD:  
1.4±0.11mg/
dL 

Control IV 
hydration 
only 

Mean: 
64.2 

Mean S. 
Creat. ±SD:  
1.43±0.14mg
/dL 



Chapter 2: Network Meta-Analysis 

 

87 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Gupta 
1999 
(110) 

Inclusion Criteria  
 
1.Diabetes mellitus  
 
 
Exclusion Criteria 
 
1. S. Creat. > 6mg/dL 
2. Patients already on ACEI 
3. Contraindication to ACEI 
4. LVEF < 30% 
5. Known allergy to contrast media 

1. Coronary 
angiograph
y 

83 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 24 
hours 

 
Dextrose 
saline 
(with 
insulin) at 
1ml/kg/ho
ur started 
3 hours 
pre- and 
continued 
for 6 hours 
post-
procedure 

Captopril 25mg po 
q8h 
started 1h 
pre-
contrast, 
continued 
for 3 days 

Mean 
±SD: 
116.6±11.
4 

Mean S. 
Creat. ±SD:  
1.38±0.27mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
118.4±9.3 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Hafiz 
2012 
(111) 

Inclusion Criteria  
 
1. Chronic kidney disease (S. Creat. 
> 1.6mg/dl in non-diabetics and > 
1.4mg/dl in diabetics) or an 
estimated glomerular filtration rate 
(eGFR) of < 50ml/min/1.73m2  
2. Age > 18 years  
 
Exclusion Criteria  
 
1. Dialysis 
2. Unstable renal function (> 
0.4mg/dl change in S. Creat. 48 hr 
pre-procedure) 
3. Pulmonary oedema 
4. S. bicarbonate > 34mmol/L 
5. Received fenoldopam, mannitol, 
dopamine, or NAC within 48 hr pre-
procedure 
6. Cardiogenic shock 
7. Allergic to contrast media 
8. Pregnancy 
9. Unable to provide informed 
consent. 

1. Coronary 
angiograph
y 
2. PCI 
3. 
Peripheral 
interventio
n 

176 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iodixanol 
Iopamidol 
Ioversol 
All are: 
Low-Osm 

As per 
interventi
on 
protocol 

NaCl Normal 
Saline 
1ml/kg/hr 
for 12h 
pre- and 
12h post-
procedure 

Median 
(IQR): 
100 (80-
140) 

Mean S. 
Creat.: 
1.6mg/dL 

NaHCO3 D5W 
containing 
154mEq/L 
of 
NaHCO3 at 
3ml/kg/hr 
for 1hr 
pre-
procedure
, 
1ml/kg/hr 
for 6hr 
post-
procedure 

Median 
(IQR): 
110 (75-
155) 

Mean S. 
Creat.: 
1.7mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Han  
2014 
(112) 

Inclusion Criteria  
 
1. Type 2 DM 
2. Chronic kidney disease (stage 2 
or 3)  
 
Exclusion Criteria  
 
1. Hypersensitivity to contrast 
medium or statins 
2. Type 1 DM 
3. Ketoacidosis 
4. Lactic acidosis 
5. CKD stages 0/1/4/5 
6. Acute STEMI within preceding 4 
weeks 
5. NYHA class IV heart failure 
6. Haemodynamic instability 
7. Administration of iodinated 
contrast medium during the 2 
weeks before randomisation 
8. LDL Cholesterol < 1.82mmol/L 
9. Hepatic dysfunction (S ALT > 3 × 
normal) 
10. Thyroid insufficiency 
11. Renal artery stenosis (unilateral 
> 70% or bilateral > 50%) 

1. Coronary 
angiograph
y 
2. PCI 
3. 
Peripheral 
interventio
n 

3095 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 72 
hours of 
contrast 

Iodixanol 
Iso-Osm 

0.9% 
saline at 
1ml/kg/h 
from 12h 
pre- until 
24h post-
procedure 
(physician’
s 
discretion 
allowed) 

Statin Rosuvasta
tin 10mg 
tardé from 
2 days 
pre- until 
3 days 
post-
procedure 
(total dose 
50mg over 
5 days) 

Median 
(IQR): 
120 (100-
200) 

 

Control no statin Median 
(IQR): 
110 (100-
200) 

Mean S. 
Creat. ±SD:  
94.95±20.84 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Hashemi 
2005 
(113) 

Exclusion Criteria  
 
1. Amount of contrast used < 100 or 
> 300ml 
2. Calcium antagonists, ACE-I, 
theophylline prescribed within 2 
days before the procedure 
3. Baseline S. Creat. > 2mg/dl. 

1. Coronary 
angioplasty 

98 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 48 
hours 

Meglumin 
compoun
d (76%, 
Daroo 
Pakhsh, 
Iran) 
(370mg/2
0ml) 

Normal 
saline 
0.9% 
infusion 
(total 
volume of 
1.5L) at 60 
ml/hr 
from 12hr 
pre- until 
12 hr post-
procedure. 

Captopril 12.5mg po 
q8h 
started 2h 
pre-
contrast, 
continued 
for 48h 

Mean 
±SD: 
225±120 

Mean S. 
Creat. ±SD:  
0.98±0.43mg
/dL 

Placebo placebo 
po q8h 
started 2h 
pre-
contrast, 
continued 
for 48h 

Mean 
±SD: 
223.3±13
0 

Mean S. 
Creat. ±SD:  
1.05±0.39mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Healy, D 
2015 
(237) 

Inclusion Criteria: 
Patients aged over 17 years 
scheduled for abdomino-pelvic 
CECT-scans who were likely to 
remain in hospital for at least two 
days after the scan 
 
Exclusion Criteria: 
1. Allergy or hypersensitivity to 
iodinated contrast 
2. Hospital admission SCr > 
150µmol/dL (a contraindication to 
iodinated contrast) 
3. Renal transplant 
4. History of acute renal failure that 
required management by a 
nephrologist 
5. Current use of either 
sulphonlyurea or nicorandil 

1. Contrast 
enhanced 
CT 

98 increase of 
> 25% or 
an increase 
of ≥ 
0.5mg/dl in 
SCr from 
the 
baseline 
value 48h 
after 
exposure 
to the 
contrast 
medium 

Iohexol 
Low-Osm 
Iopamidol 
Iso-Osm 
Iodixanol 
Iso-Osm 

Use of 
hydration 
prior to 
the 
procedure 
was at the 
discretion 
of the 
physician 
who 
ordered 
the scan. 

RIPC 40 
minutes 
before 
contrast 
was given 
five 
minute 
cycles of 
arm 
ischaemia 
with three 
minutes of 
reperfusio
n between 
by 
inflating 
blood 
pressure 
cuff 
positioned 
on the 
patient’s 
arm to a 
pressure 
of 
200mmHg 
or 
15mmHg 
above 
systolic 
pressure if 
that was > 
200mmHg 

Most 
patients 
receive a 
dose of 
90mL, but 
patients 
heavier 
than 
110kg 
may 
receive 
120mL. 
All 
patients 
with eGFR 
< 
60mL/min
/1.73m2 
receive 
iodixanol 

Median (IQR) 
73 (59, 85) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control No 
interventi
on 

 Median (IQR) 
75 (62, 85) 

Heguilen 
2013 
(114) 

Inclusion Criteria  
 
1. Age > 18 years 
2. Stable S. Creat. ~1.25mg/dl 
(110lmol/l) 
3. Cr. Clearance < 45ml/min  
 
Exclusion Criteria  
 
1. S. Creat. 4.5mg/dl (364.5μmol/l) 
2. Change in S. Creat. ≥ 0.5mg/dl 
(44.2μmol/l) within the previous 
week 
3. Emergency catheterisation 
4. Pulmonary oedema 
5. Pre-existing dialysis 
6. Recent exposure to contrast 
media 
7. Multiple 
myeloma 
8. Uncontrolled hypertension 
9. Haemodynamic instability 
10. Current treatment with 
dopamine, mannitol, fenoldopam, 
aminophylline, theophylline, 

1. Contrast 
study 
including 
cardiac 
catheterisat
ion or 
arteriograp
hy 

101 > 25% 
increase 
above 
baseline S. 
Creat. 
within 48-
72 hours of 
contrast 

Ioversol 
Low-Osm 

As per 
interventi
on 
protocol 

NaHCO3 D5W 
containing 
154mEq/L 
of 
NaHCO3 at 
3ml/kg/hr 
for 2hr 
pre-
procedure
, 
1ml/kg/hr 
during and 
for 6-12hr 
post-
procedure 

Mean 
±SD: 
179.8±14.
2 

Mean S. 
Creat. ±SD:  
1.57±0.03mg
/dL 

NAC 600mg 
orally 
twice daily 
day 
preceding 
and day of 
procedure 

Mean 
±SD: 
186.6±15.
4 

Mean S. 
Creat. ±SD:  
1.60±0.07mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

ascorbic acid or NAC 
11. Pregnant or childbearing 
women 
12. Known hypersensitivity to 
contrast media or NAC 
13. Patients undergoing 
interventions limited to the major 
renal vasculature 

Both NAC + 
NaHCO3 

Excluded from analysis 

Heng 
2008 
(115) 

Inclusion Criteria  
 
1. Stable CRF (eGFR < 56ml/min and 
S. Creat variability < 0.1mg/dl 
between levels measured 1-2 
months before procedure and the 
baseline level taken within 24 hours 
before intervention 
 
Exclusion Criteria  
 
1. Age < 18 years 
2. Pregnancy 
3. Allergy to NAC 
4. Dialysis 
5. Acute renal failure 
6. Haemodynamic instability 
7. Overt congestive cardiac failure 
8. Administration of iodinated 
contrast media, nephrotoxic agent 
or NAC within the last 30 days prior 
to inclusion 
9. Patients on nephrotoxic agents 
such as NSAIDs or aminosides 

1. Coronary 
angiograph
y / PCI 

65 Increase in 
S. Creat. 
≥0.5 mg/dL 
(44 
µmol/L), 
>25% 
increase S. 
Creat. 
above 
baseline or 
> 5ml 
decrease in 
eGFR 
within 48 
hours of 
contrast 

Iomeprol 
Low-Osm 
Iodixanol 
Iso-Osm 

Bicarbonat
e saline 
1.4% IV at 
1ml/kg/hr 
for 12 
hours pre- 
and 12hr 
post-
procedure 
(6 hours 
for 
patients 
with heart 
failure) 

NAC 1200 mg 
orally 
twice daily 
day 
preceding 
and day of 
procedure 

Mean 
±SD: 
208±70 

Mean S. 
Creat. ±SD:  
178±53mmol
/L 

Placebo placebo 
orally 
twice daily 
day 
preceding 
and day of 
procedure 

Mean 
±SD: 
198±76 

Mean S. 
Creat. ±SD:  
193±76mmol
/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Hoole 
2009 
(116) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. Elective PCI 
3. Able to give informed consent 
 
Exclusion Criteria  
 
1. Emergency PCI 
2. Elevation of cTnI pre-PCI 
3. Women of child-bearing age 
4. Nicorandil or glibenclamide use  
5. Severe comorbidity (estimated 
life expectancy < 6 months) 

1. PCI 218 > 25% 
increase 
above 
baseline S. 
Creat. 
within 24 
hours of 
contrast 

Iopromide 
Low-Osm 

 
RIPC Blood 

pressure 
cuff 
placed 
around 
non-
dominant 
upper 
arm. The 
cuff 
inflated to 
200mmHg 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
deflation 
and 
repeated 
2 more 
times to 3 
cycles in 
total 

Mean 
±SD: 
196.7±80.
1 

eGFR, 
median 
(IQR): 
72.0 (55.8–
86.0) 

Placebo Placebo 
group: 
similar 
cuff 
placed 
around 
the upper 
arm, but it 
was not 
inflated 

Mean 
±SD: 
187.5±74.
2 

eGFR, 
median 
(IQR): 
75.5 (65.3–
89.8) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Hsu 
2012 
(117) 

Inclusion Criteria  
 
1. Adult patients undergoing 
abdominal or chest contrast-
enhanced CT in Emergency 
Department 
 
Exclusion Criteria  
 
1. Long-term haemodialysis 
2. Peritoneal dialysis 
3. Received another dose of 
contrast medium within 72 hours 
4. Refusal to sign consent forms 
5. Known allergy to NAC 

1. Contrast 
Enhanced 
CT 

241 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48-
72 hours of 
contrast 

Iohexol 
Iobitridol 
Iopromide 
All are: 
Low-Osm 

3mL/kg/h 
of 
0.9% NaCl 
for 1hr 
pre-CT, 
continued 
at 
1mL/kg/hr 
for 6hr 
post-CT 
(decrease
d to 
0.5mL/kg/
hr in 
patients 
with 
clinical 
evidence 
of CHF) 

Intravenous 
NAC 

600mg of 
NAC in 
0.9% 
sodium 
chloride at 
3mL/kg 
for 1hr 
pre-
contrast 

Mean 
±SD: 
91.1±10.0 

Mean S. 
Creat. ±SD:  
1.40±0.58mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
88.1±10.0 

Mean S. 
Creat. ±SD:  
1.26±0.43mg
/dL 

Huber 
2003 
(118) 

Inclusion Criteria  
 
1. Chronic renal insufficiency (S. 
Creat. ≥ 1.3mg/dl) undergoing 
coronary angiography  
 
Exclusion Criteria  
 
1. Pregnancy 
2. Contraindications to theophylline 

1. Coronary 
angiograph
y 

112 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
within 48 
hours 

Iomeprol 
Low-Osm 

100ml 
NaCl 30 
minutes 
before 
coronary 
angiograp
hy, fluid 
intake ≥ 2 
L/day was 
advised 

Theophyllin
e 

200mg IV 
30 
minutes 
before 
coronary 
angiograp
hy 

Mean 
±SD: 
196.5±84.
1 

Mean S. 
Creat. ±SD:  
1.65±0.41mg
/dL 

Placebo IV 
hydration 
only 

Mean 
±SD: 
216.6±95.
0 

Mean S. 
Creat. ±SD:  
1.72±0.69mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Inda-
Filho 
2014 
(119) 

Inclusion Criteria  
1. Age > 18 years 
2. Elective coronary angiography or 
ventriculography  
 
Exclusion Criteria  
 
1. Received an iodinated contrast 
medium intravascularly within 30 
days pre-procedure  
2. Emergency coronary 
catheterisation 
3. Pulmonary oedema 
4. Acute decompensated congestive 
heart failure 
5. On nonsteroidal anti-
inflammatory drugs or metformin 
at the time of the study 
6. Declined to participate 

1. 
Angiograph
y / 
ventriculog
raphy 

561 Increase of 
≥ 0.3mg in 
or absolute 
value ≥ 
1.1mg/dL 
of S. Creat. 
at 72 hours 

Ioxitalam
ate 
Hi-Osm 

All 
patients 
receive 
NaCl 
(0.9%, 
isotonic) 
given 
intravenou
sly at 
1mL/kg/h. 
Patients 
received 
medicatio
ns 
intravenou
sly 60 
minutes 
immediate
ly before, 
during, 
and 6 
hours 
immediate
ly after 
contrast 

Intravenous 
NAC 

NAC in 
D5W at 
150mg/kg
/hr as 
bolus 
prior to 
contrast, 
then at 
50mg/kg/
h 

Mean 
±SD: 
21±16.7 

Mean S. 
Creat. ±SD:  
1.00±0.25mg
/dL 

NaHCO3 150mEq of 
8.4% 
NaHCO3 in 
1L 5% 
dextrose 
given as 
bolus at 
3.5ml/kg/
hr pre-
contrast, 
then at 
1.18ml/kg
/hr 

Mean 
±SD: 
22±17.6 

Mean S. 
Creat. ±SD:  
1.00±0.24mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
28±22.4 

Mean S. 
Creat. ±SD:  
1.04±0.41mg
/dL 

Both NAC + 
NaHCO3 

Excluded from analysis 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Izani 
2008 
(238) 

Inclusion Criteria: 
Patients electively admitted for 
coronary angiography > 18 years 
with creatinine clearance 40-
90ml/min  
 
Exclusion Criteria: 
1. Severe renal failure  
2. Severe peptic ulcer  
3. Allergy to NAC or asthma 
4. Pregnancy or breast feeding 
 

1.  
Coronary 
angiograph
y ± PCI 

108 25% 
increase in 
serum 
creatinine 
above the 
baseline, 
48 hours 
after 
exposure 
to contrast 
media 

Iohexol 
Low-Osm 

0.45% 
normal 
saline 12 
hours 
before 
contrast 
start and 
after at 
rate of 
1ml/kg/h 

NAC 600mg BD 
for 4 days 
started 12 
hours 
before 
contrast 
administra
tion 

Contrast 
(ml) Mean 
(SD): 
136.73(10
0.23) 

S. Creat. 
Mean (SD): 
123.7(17.08) 

Control Only IV 
saline  

Contrast 
(ml) Mean 
(SD): 
126.67(94
.37) 

S. Creat. 
Mean (SD): 
124.4(21.89) 

Jaffery 
2012 
(121) 

Inclusion Criteria  
 
1. Diagnosis of ACS 
2. Age > 18 years  
 
Exclusion Criteria  
 
1. End-stage renal disease (ESRD) 
requiring dialysis 
2. Known hypersensitivity to NAC 
3. History of life-threatening 
contrast reaction. 

1. Coronary 
angiograph
y / PCI 

456 > 25% 
increase 
above 
baseline S. 
Creat. 
within 72 
hours of 
contrast 

Iodixanol 
Iso-Osm 

Additional 
intravenou
s normal 
saline 
(0.9% NaCl 
in water) 
was 
administer
ed such 
that the 
total 
volume of 
fluid 
infused 
was equal 
to 
1cc/kg/hr 
for 24hr 

Intravenous 
NAC 

1,200mg 
bolus 
followed 
by 
200mg/hr 
for 24hr 

Mean 
±SD: 
169.5±94.
5 

Mean S. 
Creat. ±SD:  
1.09±0.4mg/
dL 

Placebo matched 
placebo 

Mean 
±SD: 
161.3±83.
4 

Mean S. 
Creat. ±SD:  
1.07±0.4mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Jo  
2013 
(122) 

Inclusion Criteria  
 
1. Age > 19 years  
2. Creat. clearance ≤ 60ml/min  
3. Elective procedure 
 
Exclusion Criteria  
 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Pulmonary oedema 
4. Emergency coronary angiography 
5. Acute renal failure 
6. End stage renal disease requiring 
dialysis 
7. Previous exposure to contrast 
medium within seven days of study 
8. Pregnancy 
9. Lactation 
10. Hypersensitivity to contrast 
media 
11. Mechanical ventilation 
12 Parenteral use of diuretics 
13. Multiple myeloma 
14. Use of metformin or non-
steroidal anti-inflammatory drugs 
within 48 hours of procedure 

1. Coronary 
angiograph
y / PCI 

212 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iodixanol 
Iso-Osm 
Ipromide 
Low-Osm 
Iobitridol 
Low-Osm 

Isotonic 
normal 
saline at 
1ml/kg/hr 
for 12 
hours pre- 
and 12 
hours 
post-
procedure 

Alpha lipoic 
acid 

600mg 
orally 8-
hourly 
commenc
ed day of 
procedure
, up to a 
total of 
3600mg 

Mean 
±SD: 
165.2±83.
6 

Mean S. 
Creat. ±SD:  
120.8±69.8m
mol/L 

Control IV 
hydration 
only 

Mean 
±SD: 
174.6±10
3.6 

Mean S. 
Creat. ±SD:  
108.2±37.5m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Jo  
2008 
(123) 

Inclusion Criteria  
 
1. Age > 19 years  
2. Baseline S. Creat. ≥ 1.1mg/dL or 
Creat. clearance ≤ 60ml/min  
 
Exclusion Criteria  
 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Pulmonary oedema 
4. Emergency coronary angiography 
5. Acute renal failure 
6. End stage renal disease requiring 
dialysis 
7. Previous exposure to contrast 
medium within seven days of study 
8. Pregnancy 
9. Lactation 
10. Hypersensitivity to contrast 
media 
11. Mechanical ventilation 
12 Parenteral use of diuretics, 
use of NAC, ascorbic acid, 
metformin or nonsteroidal anti-
inflammatory drugs within 48 hours 
of the procedure 
13. Multiple myeloma 
14. Statin use within 30 days of 
procedure 

1. Coronary 
angiograph
y 

243 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iodixanol 
Iso-Osm 

Half-
isotonic 
normal 
saline at 
1ml/kg/hr 
for 12 
hours pre- 
and 12 
hours 
post-
procedure 

Simvastatin 40mg 
twice daily 
for 2 days, 
twice pre- 
and twice 
post-
angiograp
hy to total 
160mg 

Mean 
±SD: 
173.3±99.
3 

Mean S. 
Creat. ±SD:  
1.285±0.409
mg/dL 

Placebo placebo 
twice daily 
for 2 days, 
twice pre- 
and twice 
post-
angiograp
hy to total 
160mg 

Mean 
±SD: 
190.9±13
3.5 

Mean S. 
Creat. ±SD:  
1.234±0.358
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Jo  
2009(12
4) 

Inclusion Criteria  
 
1. Age > 19 years  
2. Baseline S. Creat. ≥ 1.1mg/dL or 
Creat. clearance ≤ 60ml/min  
 
Exclusion Criteria  
 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Pulmonary oedema 
4. Emergency coronary angiography 
5. Acute renal failure 
6. End stage renal disease requiring 
dialysis 
7. Previous exposure to contrast 
medium within seven days of study 
8. Pregnancy 
9. Lactation 
10. Hypersensitivity to contrast 
media 
11. Mechanical ventilation 
12 Parenteral use of diuretics, 
use of NAC, ascorbic acid, 
metformin or nonsteroidal anti-
inflammatory drugs within 48 hours 
of the procedure 
13. Multiple myeloma 

1. Coronary 
angiograph
y 

179 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iodixanol 
Iso-Osm 

Half-
isotonic 
normal 
saline at 
1ml/kg/hr 
for 12 
hours pre- 
and 12 
hours 
post-
procedure 

NAC 1,200mg 
orally 
twice 
daily, 
twice pre- 
and twice 
post-
angiograp
hy, to a 
total of 
4,800mg 

Mean 
±SD: 
203.6±14
1.9 

Mean S. 
Creat. ±SD:  
1.38±0.52mg
/dL 

Ascorbic 
acid 

5mg pre-
procedure 
in divided 
doses of 
3g and 2g 
with 12h 
interval, 
two doses 
of 2g at 
12h 
intervals 
post-
procedure 

Mean 
±SD: 
216.4±13
6.1 

Mean S. 
Creat. ±SD:  
1.27±0.35mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Jurado-
Roman  
2015 
(125) 

Inclusion Criteria  
 
1. Patients with STEMI undergoing 
primary PCI  
 
Exclusion Criteria  
 
1. End-stage renal failure requiring 
dialysis 
2. Cardiac arrest 
3. Severe heart failure (Killip III to 
IV) 

1. PCI 473 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
contrast 

Iodixanol 
Iso-Osm 

As per 
interventi
on 
protocol 

IV hydration Isotonic 
normal 
saline at 
1ml/kg/hr 
from start 
of 
procedure 
continued 
for 24h 

Mean: 
180 

Mean GFR 
±SD: 
90±21 
 
mg/min/1.73
m2 

Control no 
hydration 

Mean: 
173 

Mean GFR 
±SD: 
88±54 
 
mg/min/1.73
m2 

Kai, Z 
2015 
(239) 

Inclusion Criteria: 
Patients > 18 years and < 80 years 
with Type 2 diabetes whose 
estimated glomerular filtration rate 
(eGFR) was ≤ 60 mL/min·1.73m2 
 
Exclusion Criteria: 
1. Hyperpyrexia or allergic to iodine 
2. Tumours 
3. Severe heart failure 
4. Severe kidney failure 
5. Severe liver failure 
6. Disorders of the immune system 
7. Blood diseases. 

1. Coronary 
angiograph 

89 Relative (≥ 
25%) or an 
absolute (≥ 
44.2μmol/L
) increase 
in serum 
creatinine 
from the 
baseline 
value 
within 3 
days after 
intravascul
ar 
administrat
ion of 
contrast 
medium 

Iopamidol 
Low-Osm 

intravenou
s isotonic 
saline 
(0.9%) at a 
rate of 
approxima
tely 
1mL/kg 
per hour 
for 6h 
before, 
and 12 h 
after, 
contrast 
exposure 

Standard 
Cordyceps 

2g corbrin 
capsules, 3 
times/d, 3 
days before 
and after 
procedure  

Mean+SD: 
248.87±48.
69 

S. Creat. 
Mean+SD: 
121±19 

Control 
(basic 
treatment 
group) 

No 
Cordyceps 

Mean+SD: 
246.85±49.
74 

S. Creat. 
Mean+SD: 
122±19 

Intensive 
Cordyceps 
 
This group 
was not 
analysed  

3g corbrin 
capsules, 3 
times/d, 3 
days before 
and after 
procedure 

Mean+SD: 
250.87±50.
72 

S. Creat. 
Mean+SD: 
122±19 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kama 
2014 
(126) 

Inclusion Criteria  
 
1. Patients who had CE-CT in 
Emergency Department 
2. Age > 18 years 
3. Mehran risk score for CI-AKI 
moderate and high-risk groups (> 5 
points)  
 
Exclusion Criteria  
 
1. Low risk for CI-AKI 
2. Allergy to contrast 
3. Haemodynamically unstable 
requiring excessive fluid 
resuscitation or surgery 
4. Renal replacement therapy 
5. Did not provide informed 
consent 

1. CE-CT 123 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48-
72 hours of 
contrast 

Low-Osm 
Iohexal 
All 
Patients 
get Less 
than 
100ml 
volume 

1,000mL 
of 0.9% 
NaCl at a 
rate of 
350mL/hr 

NaCl 150mg/kg 
1L 0.9% 
NaCl at 
350mL/ho
ur 

 
Median S. 
Creat. (IQR): 
1.62 (1.4-
2.07) mg/dL 

Control IV 
hydration 
only 

 
Median S. 
Creat. (IQR): 
1.47 (1.0-
1.68) mg/dL 

NaHCO3 150mEq in 
1L 0.9% 
NaCl at 
350mL/ho
ur 

 
Median S. 
Creat. (IQR): 
1.49 (1.12-
1.85) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kay 
2003 
(127) 

Inclusion Criteria  
 
1. Patients with stable moderate 
renal insufficiency (S. Creat > 
1.2mg/dL (106µmol/L) or creatinine 
clearance < 60mL/min) 
2. Elective coronary angiography 
and/or intervention 
 
Exclusion Criteria  
 
1. Dialysis 
2. Acute renal failure  
3. Contrast media or nephrotoxic 
agent within the last 30 days 
4. Overt congestive heart failure  
5. Severe valvular disease  
6. LVEF < 35% 
7. COPD or asthma 
8. Allergy to NAC 

1. Coronary 
angiograph
y / PCI 

216 > 25% 
increase 
above 
baseline S. 
Creat. 
within 48 
hours of 
contrast 

Low-Osm NaCl at 
1mL/kg/hr 
for 12hr 
pre- and 
6hr post-
contrast. 
  
Liberal 
intake of 
oral fluid 
was 
encourage
d 

NAC 600mg 
orally 
twice daily 
day 
preceding 
and day of 
procedure
, total 2 
days 

Mean 
(IQR): 
130 (75-
320) 

Median S. 
Creat. (IQR): 
1.24 (0.77-
2.99) mg/dL 

Placebo placebo 
orally 
twice daily 
day 
preceding 
and day of 
procedure
, total 2 
days 

Mean 
(IQR): 
120 (70-
380) 

Median S. 
Creat. (IQR): 
1.26 (0.75-
3.64) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kefer 
2003 
(128) 

Exclusion Criteria  
 
1. S. Creat. > 3mg/dl 
2. Acute renal failure 

1. Coronary 
angiograph
y 
2. PCI 

109 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 24 
hours of 
contrast 

Low-Osm 
Iopromide 
or 
Iohexol 
Mean 
CV/ml per 
procedure
: 
199±77 

 
Intravenous 
NAC 

1200mg in 
200ml 
0.9% NaCl 
in two 60 
minute 
infusions, 
first 12hr 
pre-
procedure
, and 
second 
following 
administra
tion of 
contrast. 

  

Placebo placebo in 
200ml 
0.9% NaCl 
in two 60 
minute 
infusions, 
first 12hr 
pre-
procedure
, and 
second 
following 
administra
tion of 
contrast.  
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Khosravi 
2016 
(240) 
 

Inclusion Criteria: 
Patients aged between 55 and 75 
who had diabetes (fasting blood 
sugar > 126mg/dL, random blood 
sugar > 200mg/dL, and glucose 
tolerance test > 200mg/dL) and 
chronic renal failure (creatinine > 
1.5mg/dL or 15 < glomerular 
filtration rate [GFR] < 
60ml/min/1.73m2) and were 
candidates for elective angiography   
 
Exclusion Criteria: 
1. Recent treatment with 80mg of 
statin (high dose) 
2. Need for emergency angiography 
3. Contraindications to statin 
prescription 
4. Previous contrast-media 
administration during the preceding 
10 days 
5. Chronic dialysis treatment, and 
informed refusal of consent 
 

1. Coronary 
angiograph
y 
 

229 Increase in 
serum 
creatinine 
more than 
0.5mg/dL 
or more 
than 25% 
from the 
baseline 
(for this 
analysis we 
took 48 
hour 
incidence) 
 

Iso-Osm 
 

Isotonic 
saline 
(0.9% 
sodium 
chloride or 
half saline, 
13mL/kg/h
), 
intravenou
sly, and N-
acetylcyst
eine (NAC) 
1200mg, 
orally, 
twice a 
day, 1 day 
before to 
2 days 
after 
interventi
on started, 
from 1 
hour 
before 
angiograp
hy until 4 
hours 
after 
 

Atorvastatin 80mg/d 
from 48h 
before 
angiograp
hy 

< 200ml 
for 96.3% 
of 
patients  

S. Creat. 
Mean+SD: 
1.53±0.44 

Placebo Matching 
Placebo 

< 200ml 
for 98.2% 
of 
patients 

S. Creat. 
Mean+SD: 
1.47±0.42 

Khoury 
1995 
(129) 

Inclusion Criteria 
 
1. Patients undergoing 
radiocontrast study  

1. CT 
2. 
Angiograph
y 

87 > 25% 
increase 
above 
baseline S. 

Radiologis
t 
preferenc
e allowed 

Normal 
saline 0.5-
1.5L pre-
procedure 

Nifedipine 10mg 1 
hour pre-
procedure 

Mean 
±SD: 
126±34.8 

Mean S. 
Creat. ±SD:  
92.4±53.1m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

 
Exclusion Criteria  
 
1. NSAID use 
2. Use of nephrotoxic drugs 
3. Contrast media administration 
within 72 hours of procedure  
4. LVEF < 30% 

3. IVP 
4. 
Venogram 

Creat. to 
above 
124µmol/L 

and 0.5L 
after 

Control no 
interventi
on 

Mean 
±SD: 
118.1±41.
8 

Mean S. 
Creat. ±SD:  
92.5±31.6m
mol/L 

Kimmel 
2008 
(130) 

Inclusion Criteria  
 
1. Mild to moderately impaired 
kidney function  
2. Age > 18 years 
3. S. Creat. ≥ 1.2mg/dl or Creatinine 
clearance < 50 ml/min measured by 
a 12- or 24-hour urine collection 
 
Exclusion Criteria  
 
1. Acute inflammatory disease 
2. Medication with NSAID or 
metformin up to 3 days before 
entering study 
3. Abnormal findings in physical 
examinations, e.g. signs of 
dehydration or inflammation. 

1. Coronary 
angiograph
y 

60 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iomeperol
e 
Low-Osm 

1ml/kg/h 
infusion of 
0.45% 
saline for 
24h (12h 
before and 
12h after 
exposure 
to contrast 
media 

NAC 600mg 
orally 
twice daily 
day 
preceding 
and day of 
procedure
, total 2 
days 

Mean 
±SD: 
187±88 

Mean S. 
Creat. ±SD:  
1.51±0.23mg
/dL 

Zinc 60mg 
once daily 
on the day 
before 
missing 
doses 
replaced 
by 
placebo 

Mean 
±SD: 
173±85 

Mean S. 
Creat. ±SD:  
1.60±0.49mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Placebo placebo 
orally 
twice daily 
day 
preceding 
and day of 
procedure
, total 2 
days 

Mean 
±SD: 
219±105 

Mean S. 
Creat. ±SD:  
1.65±0.65mg
/dL 

Kinbara 
2010 
(131) 

Inclusion Criteria  
 
1. Patients with stable S. Creat. 
(baseline ± ≤ 0.1mg/dL at 12-24h 
pre-procedure) concentrations 
undergoing coronary angiography ± 
PCI   
 
Exclusion Criteria  
 
1. Acute MI requiring primary or 
rescue PCI 
2. Use of vasopressors before PCI 
3. Cardiogenic shock 
4. Current peritoneal dialysis or 
haemodialysis 
5. Planned post-contrast dialysis 
6. Allergies to the medications 
being studied 
7. Overt congestive heart failure 
8. Severe valvular disease 
9. LVEF < 30% 
10. Pregnancy 
11. Multiple myeloma 
12. Amyloidosis 

1. Coronary 
angiograph
y 
2. PCI 

49 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
after 48h 

Iopamidol 
Low-Osm 

NaCl 
1ml/kg/hr 
for 30min 
pre- and 
10h post-
procedure 

NAC 704mg 
orally 
twice daily 
day 
preceding 
and day of 
procedure
, total 2 
days 

Mean 
±SD: 
147±23 

Mean S. 
Creat. ±SD:  
1.00±0.36mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
141±14 

Mean S. 
Creat. ±SD:  
0.97±0.29mg
/dL 

Aminophylli
ne 

250mg as 
a short 
infusion 
(100ml 
saline, 
0.9%) 30 
min pre-
procedure 

Mean 
±SD: 
142±15 

Mean S. 
Creat. ±SD:  
0.94±0.21mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kitzler 
2012 
(132) 

Inclusion Criteria  
 
1. Chronic kidney disease stage 1-4  
2. Elective CT with non-ionic 
radiocontrast agents  
3. Age > 18 years  
4. S. Creat. > 1.25mg/dL for males 
and 1.09mg/dL for females  
4. No renal replacement therapy 
 
Exclusion Criteria 
 
1. Acute kidney injury 
2. Increase of > 0.2mg/dL in S. 
Creat. from baseline to enrolment  
3. Administration of vitamin E, NAC, 
or other antioxidant therapy within 
4 weeks of study 
4. Participation in an investigational 
clinical trial within 1 month prior to 
the start of the study 

1. Elective 
CT 

30 > 25% 
increase 
above 
baseline S. 
Creat. at 48 
hours 

Low-Osm 
Iopromide 

0.45% 
saline 
infusion at 
1ml/kg/hr 
for 12h 
before and 
after CT. 

NAC 1200gm 
NAC 
granules + 
placebo 
emulsion 
oral route, 
12 and 6h 
before 
and 6 and 
12h post-
procedure
, as well as 
0.45% 
saline 
infusion 
(1:1 
dilution of 
0.9% 
saline with 
5% 
glucose) 

100ml Mean S. 
Creat. ±SD:  
1.37±0.51mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

5. Known or suspected allergy to 
the investigational drugs 
6. Current use of theophylline, 
dopamine, furosemide, or 
mannitol. 

Vitamin E Placebo 
granules + 
vitamin E 
emulsion 
(540mg) 
intraveno
usly 12 
and 6h 
before 
and 6 and 
12h post-
procedure
, as well as 
0.45% 
saline 
infusion 

100ml Mean S. 
Creat. ±SD:  
1.37±0.2mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Placebo Placebo 
granules + 
placebo 
emulsion 
as well as 
0.45% 
saline 
infusion 

100 Mean S. 
Creat. ±SD:  
1.33±0.12mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Klima 
2012 
(133) 

Inclusion Criteria  
 
1. Patients undergoing intra-arterial 
/ intravenous radiological contrast 
study with renal dysfunction (S. 
Creat. > 0.93µmol/L for women and 
0.117µmol/L for men, or  
eGFR < 60mL/min/1.73m2 
 
Exclusion Criteria  
 
1. Age < 18 years 
2. Dialysis 
3. Allergy to radiographic contrast 
4. Pregnancy 

1. Contrast 
Study 

185 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

Low-Osm 
Iso-Osm 
Iopromide 
Iomeprol 
Iopentol 
Iohexol 
Iobitridol 
Iodixanol 

Additional 
oral fluid 
intake was 
encourage
d in all 
groups 

IV hydration NaCl at 
1mL/kg/h 
beginning 
from 8pm 
on the day 
pre- and 
for ≥ 12h 
post-
procedure
. 
 
CV median 
(IQR), mL: 
100 (80-
163) 

Median 
(IQR): 
100 (80-
163) 

Median S. 
Creat. (IQR): 
141 (112-
158) mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

5. NYHA class III and IV heart failure  
6. NAC ≤ 24h before contrast 
7. Clinical condition requiring 
continuous fluid therapy, e.g. 
severe sepsis 

NaHCO3 Initial 
intraveno
us bolus 
3mL/kg/h 
of 
166mEq/L 
NaHCO3 
for 1hr 
pre-
contrast. 
Following 
this, 
patients 
received 
the same 
fluid at 
1mL/kg/h 
during and 
for 6h 
post-
procedure 

Median 
(IQR): 
100 (80-
143) 

Median S. 
Creat. (IQR): 
141 (115-
164) mmol/L 

Intravenous 
and oral 
NaHCO3 

Excluded from analysis 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ko 
2013 
(134) 

Inclusion Criteria  
 
1. eGFR < 60 mL/min 

1. Coronary 
angiograph
y 

159 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

Iodixanol 
Iso-Osm 

0.45% 
saline at 
1mL/kg/hr 
(0.5mL/kg
/hr 
if LVEF < 
40%) 
administer
ed ≥ 8hr 
pre- and 
post-
procedure 

Nicorandil 12mg 
dissolved 
in 100mL 
of 0.9% 
saline 

Mean 
±SD: 
125.6±69.
1 

Mean S. 
Creat. ±SD:  
1.73±0.6mg/
dL 

Control 100ml of 
0.9% 
saline 

Mean 
±SD: 
126.9±74.
6 

Mean S. 
Creat. ±SD:  
1.61±0.44mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Koc 
2012 
(136) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. Creatinine clearance ≤ 60mL/min 
and/or S. Creat. ≥ 1.1mg/dL  
 
Exclusion Criteria  
 
1. Contrast-agent hypersensitivity 
2. Pregnancy  
3. Lactation 
4. Decompensated heart failure 
5. Pulmonary oedema 
6. Emergency catheterisation 
7. Acute renal failure 
8. End-stage renal failure 

1. Coronary 
angiograph
y 
2. PCI 

241 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

Iohexol 
Low-Osm 

As per 
interventi
on 
protocol 

Intravenous 
NAC 

IV bolus of 
600mg 
twice daily 
before 
and on the 
day of 
procedure 
(total = 
2.4g) plus 
IV 0.9% 
saline 
1mL/kg/h 
before, on 
and after 
the day of 
procedure 

Median 
(IQR): 
130 (100-
155) 

Mean CrCl. 
±SD:  
59±16mL/mi
n 

Control IV 0.9% 
saline 
1mL/kg/h 
12h pre- 
and 12h 
post-
procedure 

Median 
(IQR): 
130 (119-
150) 

Mean CrCl. 
±SD:  
63±15mL/mi
n 

IV hydration IV 0.9% 
saline 
1mL/kg/h 
before, on 
and after 
the day of 
coronary 
procedure 

Median 
(IQR): 
120 (100-
150)  

Mean CrCl. 
±SD:  
58±16mL/mi
n 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Koc 
2013 
(135) 

Inclusion Criteria  
 
1. Diabetes mellitus  
2. Age > 18 years  
 
Exclusion Criteria  
 
1. Hypersensitivity to contrast 
2. Decompensated heart failure 
3. Pulmonary oedema 
4. Pregnancy 
5. Lactation 
6. Severe renal impairment 
7. Emergency procedure 
8. Contrast medium administration 
within 7 days 

1. Coronary 
angiograph
y 
2. PCI 

216 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

Iohexol 
Low-Osm 
Preferred 

As per 
interventi
on 
protocol 

NaHCO3 154mL 
of 8.4% 
NaHCO3 
add to 
846mL of 
5% 
glucose 
given at 
1ml/kg/hr 
6hr pre- 
and 6h 
post-
procedure 

Median 
(IQR): 
90 (85-
100) 

Median S. 
Creat. (IQR): 
1.0 (0.8-1.3) 
mg/dL 

IV hydration IV 
Hydration 
Group: 
1ml/kg/ho
ur for 12h 
pre- and 
12h post-
procedure 

Median 
(IQR): 
90 (90-
100) 

Median S. 
Creat. (IQR): 
1.0 (0.87-1.3) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Koch 
2000 
(137) 

Inclusion Criteria  
 
1. Age > 18  
2. Stable impaired renal function (S. 
Creat. ≥ 1.5mg/dl)  
 
Exclusion Criteria  
 
1. MI 
2. Cerebral stroke 
3. Chronic cardiac insufficiency 
4. Unstable angina pectoris 
5. Significant arrhythmias 
6. Intake of digitalis 
7. Clinically relevant respiratory, 
gastrointestinal, hematologic, or 
neurologic illness 
8. Haemodialysis or progressive 
renal failure 
9. Severe liver damage 
10. Multiple myeloma 
11. Autoimmune illnesses or severe 
allergies 
12 Severe uncontrollable HTN 
(systolic > 220mmHg) 
13. Arterial hypotension (systolic < 
80mmHg) 
14. Cardiogenic shock 
15. Infectious diseases or fever 

1. Coronary 
angiograph
y 
2. 
Peripheral 
angiograph
y 

83 Maximum 
creatinine 
increase 
over 48h 
was 
separated 
according 
to the cut 
off values ≥ 
0.5mg/dl, ≥ 
1.0mg/dl. 
The cut-off 
point ≥ 
0.5mg/dl is 
used for 
this 
analysis 

Iso-Osm 
(320 & 
340mg/ml
) 

2000ml 
(1000ml 
NaCl 
solution/ 
1000ml 
5% 
glucose 
solution) 
for 24h 
pre- and 
post-
procedure 

PGE1 20ng/kg/
min 1h 
prior to 
radiocontr
ast 
administra
tion and 
continued 
for total of 
6h. 

Mean 
±SD: 
158.5±73.
86 (20-
445) 

Mean S. 
Creat. ±SD:  
2.07±0.48mg
/dL 

PGE1 The other 2 arms with 10, 40ng 
concentration are not included in this 
analysis 

Placebo placebo 
prior to 
radiocontr
ast 
administra
tion and 
continued 
for total of 
6 h. 

Mean 
±SD: 
158.5±73.
86 (20-
445) 

Mean S. 
Creat. ±SD:  
2.41±0.72mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kong 
2012 
(138) 

Inclusion Criteria  
 
1. Suspected or definitive coronary 
artery disease 
2. Age 18-80 years old 
3. Normal renal function  
 
Exclusion Criteria  
 
1. Acute MI 
2. LVEF < 45% 
3. Blood electrolyte disturbance 
4. Liver dysfunction 

1. Coronary 
angiograph
y 
2. PCI 

85 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h-72h 

Iopromide 
Low-Osm 

Patients 
allowed to 
drink tap 
water or 
other fluid 
freely in 
all groups 

IV hydration NaCl at 
1ml/kg/hr 
12h pre- 
and 24h 
post-
procedure 

Mean 
±SD: 
139.6±54.
3 with 
PCI; 
79.4±22.4 
without 
PCI 

Mean S. 
Creat. ±SD:  
102±25.9mm
ol/L 

Oral 
Hydration 

500ml of 
tap water 
pre- 
procedure 
and 
2000ml 
within 24 
hours post 
procedure 

Mean 
±SD: 
142.8±56.
1 with 
PCI; 
74.7±20.2 
without 
PCI 

Mean S. 
Creat. ±SD:  
108±32.78m
mol/L 

Oral 
Hydration 

2000ml oral tap water within 24 hours 
post-procedure  
NB: this group was excluded from our 
analysis (post intervention hydration 
only) 

Kooiman 
2014a 
(140) 

Inclusion Criteria  
 
1. Chronic renal impairment (eGFR 
< 60ml/min) 
2. High clinical suspicion of acute PE  
 
Exclusion Criteria  
 
1. Pregnancy 

1. CTPA 145 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h-96h 

Iopromide 
Low-Osm 
Iobitridol 
Low-Osm 
Iodixanol 
Iso-Osm 
Contrast 
type 
according 

As per 
interventi
on 
protocol 

NaHCO3 250mL IV 
1.4% 
NaHCO3 1 
hour 
before 
CTPA 
without 
hydration 
after CTPA 

Mean 
±SD: 
73.8±8.1 

Mean eGFR 
±SD:  
48.2±15.4 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

2. Previous contrast administration 
within the past 7 days 
3. Documented allergy for iodinated 
contrast media 
4. Haemodynamic instability (SBP < 
100mmHg) 

to each 
hospital 
guidelines 

Control No 
interventi
on 

Mean 
±SD: 
74.5±10.3 

Mean eGFR 
±SD:  
50.2±15.5 

Kooiman 
2014b 
(139) 

Inclusion Criteria  
 
1. Elective CE-CT 
2. Age > 18y 
3. CKD (eGFR < 60mL/min/1.73m2) 
 
Exclusion Criteria  
 
1. Pregnancy 
2. Previous contrast administration 
within the last 7 days 
3. Documented allergy for iodinated 
contrast media 
4. Haemodynamic instability (SBP < 
100mmHg) 
5. Previous participation in the trial 

1. CE-CT 560 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

low-Osm 
Iomeprol 
Iobitridol 
Iodixanol 

As per 
interventi
on 
protocol 

NaHCO3 250mL IV 
1.4% 
NaHCO3 1 
hour pre-
CE-CT 

Mean 
±SD: 
105.7±21 

 

IV hydration 
group: 

2L 0.9% 
NaCl, 1L 
pre- and 
1L post-
CE-CT 

Mean 
±SD: 
104.7±21.
6 

 



Chapter 2: Network Meta-Analysis 

 

119 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kotlyar 
2005 
(141) 

Inclusion Criteria  
 
1. S. Creat. ≥ 0.13mmol/l, 
2. Elective coronary, carotid or 
peripheral angiography and/or 
PTCA and stenting 
 
Exclusion Criteria  
 
1. Allergy to the study medication 
2. Unstable renal function (Creat. 
increase ≥ 0.04mmol/l day) 
3. Patients on dialysis 
4. Uncontrolled asthma 
5. Pregnancy 
6. Breastfeeding 

1. Coronary 
angiograph
y 
2. Carotid 
angiograph
y 
3. 
Peripheral 
angiograph
y 
4. PTCA 

40 Increase in 
the serum 
creatinine 
concentrati
on of at 
least 
0.044mmol
/l 48-96 
hours post 
procedure 

Iopromide 
Low-Osm 

0.9% 
saline at 
200ml/h 
2h pre-and 
continued 
for a 
further 5h 
post-
procedure 

Intravenous 
NAC 

600mg in 
100ml of 
5% 
dextrose 
administer
ed over 20 
min, 1-2h 
before 
angiograp
hy and 
again 2-4h 
after 
angiograp
hy 

Mean 
±SD: 
89±32 

Median S. 
Creat. 
(Range):  
27.5±5.8mm
ol/L 

Placebo matched 
placebo 

Mean 
±SD: 
86±41 

Median S. 
Creat. 
(Range):  
27.5±5.8mm
ol/L 

Kumar 
2014 
(142) 

Inclusion Criteria:  
 
1. Patients without risk factors for 
AKI 
2. Patients receiving < maximum 
permissible dose of the dye  
 
Exclusion Criteria 
 
1. Patients receiving > maximum 
permissible dose of dye 
2. Use of nephrotoxic 
drugs 
3. Gout or serum uric acid levels > 

1. PCI 289 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Patients 
randomis
ed into 2 
groups:  
1. Low-
Osm 
Omnipaq
ue 
2.Iso-Osm 
Visipaque  

0.9% 
saline at 
1ml/kg/mi
n (to max 
of 
100ml/hr) 
for 12h 
pre- and 
12h post-
procedure. 
Patients 
randomise
d first to 
Omnipaqu

NAC 600mg 
orally 
twice daily 
12h pre- 
and post- 
contrast 

 
Mean S. 
Creat. 
(Range):  
Omnipaque:  
1.0 (0.9-1.3) 
Visipaque  
1.1 (0.9-1.2) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

10mg/dl 
4. Hypersensitivity or intolerance to 
allopurinol 
5. Congestive heart failure or LVEF < 
40% 
6. Inability to give consent 

e and 
Visipaque 
arms 
which are 
analysed 
separately 
in this 
study 

Allopurinol 300mg 
orally 12h 
pre- and 
post- 
contrast 

IV Hydration IV 
hydration 
only 

Kurnik  
1990 
(144) 

Inclusion Criteria  
 
1. Patients with stable S. Creat ≥ 
1.8mg/L 
2. Elective cardiac catheterisation 
 
Exclusion Criteria  
 
1. Hypersensitivity to peptide drugs, 
local anaesthetics, heparin or 
radiocontrast 
2. Pregnancy 
3. NYHA class IV CHF 
4. Radiocontrast exposure within 
the previous 7 days 
5. MI within the previous 2 weeks 
6. Unstable renal function 
7. Medical instability 

1. PCI 28 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline at 
24h post-
contrast 

MD 76 
Hi-Osm 

75mmol/L 
NaCl in 
water at 
100ml/hr 
starting 12 
hr pre-
procedure 

ANP Bolus: 
50µg, 
followed 
by 
1µg/min 
mixed in 
75mmol 
NaCl for 2 
hours 

 
Mean S. 
Creat. ±SEM:  
2.4±0.7mg/d
L 

Mannitol 15% 
mannitol 
for 2 
hours 
before 
and during 
procedure 

Mean S. 
Creat. ±SEM:  
2.5±0.8mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Kurnik  
1998 
(143) 

Inclusion Criteria  
 
1. Patients aged 18-85 years  
2. Patients with stable S. Creat ≥ 
1.8mg/L OR ≥ 1.5mg/L and < 
1.8mg/L with Creat. clearance ≤ 
65ml/min  
3. Elective cardiac catheterisation 
 
Exclusion Criteria  
 
1. Hypersensitivity to peptide drugs, 
local anaesthetics, heparin or 
radiocontrast 
2. Dialysis  
3. SBP ≤ 100mmHg before study 
3. Dialysis  
4. Major surgery or radiocontrast 
exposure within the previous 7 days 
5. Expected dose of radiocontrast < 
than 75mL 
6. NYHA class IV CHF 
7. Scheduled surgical procedure 
within 48hr post-procedure 
8. Pregnancy 
9. Lack of consent  
10. Co-morbidity 

1. Contrast-
enhanced 
radiographi
c 
procedures 

152 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Choice of 
radiocont
rast agent 
determin
ed by the 
angiograp
her 

Intravenou
s 0.45% 
saline for 
12hr pre- 
and 
continuing 
for 12hr 
post-
contrast 

ANP 0.05µg/kg
/min 30 
minutes 
before 
and 
continuing 
for 30 
minutes 
after 
radiocontr
ast 
administra
tion. The 
other 2 
arms (0.1 
and 
0.01µg/kg
/min were 
excluded 
from this 
analysis). 

Mean 
±SD: 
141±58 

Mean S. 
Creat. ±SD:  
2.1±0.9mg/d
L 

Placebo matched 
placebo 

Mean 
±SD: 
132±54 

Mean S. 
Creat. ±SD:  
2.1±0.56mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Lawlor 
2007 
(146) 

Inclusion Criteria  
 
1. Pre-existing renal impairment 
2. Angioplasty for peripheral 
vascular disease  
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Haemodynamic instability 
3. Unable to tolerate hydration 
protocol for medical reasons 
4. Known sensitivity to NAC 
5. Unable to provide informed 
consent 

1. 
Peripheral 
angioplasty 

54 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

 
0.9% 
normal 
saline 
1ml/kg/hr 
for 12 
hours pre- 
and post-
procedure 

NAC 600mg in 
30ml of 
ginger ale 
orally 
twice 
daily, day 
prior to 
and day of 
angioplast
y 

 
Mean S. 
Creat. ±SD:  
167±46mmol
/L 

Placebo 3ml of 
0.9% 
normal 
saline in 
30ml of 
ginger ale 
orally 
twice 
daily, day 
prior to 
and day of 
angioplast
y 

 
Mean S. 
Creat. ±SD:  
172±48mmol
/L 

Control Out-patient oral hydration followed by 
IV hydration, *excluded from analysis* 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Lee 
2011 
(147) 

Inclusion Criteria  
 
1. Patients undergoing 
arteriography or intervention 
2. S. Creat ≥ 1.1mg/dl, eGFR < 
60ml/min/1.73m2 
3. Age > 18yr 
4. Diabetes mellitus 
 
Exclusion Criteria  
 
1. Inability to obtain informed 
consent 
2. S. Creat > 8mg/dl, eGFR < 
15ml/min/1.73m2 at rest 
3. End-stage renal disease on 
haemodialysis 
4. Multiple myeloma 
5. Pulmonary oedema 
6. Uncontrolled hypertension (SBP 
> 160mmHg or DBP > 100mmHg) 
7. Acute STEMI while undergoing 
primary PCI 
8. Emergency coronary angioplasty 

Coronary 
and 
endovascul
ar 
angiograph
y ± 
interventio
n 

402 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h 

Iodixanol 
Iso-Osm 

As per 
interventi
on 
protocol. 
Also, NAC 
1,200mg 
twice daily 
for 2 days 
starting 
day before 
procedure. 

NaHCO3 154mEq/L 
in 
dextrose 
and water 
starting at 
3ml/kg/hr, 
1hr pre-
procedure
, 
decreasing 
to 
1ml/kg/hr 
during 
procedure 
and for 
6hr post-
procedure 
(decrease
d to 
0.5l/kg/ho
ur in 
patients 
with LVEF 
< 45%) 

Mean 
(Range): 
113 (80-
200) 

Mean S. 
Creat. 
(Range):  
1.5 (1.3-1.9) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

or angiography 
9. Use of contrast media within the 
previous 2 days 
10. Pregnancy 
11. Allergy to contrast medium or 
medications such as theophylline, 
dopamine, mannitol, fenoldopam 
and NAC 

IV hydration 0.9% 
sodium 
chloride 
1ml/kg/ho
ur for 12 
hours pre- 
and post- 
procedure 
 
(decrease
d to 
0.5l/kg/ho
ur in 
patients 
with LVEF 
< 45%) 

Mean 
(Range): 
120 (79-
223) 

Mean S. 
Creat. 
(Range):  
1.5 (1.3-1.7) 
mg/dL 

Lehnert 
1998 
(148) 

Inclusion Criteria  
 
1. Stable S. Creat. ≥ 1.4mg/dl 
(124µmol/l) 
2. Angiography (contrast medium 
dose ≥ 1.2ml/kg) 
 
Exclusion Criteria 
 
1. End-stage renal disease 
2. Allergy to contrast medium 
3. Prior exposure to contrast 
medium within 14 days before 
4. Age < 30yr 
5. Pregnancy 

1. 
Angiograph
y 

44 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline at 
48h post-
contrast 

Iopentol 
Low-Osm 

0.9% 
saline IV at 
83ml/h 
starting 
12h pre- 
and for 
12h post-
procedure 

Haemodialy
sis 

Haemodial
ysis 
started 
with 
injection 
of the last 
part of 
contrast 
media and 
continued 
for 3 
hours 

Mean CV 
(ml/kg) 
±SEM: 
3.5±0.6 

Mean S. 
Creat. ±SD:  
2.58±0.25mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control IV 
hydration 
only 

Mean CV 
(ml/kg) 
±SEM: 
3.0±0.4 

Mean S. 
Creat. ±SD:  
2.26±0.2mg/
dL 

Leoncini 
2014 
(149) 

Inclusion Criteria  
 
1. Non-STEMI 
2. Early invasive strategy 
 
Exclusion Criteria  
 
1. Current statin treatment 
2. High-risk features warranting 
emergency coronary angiography 
(within 2h) 
3. Acute renal failure or end-stage 
renal failure requiring dialysis 
4. Serum creatinine ≥ 3mg/dl 
5. Severe comorbidities which 
precluded early invasive strategy 
6. Contraindications to statin 

1. PCI 559 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iso-Osm 
Iodixanol 
[Visipaqu
e] 

0.9% 
saline IV at 
1ml/kg/h 
starting 
12h pre- 
and for 
12h post-
procedure. 
NAC 
1,200mg 
twice daily 
for 2 days 
starting 
day before 
procedure. 
(Fluid 
decreased 

Statin 40mg 
Rosuvasta
tin at time 
of 
randomisa
tion 
followed 
by 
20mg/day 

Mean 
±SD: 
183±80 

Mean S. 
Creat. ±SD:  
0.95±0.27mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

treatment 
7. Contrast medium administration 
within the previous 10 days 
8. Pregnancy 
9. Refusal of consent 

to 
0.5l/kg/ho
ur in 
patients 
with LVEF 
< 40%) 

Control No Statins Mean 
±SD: 
127±72 

Mean S. 
Creat. ±SD:  
0.96±0.28mg
/dL 

Li, W 
2012 
(151) 

Inclusion Criteria  
 
1. Patients with acute STEMI 
2. Emergency PCI 
 
Exclusion Criteria  
 
1. Statin treatment within 
preceding 3 months  
2. Renal or hepatic dysfunction 
3. Dialysis  
4. Prior fibrinolysis 
5. Unconsciousness on arrival 
6. Cardiogenic shock with intra-
aortic balloon pumping 
7. Uncontrolled hypertension 
8. Stroke 
9. Major operation within the 
previous 3 months 
10. Refusal of PCI 

1. PCI 176 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 3 
days post-
contrast 

Low-Osm 
Ultravist 

0.9% 
saline IV at 
1ml/kg/h 
starting 
12h pre- 
and for 
12h post-
procedure 

Statin 80mg 
Atorvastat
in pre-
procedure
, and 
continued 
long-term, 
40mg/day 

Mean 
±SD: 
100±25.9 

Mean S. 
Creat. ±SD:  
82.3±11.2m
mol/L 

Placebo matched 
placebo 

Mean 
±SD: 
103.6±26.
2 

Mean S. 
Creat. ±SD:  
82.6±11.3m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Li 
2009 
(150) 

Inclusion Criteria  
 
1. Patients undergoing planned 
coronary angiography or 
intervention 
 
Exclusion Criteria  
 
1. NYHA class IV CHF 
2. S. Creat. > 3.0mg/dl 

1. Coronary 
angiograph
y 
2. PCI 

228 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 3 
days post-
contrast 

Iohexol 
Low-Osm 

0.9% 
saline IV at 
1ml/kg/h 
for 12h 
post-
procedure 

Probucol 500mg 
orally 
twice daily 
for 3 days 
before 
and after 
the 
procedure 

Mean 
±SD: 
116±65 

Mean S. 
Creat. ±SD:  
0.99±0.4mg/
dL 

Control No 
Probucol 

Mean 
±SD: 
121±56 

Mean S. 
Creat. ±SD:  
1.08±0.71mg
/dL 

Li 
2011 
(153) 

Inclusion Criteria  
 
1. Mild to moderate renal 
insufficiency (eGFR 60-89ml/min) 
 
Exclusion Criteria 
 
1. Diagnostic only procedure 
2. S. Creat ≥ 176 µmol/L  
3. NYHA class IV CHF  
4. Renal artery stenosis 
5. Diagnosed during angiography 
6. Allergy to contrast medium 
7. ACEI intolerance 

1. PCI 123 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
72h post-
contrast 

Iohexol 
Iow-Osm 

0.9% 
sodium 
chloride at 
1ml/kg/hr 
for 6 hours 
pre- and 6 
hours 
post-
procedure 

ACE-
inhibitor 

10mg 
Benazepril 
daily for at 
least 3 
days pre-
procedure 

Mean 
±SD: 
167.37±5
1.23 

Mean S. 
Creat. ±SD:  
83.2±15.44m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

8. Autoimmune disease 
9. End stage renal failure requiring 
dialysis 
10. Administration of contrast 
medium within the previous 6 days 
or within the following 2 days 
11. Pregnancy 

Placebo matched 
placebo 

Mean 
±SD: 
159.90±5
1.58 

Mean S. 
Creat. ±SD:  
83.4±16.71m
mol/L 

Li 
2014 
(152) 

Inclusion Criteria  
 
1. Patients undergoing coronary 
intervention procedure 
 
Exclusion Criteria  
 
1. Patients who used nephrotoxic 
drugs during preoperative period 
2. Severe hepatic and renal 
dysfunction (eGFR < 
30ml/min/1.73m2) 
3. Active cancer  
4. NYHA class IVCHF 
5. LVEF < 35 % 
6. Thyroid or adrenal dysfunction 
7. Acute or chronic infectious 
diseases 
8. Hyperpyrexia 

1. PCI 175 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h post-
angiograph
y 

Iohexol 
low-Osm 

0.9% 
sodium 
chloride 
solution 
for routine 
hydration 
(volume/r
ate not 
specified) 

PGE1 Intraveno
us 
infusion at 
20ng/kg/
min for 6h 
before 
and after 
the 
administra
tion of 
contrast 

Mean 
±SD: 
172±32 

Mean S. 
Creat. ±SD:  
0.98±0.14mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control IV 
hydration 
only 

Mean 
±SD: 
168±41 

Mean S. 
Creat. ±SD:  
0.96±0.17mg
/dL 

Liu, W 
2015 
(242) 

Inclusion Criteria: 
Patients 18-75 years old with mild 
to moderate CKD (eGFR 30-89/min) 
 
Exclusion Criteria: 
1. Acute renal failure  
2. End stage renal disease that 
needs dialysis 
3. Unstable renal function 
4. Uncontrolled DM, HTN or 
hyperthyroidism  
5. Class IV cardiac failure or left 
ejection fraction < 35% 
6. Acute myocardial infarction 
requiring primary or rescue 
coronary intervention 
7. Cardiogenic shock 
8. Administration of contrast media 
from 7 days before to 72 hours 
after study intervention 
8. Agents for CIN prevention (such 
as NAC) or intake of nephrotoxic 
drugs from 24 before to 24 hours 
after  
9. patients treated with ascorbic 
acid within last 30 days 
10 Allergy to Trimetazidine 

1. Coronary 
angiograph
y  

151 increase of 
> 25% or 
an 
absolute 
increase of 
≥ 0.5mg/dl 
in SCr from 
the 
baseline 
value 48-
72 hours of 
contrast 
administrat
ion  

Iodixanol 
Iso-Osm 

1-1.5ml/ 
kg per 
hour 
started 3-
12 hours 
before 
angiograp
hy and up 
to 12 
hours 
thereafter  

Trimetazidin
e 

20mg 
three 
times daily 
orally 48 
hours 
before 
and 24 
hours 
after 
coronary 
angiograp
hy  

Mean+SD: 
124.94±3
1.65 

Mean S. 
Creat. ±SD: 
107.74±24.03 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control No 
Trimetazid
ine 

Mean+SD: 
119.69±3
4.28 

Mean S. 
Creat. ±SD: 
103.38±19.43 

Liu 
2014 
(152) 

Inclusion Criteria  
 
1. Patients with unstable angina 
 
Exclusion Criteria  
 
1. Early invasive therapy within 12-
24 hours) 
2. Patients with refractory angina 
or haemodynamic or electrical 
instability 
3. Patients at increased risk for 
clinical events (CHF, serious 
ventricular arrhythmias) 
4. High-risk of unstable angina 
(resting angina within 48 hours or 
infarction angina, ST-segment 
depression more than 1mm and 20 
minutes or increased cardiac bio- 
markers troponin T or I) 
5. Stable angina 
6. STEMI 
7. NSTEMI 
8. Pre-existing renal dysfunction. 

1. Coronary 
angiograph
y 
2. PCI 

1100 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
48h post-
angiograph
y 

Ultravist 
Iopromide 

As per 
interventi
on 
protocol 

Human 
recombinan
t (brain 
natriuretic 
peptide) 
(rhBNP) 

0.005µg/k
g/min for 
24 hours 
before 
procedure 

Median 
(Range): 
128 (60-
185) 

Mean S. 
Creat. ±SD:  
79.2±14.2m
mol/L 

IV hydration 0.9%, 
normal 
saline at 
1mL/kg/h 
for 24 
hours 
before PCI 
CV/mL: 
119 
(63,172) 

Median 
(Range): 
119 (63-
172) 

Mean S. 
Creat. ±SD:  
81.5±16.7m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Liu  
2016 
(241) 

Inclusion Criteria  
patients with CKD (eGFR between 
15 and 60mL/min/1.73m2) aged 18 
to 80 years and undergoing 
coronary angiography or elective 
PCI 
 
Exclusion Criteria  
 
1. Emergency PCI 
2. Patients with refractory angina 
or haemodynamic or electrical 
instability 
3. Patients at increased risk of 
clinical events (CHF, serious 
ventricular arrhythmias) 
4. High-risk unstable angina (resting 
angina within 48 hours or infarction 
angina, ST-segment depression 
more than 1mm and 20 minutes or 
increased cardiac biomarkers)  
5. Heart dysfunction 
6. Hypersensitivity to contrast 
media or BNP  
7. End-stage renal failure 
8. Systolic blood pressure ≤ 
100mmHg before study drug 
infusion 
9. CM administered within the 
previous 7 days; BNP infusion 
within 1 month; dopamine, NAC, 
NaHCO3 and fenoldopam during the 
study. 

1. Coronary 
angiograph
y 
2. PCI 

232 Relative (≥ 
25%) or 
absolute (≥ 
0.5mg/dL, 
44µmol/L) 
increase in 
SCr from 
baseline 
within 48 h 
after CM 
exposure 

Iodixanol 
Iso-Osm 

0.9% NaCl 
at 
1.0mL/kg/
h for 12h 
before and 
12h after 
CM 
administra
tion 

Human 
recombinan
t (brain 
natriuretic 
peptide) 
(rhBNP)  

0.005µg/k
g/min for 
24 hours 
before 
procedure 

Mean+SD: 
102 ± 
17.2 

Mean S. 
Creat. ±SD:  
117.2 ± 13.1 

Control Hydration 
only 
 

Mean+SD: 
96 ± 14.5 

Mean S. 
Creat. ±SD:  
120.5 ± 14.7 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ludwig 
2011 
(154) 

Inclusion Criteria  
 
1. Patients scheduled for cardiac 
catheterisation, arteriography or 
computed tomography with 
contrast agents  
2. S. Creat. ≥ 150µmol/l (1.7mg/dl) 
 
Exclusion Criteria  
 
1. Patients undergoing dialysis 
2. Acute renal failure 
3. Received iodinated contrast 
media within 7 days prior to the 
study 
4. Known allergy to MESNA 
5. Pregnancy 
6. Patients receiving dopamine, 
mannitol or NAC 

1. Coronary 
angiograph
y 
2. PCI 
3. CE-CT 

107 > 25% 
increase 
above 
baseline S. 
Creat. at 48 
hours 

Iopromide 
Low-Osm 

1000ml of 
0.9% 
saline pre- 
and 500ml 
post-
procedure 
in both 
groups. 
No further 
oral fluid 
intake was 
allowed. 

MESNA Infusion of 
1600mg of 
sodium 2-
mercapto
ethanesulf
onate 
(MESNA) 
CV/mL: 
140 (120-
200) 

Median 
(Range): 
140 (120-
200) 

 

Control IV 
hydration 
only 

Median 
(Range): 
150 (120-
180) 

 

Luo  
2014 
(156) 

Inclusion Criteria  
 
1. STEMI  
2. Primary PCI 
 
Exclusion Criteria 
 
1. Chronic peritoneal or 
haemodialysis treatment 
2. Exposure to radiographic 
contrast within the previous two 
days 
3. Allergies to radiographic contrast 
medium 
4. Coronary anatomy not suitable 
for PCI or primary CABG 

1. PCI 276 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline at 
72h post-
angiograph
y 

Iopamidol 
Low-Osm 

As per 
interventi
on 
protocol 

IV hydration 0.9% 
normal 
saline at 
1mL/kg/hr 
for 12 
hours 
post-
procedure 

Mean 
±SD: 
228.6±84.
5 

Mean S. 
Creat. ±SD:  
76±14mmol/
L 

Control no 
hydration 

Mean 
±SD: 
241.2±10
1.4 

Mean S. 
Creat. ±SD:  
78±13mmol/
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Luo 
2013 
(155) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. Elective PCI 
3. Informed consent 
 
Exclusion Criteria  
 
1. Emergency PCI 
2. Baseline troponin ≥ 0.04ng/mL 
3. Nicorandil or glibenclamide use  
4. Inability to cooperate with trial 
protocol  
5. Lack of informed consent 
6. Second procedure of staged 
elective PCI 

1. PCI 208 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iopromide 
Low-Osm 

IV saline 
infusion at 
1mL/kg/hr 
for 12h 
pre- and 
12h post-
contrast. 
Patients 
encourage
d to drink 
oral fluids 
post-
procedure 

RIPC Blood 
pressure 
cuff 
placed 
around 
non-
dominant 
upper 
arm. The 
cuff 
inflated to 
200mmHg 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
deflation 
and 
repeated 
2 more 
times to 3 
cycles in 
total < 2h 
pre-
procedure 

 
Mean eGFR 
±SD:  
101±20mL/m
in 

Control no 
interventi
on 

 
Mean eGFR 
±SD:  
100±20mL/m
in 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

MacNeill 
2003 
(157) 

Inclusion Criteria  
 
1. Cardiac catheterisation  
2. Mild-moderate renal dysfunction 
(S. Creat ≥ 1.5mg/dl) 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Dialysis-dependent chronic renal 
failure 
3. Exposure to contrast within the 
preceding 5 days 
4. Emergent procedures 
5. Pregnancy 
6. Age < 21 years 
7. Known sensitivity to 
acetylcysteine 

1. Coronary 
angiograph
y 
2. PCI 

51 > 25% 
increase 
above 
baseline S. 
Creat. at 72 
hours 

Iopromide 
Low-Osm 
Ioxilan 
Low-Osm 

Pre-
procedure
: 0.45% 
saline at 
1ml/kg/hr 
for 12h 
(in-
patients) 
and 
2ml/kg/hr 
for 4h 
(day-case 
patients). 
Post-
procedure
: 0.45% 
saline at 
75ml/hr 
for 12h 

NAC 600mg 
twice daily 
start on 
day of 
procedure
, for total 
of 5 doses 

Mean 
±SD: 
103±52 

Mean S. 
Creat. ±SD:  
1.89±0.38mg
/dL 

Placebo matched 
placebo 

Mean 
±SD: 
116±63.3 

Mean S. 
Creat. ±SD:  
1.88±0.41mg
/dL 

Maioli 
2008 
(52) 

Inclusion Criteria  
 
1. Planned coronary angiographic 
procedures  
2. Renal dysfunction (estimated 
Creat. clearance < 60ml/min) 
 
Exclusion Criteria  

1. Coronary 
angiograph
y 

556 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
5days post-
contrast 

Iodixanol 
Iso-Osm 

as per 
interventi
on 
protocol 

NaCl 0.9% 
sodium 
chloride at 
1mL/kg/hr 
for 12h 
pre- and 
post-
procedure 

Mean 
(IQR): 
170 (120-
230) 

Mean S. 
Creat. ±SD:  
1.20±0.3mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

 
1. Creat. clearance ≥ 60ml/min 
2. Refusal to participate 
3. Administration of contrast 
medium within the previous 10 
days 
4. End stage renal disease 

NaHCO3 154mEq/l 
in 
dextrose 
and water 
at 
3ml/kg/h 
for 1h pre-
procedure
, 1ml/kg/h 
for 6h 
post-
procedure 

Mean 
(IQR): 
160 (120-
220) 

Mean S. 
Creat. ±SD:  
1.21±0.3mg/
dL 

Maioli 
2011 
(158) 

Inclusion Criteria  
 
1. STEMI 
2. Primary PCI 
 
Exclusion Criteria  
 
1. Contrast medium administration 
within the previous 10 days 
2. End-stage renal failure requiring 
dialysis 
3. Refusal to give informed consent 

1. PCI 543 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
contrast 

Iodixanol 
Iso-Osm 

as per 
interventi
on 
protocol 

NaHCO3 154mEq/L 
in 
dextrose 
and water 
at 
3ml/kg/h, 
starting in 
the 
emergenc
y room for 
1h, 
followed 
by 
infusion of 
1mL/kg/h 
for 12 
hours 
after PCI 

Mean 
±SD: 
208±92 

Mean S. 
Creat. ±SD:  
1.09±0.3mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

NaCl 0.9% 
sodium 
chloride at 
1mL/kg/h 
for 12h 
immediate
ly post-PCI 

Mean 
±SD: 
216±101 

Mean S. 
Creat. ±SD:  
1.10±0.4mg/
dL 

Control no 
hydration 

Mean 
±SD: 
224±94 

Mean S. 
Creat. ±SD:  
1.08±0.3mg/
dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Malhis 
2010 
(159) 

Inclusion Criteria  
 
1. Radiographic imaging with 
contrast  
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Maintenance dialysis 
3. History of acute MI 
4. LVEF ≤ 25% 
5. Allergy to contrast media 
6. Pregnancy 
7. Contraindications for 
theophylline use  
8. Use of acetylcysteine 

1. Coronary 
angiograph
y 
2. PCI 
3. CE-CT 

294 Increase in 
serum 
creatinine 
of at least 
0.5mg/dL 
in patients 
with a 
baseline 
serum 
creatinine 
less than 
2mg/dL or 
an increase 
of 25% in 
baseline 
serum 
creatinine 
with a 
baseline 
serum 
creatinine 
more than 
or equal to 
2mg/dL at 
48h after 
administrat
ion of 
contrast 
media 

Iodixanol 
Iso-Osm 

1-2 L of 
intravenou
s 
bicarbonat
e solution 
(150mEq/L
) for 12h 
after the 
procedure 

Theophyllin
e 

200mg 
twice daily 
starting 
24h pre-
procedure 
and 
continuing 
for 48h 
post-
procedure
;  
OR  
200mg 
theophylli
ne as a 
short 
intraveno
us 
infusion 
30 
minutes 
pre-
procedure
, and 
continuing 
with 
200mg 
twice daily 
oral 
theophylli
ne for 48h 
post-
procedure 

Mean 
±SD: 
137±76 

Mean S. 
Creat. ±SD:  
1.38±0.79mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control IV 
hydration 
only 

Mean 
±SD: 
144±78 

Mean S. 
Creat. ±SD:  
1.21±0.48mg
/dL 

Marenzi 
2003 
(161) 

Inclusion Criteria  
 
1. Chronic renal failure (S. Creat. > 
2mg/dL (176.8µmol/L) OR creat. 
clearance < 50ml/min)  
2. Coronary angiography or elective 
PCI 
 
Exclusion Criteria  
 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Long-term peritoneal dialysis or 
haemodialysis treatment 
4. Overt CHF 
5. Recent major bleeding 
6. Contraindications to 
anticoagulant therapy 

1. Coronary 
angiograph
y 
2. PCI 
3. Aortic 
angiograph
y 
4. 
Peripheral 
angioplasty
/ renal 
angioplasty 

145 > 25% 
increase 
above 
baseline S. 
Creat. 

Iopentol 
Low-Osm 

as per 
interventi
on 
protocol 

Haemofiltra
tion 

Haemofiltr
ation 
starting 4-
6h pre-
procedure
; stopped 
during and 
resumed 
post-
procedure
, and 
continued 
for 18-24 
hours  

Mean 
±SD: 
247±125 

Mean S. 
Creat. ±SD:  
3.0±1.0mg/d
L 

Control Normal 
saline at 
1ml/Kg/ho
ur 
(reduced 
to 
0.5ml/kg/
h if LVEF < 
40%) for 
6-8h pre- 
and 24h 
post-
procedure 

Mean 
±SD: 
258±132 

Mean S. 
Creat. ±SD:  
3.1±1.0mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Marenzi 
2006 
(160) 

Inclusion Criteria  
 
1. Primary angioplasty for acute 
STEMI within 12h of presentation 
(18 hours in cases of cardiogenic 
shock) 
 
Exclusion Criteria  
 
1. Long-term dialysis 
2. Known allergy to N-
acetylcysteine 

1. Coronary 
angiograph
y 

291 > 25% 
increase 
above 
baseline S. 
Creat. at 72 
hours 

Iohexol 
Low-Osm 

Normal 
saline at 
1ml/Kg/ho
ur 
(reduced 
to 
0.5ml/kg/
h if LVEF < 
40%) for 
12h post-
procedure 

NAC Intraveno
us bolus of 
600mg 
pre-
procedure 
and 
600mg 
orally 
twice daily 
for 48h 
post-
procedure
, to a total 
dose 
3000mg 
after 
interventi
on (total 
dose of 
3000mg) 

Mean 
±SD: 
264±146 

Median S. 
Creat.:  
1.01mg/dL 

Control 
 
 
3rd NAC 
double dose 
group were 
excluded 

- Mean 
±SD: 
274±113 

Median S. 
Creat.:  
1.06mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Marenzi 
2006 
(344) 

Inclusion Criteria  
 
1. Severe chronic kidney disease 
(Creat. clearance < 30mL/min) 
2. Diagnostic and therapeutic 
cardiovascular procedures 
 
Exclusion Criteria  
 
1. Acute coronary syndrome 
2. Cardiogenic shock 
3. Acute renal failure 
4. Chronic peritoneal or 
haemodialysis  
5. Overt CHF 
6. Recent major bleeding 
7. Contraindications to 
anticoagulation 

1. Coronary 
Angiograph
y 
2. PCI 

81 > 25% 
increase 
above 
baseline S. 
Creat. 

Iopentol 
Low-Osm 

Normal 
saline at 
1ml/Kg/ho
ur 
(reduced 
to 
0.5ml/kg/
h if LVEF < 
40%) 

Haemofiltra
tion post-
procedure 

IV isotonic 
saline, for 
12h pre-
contrast 
followed 
by 
haemofiltr
ation for 
18-24h 
post-
contrast 

Mean 
±SD: 
237±122 

Mean S. 
Creat. ±SD:  
3.6±0.7mg/d
L 

Control IV isotonic 
saline for 
12h pre- 
and 12h 
post-
contrast 

Mean 
±SD: 
232±144 

Mean S. 
Creat. ±SD:  
3.6±0.8mg/d
L 

Haemofiltra
tion pre- 
and post-
procedure 

Haemofiltr
ation pre- 
and post-
procedure 

excluded from analysis 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Marenzi 
2012 
(133) 

Inclusion Criteria  
 
1. Age 18-85 
2. Chronic kidney disease (eGFR < 
60ml/min/1.73m2)  
 
Exclusion Criteria  
 
1. Primary or rescue PCI 
2. Angiography procedures 
requiring a direct renal injection of 
contrast 
3. Cardiogenic shock 
4. Overt CHF 
5. Acute respiratory insufficiency 
6. Recent acute kidney injury 
7. Chronic peritoneal or 
haemodialysis 
8. Known furosemide 
hypersensitivity 
9. Receipt of intravenous contrast 
within 10 days before the 
procedure 
10. Another planned contrast-
enhanced procedure in the 
following 72 hours 
11. Contraindications to placement 
of a Foley catheter in the bladder 

1. Coronary 
angiograph
y 
2. PCI 

189 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iomeprol 
Low-Osm 

as per 
interventi
on 
protocol 

Furosemide Single 
intraveno
us bolus of 
0.5mg/kg 
(up to a 
maximum 
of 50mg) 
after 
initial 
bolus of 
205ml 
normal 
saline. 
Renal 
guard 
system 
used for 
fluid 
replaceme
nt 
(matched 
hydration) 

Mean 
±SD: 
181±104 

Mean S. 
Creat. ±SD:  
1.8±0.6mg/d
L 

Control Normal 
saline at 
1ml/Kg/ho
ur 
(reduced 
to 
0.5ml/kg/
h if LVEF < 
40%) for 
12h pre- 
and 12h 
post-
procedure 

Mean 
±SD: 
158±109 

Mean S. 
Creat. ±SD:  
1.7±0.5mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Markota 
2013 
(162) 

Inclusion Criteria  
 
1. Age > 18  
 
Exclusion Criteria  
 
1. End-stage renal insufficiency 
(eGFR < 15 mL/min) 
2. Acute renal insufficiency 
3. History of reaction to contrast 
media 
4. Use of nephrotoxic medications  
5. Pulmonary oedema 
6. Multiple myeloma 
7. Factors predisposing to kidney 
injury  
8. Exposure to contrast media 
within 7 days before the procedure 
9. Pregnancy 
10. Non-compliance 
11. Use of NAC, teofiline, 
dopamine, fenoldopam, mannitol, 
or NaHCO3 within 48h of procedure 

1. Coronary 
angiograph
y 
2. PCI 

227 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
OR  
> 25% 
decrease in 
eGFR 
within 48h 
of 
procedure 

Iopamiro 
370 
Low-Osm 

eGFR < 
60mL/min
/1.73m2: 
IV normal 
saline at 
1mL/kg/h 
for 2h pre- 
and 12h 
post-
procedure.  
 
eGFR > 
60mL/min
/1.73m2: 
hydration 
orally 

Na/K citrate 5g of 
granules 
diluted in 
200mL of 
water 

Mean 
±SD: 
222.3±10
2.3 

Mean S. 
Creat. ±SD:  
93.96±18.39
mmol/L 

Control 200ml 
water 

Mean 
±SD: 
231.2±95.
85 

Mean S. 
Creat. ±SD:  
89.35±23.97
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Masuda 
2007 
(163) 

Inclusion Criteria  
 
1. Chronic kidney disease (S. Creat > 
1.1mg/dl or eGFR < 60ml/min)  
2. Emergency coronary procedure  
 
Exclusion Criteria  
 
1. Change in serum creatinine 
concentration of at least 0.5mg/dl 
during the previous 24 hours 
2. Pre-existing dialysis 
3. Recent exposure to radiographic 
contrast media within 2 days of the 
study 
4. Allergy to radiographic contrast 
media 
5. Pregnancy 
6. Previous or planned 
administration of mannitol, 
fenoldopam, N-acetylcysteine or 
non-study sodium bicarbonate 

1. 
Emergency 
coronary 
procedure 

71 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 2 
days of 
procedure 

Iopamidol 
Low-Osm 

Initial 
intravenou
s bolus of 
3ml/kg/h 
for 1h, if 
possible, 
pre-
procedure. 
Same fluid 
at 
1ml/kg/h 
during and 
for 6h 
post-
procedure 

NaHCO3 154mEq/L 
of sodium 
bicarbonat
e 

Mean 
±SD: 
112±89 

Mean S. 
Creat. ±SD:  
1.31±0.52mg
/dL 

NaCl 154mEq/L 
sodium 
chloride 

Mean 
±SD: 
120±61 

Mean S. 
Creat. ±SD:  
1.32±0.65mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Matejka 
2010 
(164) 

Inclusion Criteria 
 
1. Age > 18 years 
2. S. Creat. persistently > 1.47mg/dl 
(130µmol/l) 
 
Exclusion Criteria 
 
1. Long-term dialysis 
2. Pregnancy 
3. Lactation 
4. Epilepsy 
5. Thyrotoxicosis 
6. Theophylline allergy 
7. Previous theophylline medication 
8. Arrhythmias with haemodynamic 
instability 
9. Severe liver dysfunction 
10. Clinical signs of dehydration 
11. Inability to take oral fluids. 
12. Use of ACE inhibitors 
13. Use of NSAIDs 

1. Coronary 
angiograph
y 
2. PCI 

59 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 
of 
procedure 

Iodixanol 
Iso-Osm 

Continuou
s normal 
saline 
infusion 
was 
started 
immediate
ly post-
procedure 
at 
0.5ml/kg/
hr, 
stopped 
on day 
three 

Theophyllin
e Group 

1h 
infusion of 
205.7mg 
theophylli
ne in 
500ml 
0.9% 
normal 
saline 

Mean 
±SD: 
95±38 

Mean S. 
Creat. ±SD:  
2.02±0.45mg
/dL 

Control 500ml 
0.9% 
normal 
saline 

Mean 
±SD: 
94±35 

Mean S. 
Creat. ±SD:  
2.06±0.59mg
/dL 



Chapter 2: Network Meta-Analysis 

 

145 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Menting 
2015 
(165) 

Inclusion Criteria  
 
1. Interventional or diagnostic 
radiological procedure expected to 
use > 100mL intravascular contrast 
2. Fulfil risk criteria for CI-AKI 
according to Dutch guidelines 
 
Exclusion Criteria  
 
1. Age < 18 years 
2. Haemodialysis or peritoneal 
dialysis 
3. Simultaneous participation in 
another interventional study 
4. Percutaneous 
coiling/embolisation procedures of 
the kidney 
5. Impossibility of performing RIPC 
6. No written informed consent 

1. Contrast 
enhanced 
radiological 
studies 

77 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h-
72h of 
procedure 

Xenetrix 
Low-Osm 

Normal 
saline at 3-
4ml/Kg/ho
ur for 4h 
pre- and 
4h post-
procedure 
(reduced 
to 
1ml/kg/h 
for 12h 
pre- and 
post-
procedure 
if signs of 
CHF or 
eGFR < 
30ml/min/
1.73m2) 

RIPC Four 
cycles of 
ischaemia 
and 
reperfusio
n of the 
forearm 
by 
inflating a 
blood 
pressure 
cuff 
around 
the upper 
arm at 
50mmHg 
above the 
actual 
systolic 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
reperfusio
n 

Mean 
±SD: 
99±29 

Mean S. 
Creat. ±SD:  
115±27mmol
/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Placebo Placebo 
group: 
similar 
cuff 
placed 
around 
the upper 
arm, but it 
was not 
inflated 

Mean 
±SD: 
98±29 

Mean S. 
Creat. ±SD:  
119±32mmol
/L 

Merten 
2004 
(166) 

Inclusion Criteria  
 
1. Age > 18 years 
2. Stable S. Creat. > 1.1mg/dL 
3. Scheduled cardiac 
catheterisation, CT, diagnostic or 
therapeutic arteriography, or trans-
jugular intrahepatic portal systemic 
shunt placement 
 
Exclusion Criteria  
 
1. S. Creat. > 8mg/dL 
2. Change in S. Creat. > 0.5mg/dL 
within last 24 hours 
3. Pre-existing dialysis 
4. Multiple myeloma 
5. Pulmonary oedema 
6. Uncontrolled hypertension 
7. Emergency catheterisation 

1. 
Angiograph
y 
2. CT 
3. TIPSS 

128 > 25% 
increase 
above 
baseline S. 
Creat. 
within 
2days of 
procedure 

Iopamidol 
Low-Osm 

Assigned 
fluid at 
3mL/kg 
per hour 
for 1h 
immediate
ly before 
radiocontr
ast 
injection, 
followed 
by same 
fluid at 
1mL/kg/h 
during 
contrast 
exposure 
and for 6h 
post-
procedure 

NaCl 154mEq/L 
of sodium 
chloride in 
D5W 

Mean 
±SD: 
134±63 

Mean S. 
Creat. ±SD, 
(Range):  
1.71±0.42 
(1.1-3.7) 
mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

8. Recent exposure to radiographic 
contrast within 2 days of the study 
9. Allergy to radiographic contrast 
10. Pregnancy 
11. Administration of dopamine, 
mannitol, fenoldopam, or NAC 
during the study 

NaHCO3 NaHCO3 
group: 
154mEq/L 
of sodium 
bicarbonat
e in D5W 

Mean 
±SD: 
130±72 

Mean S. 
Creat. ±SD, 
(Range):  
1.89±0.69 
(1.2-5.2) 
mg/dL 

Miao 
2013 
(167) 

Inclusion Criteria 
 
1. Age ≥ 70 years 
2. Stable clinical state 
3. Scheduled for contrast enhanced 
CT 
 
Exclusion Criteria  
 
1. Uncontrolled DM, hypertension, 
CHF (LVEF < 40%), or other 
uncontrolled clinical diseases 
2. Fever or infectious diseases 
3. Unstable renal function or 
chronic renal failure [S. Creat > 
265.2mmol/l] 
4. Hypersensitivity to iodine-
containing compounds or 

1.CE-CT 383 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
procedure 

Low-Osm 
Iohexol 

IV Fluid > 
800 ml 6h 
pre- and 
post-CE-CT 

PGE1 Alprostadil 
(0.4lg/kg/
day) in 
100ml 
sterile 
saline pre- 
and post-
procedure 

100 Mean S. 
Creat. ±SD:  
87.18±24.6m
mol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

hyperthyroidism 
5. Hypersensitivity to alprostadil 
6. Ulcers 
7. Coagulation abnormalities 
8. Other diseases with 
contraindications to alprostadil 
9. Patients who had received any 
iodinated contrast agent or other 
drugs that affect renal function 
within 7 days 

Placebo 100ml 
sterile 
saline 

100 Mean S. 
Creat. ±SD:  
88.11±24.19
mmol/L 

Miner 
2004 
(168) 

Inclusion Criteria 
 
1. Planned PCI or urgent coronary 
angiography with a high likelihood 
of ad hoc PCI. 

1. Coronary 
angiograph
y 
2. PCI 

208 > 25% 
increase 
above 
baseline S. 

Omnipaq
ue 
Iso-Osm 

0.45% 
saline at 
75mL/hou
r for at 
least 24 

NAC 6000mg 
(4000mg 
for day / 
case 
patients) 

Mean 
±SD: 
344±211 

Mean S. 
Creat. ±SD:  
124±49mmol
/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

2. Creatinine clearance < 50mL/min, 
(< 100mL/min if Diabetic) or S. 
Creat. > 200µmol/L  
 
Exclusion Criteria 
 
1. Renal replacement therapy 
2. Reactive airway disease requiring 
oral steroids 
3. Baseline SBP < 80mmHg 
4. Active CHF 
5. Acute MI 
6. Enrolment in another clinical trial 
7. Inability to provide informed 
consent 
8. Ongoing need for intravenous 
nitro-glycerine 
9. Treatment with NAC within 72 
hours of planned PCI 
10. Women of childbearing age 

Creat. 48-
72h 

hours 
beginning 
at the 
time of 
enrolment
. Changes 
in 
hydration 
were 
allowed at 
the 
discretion 
of the 
cardiologis
t 

Placebo IV 
hydration 
only 

Mean 
±SD: 
350±187 

Mean S. 
Creat. ±SD:  
130±58mmol
/L 

Minoo 
2016 
(243) 

Inclusion Criteria: 
Patients ≥ 35 years undergoing 
elective coronary angiography  
 
Exclusion Criteria: 
1. Baseline serum creatinine 
concentrations greater than 
1.5mg/dL 
2. Need for emergency 
catheterisation 
3. Receiving contrast media for 
diagnostic or therapeutic 

1. Elective 
coronary 
angiograph
y 

453 Increase of 
25% or 
more in 
serum 
creatinine 
concentrati
ons, or an 
increment 
of at least 
0.5mg/dL 
in serum 
creatinine 
concentrati

Iopromide 
Low-Osm 

normal 
saline at 
the dose 
of 
1mL/kg/h, 
12 hours 
leading to 
the 
procedure 
and 12 
hours 
after the 
procedure 

Oxygen nasal 
cannula at 
the rate of 
2L/min to 
3L/min 
beginning 
10 
minutes 
before the 
procedure 
until the 
end of the 
procedure 

Median 
(IQR): 
200 (100-
250 

Mean S. 
Creat. ±SD: 
0.96 ± 0.24 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

interventions in the previous 3 
months 
4. Uncontrolled congestive heart 
failure 
5. Uncontrolled chronic obstructive 
pulmonary disease 
6. History of allergy to contrast 
media 
7. Pregnancy or lactation 

ons 48 
hours after 
catheterisa
tion 

Control IV 
hydration 
only  

Median 
(IQR): 
150 (100-
257) 

Mean S. 
Creat. ±SD: 
0.93 ± 0.15 

Moore 
2006 
(169) 

Inclusion Criteria 
 
1. Elective EVAR 

1. EVAR 23 > 25% 
increase 
above 
baseline S. 
Creat. 

Niopam 
Low-Osm 

Median IV 
fluids 
received 
(IQR): 
NAC: 
5.9 (3.0-
5.75) L 
Control: 
4 (3-7) L 

NAC 600mg 
orally 
twice daily 
for 2 days, 
starting 
day 
pre-
procedure 
(total 3 
doses pre-
op) 

Median 
(IQR): 
258 (210-
285) 

Median S. 
Creat. (IQR):  
102 (76-112) 
mmol/L 

Control IV 
hydration 
only 

Median 
(IQR): 
258 (200-
355) 

Median S. 
Creat. (IQR):  
86 (81.5-99) 
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Morikaw
a 
2009 
(170) 

Inclusion Criteria  
 
1. Chronic renal insufficiency (S. 
Creat. 1.3-6mg/dl) 
 
Exclusion Criteria  
 
1. Pregnancy 
2. Lactation 
3. Acute renal failure 
4. End-stage renal failure on dialysis 
5. Acute MI 
6. Multiple myeloma 
7. Pulmonary oedema 
8. Cardiogenic shock 
9. SBP < 110mmHg 
10. Dehydration 
11. History of allergies to contrast 
media or ANP 
12. Received contrast media within 
7 days of study entry 
13. Received an infusion of ANP 
within 1 month of study entry 
13. Parenteral use of diuretics 
14. Administration of dopamine, N-
acetylcysteine, metformin, NaHCO3, 
fenoldopam, mannitol, or NSAIDs 
during the study 

1. Coronary 
angiograph
y 
2. PCI 

273 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 
of 
procedure 

Iomeprol 
Low-Osm 

oral 
hydration 
encourage
d 

ANP 0.042µg/k
g/min of 
ANP + 
1.3ml/kg/
h Ringer's 
lactate IV 
4-6h pre- 
and 
continued 
for 48h 
post-
procedure 

Mean 
±SD: 
139±62 

Median S. 
Creat. (IQR):  
1.57(1.34-
1.95) mg/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
140±72 

Median S. 
Creat. (IQR):  
1.55(1.36-
1.90) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Motohir
o 
2011 
(171) 

Inclusion Criteria 
 
1. Age > 20 years  
2. eGFR < 60ml/min/1.73m2  
 
Exclusion Criteria  
 
1. S. Creat. > 4mg/dl 
2. Change in S. Creat. > 0.5mg/dl in 
preceding 24 hours 
3. Pre-existing dialysis 
4. Pulmonary oedema 
5. Uncontrolled hypertension 
(treated SBP > 160mmHg or DBP > 
100mmHg) 
6. Emergency catheterisation 
7. Exposure to radiographic 
contrast within previous 2 days 
8. Any allergy to radiographic 
contrast medium 

1. Coronary 
angiograph
y 

167 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 
of 
procedure 

Iopamidol 
Low-Osm 

0.9% 
sodium 
chloride at 
1ml/kg/h 
for 12h 
pre- and 
post-
procedure 

NaHCO3 1ml/kg/ho
ur 
continued 
from 3 
hours pre- 
to 6 hours 
post-
procedure 

Mean 
±SD: 
140±50 

Mean S. 
Creat. ±SD:  
1.54±0.43mg
/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
130±40 

Mean S. 
Creat. ±SD:  
1.55±0.44mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Nawa 
2015 
(244) 

Inclusion Criteria: 
Patients with poor renal function 
and who had a high cystatin C level 
(> 0.95mg/L in males and 
0.87mg/dL in females) 
 
Exclusion Criteria: 
1. End-stage renal failure on 
dialysis, a single functioning kidney, 
or history of kidney transplantation 
2. Hypotension with systolic blood 
pressures below 100mmHg 
3. Acute myocardial infarction 
4. Acute heart failure, left 
ventricular ejection fraction (LVEF) 
less than 30% on echocardiogram 
or evidenced by pulmonary oedema 
5. Multiple myeloma 
6. Pregnancy 
7. History of allergies to CM or 
nicorandil 
8. Received CM within 7 days of 
study or nicorandil within 1 month 
9. Parenteral use of diuretics and 
the administration of NAC, 
metformin, NaHCO3, theophylline, 
fenoldopam, mannitol, or a 
phosphodiesterase inhibitor during 
the study 

1. Elective 
PCI 

204 25% 
increase in 
serum 
creatinine 
or an 
increase in 
creatinine 
of 
0.5mg/dL 
from 
baseline at 
48 h 

Iomeprol 
Low-Osm 
Iohexol 
Low-Osm 

0.9% 
saline 
hydration 
intravenou
sly infused 
at 
1.0mL/kg/
h 
(nicorandil 
group) or 
0.9% 
saline 
infusion 
only at 
1.1mL/kg/
h 
 
Infusions 
were 
initiated 
4h prior to 
elective 
PCI and 
were 
continued 
for 24h 
after the 
procedure 

Nicorandil 2 vials 
(48mg/V) 
dissolve in 
100mL 
0.9% 
saline, and 
dripped it 
at speed 
of 
0.1mL/kg/
h) 

Mean+SD: 
135.2±57.
0 

Mean S. 
Creat. ±SD: 
0.99±0.29 

Control IV saline 
Only  

Mean+SD: 
146.3±63.
6 

Mean S. 
Creat. ±SD: 
1.02±0.35 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ng 
2006 
(172) 

Inclusion Criteria  
 
1. High risk for the development of 
CI-AKI  
2. Pre-existing stable renal 
insufficiency (S. Creat. > 1.2mg/dL 
with no change greater than ± 
0.1mg/dL)  
 
Exclusion Criteria 
 
1. Acute renal failure 
2. History of renal transplantation 
3. Receiving N-acetylcysteine or 
fenoldopam 
4. Known contraindication or 
hypersensitivity to N-acetylcysteine 
or fenoldopam 
5. Pregnancy 

1. Coronary 
angiograph
y 

97 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Omnipaq
ue 
Visipaque 
Hexabrix. 

Normal 
saline (or 
5% 
dextrose 
in normal 
saline in 
diabetics 
on insulin) 
at 
1mL/kg/h 
beginning 
1-2h pre-
procedure 
and 
continuing 
for 6-12h 

NAC 600mg 
orally 
twice daily 
for 2 days, 
starting 
day 
pre-
procedure 
(total 4 
doses) 

Mean 
±SD: 
172.2±73.
2 

 

Fenoldopam 0.1mcg/kg
/min IV 
started 1-
2h pre- 
and 
continued 
for 6h 
post-
procedure 

Mean 
±SD: 
164.4±85 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Nijssen 
2017 
(245) 

Inclusion Criteria: 
Patients aged 18 years and older, 
referred for an elective procedure 
requiring intravascular iodinated 
contrast material with estimated 
glomerular filtration rate (eGFR) 
between 45 and 59mL per 
min/1.73m² combined with either 
diabetes, or at least two predefined 
risk factors (age > 75 years; 
anaemia defined as haematocrit 
values < 0·39 L/L for men, and < 
0·36 L/L for women; cardiovascular 
disease; non-steroidal anti-
inflammatory drug or diuretic 
nephrotoxic medication); or eGFR 
between 30 and 45mL per 
min/1.73m²; or multiple myeloma 
or lymphoplasmacytic lymphoma 
with small chain proteinuria 
 
Exclusion Criteria: 
1. Inability to obtain informed 
consent 
2. eGFR < 30mL per min/1.73m² 
3. Renal replacement therapy, 
emergency procedures 
4. Intensive care patients 
5. Known inability to plan primary 
endpoint data collection 
6. No referral for prophylactic 
hydration 
7. Participation in another 
randomised trial 
8. Isolation (infection control) 

1. Elective 
procedure 
with 
intravascula
r contrast 
media 
administrat
ion  

599 Increase in 
serum 
creatinine 
by more 
than 25% 
or 
44µmol/L 
within 2-6 
days of 
contrast 
exposure 
(2-5 days 
was aimed 
for, but day 
6 was 
allowed if 
no other 
option was 
available) 

Iopromide 
Low-Osm 

See groups Hydration standard 
protocol 
intraveno
us 0.9% 
NaCl 3-
4mL/kg 
per h 
during 4h 
before 
and 4h 
after 
contrast 
administra
tion 

Contrast 
(ml) Mean 
(SD): 
92 (41) 

S. Creat. 
Mean (SD): 
118.78 
(27.63) 

Non-
hydration 
(control) 

No 
hydration 

Contrast 
(ml) Mean 
(SD): 
89 (41) 

S. Creat. 
Mean (SD): 
117.71 
(24.62) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ochoa 
2004 
(173) 

Inclusion Criteria  
 
1. Elective or urgent coronary 
angiography ± PCI  
2. Chronic renal insufficiency (S. 
Creat. > 1.8mg/dL males, > 
1.6mg/dL females), or Creat. 
clearance < 50mL/min  
 
Exclusion Criteria  
 
1. > 0.5mg/dL increase S. Creat. in 
preceding 6 weeks 
2. Current or planned dialysis 
3. Contrast exposure within 
preceding 48 hours 
4. Known allergy to NAC 
5. History of anaphylactic reaction 
to contrast 
6. Recent decompensated CHF 
within preceding 4 weeks 
7. Cardiogenic shock or use of 
intravenous vasopressors within 
preceding week 
8. Known or suspected severe 
aortic valve stenosis (area < 1.0m2, 
mean gradient > 50mmHg) 
9. Recent (< 4 weeks) initiation of 
diuretics or ACE inhibitors 

1. Coronary 
angiograph
y 
2. PCI 

94 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 
of 
procedure 

Ioxaglate 
Low-Osm 
Iohexol 
Low-Osm 
Iodixanol 
Iso-Osm 

Normal 
saline at 
150mL/h 
beginning 
4 hours 
pre- and 
continued 
for 6 hours 
post-
procedure 

NAC 1000mg 
[5mL] 
diluted in 
20mL of 
diet cola)  
administer
ed orally 
1h pre- 
and 4h 
post-
procedure 

 
Mean S. 
Creat. ±SD:  
2.02±0.56mg
/dL 

Placebo 5mL 0.9% 
normal 
saline 
diluted in 
20mL of 
diet cola)  
administer
ed orally 
1h pre- 
and 4h 
post-
procedure 

 
Mean S. 
Creat. ±SD:  
1.93±0.53mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Oguzhan 
2013 
(174) 

Inclusion Criteria  
 
1. S. Creat. < 2.1mg/dL 
 
Exclusion Criteria  
 
1. Acute STEMI 
2. NYHA class IV CHF 
3. Haemodynamic instability (SBP < 
90mmHg on ≥ 2 measurements 
or patients requiring pressors) 
4. Exposure to contrast within 
preceding 7 days 
5. Use of a nephrotoxic drug within 
preceding 48h 
6. Contraindication to amlodipine 
or valsartan 

1. Coronary 
angiograph
y 

101 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48-
72h of 
procedure 

Iopromide 
Low-Osm 

Isotonic 
sodium 
chloride 
1mL/kg/h 
for 12h 
pre- and 
post-
procedure 

Amlodipine 
/valsartan 
group: 

Amlodipin
e/valsarta
n 
(5/160mg) 
mané 
commenc
e day prior 
to 
procedure 
(total 3 
doses) 

Median 
(Range): 
60 (30-
200) 

Mean S. 
Creat. ±SD:  
1.13±0.33mg
/dL 

 
Control IV 

hydration 
only 

Median 
(Range): 
60 (25-
250) 

Mean S. 
Creat. ±SD:  
1.07±0.23mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Oldeme
yer 
2003 
(175) 

Inclusion Criteria  
 
1. Age ≥ 19 years 
2. Creat. clearance < 50mL/min and 
S. Creat > 1.2mg/dL 
3. Elective coronary angiography 
 
Exclusion Criteria 
 
1. Acute kidney failure 
2. Dialysis 
3. Unstable renal function (change 
≥ 0.5mg/dL or ≥ 25% in S. Creat. in 
preceding 10 days) 
4. Known allergy to contrast or 
acetylcysteine 
5. Administration of mannitol, 
intravenous catecholamines, 
parenteral diuretics, theophylline, 
or a contrast agent within days of 
study entry 
6. Mechanical ventilation 
7. Cardiogenic shock 
8. Emergent angiography 

1. Coronary 
angiograph
y 

103 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 24-
48h of 
procedure 

Iopamidol 
Low-Osm 

(0.45%) 
saline at 
1mL/kg/h 
for 12h 
pre- and 
12h post-
procedure 

NAC 1500mg 
BD orally 
in 120mL 
of 
carbonate
d 
beverage 
commenc
ed 
evening 
pre-
procedure 
(total 4 
doses) 

Mean 
±SD: 
134±71 

 

Placebo equivalent 
volume of 
normal 
saline BD 
orally in 
120mL of 
carbonate
d 
beverage 
commenc
e evening 
pre-
procedure 
(total 4 
doses) 

Mean 
±SD: 
127±73 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Onbasili 
2007 
(176) 

Inclusion Criteria  
 
1. S. Creat ≥ 1.2mg/dl (≥ 
106mmol/l) or creat. clearance < 
50ml/min  
 
Exclusion Criteria 
 
1. Acute renal failure 
2. Acute MI requiring primary or 
rescue coronary intervention 
3. Cardiogenic shock 
4. Renal replacement treatments 
5. Known allergy to trimetazidine 

1. Coronary 
angiograph
y 
2. 
Angioplasty 

90 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 24-
48h of 
procedure 

Iopromide 
Low-Osm 

Isotonic 
saline at 
1mL/kg/h 
for 12h 
pre- and 
12h post-
procedure 

Trimetazidin
e 

20mg TDS 
orally for 
72h 
starting 
48h pre-
procedure 

Median: 
225 

Mean S. 
Creat. ±SD:  
1.31±0.25mg
/dL 

Control IV 
hydration 
only 

Median: 
240 

Mean S. 
Creat. ±SD:  
1.26±0.16mg
/dL 

Ozcan 
2007 
(177) 

Inclusion Criteria  
 
1. S. Creat. > 1.2mg/dL 
 
Exclusion Criteria  
 
1. Uncontrolled hypertension (SBP 
> 160mmHg and DBP > 110mmHg) 
2. Emergency catheterisation 
3. Recent exposure to radiocontrast 
medium within preceding 2 days 
4. Volume overload 
5. S. Creat. levels > 4mg/dL 

1. Coronary 
angiograph
y 
2. PCI 

192 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 
of 
procedure 

Ioxaglate 
Low-Osm 

Assigned 
fluid at 
1mL/kg/h 
(max 
100ml/hr) 
for 6h pre- 
and 6h 
post-
procedure 

NaCl 1mL/kg/h 
(max 
100ml/hr) 
for 6h pre- 
and 6h 
post-
procedure 

Median 
(Range): 
110 (30-
270) 

Mean S. 
Creat. 
(Range):  
1.40 (1.2-2.3) 
mg/dL 

NaHCO3 154mL of 
1000mEq/
L NaHCO3 
in 846mL 
of D5W at 
1mL/kg/h 
(max 
100ml/hr) 
for 6h pre- 
and 6h 
post-
procedure 

Median 
(Range): 
100 (50-
300) 

Mean S. 
Creat. 
(Range):  
1.36 (1.2-3.8) 
mg/dL 

NAC + NaCl:  Excluded from analysis 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Ozhan 
2010 
(178) 

Inclusion Criteria:  
 
1. Patients undergoing coronary 
angiography 
 
Exclusion Criteria  
 
1. Known allergy for contrast agents 
2. Renal insufficiency (S. Creat. > 
1.5mg/dL or eGFR < 70mL/min 

1. Coronary 
angiograph
y 

139 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iopamidol 
Iso-Osm 

1L saline 
infusion 
in 6h post-
procedure 

Statin 80mg 
atorvastati
n plus 
600mg 
NAC twice 
daily on 
day of 
procedure 
followed 
by 80mg 
atorvastati
n for 2 
days after 
the 
procedure 

 
Mean S. 
Creat. ±SD:  
0.88±0.2mg/
dL 

Control 600mg 
NAC twice 
daily on 
day of 
procedure 

 
Mean S. 
Creat. ±SD:  
0.88±0.19mg
/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Pakfetra
t 
2009 
(179) 

Exclusion Criteria 
 
1. Exposure to contrast media 
within preceding two days 
2. Hypotension 
3. Intra-aortic balloon pump 
4. Pulmonary oedema 
5. Dialysis 
6. Electrolyte and acid-base 
disturbances 
7. Known sensitivity to 
acetazolamide 
8. Medications affecting renal 
function e.g. mannitol, dopamine 
and theophylline 
9. Unwilling to give written 
informed consent 

1. Coronary 
angiograph
y 
2. PCI 

311 RIFLE 
criteria: 
S. Creat. 
increased 
by 1.5-2 
times 
baseline 

Iodixanol 
Iso-Osm 

 
NaHCO3 3mL/kg of 

154mEq/l 
NaHCO3 in 
dextrose 
solution 
for 1 hour 
before 
coronary 
angiograp
hy, 
decreased 
to 
1mL/kg/hr 
for 6 
hours 
post-
procedure 

Mean 
±SD: 
58±32.7 

Mean S. 
Creat. ±SD:  
1.1±0.3mg/d
L 

NaCl Group: 1ml/kg/h 
starting 6h 
pre- and 
continued 
6h post-
procedure 

Mean 
±SD: 
67±41.1 

Mean S. 
Creat. ±SD:  
1.1±0.2mg/d
L 

Acetazolami
de group: 

250mg 
orally 2h 
pre- and 
6h post-
contrast 

Mean 
±SD: 
70.1±67.9 

Mean S. 
Creat. ±SD:  
1.1±0.3mg/d
L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Patti 
2011 
(180) 

Inclusion Criteria 
 
1. Statin naive patients with non-
STEMI or unstable angina 
2. Planned intervention within 48 
hours 
 
Exclusion Criteria 
 
1. Current or previous (< 3 months) 
statin treatment 
2. Non-STE ACS with high-risk 
features warranting emergency 
coronary angiography (< 2 hours) 
3. Any baseline increases in liver 
enzymes  
4. LVEF < 30% 
5. Renal failure with S. Creat. > 
3mg/dl 
6. History of liver or muscle disease. 

1. Coronary 
angiograph
y 
2. PCI 

263 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Iobitridol 
Low-Osm 

Patients 
with pre-
existing 
renal 
failure (S. 
Creat. ≥ 
1.5mg/dl 
or CrCl ≥ 
60ml/min) 
received 
IV 
hydration 
with 
normal 
saline at 
1ml/hour/
kg for ≥ 
12h pre- 
and ≥ 24 
hours 
post-
procedure 

Statin 80mg 
loading 
dose of 
atorvastati
n given 
~12h pre-
procedure
, with a 
further 
40mg ~2h 
pre-
procedure 

Mean 
±SD: 
209±72 

Mean S. 
Creat. ±SD:  
79.8±29.4m
mol/l 

Placebo matched 
placebo 

Mean 
±SD: 
213±13 

Mean S. 
Creat. ±SD:  
77±27.6mmo
l/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Poletti 
2013 
(181) 

Inclusion Criteria  
 
1. Patients admitted as an 
emergency requiring CT 
2. Creat. clearance < 
60ml/min/1.73m2 by MDRD (eGFR 
~42ml/min/1.73m2) and need CT 
scan  
 
Exclusion Criteria 
 
1. Asthma 
2. Pregnancy  
3. Obstructive nephropathy 
4. Patient refusal 

1. CT 128 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Low-Osm 
Iohexol 
(Accupaq
ue®) 

250ml of 
0.45% 
NaCl pre-
CT and 1L 
post-CT 

NAC 6000mg 
NAC 
diluted in 
100ml 
0.45% 
normal 
saline IV 
1h pre-CT 

Mean 
±SD: 
117.4±1.8 

Mean S. 
Creat. ±SD:  
132.4±34.8m
mol/l 

Placebo matched 
placebo 

Mean 
±SD: 
117.7±3.2 

Mean S. 
Creat. ±SD:  
133.5±34.8m
mol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Qiao 
2015 
(182) 

Inclusion Criteria  
 
1. Diabetes mellitus 
2. Mild-to-moderate chronic kidney 
disease (eGFR 30-
89ml/min/1.73m2) 
3. Total contrast volume ≥ 100ml 
 
Exclusion Criteria  
 
1. Pregnancy 
2. Lactation 
3. Ketoacidosis 
4. Lactic acidosis 
5. Contrast administration within 7 
days of study  
6. Emergent coronary angiography 
7. History of hypersensitivity 
reaction to contrast or statins 
8. NYHA class IV CHF 
9. Unstable renal function 
10. Use of: aminophylline, 
prostaglandin or E1 within 7 days of 
the procedure 
11. Recent statin use within 14 days 

1. PCI 124 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 72h 

Iso-Osm 
Iodixanol 

Isotonic 
saline 
0.9% at 1-
1.15mL/kg
/h for 3-
12h pre- 
and 6-24 
hours 
post-
procedure 

Statin Rosuvasta
tin 10 
mg/day) 2 
days pre-
and 3 days 
post-
contrast 

Mean 
±SD: 
204.3±74.
7 

eGFR 30-89 
ml/min/1.73 
m2 

Control IV 
hydration 
only 

Mean 
±SD: 
212.3±84.
6 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Quintav
alle 
2012 
(183) 

Inclusion Criteria 
 
1. Statin-naïve patients 
2. Elective coronary angiography 
due to symptomatic coronary 
artery disease OR PCI in de novo 
lesions in native coronary 
 
Exclusion Criteria  
 
1. Primary or rescue PCI 
2. ACS with elevated cardiac 
biomarkers 
3. Coronary artery restenosis 
4. Treatment of a saphenous vein 
graft or left internal mammary 
artery graft 
5. Active statin therapy 

1. Coronary 
angiograph
y 
2. PCI 

430 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Iodixanol 
Iso-Osm 

NAC 
1200mg 
orally 
twice 
daily, the 
days pre- 
and of 
contrast, 
as well as 
hydration 
with 
154mEq/L 
NaHCO3 in 
dextrose 
and H2O. 
with the 
initial IV 
bolus of 
3mL/kg/h 
for 1 hour 
immediate
ly before 
CM 
injection, 
followed 
by 
1mL/kg/h 
during and 
for 6h 
post-
procedure 

Statin Atorvastat
in (80mg) 
within 24 
hours 

Mean 
±SD: 
177±74 

Mean S. 
Creat. 
(Range):  
1.16 (1.0-
1.32) mg/dL 

Control IV 
hydration 
only 

Mean 
±SD: 
184±78 

Mean S. 
Creat. 
(Range):  
1.18 (1.0-
1.35) mg/dL 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Rahman 
2012 
(184) 

Inclusion Criteria  
 
1. Elective coronary angiography for 
ACD, chronic stable angina, 
dilated/ischaemic cardiomyopathy 
and preoperative assessment 
2. S. Creat. 1.2-2.5mg/dl 
 
Exclusion Criteria  
 
1. Diabetes mellitus 
2. Acute renal failure  
3. Acute MI requiring primary or 
rescue PCI 
4. Cardiogenic shock 
5. Patients on renal replacement 
therapy 
6. Patients undergoing PTCA 
7. COPD 
8. Exacerbation of asthma  
9. Allergy to TMZ 

1. Coronary 
angiograph
y 

436 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 24-
48h 

Iopamiro 
Low-Osm 

Normal 
saline 
1mg/kg/h 
for at least 
12h pre- 
and 12h 
post-
procedure 

Trimetazidin
e 

35mg 
twice daily 
commenc
e 48h pre-
procedure
, for 96h 

Mean 
±SD: 
95.34±4.2
5 

Mean S. 
Creat. ±SD:  
1.23±0.23mg
/dl 

Control IV 
hydration 
only 

Mean 
±SD: 
97.45±5.6
2 

Mean S. 
Creat. ±SD:  
1.4±0.24mg/
dl 

Rashid 
2004 
(185) 

Inclusion Criteria  
 
1. Peripheral vascular disease  
2. Elective angiography or 
angioplasty 
3. Candidates subdivided into 2 
groups: normal S. Creat. (< 
120mmol/L [1.32mg/dl] for men 
and < 97mmol/L [1.07mg/dl] for 
women) 

1. 
Peripheral 
angiograph
y 
2. 
Angioplasty 

100 Increase in 
S. Creat. ≥ 
0.5 mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Omnipaq
ue 
Low-Osm 

All 
patients 
received 
normal 
saline 
(500mL 
over 4-6 
hours) 6-
12h pre-
and post-
procedure 

NAC 1g per bag 
of normal 
saline 

Mean 
±SD: 
135.4±62.
7 

Mean S. 
Creat. ±SD:  
109.9±41.15
mmol/L 

Control IV 
hydration 
only 

Mean 
±SD: 
151.2±75.
6 

Mean S. 
Creat. ±SD:  
124.3±63.47
mmol/L 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Reineck
e 
2007 
(186) 

Inclusion Criteria  
 
1. S. Creat. 1.3-3.5mg/dl   
2. Elective coronary angiography ≥ 
1.3mg/dl-3.5mg/dl 
 
Exclusion Criteria  
 
1. Acute or recent MI within 30 
days 
2. NYHA class IV CHF 
3. Recipient of transplanted organs 
4. Monoclonal gammopathy 
5. Previous contrast medium 
administration within 7 days 

1. Coronary 
angiograph
y 

431 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
48-72h 
post-
procedure 

Iopromide 
Iso-Osm 

500ml 5% 
glucose 
and 500ml 
isotonic 
NaCl over 
12h pre- 
and for 
12h post-
procedure 

NAC 600mg 
evening 
pre-
procedure
, second 
dose 
morning 
pre-
procedure
, third 
evening 
post-
procedure
, and the 
last dose 
was given 
on 
morning 
post-
procedure 

Mean 
±SD: 
197±80 

Mean S. 
Creat. 
(Range):  
1.5 (1.3-1.9) 
mg/dl 

Dialysis Haemodial
ysis 
performed 
within 20 
min after 
catheteris
ation 

Mean 
±SD: 
184±80 

Mean S. 
Creat. 
(Range):  
1.5 (1.3-2.2) 
mg/dl 

Control IV 
hydration 
only 

Mean 
±SD: 
188±79 

Mean S. 
Creat. 
(Range):  
1.4 (1.3-1.9) 
mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Rezaei 
2016 
(246) 

Inclusion Criteria: 
patients aged ≥ 18 years with 
baseline estimated glomerular 
filtration rate (eGFR) < 60mL/min 
per 1.73m2 
 
Exclusion Criteria: 
1. Acute ST-segment elevation 
myocardial infarction or high-risk 
NSTE-ACS warranting emergency 
coronary angiography (< 2 hours) 
2. Cardiogenic shock 
3. Pulmonary oedema, overt heart 
failure and/or ejection fraction < 
30% 
4. ACS undergoing coronary 
angiography or angioplasty during 
the previous 5 days 
5. Sensitivity to contrast medium, 
recent administration of contrast 
medium for any reason 
6. AKI or history of dialysis 
7. Pregnancy 
8. Newly prescribed angiotensin-
converting enzyme inhibitors or 
angiotensin receptor blockers 
9. Bleeding and/or coagulopathy 
disease 
10 Consumption of nephrotoxic 
drugs, vitamin E, vitamin C, or NAC 
at least 48 hours before 
intervention 

1. Coronary 
angiograph
y 

329 Absolute 
increase ≥ 
0.5mg/dL 
or a 
relative 
increase ≥ 
25% over 
baseline 
serum 
creatinine 
concentrati
on within 
72 hours 
after 
administrat
ion of 
contrast 
media 

Iodixanol 
Iso-Osm 

See 
Groups 

vitamin E 
(a-
tocopherol) 

0.9% 
saline 
infusions 
(1mL/kg) 
for 12 
hours 
prior to 
and after 
coronary 
angiograp
hy 
combined 
with 
600mg 
oral 
vitamin E 
at 12 
hours 
before 
plus 
400mg 
2 hours 
before 
interventi
on 

Median 
(IQR): 
1.3(1.2-
1.5) 

S Cr Median 
(IQR): 
1.3(1.2-1.5) 

Placebo Matching 
placebo 
(No Vit E) 

Median 
(IQR): 
1.3(1.2-
1.5) 

S Cr Median 
(IQR): 
1.3(1.2-1.5) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Rohani 
2010 
(187) 

Inclusion Criteria 
 
1. Chronic renal failure (stable S. 
Creat. > 1.3mg/dl)  
 
Exclusion Criteria  
 
1. Pregnancy 
2. Contraindications to 
aminophylline (history of seizures, 
arrhythmia resulting in circulatory 
instability) 

1. Coronary 
angiograph
y 

70 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
48h post-
procedure 

Omnipaq
ue 
Low-Osm 

Isotonic 
crystalloid 
1.0-
1.5ml/kg/
hr for 3-
12h pre- 
and for 6-
24 hours 
post-
procedure. 
Additional 
hydration 
was 
performed 
according 
to clinical 
examinati
on, X-ray, 
and 
central 
venous 
pressures, 
if 
available. 

Aminophylli
ne 

250mg as 
a short 
infusion 
(100ml 
saline, 
0.9%) 30 
min pre-
procedure 

Mean 
±SD: 
200±89 

Mean S. 
Creat. ±SD:  
1.93±0.21mg
/dl 

Placebo Short 
infusion of 
100ml 
saline, 
0.9% 30 
min pre-
procedure 

Mean 
±SD: 
210±90 

Mean S. 
Creat. ±SD:  
1.84±0.54mg
/dl 

Sadat 
2011 
(188) 

Inclusion Criteria 
 
1. Peripheral arterial disease 
 
Exclusion Criteria  
 
1. Established renal failure 
2. Renal replacement therapy 

1. 
Peripheral 
angiograph
y 

44 > 25% 
increase 
above 
baseline S. 
Creat. 72h 
post-
procedure 

Iopamidol 
Low-Osm 

1L 0.9% 
normal 
saline IV 
infusion 
over 12h 
pre- and 
1L over 

NAC 600mg 
twice daily 
on the day 
pre- and 
600mg 
twice on 
the day of 
procedure 

Mean 
±SD: 
70±20 

Mean S. 
Creat. 
(Range):  
97 (72-125) 
mmol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

12h post-
procedure 

Control IV 
hydration 
only 

Mean 
±SD: 
75±25 

Mean S. 
Creat. 
(Range):  
88 (68-142) 
mmol/l 

Sadineni 
2017 
(247) 

Inclusion Criteria: 
Patients > 30 years undergoing 
coronary angiography ± PCI for 
angina, non-ST-segment elevation 
myocardial infarction (NSTEMI) and 
acute myocardial infarction/STEMI 
with serum creatinine ≥ 1.2 mg/dl 
on their most recent sample drawn 
within 3 months of planned 
procedure. 
 
Exclusion Criteria: 
1. Patients with acute renal failure 
or end-stage renal disease requiring 
dialysis 
2. Intravascular administration of 
contrast material within previous 6 
days 
3. Pregnancy or lactation 
4. Emergency coronary angiography 
5. History of hypersensitivity 
reaction to contrast media 
6. Cardiogenic shock 
7. Pulmonary oedema 
8. Mechanical ventilator 
9. Parenteral use of diuretics 
10 Recent use of NAC or ascorbic 
acid 
11. Use of metformin or NSAIDS 
within 48h of procedure 

1. Coronary 
angiograph
y 
2. PCI (non-
emergency) 

118 Relative 
increase in 
serum 
creatinine 
from 
baseline of 
≥ 25% or 
an 
absolute 
increase of 
≥ 0.3mg/dl 
(44.2µmol/
L) during 
days 1 and 
2. 

Iodixanol 
Iso-Osm 

Normal 
saline 
0.5ml/kg/
h 12h 
prior to 
the 
procedure 
and was 
continued 
for 12h 
after 
contrast 
administra
tion (total 
24h). 
Patients 
who had 
low 
ejection 
fraction (< 
40%) 
received 
NS at rate 
of 
0.3ml/kg/
h 

NAC 600mg 
orally 
twice 
daily, the 
day before 
and the 
day of the 
procedure 

Mean+SD: 
61.4±34.8 

Mean S. 
Creat. ±SD: 
2.24±0.9 

Allopurinol  300mg 
single 
dose given 
the day 
before the 
procedure 

Mean+SD: 
68.7±46.7
7 

Mean S. 
Creat. ±SD: 
1.91±0.72 

Placebo  Normal 
saline only  

Mean+SD: 
77.33±43.
30 

Mean S. 
Creat. ±SD: 
2.19±1.01 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Saitoh 
2011 
(189) 

Inclusion Criteria  
 
1. S Creat. > 1.5mg/dl ± creatinine 
clearance < 60ml/min 
2. Elective coronary angiography 

1. Coronary 
angiograph
y 

23 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Iomeprol 
Low-Osm 

0.9% 
saline at 
1ml/kg/h 
for 24h 
started 
12h pre-
procedure 
and 
continued 
until 12h 
after 

NAC 704mg 
twice daily 
orally 
from 1 day 
pre-
procedure 
for a total 
of 2 days 

Mean 
±SD: 
117.1±9.0 

 

Control IV 
hydration 
only 

Mean 
±SD: 
113.6±14.
5 

Glutathione 100mg/mi
n from 
30min 
pre-
procedure 
to max of 
3000mg 

Mean 
±SD: 
130.7±19.
3 

Sandhu 
2006 
(190) 

Inclusion Criteria  
 
1. Non-coronary diagnostic 
angiography (head and neck, 
extremity and visceral abdominal 
angiography) 
2. With or without renal 
impairment 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Renal transplant 

1. 
Diagnostic 
angiograph
y 

109 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 

Iodixanol 
Iso-Osm 
Iopamidol 
Low-Osm 

 
NAC 600mg 

twice daily 
the day 
pre- and 
day of the 
procedure 

 
Mean S. 
Creat. ±SD:  
116±48.9mm
ol/l 

Control no 
interventi
on 

 
Mean S. 
Creat. ±SD:  
103.6±48.6m
mol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Sanei 
2014 
(191) 

Inclusion Criteria 
 
1. Elective CTA 
2. Normal renal function 
 
Exclusion Criteria  
 
1. Unstable angina 
2. MI 
3. Cardiac arrhythmias 
4. Heart failure 
5. Acute or chronic renal failure 
6. S. Creat. level > 1.5mg/dl 
7. IV administration of contrast 
material in the past month 
8. Known hypersensitivity to statins 
9. Lost to follow-up 

1.CTA 247 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Low-Osm 
Iopromide 

 
Statin 80mg 

dose of 
atorvastati
n daily 
commenc
ed 24h 
pre- and 
continued 
for 48h 
post-
procedure 

All 
patients 
received a 
total of 
100ml of 
the 
contrast 
material; 
15ml for 
the test 
bolus and 
85ml for 
the 
imaging 
(6ml/s 
injected 
with 
injector 
device) 

Mean S. 
Creat. ±SD:  
1.0±0.16mg/
dl 

Placebo matched 
placebo 

Mean S. 
Creat. ±SD:  
1.03±0.17mg
/dl 

Sar 
2010 
(192) 

Inclusion Criteria  
 
1. Type 2 diabetes mellitus 
2. Normal renal function  
3. Elective radiological investigation 
requiring intravenous contrast 
media administration  
 
Exclusion Criteria  
 
1. BMI < 21 or > 30 
2. Concomitant systematic disease  
3. Use of nephrotoxic drug or drug 
that can interact with ACEI within 
the last 30 days 

1. CT 48 Increase in 
S. Creat. ≥ 
0.3mg/dL 
or > 20% 
increase 
above 
baseline, or 
> 20% 
decrease in 
eGFR 

Low-Osm 
Iohexol 

Normal 
saline 
0.9% at 
1ml/kg/h 
for 12h 
pre- and 
24h post-
procedure 

NAC 1200mg IV 
1h pre-
procedure
, 1200mg 
orally for 
2 days 

100mg 
standard 
dose 

Mean S. 
Creat. ±SD:  
0.83±0.15mg
/dl 

Placebo IV 
hydration 
only 

Mean S. 
Creat. ±SD:  
0.81±0.17mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Savaj 
2014 
(193) 

Inclusion Criteria  
 
1. Diabetic patients 
 
Exclusion Criteria  
 
1. CHF 
2. Complications during 
angiography 

1. Coronary 
angiograph
y 

102 Increase in 
S. Creat. ≥ 
0.3mg/dL 
or > 30% 
increase 
above 
baseline at 
24h 

 
All the 
patients 
received 
1L of 
normal 
saline 
before 
procedure 

RIPC Blood 
pressure 
cuff 
placed 
around 
non-
dominant 
upper 
arm. The 
cuff 
inflated to 
200mmHg 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
deflation 
and 
repeated 
for 3 
cycles in 
total, 
starting 
15min 
pre-
procedure 

Mean 
±SD: 
126.6±77.
2 

Mean S. 
Creat. ±SD:  
1.3±0.4mg/dl 

Control no 
interventi
on 

Mean 
±SD: 
123.8±66.
6 

Mean S. 
Creat. ±SD:  
1.1±0.3mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Sedighif
ard 2016 
(248) 

Inclusion Criteria: 
Patients with mild to moderate risk 
for CIN were included in the study, 
referred for elective coronary 
angiography  
 
Exclusion Criteria: 
1. Unstable angina 
2. Myocardial infarction 
3. Cardiac arrhythmias 
4. Acute or chronic renal 
insufficiency/failure (estimated 
glomerular filtration rate [eGFR] < 
60mL/min/1.73m2) 
5. Acute or decompensated heart 
failure 
6. Diabetes 
7. Intravascular administration of 
contrast material in the previous 
month 

1. Elective 
coronary 
angiograph
y 

153 Increase in 
serum 
creatinine 
of ≥ 
0.5mg/dL 
or ≥ 25% of 
the 
baseline 
creatinine 
after 48h 
of contrast 
material 
injection 

Iodixanol 
Iso-Osm 

0.9% 
sodium 
chloride 
(1mL/kg/h
) for 12h, 
started 6h 
before and 
continued 
to 6h after 
the 
procedure 

Silymarin Single 
dose 
(280mg) 
tablet 2h 
before 
administra
tion of the 
contrast 
material. 

Average, 
45mL 

Mean S. 
Creat. ±SD: 
0.85±0.16 

Placebo  Single 
dose 
match 
placebo 
tablet 2h 
before 
administra
tion of the 
contrast 
material. 

Average, 
45mL 

Mean S. 
Creat. ±SD: 
0.94±0.15 

Sekiguch
i 
2013 
(194) 

Inclusion Criteria  
 
1. Elective coronary angiography ± 
PCI 
 
Exclusion Criteria  
 
1. ACS 
2. End-stage renal failure 
3. Dialysis 
4. Cardiogenic shock 
5. CHF 
6. COPD 
7. Oxygen saturation levels < 90% 

1. PCI 359 > 25% 
increase 
above 
baseline S. 
Creat. 48h 
post-
procedure 

 
0.9% 
normal 
saline at 
1ml/kg/h 
12h pre-
procedure 
until 12h 
post-
procedure 

Oxygen Administr
ation via 
nasal 
cannula; 
2l/min of 
oxygen 
from 10 
min 
before the 
procedure 
to the end 
of the 
procedure 

  

Room air 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Seyon 
2007 
(195) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. ACS 
3. Renal dysfunction  
(S. Creat. ≥ 1.4 mg/dL in males or ≥ 
1.3 mg/dL in females; ± Creat. 
clearance < 50mL/min 
4. Informed consent 
5. Available for follow-up 
 
Exclusion Criteria  
 
1. Haemodynamic instability 
requiring inotropic support 
2. Pregnancy  
3. Acute gastrointestinal disorder 
(unable to tolerate oral medication) 
4. NYHA class III or IV CHF  
5. Unsuitable to receive intravenous 
hydration therapy as per 
cardiologist  
6. Known sensitivity to NAC 
7. Current treatment with 
theophylline or mannitol 
8. Dialysis therapy 
9. Participation in another study or 
use of experimental drug 

1. Coronary 
angiograph
y 

43 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 

Iohexol 
Low-Osm 
Iodixanol 
Iso-Osm 

0.45% 
normal 
saline at 
1mL/kg/h 
4-6h pre- 
and 12h 
post-
procedure 

NAC 600mg 
orally, for 
a total of 
4 doses, 
with the 
first dose 
at 8:00 
A.M. the 
day of the 
procedure 
and 3 
doses 
post-
procedure 

Mean 
±SD: 
147.5±74.
75 

 

Placebo matched 
placebo 

Mean 
±SD: 
133.68±5
8.04 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Shehata 
2014 
(196) 

Inclusion Criteria  
 
1. Diabetes mellitus  
2. Chronic stable angina 
3. Mild-to-moderate renal 
dysfunction (mean eGFR 
48±16ml/min/1.73m2) 
 
Exclusion Criteria  
 
1. Severe CKD (eGFR < 30 
ml/min/1.73m2) 
2. End-stage renal disease 
3. Haemodialysis 
4. Acute MI requiring emergency 
coronary intervention 
5. Cardiogenic shock 
6. History of ACS, PCI or CABG 
7. CHD or myocardial disease other 
than ischaemia 
8. Limited life expectancy 
9. Positive pre-procedural cTnI 
result 
10. Previous treatment with 
trimetazidine 
11. Contraindications for aspirin, 
clopidogrel, or trimetazidine 
use 
12. Parkinsons’ disease and other 
motion disorders 

1. Elective 
PCI 

108 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Low-Osm 
Ultravist 
. 

0.9% 
Isotonic 
saline 
solution at 
1ml/kg/h 
starting 
12h pre-
procedure 
and up to 
24h. 
N-
acetylcyst
eine 
(1,200mg) 
24h pre- 
and post-
procedure. 

Trimetazidin
e 

35mg 
twice daily 
for 72 
hours, 
starting 48 
hours 
before PCI 

Mean 
±SD: 
270±10 

Mean S. 
Creat. ±SD:  
2.0±0.5mg/dl 

Placebo IV 
hydration 
only 

Mean 
±SD: 
280±15 

Mean S. 
Creat. ±SD:  
2.0±0.4mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Shehata 
2015 
(197) 

Inclusion Criteria  
 
1. Diabetes mellitus  
2. Mild-to-moderate chronic kidney 
disease 
 
Exclusion Criteria  
 
1. Severe CKD (eGFR < 
30mL/min/1.73m2) 
2. End-stage renal disease (or 
patients on haemodialysis) 
3. Intake of potentially nephrotoxic 
drugs 
4. Acute MI requiring emergency 
coronary intervention 
5. Cardiogenic shock 
6. Prior history of 
ACS 
7. Prior history of PCI or CABG 
8. Congenital heart disease or any 
myocardial disease apart from 
ischaemia 
9. Known skeletal muscle disorder 
10. Chronic liver disease 
11. Limited life expectancy due to 
coexistent disease 
12. Contraindications for aspirin 
and/or clopidogrel 

1. PCI 148 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

Low-Osm 
Iopromide
, 
Non-ionic 
Ultravist 
370/100 

0.9% 
Isotonic 
saline at 
1mL/kg/h 
starting 
12h pre- 
and up to 
24h post-
procedure. 
NAC 
(1200mg) 
administer
ed to both 
groups 
24h pre- 
and post-
procedure 

Statin 80mg 
dose of 
atorvastati
n daily for 
48h pre-
procedure 

Mean 
±SD: 
274±8 

Mean GFR of 
48.5±16 
mL/min/1.73 
m2 

Placebo IV 
hydration 
only 

Mean 
±SD: 
278±11 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Shyu 
2002 
(198) 

Inclusion Criteria  
 
1. Chronic renal insufficiency (S. 
Creat. 2.0-6.0mg/dl or creat. 
clearance 8-40ml/min)  
2. Stable S. Creat. (difference of ≤ 
0.1mg/dl compared with baseline at 
12 to 24h before procedure) 
 
Exclusion Criteria  
 
1. Acute MI requiring primary or 
rescue PCI  
2. Use of vasopressors before the 
procedure 
3. Cardiogenic shock 
4. Current peritoneal dialysis or 
haemodialysis 
5. Planned post-contrast dialysis 
6. Allergies to the study 
medications 

1. Coronary 
angiograph
y 

138 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 

Iopamidol 
Low-Osm 

0.45% 
normal 
saline IV at 
1ml/kg/h 
for 12h 
pre- and 
12 h post-
procedure. 
All 
patients 
were 
encourage
d to drink 
if they 
were 
thirsty. 

NAC 400mg 
twice daily 
orally, on 
the day 
pre- and 
day of 
procedure
, for a 
total of 
two days 

Mean 
±SD: 
119±3 

Mean S. 
Creat. ±SD:  
2.8±0.8mg/dl 

Placebo matched 
placebo 

Mean 
±SD: 
115±48 

Mean S. 
Creat. ±SD:  
2.8±0.8mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Singh 
2016 
(233) 

Inclusion Criteria: 
patients with diabetes scheduled 
for elective PCI with eGFR 60 
ml/min/1.73m2 or urinary albumin 
creatinine ratio of >300 mg/g 
Exclusion Criteria: 
1. Patients with ST-elevation MI or 
decompensated heart failure in the 
preceding 6 months 
3. End stage renal disease on 
maintenance dialysis 
4. Cerebrovascular disease 
5. Chronic liver disease 
6. chronic obstructive pulmonary 
disease 
7. Gastrointestinal bleeding 
8. Acute or chronic infection 
9 Malignancy 

1. Elective 
PCI 

116 Serum 
creatinine 
rise of ≥ 
0.5mg/dl 
from 
baseline 
and/or an 
increase in 
creatinine 
of ≥ 25% 
from 
baseline 
within 48 
hours after 
contrast 
exposure 

Visipaque 
Iso-Osm 

Intravenou
s 0.9% 
NaCl 
infusion at 
60ml/hour 
6 hours 
before and 
after PCI 
procedure 

RIPC Right 
upper arm 
cuff 
manually 
inflated to 
200mmHg 
for 5 
minutes, 
followed 
by 
deflation 
for 5 
minutes to 
allow 
reperfusio
n and this 
cycle was 
performed 
3 times 30 
minutes 
before the 
PCI. 

Mean+SD: 
197.5 ± 
114.3 

S. Creat. 
Mean+SD: 
1.42 ± 0.58 

Placebo Sham cuff 
applied 
for 30 
minutes 
with no 
inflation 

Mean+SD: 
196.3 ± 
118.8 

S. Creat. 
Mean+SD: 
1.41 ± 0.34 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Solomon 
1994 
(199) 

Inclusion Criteria  
 
1. S. Creat. > 1.6mg/dL (140μmol/L) 
or Creat. clearance < 60ml/min 

Coronary 
angiograph
y 

63 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 

The 
choice of 
radiocont
rast agent 
was made 
by the 
cardiologi
st 

0.45% 
normal 
saline IV at 
1ml/kg/h 
for 12h 
pre- and 
12h post-
procedure. 
All 
patients 
were 
encourage
d to drink 
if they 
were 
thirsty. 

Mannitol 25g 
intraveno
usly 
during the 
60 
minutes 
immediate
ly before 
angiograp
hy 

Mean 
±SD: 
130±56 

Mean S. 
Creat. ±SD:  
2.1±0.64mg/
dl 

Furosemide 80mg IV 
during 30 
min pre-
procedure 

Mean 
±SD: 
132±48 

Mean S. 
Creat. ±SD:  
2.1±0.59mg/
dl 

Control IV 
hydration 
only 

Mean 
±SD: 
125±45 

Mean S. 
Creat. ±SD:  
2.1±0.54mg/
dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Solomon 
2015 
(249) 

Inclusion Criteria: 
Patients > 18 years scheduled for 
elective coronary or peripheral 
angiography, and if their calculated 
eGFR was 45ml/min per 1.73m2 
 
Exclusion Criteria: 
1. Haemodynamic instability as per 
investigator judgment 
2. Renal replacement therapy 
3. Hypocalcaemia 

Elective 
Coronary or 
peripheral 
angiograph
y  

412 ≥ 0.5mg/dl 
or 25% rise 
in 
creatinine 
from 
baseline 
during the 
first 3 days. 

No details 
(Multicen
tre study) 

Infusion 
rate in all 
groups 
was 
5ml/kg 60 
minutes 
before and 
1.5ml/kg 
per h 
during and 
for 4 hours 
after 
angiograp
hy. In 

NaHCO3 50ml 
ampules 
of 1m 
sodium 
bicarbonat
e 
(154mEq/
L) and a 
partially 
filled 1l 
bag with 
830ml 
sterile 
water 

Mean+SD: 
110±66 

Mean S. 
Creat. ±SD: 
1.98±0.62 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

patients 
with a low 
ejection 
fraction 
(40%), 
history of 
congestive 
heart 
failure, or 
significant 
oedema, 
the same 
total dose 
of study 
fluid could 
be infused 
over 5 
hours 
post-
angiograp
hy at the 
discretion 
of the 
investigato
r 

NaCl Standard 
0.9% 
sodium 
chloride 

Mean+SD: 
104±72 

Mean S. 
Creat. ±SD: 
1.85±0.49 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Spargias 
2004 
(54) 

Inclusion Criteria  
 
1. Non-emergent coronary 
angiography  
2. S. Creat. ≥ 1.2 mg/dL (106µmol/L) 
within 3 months of the planned 
procedure 
 
Exclusion Criteria  
 
1. Known acute renal failure 
2. End-stage renal disease requiring 
dialysis 
3. Intravascular administration of 
contrast medium within the 
previous 6 days 
4. Anticipated re-administration of 
contrast medium within the 
following 6 days 
5. Use of vitamin C supplements on 
a daily basis during the week before 
the procedure 
6. Inability to administer the study 
medication at least 2h pre-
procedure. 

1. Coronary 
angiograph
y 
2 .PCI 

265 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 2-5 
days of 
contrast 

The 
choice of 
the type 
of 
contrast 
agent was 
left to the 
interventi
onal 
cardiologi
st 
performin
g the 
procedure
, but use 
of a non-
ionic, low- 
or iso-
osmolar 
contrast 
agent was 
encourag
ed. 

50-
125mL/h 
normal 
saline IV 
from 
randomisa
tion until 
at least 6h 
post-
procedure. 
All 
patients 
were 
encourage
d to drink 
if they 
were 
thirsty 

Ascorbic 
acid 

3g 
chewable 
tablets at 
least 2 
hours pre-
procedure
, followed 
by 2g the 
night and 
the 
morning 
post-
procedure 

Mean 
±SD: 
287±148 

Mean S. 
Creat. ±SD:  
1.52±0.64mg
/dl 

Placebo 3g 
chewable 
tablets at 
least 2 
hours pre-
procedure
, followed 
by 2g the 
night and 
the 
morning 
post-
procedure 

Mean 
±SD: 
261±128 

Mean S. 
Creat. ±SD:  
1.50±0.54mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Spargias 
2006 
(201) 

Inclusion Criteria  
 
1. S. Creat. ≥ 1.4mg/dL within 1 
month  
2. Elective procedure 
 
Exclusion Criteria  
 
1. Circulatory shock for any reason 
2. SBP < 95mmHg 
3. Acute renal failure 
4. End-stage renal disease requiring 
dialysis 
5. IV administration of contrast 
medium within preceding 10 days 
or anticipated re-administration of 
contrast medium within the 
following 6 days 
6. Inability to administer study 
medication at least 30min pre-
procedure 
7. Primary intervention for acute 
STEMI  

1. Coronary 
angiograph
y 
2. PCI 

33 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 2 
days of 
contrast 

The 
choice of 
the type 
of 
contrast 
agent was 
left to the 
interventi
onal 
cardiologi
st 
performin
g the 
procedure
, but use 
of a non-
ionic, low- 
or iso-
osmolar 
contrast 
agent was 
encourag
ed. 

1.5mL/kg/
h normal 
saline for 
≥ 4h pre-
procedure 
and 
continued 
for at least 
12h post-
procedure 

Iloprost 1ng/kg/mi
n 
beginning 
30-90min 
prior to 
and 
ending 4h 
post-
procedure 

Mean 
±SD: 
217±118 

Mean S. 
Creat. ±SD:  
1.71±0.7mg/
dl 

Iloprost 2ng/kg/mi
n 
beginning 
30-90min 
prior to 
and 
ending 4h 
post-
procedure 

excluded from analysis 

Placebo Normal 
saline 
beginning 
30-90min 
prior to 
and 
ending 4h 
post-
procedure 

 
Mean S. 
Creat. ±SD:  
1.66±0.64mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Spargias 
2009 
(200) 

Inclusion Criteria  
 
1. S. Creat. ≥ 1.4mg/dL within 1 
month before the planned 
procedure  
 
Exclusion Criteria  
 
1. Circulatory shock for any reason 
2. SBP < 95mmHg 
3. Acute renal failure 
4. End-stage renal disease requiring 
dialysis 
5. Intravascular administration of 
contrast medium within the 
previous 10 days or anticipated re-
administration of contrast medium 
within the following 6 days 
6. Inability to administer study 
medication at least 30 minutes 
before the procedure 
7. Primary intervention for acute 
STEMI 

1. Coronary 
angiograph
y 
2. PCI 

239 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 2 
days of 
contrast 

Use of a 
non-ionic, 
iso-
osmolar, 
or low-
osmolar 
contrast 
medium 
was 
encourag
ed. 

1.5mL/kg/
h normal 
saline for 
≥ 4h pre-
procedure 
and 
continued 
for at least 
12h post-
procedure 

Iloprost 1ng/kg/mi
n 
beginning 
30-90min 
prior to 
and 
ending 4h 
post-
procedure 

Mean 
±SD: 
257±129 

Mean S. 
Creat. ±SD:  
1.63±0.49mg
/dl 

Placebo Normal 
saline 
beginning 
30-90min 
prior to 
and 
ending 4h 
post-
procedure 

Mean 
±SD: 
249±137 

Mean S. 
Creat. ±SD:  
1.59±0.49mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Stone 
2003 
(202) 

Inclusion Criteria  
 
1. Age > 18 years 
2. Risk for developing contrast-
induced nephropathy (creat. 
clearance < 60mL/min (1.00mL/s) 
3. Diagnostic ± interventional 
cardiology procedures. 
 
Exclusion Criteria  
 
1. Known severe allergy to contrast 
media or fenoldopam or its infusion 
components 
2. Acute renal failure or unstable 
renal function 
3. SBP < 100mmHg 
4. Acute MI 
5. Decompensated heart or 
respiratory failure 
6. Contraindication to dopaminergic 
agents 

1.Diagnosti
c ± 
interventio
nal 
cardiology 
procedures 

373 Increase in 
serum 
creatinine 
level of ≥ 
25% from 
baseline to 
the 
maximum 
value 
obtained at 
24-96h 

Low-Osm 0.45% 
normal 
saline 
infusions 
at 
1.5mL/kg/
h (or 
1.0mL/kg/
h if heart 
failure was 
present) 
for 2-12h 
prior to 
trial 

Fenoldopam 0.05µg/kg
/min and 
increased 
in 20 
minutes to 
0.10µg/kg
/min if 
tolerated. 
The 
infusion 
was then 
maintaine
d during 
angiograp
hy and 
percutane
ous 
interventi
on and 
continued 
for 12 
hours 

Mean 
±SD: 
153±107 

Mean S. 
Creat. ±SD:  
1.82±0.71mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

7. Current use of mannitol or 
dopamine 
8. Planned addition, 
discontinuation, or dose 
adjustment of trimethoprim, 
cimetidine, metoclopramide, 
bromocriptine, levodopa, 
nonsteroidal anti-inflammatory 
drugs, or catechol-O-
methyltransferase inhibitors during 
the study 
9. Exposure to iodinated contrast 
within the previous 10 days 
10. Other serious medical 
conditions likely to interfere with 
data collection or follow-up 
11. Participation in other 
investigational protocols within 30 
days 

Placebo matched 
placebo 

Mean 
±SD: 
162±110 

Mean S. 
Creat. ±SD:  
1.81±0.83mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Stone 
2011 
(203) 

Inclusion Criteria 
 
1. Age > 18 years  
2. CKD (Creat. clearance 20-
50ml/min) 
3. Elective coronary arteriography 
(± PCI) 
4. Use of iodinated contrast ≥ 50ml 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. Unstable renal function and 
current or planned dialysis 
3. Renal artery angiography, renal 
drug infusion, or known renal artery 
stenosis 
4. Use of mannitol or intravenous 
diuretics 
5. Decompensated heart failure 

1. 
Angiograph
y 
2. PCI 
3. Renal 
angiograph
y 

157 > 25% 
relative 
increase 
above 
baseline 
within 96h 
of contrast 
or increase 
in S. Creat. 
≥ 0.5mg/dL 
(44µmol/L) 

Iodixanol 
Low-Osm. 
Other low 
osmolar 
contrast 
agents 
were 
permitted 
according 
to the 
operator’s 
choice. 

0.9% 
saline at 
1.5ml/kg/
hour 
(1.0ml/kg/
hour of 
0.45% 
normal 
saline for 
patients 
with CHF 
or left 
ventricular 
dysfunctio
n).  
1h before 
the 
procedure 
NaCl was 
replaced 

Hypothermi
a 

Reprieve 
endovascu
lar 
temperatu
re therapy 
system 
used to 
achieve a 
central 
temperatu
re of 33°C-
34°C 
before 
first 
contrast 
injection 
and for 3 
hours 
after the 
procedure 

Mean 
±SD: 
150±94.3 

Mean S. 
Creat. ±SD:  
12.7±3.0mg/
dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

6. Respiratory failure 
7. Hypotension 
8. Acute or recent STEMI 
9. Allergy to contrast heparin, 
meperidine or buspirone that could 
not be adequately premedicated 
10. Recent monoamine oxidase 
inhibitor 
11. Use of additional contrast 
administration 10 days before or 
after the procedure 
12. Inferior vena cava filter 
13. Height < 1.5 m 
14. Hypersensitivity to hypothermia 
(Raynaud) 
15. Bleeding diathesis, 
coagulopathy or sickle cell disease 
16. Hepatic impairment 
17. Cryoglobulinemia 
18. Untreated hypothyroidism 
19. Addison disease 
20. Prostatic hypertrophy or 
urethral stricture 
21. Would refuse blood 
transfusions 
22. Pregnancy 
23. Inability or unwillingness to sign 
informed consent 
24. Enrolment in another 
investigational drug or device trial 
25. Condition possibly leading to 
noncompliance with any study 
procedures 

with 
NaHCO3 
(150mEq 
in 1L D5W) 
at 
0.45mEq/k
g 
(3ml/kg/h
our) for 
the first 
hour and 
then 
0.15mEq/k
g/hour 
(1ml/kg/h
our) for 5-
7 hours 
after the 
procedure 

Control Normo-
thermia. 
IV 
hydration 
only 

Mean 
±SD: 
138±78.3 

Mean S. 
Creat. ±SD:  
12.1±2.2mg/
dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Sun, C 
2015 
(250) 

Inclusion Criteria: 
Patients > 18 years referred for 
coronary angiography and / or PCI 
Exclusion Criteria: 
1. Acute myocardial infarction 
requiring emergency 
catheterisation 
2. Chronic heart failure 
3. Previous PCI or coronary artery 
bypass grafts 
4. Contrast media within 7 days 
5. Acute respiratory insufficiency 
6. Acute renal failure 
7. End-stage renal disease requiring 
dialysis 
8. Patients on metformin, 
nonsteroidal anti-inflammatory 
drugs, diuretics, mannitol, 
dopamine, theophylline, ascorbic 
acid and N-acetylcysteine during 
the study period. 

1. Coronary 
angiograph
y ± PCI 
 

141 acute 
decline in 
renal 
function 
characteris
ed by an 
absolute 
rise of 
0.5mg/dL 
(44.2µmol/
L) in SCr or 
a > 25% 
increase 
from 
baseline to 
48 hours 
after 
angiograph
y 

Iodixanol 
Iso-Osm 
Iopromide 
Low-Osm 

See groups BNP 1.5μg/kg 
bolus 
followed 
by an 
adjusted 
dose 
infusion of 
0.01μg/kg
/min 

Mean+SD: 
145.56±7
5.86 

Mean S. 
Creat. ±SD: 
75.46±17.25 

IV Hydration  isotonic 
saline 
(0.9%) at 6 
hours 
before 
and 12 
hours 
after the 
procedure 

Mean+SD: 
149.36±7
3.28 

Mean S. 
Creat. ±SD: 
75.10±14.59 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Tamura 
2009 
(204) 

Inclusion Criteria  
 
1. Patients with mild renal 
insufficiency (S. Creat. 1.1-
2.0mg/dl)  
2. Elective coronary procedure  
 
Exclusion Criteria  
 
1. Allergy to contrast medium 
2. Pregnancy 
3. History of dialysis 
4. Exposure to contrast medium 
within the preceding 48 hours of 
the study 
5. ACS within the preceding 1 
month of the study 
6. NYHA class IV CHF 
7. LVEF < 25% 
8. Severe chronic respiratory 
disease 
9. Single functioning kidney 
10. Administration of N-
acetylcysteine, theophylline, 
dopamine or mannitol 

1. 
Diagnostic 
± 
interventio
nal 
cardiology 
procedures 

154 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 3 
days of 
contrast 

Iohexol 
Low-Osm 

0.9% 
isotonic 
saline at 
1ml/kg/h 
(0.5ml/kg/
h for 
patients 
with LVEF 
< 40%) for 
12h pre- 
and 12h 
post-
procedure 

NaHCO3 
group: 

Standard 
hydration 
with NaCl 
plus 
single-
bolus IV 
administra
tion of 
NaHCO3 
[20ml = 
20mEq], 5 
minutes 
pre-
procedure  
CV/mL 
Mean 
(SD): 
82.1±40.4 

Mean 
±SD: 
82.1±40.4 

Mean S. 
Creat. ±SD:  
1.36±0.18mg
/dl 

Control IV 
hydration 
only 

Mean 
±SD: 
87.8±44.9 

Mean S. 
Creat. ±SD:  
1.38±0.19mg
/dl 

Tanaka 
2011 
(205) 

Inclusion Criteria  
 
1. Primary angioplasty 
for acute MI 
 
Exclusion Criteria  
 
1. Dialysis 
2. Known allergy to NAC 
3. Inability to take NAC orally 

1. PCI 83 > 25% 
relative 
increase 
above 
baseline 
within 72h 
of contrast 

Iopamidol 
Low-Osm 

Intravenou
s Ringer’s 
lactate 
solution at 
1-2mL/kg 
/h for > 
12h post-
procedure 

NAC 705mg 
orally 
before 
and at 12, 
24 and 
36h post-
procedure 
(to a total 
of 
2,820mg) 

Mean 
±SD: 
205±80 

Mean S. 
Creat. ±SD:  
0.88±0.25mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Placebo 4ml water Mean 
±SD: 
216±85 

Mean S. 
Creat. ±SD:  
0.80±0.19mg
/dl 

Tasanar
ong 
2009 
(206) 

Inclusion Criteria  
 
1. S. Creat. ≥ 1.2mg/dL or Creat. 
clearance ≤ 60mL/min 
 
Exclusion Criteria  
 
1. Renal failure 
2. End stage renal disease requiring 
dialysis 
3. Unstable renal function 
4. Known allergy to contrast agents 
5. Receiving mechanical ventilation 
6. Congestive heart failure 
7. Cardiogenic shock 
8. Emergency angiography 
9. Receiving NAC, mannitol, 
diuretics, theophylline, dopamine, 
ascorbic acid or contrast agents 
within 14 days before study 
10. Use of α-or γ-tocopherol 
supplements on a daily basis during 
the week prior to the study. 

1. Coronary 
angiograph
y 
2. PCI 

118 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

 
0.9% 
isotonic 
saline at 
1ml/kg/h 
for 12h 
pre- and 
12h post-
procedure 

α-
tocopherol 

525 IU 
daily 
commenci
ng 48h 
pre-
procedure 
for total 3 
doses. 

Mean 
±SD: 
150±83 

Mean S. 
Creat. ±SD:  
1.62±0.44mg
/dl 

Placebo matched 
placebo 

Mean±SD: 
132±58 

Mean S. 
Creat. ±SD:  
1.67±0.53mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Tasanar
ong 
2013 
(207) 

Inclusion Criteria 
 
1. Chronic kidney disease  
 
Exclusion Criteria 
 
1. Acute kidney injury  
2. CKD stage 5 
3. Unstable renal function 
4. Known allergy to contrast agents 
5. Receiving mechanical ventilation 
6. Congestive heart failure 
7. Cardiogenic shock 
8. Emergency angiography 
9. Receiving NAC, mannitol, 
diuretics, theophylline, dopamine, 
ascorbic acid or contrast agents 
within 14 days before study 
10. Use of α-or γ-tocopherol 
supplements on a daily basis during 
the week prior to the study 

1. PCI 331 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48h 

 
0.9% 
isotonic 
saline at 
1ml/kg/h 
for 12h 
pre- and 
12h post-
procedure 

α-
tocopherol 

350mg/ 
day 5 days 
before 
and 2 days 
after 
procedure 

Mean±SD: 
134±73 

Mean S. 
Creat. ±SD:  
1.58±0.48mg
/dl 

γ-
tocopherol 

300mg/ 
day 5 days 
before 
and 2 days 
after 
procedure 

Mean±SD: 
137±75 

Mean S. 
Creat. ±SD:  
1.48±0.48mg
/dl 

Placebo 350mg/ 
day 5 days 
before 
and 2 days 
after 
procedure 

Mean±SD: 
134±69 

Mean S. 
Creat. ±SD:  
1.63±0.53mg
/dl 

Tepel 
2000 
(208) 

Inclusion Criteria 
 
1. Elective computed tomography 
(CT)  
2. Chronic renal insufficiency (S. 
Creat. > 1.2mg/dL (106µmol/L) or 
creat. clearance < 50ml/min) 
 
Exclusion Criteria 
 
1. Acute renal failure 

1. CT 93 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 

 
0.45% 
saline at 
1ml/kg/h 
for 12h 
pre- and 
12h post-
procedure. 
Patients 
were 
encourage
d to drink 
if thirsty. 

NAC 600mg 
orally 
twice daily 
on the day 
prior to 
and day of 
CT 

 
Mean S. 
Creat. ±SD:  
2.5±1.3mg/dl 

Control IV 
hydration 
only 

 
Mean S. 
Creat. ±SD:  
2.4±1.3mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Thiele 
2010 
(209) 

Inclusion Criteria  
 
1. Patients with ST-elevation 
undergoing primary angioplasty  
 
Exclusion Criteria 
 
1. Previous fibrinolysis < 12h 
2. Known NAC allergy 
3. Chronic dialysis 
4. Pregnancy 
5. Contra-indications to magnetic 
resonance imaging (MRI) 

1. Coronary 
angioplasty 

292 > 25% 
relative 
increase 
above 
baseline 
within 72h 
of contrast 

Iopromide 
Low-Osm 

0.9% 
isotonic 
saline at 
1ml/kg/h 
(0.5ml/kg/
h for 
patients in 
overt 
heart 
failure) for 
12h 

NAC Intraveno
us bolus of 
1,200mg 
before 
angioplast
y and 
1,200mg 
intraveno
usly twice 
daily for 
48h after 
(total dose 
6,000mg) 

Median 
(Range): 
180 (140-
230) 

Median S. 
Creat. 
(Range):  
81 (69-97) 
mmol/l 

Placebo matched 
times - 
10ml of 
0.9% NaCl 
at each 
injection 

Median 
(Range): 
160 (120-
220) 

Median S. 
Creat. 
(Range):  
78 (67-90) 
mmol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Toso 
2010 
(210) 

Inclusion Criteria  
 
1. Chronic kidney disease 
(estimated Creat. clearance < 
60ml/min) 
2. Elective coronary angiography 
and/or other intervention 
 
Exclusion Criteria  
 
1. Current treatment with a statin 
2. Contraindication to statin 
treatment 
3. Previous contrast media 
administration within 10 days of 
study entry 
4. End-stage renal failure requiring 
dialysis 
5. Informed refusal of consent 

1. Coronary 
angiograph
y 

353 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 5 
days 

Iodixanol 
Iso-Osm 

0.9% 
isotonic 
saline at 
1ml/kg/h 
(0.5ml/kg/
h for 
patients in 
overt 
heart 
failure) for 
12h. Oral 
NAC 
(1200mg) 
twice daily 
from the 
day before 
to the day 
after the 
procedure 

Statin 80mg 
atorvastati
n daily 
starting 
48h pre-
procedure
, 
continued 
for 48h 
post-
procedure 

Mean±SD: 
164±99 

Mean S. 
Creat. ±SD:  
1.2±0.35mg/
dl 

Placebo matched 
placebo 
starting 
48h pre-
procedure
, 
continued 
for 48h 
post-
procedure 

Mean±SD: 
151±95 

Mean S. 
Creat. ±SD:  
1.18±0.33mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Traub 
2013 
(211) 

Inclusion Criteria  
 
1. Patients undergoing chest, 
abdominal, or pelvic CE-CT 
2. Age > 18 years 
3. ≥ one risk factor for CI-AKI 
 
Exclusion Criteria  
 
1. Unable or unwilling to provide 
written informed consent 
2. End-stage renal disease 
3. Pregnancy 
4. Allergy to NAC  
5. Clinical instability 

1. CE-CT 383 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48-
72h of 
procedure 

Low-Osm 
Isovue 
Low-Osm 
Optiray 
Iso-Osm 
Visipaque 

as per 
interventi
on 
protocol 

NAC 3g in 
500mL 
NaCl as an 
IV bolus 
and then 
200mg/h 
as 67mL/h 
for up to 
24 hours 

Mean: 
113.11 

Mean S. 
Creat. ±SD:  
1.00±0.28mg
/dl 

Placebo 500mL 
NaCl as an 
IV bolus 
and then 
200mg/h 
as 67mL/h 
for up to 
24 hours 

Mean: 
115.24 

Mean S. 
Creat. ±SD:  
0.99±0.27mg
/dl 

Trivedi 
2003 
(212) 

Inclusion Criteria 
 
1. Age > 18 years  
2. Elective coronary angiography 
 
Exclusion Criteria  
 
1. Creat. clearance < 20ml/min 
2. Clinically decompensated heart 
failure 
3. Decrease effective arterial 
volume (e.g. nephrotic syndrome, 
liver cirrhosis) 
4. Unwilling to participate 

1. Coronary 
angiograph
y 

63 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
above 
baseline 
within 48h 
of 
procedure 

 
as per 
interventi
on 
protocol 

IV fluid 0.9% 
normal 
saline at 
1ml/kg/h 
for 24h 
pre-
procedure 

 
Mean S. 
Creat. ±SD:  
101±21mmol
/l 

Oral fluid unrestrict
ed oral 
fluid 

 
Mean S. 
Creat. ±SD:  
112±33mmol
/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Tumlin 
2002 
(213) 

Inclusion Criteria  
 
1. Age ≥ 18 years  
2. Moderate-severe renal failure (S. 
Creat. 2.0-5.0mg/dL)  
 
Exclusion Criteria  
 
1. Uncontrolled ventricular 
arrhythmia 
2. Chronic haemodialysis or 
peritoneal dialysis 
3. Metformin therapy 
4. Acute cerebral vascular accidents 
5. Oxygen saturation < 90% on 
room air or possible overt 
pulmonary oedema 
6. Known glaucoma 
7. Unstable clinical condition that 
would not allow for 3 hours of pre-
hydration 
8. S. Creat. < 2.0mg/dL or > 
5.0mg/dL 
9. Known hypersensitivity to 
fenoldopam mesylate 
10. Informed consent not possible 
11. Patients who received 
prophylactic furosemide, mannitol, 
or renal dose dopamine before 
randomisation 
12. Pregnancy or lactation 

1. Coronary 
angiograph
y 
2. 
Peripheral 
angiograph
y 

59 Increase in 
S. Creat. ≥ 
0.5 mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Low-Osm 
Iso-Osm 

Pre-
hydration 
with 1/3 
normal 
saline at 
100mL/h 
for 3h pre-
procedure 

Fenoldopam 0.1µg/kg/
min 
starting 1h 
pre-
procedure 
and 
continued 
for 4 
hours with 
1/3 
normal 
saline at 
100ml/h 

Mean±SE
M: 
80±15 

Mean S. 
Creat. ±SEM:  
13±56mg/dl 

Control normal 
saline only 
at same 
time and 
schedule 

Mean±SE
M: 
96±19 

Mean S. 
Creat. ±SEM:  
11±50mg/dl 



Chapter 2: Network Meta-Analysis 

 

198 

 

Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Vashegh
ani-
Farahani 
2009 
(215) 

Inclusion Criteria  
 
1. Elective coronary angiography 
2. S. Creat. ≥ 1.5mg/dL 
 
Exclusion Criteria  
 
1. Unstable serum creatinine 
2. Previous history of dialysis 
3. eGFR < 20ml/min 
4. Emergency catheterisation 
5. Recent exposure to radiocontrast 
agent within 2 days prior to study  
6. Allergy to contrast agent 
7. Pregnancy 
8. Administration of dopamine, 
fenoldopam or NAC during the 
intended time of the study 
9. Need for continuous hydration 

1. Coronary 
angiograph
y 

281 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iohexol 
Low-Osm 

3ml/kg for 
1 hour 
immediate
ly before 
contrast 
injection 
followed 
by infusion 
of 
1ml/kg/h 
for 6h 
post-
procedure 

NaCl 1075ml of 
0.45% 
normal 
saline at 
specified 
rate 

Mean±SD: 
125±96.2 

Mean S. 
Creat. ±SD:  
1.63±0.32mg
/dl 

NaHCO3 75ml of 
8.4% 
NaHCO3 
added to 
1L of 
0.45% 
normal 
saline 

Mean±SD: 
129±96.3 

Mean S. 
Creat. ±SD:  
1.66±0.50mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Vashegh
ani-
Farahani 
2010 
(214) 

Inclusion Criteria  
 
1. Elective coronary angiography 
2. S. Creat. ≥ 1.5mg/dL 
3. Uncontrolled hypertension 
4. Compensated severe heart 
failure 
5. History of pulmonary oedema 
 
Exclusion Criteria  
 
1. Unstable serum creatinine 
2. Previous history of dialysis 
3. eGFR < 20ml/min 
4. Emergency catheterisation 
5. Recent exposure to radiocontrast 
agent within 2 days prior to study  
6. Allergy to contrast agent 
7. Pregnancy 
8. Administration of dopamine, 
fenoldopam or NAC during the 
intended time of the study 
9. Need for continuous hydration 

1. Coronary 
angiograph
y 

76 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Iohexol 
Low-Osm 

3ml/kg for 
1 hour 
immediate
ly before 
contrast 
injection 
followed 
by infusion 
of 
1ml/kg/h 
for 6h 
post-
procedure 

NaCl 1075ml of 
0.45% 
normal 
saline at 
specified 
rate 

Mean±SD: 
123±31 

Mean S. 
Creat. ±SD:  
1.77±0.52mg
/dl 

NaHCO3 75ml of 
8.4% 
NaHCO3 
added to 
1L of 
0.45% 
normal 
saline 

Mean±SD: 
112±33 

Mean S. 
Creat. ±SD:  
1.71±0.45mg
/dl 

Vogt 
2001 
(216) 

Inclusion Criteria  
 
1. Chronic stable renal insufficiency 
2. S. Creat. > 200µm/L (> 2.3mg/dL) 

1. Renal 
angioplasty 
2. 
Peripheral 
angioplasty 
3. CE-CT 
4. Coronary 
angiograph
y 

143 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 6 
days 

Low-Osm IV saline at 
1ml/kg/h 
for 12h 
pre-
procedure 

Dialysis Haemodial
ysis 
starting as 
soon as 
possible 
after 
radiograp
hic 
investigati
on 

Mean±SD: 
210±143 

Mean S. 
Creat. ±SD:  
308±106mm
ol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Control IV saline 
at 
1ml/kg/h 
for 12h 
pre-
procedure 

Mean±SD: 
143±115 

Mean S. 
Creat. ±SD:  
316±112mm
ol/l 

Wang, C 
2015 
(251) 

Inclusion Criteria: 
18-80 years old undergoing non-
emergency coronary angiography 
and/or intervention  
 
Exclusion Criteria: 
1. Serum creatinine ≥ 8mg/dl 
(707mmol/L) 
2. Known acute kidney injury, 
current peritoneal or haemodialysis 
3. Acute myocardial infraction or 
cardiogenic shock 
4. Hypersensitivity to iodine-
containing compounds 
5. Intravascular administration of 
contrast medium within the 
previous week 
6. Use of antioxidant on a daily 
basis during the week before the 
procedure 
7. Pregnancy or lactation 
8. Malignancy 

1. Non-
emergency 
coronary 
angiograph
y  

866 Absolute 
increase of 
serum 
creatinine 
concentrati
on of at 
least 
0.5mg/dl 
(44.2mmol
/l) or a 
relative 
increase of 
at least 
25% from 
baseline 
within 48 
hours after 
the 
procedure. 

Iopamidol 
Iso-Osm 

1ml/kg 
body 
weight per 
hour 
intravenou
s normal 
saline 
500ml was 
administer
ed in all 
patients at 
the 
beginning 
of the 
procedure  

Glutathione 1.8g 
reduced 
glutathion
e in 500ml 
of normal 
saline 

Mean+SD: 
135.6±70.
1 

Serum Cr 
(mmol/L): 
74(64,84) 

Placebo Saline Mean+SD: 
132.8±66.
7 

Serum Cr 
(mmol/L): 
75 
(63.3,84.0) 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Wang 
2000 
(217) 

Inclusion Criteria  
 
1. Adult patients undergoing 
cardiac angiography 
2. S. Creat. ≥ 2.0mg/dL 
(176.8µmol/L) within 48h of 
procedure 
 
Exclusion Criteria  
 
1. SBP < 100/70mmHg or heart rate 
> 100 bpm at baseline 
2. Acute renal failure 
3. Chronic renal failure requiring 
dialysis 
4. Inability to adhere to the 
hydration regimen 
5. Diuretic therapy within 12h or 
during infusion of study drug 
6. Dopamine therapy within six 
hours or during infusion of study 
drug 
7. Administration of NSAIDs other 
than aspirin (≤325mg/day) within 
24h of study drug 
8. Uncontrolled cardiac arrhythmia 
9. Hepatic dysfunction 
10. Cerebrovascular accident within 
1 week 
11. Women of child-bearing 
potential 

1. Coronary 
angiograph
y 

225 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48 
hours of 
contrast 

Low-Osm 
Type 
determin
ed by 
consultan
t 

0.45% 
saline at 
1ml/kg/h 
beginning 
2-12h pre- 
and 
continuing 
for ≥ 12h 
post-
procedure. 
Patients 
were 
encourage
d to drink 
if thirsty. 

ERAs Group: 
endothelin 
A and B 
receptor 
antagonist 
(SB 290670) 

100µg/kg 
over 
10min, 
then 
1.0µg/kg/
min 
starting 
30-150min 
pre-
contrast, 
and 
continued 
for 12 
hours 
after 
CV/mL 
Mean±SD: 
104.0 64.8 

Mean±SD: 
104±64.8 

Mean S. 
Creat. ±SD:  
2.7±0.9mg/dl 

Placebo matched 
placebo 

Mean±SD: 
122.4±86.
2 

Mean S. 
Creat. ±SD:  
2.8±1.1mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Wang 
2011 
(218) 

Inclusion Criteria  
 
1. Patients with ST-Segment 
elevation undergoing primary PCI 
 
Exclusion Criteria  
 
1. Cardiogenic shock 
2. Heart rate > 100bpm on 
admission  
3. End stage renal disease requiring 
dialysis  
4. Not agreeing to consent 
5. Known allergic condition 
6. Candidate not suitable to use 
anisodamine 

1. PCI 143 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
within 48-
72 hours of 
contrast 

Ultravist 
Low-Osm 

Normal 
saline at 
1ml/kg/h 
pre-
procedure 
and for 
24h after 

Anisodamin
e 

50µg/kg 
bolus dose 
followed 
by 
adjusted 
dose (0.1-
0.2µg/kg/
min) for 
24h after 

Mean±SD: 
256.8±71.
9 

Mean S. 
Creat. ±SD:  
83.1±17.7m
mol/l 

Placebo matched 
placebo 

Mean±SD: 
259.8±79.
1 

Mean S. 
Creat. ±SD:  
82.2±14.1m
mol/l 

Webb 
2004 
(219) 

Inclusion Criteria  
 
1. Renal dysfunction (eGFR < 
50mL/min)  
2. Cardiac catheterisation 
 
Exclusion Criteria  
 
1. Suspected acute renal failure 
2. S. Creat. > 400µmol/L 
3. Current dialysis 
4. Haemodynamic instability 
5. NAC administration within 48 
hours 
6. Age < 18 years 
7. Lack of informed consent 
8. Inability to comply with follow-up 
9. Recent creatinine elevation after 
a diagnostic angiogram 

1. Coronary 
angiograph
y 
2. PCI 

496 > 25% 
relative 
increase 
above 
baseline S. 
Creat. 

Ioversol 
Low-Osm 

200ml 
isotonic 
saline pre-
procedure, 
then at 
1.5mL/kg/
h for 6h, 
unless 
contraindi
cated 

NAC 500mg IV 
immediate
ly pre-
procedure 

Median 
(IQR): 
120 (80-
186) 

Median 
(IQR): 
141 (125-
166) mmol/l 

Placebo IV 
hydration 
only 

Median 
(IQR): 
120 (80-
155) 

Median 
(IQR): 
142 (124-
167) mmol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Weisber
g 
1993  
(220) 

Inclusion Criteria  
 
1. Stable S. Creat. ≥ 1.8mg/L  
2. Elective cardiac catheterisation 
 
Exclusion Criteria  
 
1. NYHA class IVCHF 
2. Haemodynamic instability 
3. Allergy to radiocontrast agent or 
prior exposure within the last 7 
days 
4. Pregnancy 

1.Cardiac 
Catheterisa
tion 

41 > 25% 
relative 
increase 
above 
baseline S. 
Creat. 

MD 76 
Hi-Osm 

as per 
interventi
on 
protocol 

Dopamine 2µ/kg/min 
in 0.45% 
Nacl 

 
Mean S. 
Creat. ±SD:  
2.37±0.17mg
/dl 

Control 0.45% 
normal 
saline 
100ml/h 
starting 
12h pre-
procedure
, 
continued 
throughou
t 
procedure 
and for 
total of 
120min 

 
Mean S. 
Creat. ±SD:  
2.66±0.15mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Wrobel 
2010 
(221) 

Inclusion Criteria  
 
1. Patients with cardiovascular 
disease 
2. Diabetes mellitus  
 
Exclusion Criteria  
 
1. Contraindications for 
invasive procedures 
2. Pregnancy 
3. Breast-feeding 
4. Symptoms and signs of infection 
5. Antibiotic treatment 
6. Participation in 

1. Coronary 
angiograph
y 
2. PCI 

107 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

Ioversol 
Low-Osm 

as per 
interventi
on 
protocol 

IV fluid Intraveno
us 
infusion of 
isotonic 
0.9% NaCl 
at 
1mL/kg/h 
started 6h 
pre-
procedure
, 
continued 
up to 12h 
post-
procedure 

Mean±SD: 
101.1±36.
62 

Mean S. 
Creat. ±SD:  
1.235±0.4454
mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

other studies within the preceding 
30 days 
7. History of hypersensitivity to 
contrast agents 
8. Cancer  
9. Acute renal failure of alternative 
aetiology 

Oral fluid Weight-
adjusted 
quantity 
of neutral 
fluid 
(commerci
ally 
available 
still 
mineral 
water or 
boiled 
water) 
administer
ed at 
1mL/kg/h 
between 
12-6 hours 
pre-
procedure
, 
continued 
up to 12h 
post-
procedure 

Mean±SD: 
110.4±65.
28 

Mean S. 
Creat. ±SD:  
1.172±0.3872
mg/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Xu, R. H. 
2013 
(252) 

Inclusion Criteria: 
Patients (aged ≥ 60 years) with 
coronary artery disease who were 
admitted for PCI 
 
Exclusion Criteria: 
1. Refusal to participate  
2. Refusal of PCI 
3. Use of any nephrotoxic drugs 
during the perioperative period 
4. Severe hepatic and renal failure 
5. Serious infectious disease 
6. New York Heart Association 
functional classification (NYHA) > 3 
7. Haemodynamic instability 
(including systolic blood pressure < 
90mmHg 
8. Coronary lesions below the 
threshold for clinical 
revascularisation therapy 
9. Coronary lesions not suitable for 
PCI due to coronary anatomy 
10. Allergic reaction to contrast 
media and alprostadil 

1. PCI 67 Relative 
increase of 
> 25% or 
an 
absolute 
increase of 
≥ 0.5mg/dl 
in SCr from 
the 
baseline 
value 72h 
after 
exposure 
to the 
contrast 
medium 

Iopromide 
Low-Iso 

1ml/kg/h 
normal 
saline for 
6h prior to 
PCI and 
12h 
following 
PCI 

Alprostadil 10µg 
(diluted 
with 
100ml 
normal 
saline) 
twice a 
day by 
intraveno
us drip for 
the 3 days 
following 
PCI 

Mean+SD: 
133.71±3
2.46 

Mean S. 
Creat. ±SD: 
83.63±23.59 

Control IV 
hydration 
Only  

Mean+SD: 
123.57±3
7.14 

Mean S. 
Creat. ±SD: 
76.82±19.45 

The original 
control 
group in this 
study were 
excluded  

No 
interventi
on  

Mean+SD: 
134.09±3
6.99 

Mean S. 
Creat. ±SD: 
88.27±27.40 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Xu 
2014 
(222) 

Inclusion Criteria  
 
1. Diabetes mellitus  
2. Age ≥ 65 years 
 
Exclusion Criteria  
 
1. Previous use of trimetazidine, 
nicorandil or glibenclamide 
2. Uncontrolled diabetes mellitus  
3. Elevated cardiac biomarker at 
admission 
4. MI within 6 months, stent 
implantation or CABG within 6 
months 
5. Cardiogenic shock 
6. LVEF < 50% 
7. Congenital or valvular heart 
disease requiring further surgery 
8. Moderate or severe renal 
insufficiency with eGFR < 30mL/min 
9. Ongoing bleeding, or a history of 
bleeding diathesis 
10. Expected life span < 12 months 

1. Coronary 
angiograph
y 

207 > 25% 
relative 
increase 
above 
baseline S. 
Creat. 

  
RIPC Blood 

pressure 
cuff 
placed 
around 
non-
dominant 
upper arm 
within 2h 
pre-
procedure
. The cuff 
inflated to 
200mmHg 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
deflation 
and 
repeated 
2 more 
times to 3 
cycles in 
total 

Mean±SD: 
171.8±37.
9 

Mean eGFR 
±SD:  
99.1±20.6m
mol/l 

Control no cuff Mean±SD: 
163.3±39 

Mean eGFR 
±SD:  
100.8±28.2m
mol/l 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Yamana
ka 
2015 
(223) 

Inclusion Criteria  
 
1. Age ≥ 20 years  
2. Suspected STEMI undergoing PCI 
 
Exclusion Criteria  
 
1. Left bundle branch block 
2. Previous CABG 
3. Severe heart failure requiring 
percutaneous cardiopulmonary 
support 
4. Severe chronic kidney disease 
requiring dialysis or continuous 
haemodiafiltration 

1. PCI 109 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
48-72h 
post-
procedure 

low-Osm 
contrast 
media 
used in all 
cases 

0.9% 
isotonic 
saline at 
1ml/kg/h 
(0.5ml/kg/
h for 
patients in 
overt 
heart 
failure) 
beginning 
24h pre-
PCI and 
continuing 
for 24h 

RIPC Blood 
pressure 
cuff 
placed 
around 
non-
dominant 
upper 
arm. The 
cuff 
inflated to 
200mmHg 
pressure 
for 5 
minutes, 
followed 
by 5 
minutes of 
deflation 
and 
repeated 
2 more 
times to 3 
cycles in 
total 

 
Mean S. 
Creat. ±SD:  
0.82±0.21mg
/dl 

Control no cuff 
 

Mean S. 
Creat. ±SD:  
0.87±0.44mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Yang 
2014 
(224) 

Inclusion Criteria  
 
1. Age > 18 years  
2. Elective cardiovascular 
procedures 
 
Exclusion Criteria  
 
1. Severe renal dysfunction (eGFR < 
30mL/min) 
2. Chronic renal failure-induced 
incomplete dialysis therapy 
3. Exposure to radiographic 
contrast within 10 days 
4. A second contrast-enhanced 
procedure planned within 72h 
5. Previous emergent PCI 
6. Heart failure and LVEF < 40% 
7. Previous CABG 
8. Preoperative SBP < 90mmHg 
9. Kidney transplantation or 
congenital unilateral renal agenesis 
10. Use of nephrotoxic medications  
11. Valvular disorders 

1. Coronary 
angiograph
y 
2. PCI 

655 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 3 
days post-
procedure 

Iopromide 
Low-Osm 

as per 
interventi
on 
protocol 

NaCl 0.9% 
sodium 
chloride at 
1.5mL/kg/
h 6h pre-
procedure
, and 
continued 
for 6h 
after 

Mean±SD: 
124±63.8
1; 

Mean eGFR. 
±SD:  
93.46±22.45 
ml/min/1.73
m2 

NaHCO3 1.5% 
NaHCO3 at 
1.5mL/kg/
h for 6h 
pre-
procedure
, 
continuing 
for 6h 
after 

Mean±SD: 
127±48.0
9; 

Mean eGFR. 
±SD:  
92.77±22.98 
ml/min/1.73
m2 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

12. Active cancer 
13. Uncontrolled hypertension 
14. Previous dialysis 
15. Autoimmune diseases 
16. Chronic or acute infectious 
disease 
17. Overt CHF 
18. Recent acute kidney injury 
19. Allergy to radiographic contrast 
combined with severe liver and 
lung diseases 
20. Gastrointestinal bleeding 
21. Infection 
22. Carcinoma 
23. Anaemia (Hb < 9gm/L) 
24. Hyperthyroidism 
25. Autoimmune diseases 

NaCl 0.9% 
sodium 
chloride at 
1.5mL/kg/
h 6h pre-
procedure
, and 
continued 
for 6h 
after plus 
600mg 
NAC BD 
24h pre- 
and post-
procedure 

Mean±SD: 
129±46.7
7 

Mean eGFR. 
±SD:  
93.84±21.98 
ml/min/1.73
m2 

NaHCO3 1.5% 
NaHCO3 at 
1.5mL/kg/
h for 6h 
pre-
procedure
, 
continuing 
for 6h 
after plus 
600mg 
NAC BD 
24h pre- 
and post-
procedure 

Mean±SD: 
126±57.9
7 

Mean eGFR. 
±SD:  
92.76±23.05 
ml/min/1.73
m2 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Yavari 
2014 
(225) 

Inclusion Criteria  
 
1. Age 18-65 years 
2. Baseline S. Creat. ≤ 132.6μmol/l 
(1.5mg/dl) 
 
Exclusion Criteria  
 
1. Acute MI 
2. Congestive heart failure 
3. Haemodynamic instability during 
or after the procedure 
4. Known allergy or previous 
administration of pentoxifylline, 
and use of concomitant 
nephrotoxic agents 
(e.g. NSAIDs, aminoglycosides 
5. Recent contrast injection 
6. Diuretics 

1. PCI 211 > 25% 
relative 
increase 
above 
baseline S. 
Creat. at 
48h post-
procedure 

Iso-Osm 
Iodixanol 

0.9% 
saline at 
1ml/kg/h 
for 6h 
prior to, 
during, 
and 6h 
post-
procedure 

Pentoxifyllin
e 

400mg 
TDS 
starting 
day of 
procedure 
and day 
after 

Mean±SD: 
191.96±9
4.32 

Mean S. 
Creat. ±SD:  
1.06±0.16mg
/dl 

IV fluid Normal 
Saline only 

Mean±SD: 
185.88±8
1.06 

Mean S. 
Creat. ±SD:  
1.04±0.16mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Yeganeh
khah 
2014 
(226) 

Inclusion Criteria  
 
1. Patients undergoing coronary 
angiography with at least one of the 
following risk factors: 
 
i) Congestive heart failure (LVEF < 
40%) 
ii) History of diabetes mellitus 
iii) Age > 65 years 
iv) Renal failure (eGFR < 
60mL/min/1.73m2) 
 
Exclusion Criteria  
 
1. Pregnancy and lactation 
2. History of allergic reaction to 
contrast agents 
3. Cardiogenic shock 
4. Pulmonary oedema 
5. Multiple myeloma 
6. Mechanical ventilation 
7. Urgent coronary angiography 
8. S. Creat. > 4mg/dL 
9. End-stage renal disease (ESRD) 

1. Coronary 
angiograph
y 

183 > 25% 
relative 
increase 
above 
baseline S. 
Creat. at 
48h post-
procedure 

Iow-Osm 
Iohexol 

150mL 
8.4% 
NaHCO3 
added to 
850mL 
isotonic 
normal 
saline 

NaHCO3 3mL/kg/h 
 

Mean S. 
Creat. ±SD:  
1.17±0.32mg
/dl 

NAC NAC 
600mg 
twice daily 
orally 
starting 
one day 
pre-
procedure
, in 
addition 
to isotonic 
normal 
saline at 
1ml/kg/h 
(max 
100ml/h) 
for 12h 
before 
and after 
angiograp
hy 

Mean±SD: 
45.7±21.6 

Mean S. 
Creat. ±SD:  
1.17±0.43mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

10. Receiving contrast agents two 
days prior to the study and 48h 
after 
11. Using diuretics, NAC, sodium 
bicarbonate, theophylline, 
dopamine, mannitol, fenoldopam, 
metformin and NSAIDs during the 
study 
12. DBP > 100mmHg  
13. Need for further fluid therapy 
14. Hypertension 

IV fluid Isotonic 
normal 
saline at 
1ml/kg/h 
(max 
100ml/h) 
for 12h 
before 
and after 
angiograp
hy 

Mean±SD: 
41.9±17.7 

Mean S. 
Creat. ±SD:  
1.08±0.32mg
/dl 

Yin 
2013 
(227) 

Inclusion Criteria  
 
1. Consecutive patients admitted to 
the coronary care unit including: 
 
i) Acute STEMI requiring PCI  
ii) Acute NSTEMI requiring urgent 
coronary intervention 

1. PCI 231 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
72h post-
procedure 

low-
osmolality 
contrast 
medium, 
Ultravist 
(Iopromid
e) 

0.9% 
isotonic 
saline at 
1ml/kg/h 
(0.5ml/kg/
h for 
patients in 
overt 
heart 
failure) for 
24h 

probucol 1000mg 
orally 
before 
primary or 
urgent 
angioplast
y 
and 
500mg 
twice daily 
for 3 days 
after 
interventi
on 

Mean±SD: 
168.89±7
9.77 

Mean S. 
Creat. ±SD:  
0.8±0.23mg/
dl 

Control IV 
hydration 
only 

Mean±SD: 
157.9±69.
9 

Mean S. 
Creat. ±SD:  
0.88±0.38mg
/dl 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Zagidulli
n 2017 
(253) 
 

Inclusion Criteria: 
Patients undergoing coronary 
angiography with impaired renal 
function (eGFR < 80ml/min) 
 
Exclusion Criteria: 
1. Acute coronary syndrome, 
2. Acute kidney injury/ 
decompensation of chronic kidney 
disease 
 

1. Coronary 
angiograph
y  
 

59 Absolute 
(44mmol/L
) or relative 
increase in 
creatinine 
(by 25%) 
retested in 
day 2 ±12 
hours 
 

Omnipaq
ue 
 

Body 
weight 
adapted 
0.9% 
normal 
saline 6-12 
hours 
before 
procedure  
 

RIPC 5 minute 
cycles of 
cuff 
inflation 
on the 
upper arm 
(systolic 
blood 
pressure + 
50mmHg) 
with blood 
pressure 
cuff and 
with a 5 
minute 
rest 
between 
the cycles 

Mean+SD: 
155.8±16.
9 

Mean S. 
Creat. ±SD: 
106.9±10.0 

Placebo 
(sham RIPC) 

Cuff 
inflated to 
diastolic 
blood 
pressure  

Mean+SD: 
148.3±16.
7 

Mean S. 
Creat. ±SD: 
124.8±11.04 
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Zhang 
2010 
(228) 

Inclusion Criteria  
 
1. STEMI with heart failure within 
24h of onset of symptoms  
2. Primary PCI 
 
Exclusion Criteria  
 
1. Cardiogenic shock 
2. Inadequate blood volume 
3. Mechanical complications of 
acute MI 
4. Known allergy 

1. PCI 185 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 
72h post-
procedure 

Iodixanol 
Iso-Osm 
(used in 
patients 
with 
chronic 
kidney 
diseases) 
Iohexol 
Low-Osm 
(All other 
patients) 

0.9% 
isotonic 
saline at 
an 
adjusted 
rate of 
0.5-
1.5ml/kg/
h 
depending 
on degree 
of heart 
failure 
from 
admission 
to 12h 
after PCI 

Human 
recombinan
t (brain 
natriuretic 
peptide) 
(rhBNP) 

1.5µg/kg 
bolus 
followed 
by 
adjusted 
dose 
infusion of 
0.0075-
0.030µg/k
g/min for 
24h after 
PCI 

Mean±SD: 
189.86±5
1.66 

Mean S. 
Creat. ±SD:  
90.89±17.64
mmol/l 

Placebo IV 
hydration 
only 

Mean±SD: 
181.27±5
0.05 

Mean S. 
Creat. ±SD:  
90.44±15.37
mmol/l 

Zhao 
2014 
(229) 

Inclusion Criteria 
 
1. Age 18-75 years 
2. Acute coronary syndrome 
3. Elective PCI 
 
Exclusion Criteria  
 
1. Cardiac shock – state supported 
by device, such as intra-aortic 
balloon pump (IABP) 
2. Hyperpyrexia 
3. Allergy to iodine 

1. PCI 110 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 3 
days post-
procedure 

Iodixanol 
Iso-Osm 

0.45% 
saline at 
1ml/kg/h 
beginning 
2-12h pre- 
and 
continuing 
for ≥ 12h 
post-
procedure. 

Cordyceps 2g TDS for 
3 days 
before 
and after 
PCI 

Mean±SD: 
248.86±4
8.68 

Mean S. 
Creat. ±SD:  
82.8±19.2m
mol/l 

Control No 
cordyceps 

Mean±SD: 
246.87±4
9.76 

Mean S. 
Creat. ±SD:  
83.2±18.6m
mol/l 

Cordyceps 3g TDS for 
3 days 
before 
and after 
PCI 

excluded from analysis  
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Trial Inclusion and Exclusion Criteria Procedure Number 
of 

patients 
in 

analysis 

CI-AKI 
Definition 

Contrast / 
OSM 

IV Fluid Interventio
n 

Dose Contrast 
Volume 

(ml) 

Baseline 
Renal 

function 

Zhou 
2012 
(230) 

Inclusion Criteria 
 
1. Age > 18 years 
2. Chronic renal insufficiency (eGFR 
< 60 mL/min/1.73m2 or baseline S. 
Creat. ≥ 1.1mg/dL) 
 
Exclusion Criteria  
 
1. Acute renal failure 
2. End-stage renal disease requiring 
dialysis 
3. Unstable renal function 
4. Uncontrolled diabetes mellitus 
5. NYHA class IV CHF or LVEF < 35% 
6. Intraarterial or intravenous 
administration of iodinated CM 
from 7 days before to 72 hours 
after the administration 
of the study agents 
7. Administration of any medication 
to prevent CI-AKI such as NAC 
8. Intake of nephrotoxic 
medications from 24 hours before 
to 24 hours after the administration 
of the study agent 
9. Recent ascorbic acid users 
(within 30 days before the 
procedure) 

1. Coronary 
angiograph
y 
2. PCI 

166 Increase in 
S. Creat. ≥ 
0.5mg/dL 
(44µmol/L) 
or > 25% 
increase 
above 
baseline 

The 
choice of 
the type 
of 
contrast 
medium 
was left 
to the 
interventi
onal 
cardiologi
st 
performin
g the 
procedure
, but use 
of a non-
ionic, low- 
or 
iso-
osmolar 
contrast 
agent was 
encourag
ed. 
Agents 
used: 
Iodixanol 
Iopromide 
Iohexol 

Normal 
saline 
at 
1mg/kg/h 
for 4h pre- 
and for ≥ 
12h post-
procedure  

Ascorbic 
acid group: 

3g IV pre-
procedure
, then 0.5g 
orally BD 
for 2 days 
post-
procedure
: once 
before 
coronary 
angiograp
hy, 
starting 
the 
morning 
before the 
procedure 
and twice 
after 
coronary 
angiograp
hy, 
beginning 
the 
evening of 
procedure 
(total 5g) 

Mean±SD: 
136±71.6 

Mean S. 
Creat. ±SD:  
1.286±0.418
mg/dl 

Control  IV 
hydration 
only  

Mean±SD: 
133.7±74.
4 

Mean S. 
Creat. ±SD:  
1.248±0.364
mg/dl 
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2.4.3 Network structure: 

 

The relationship and comparisons between included studies are demonstrated in 

the network diagram (Figure 2-2). A total of 44 interventions is included in this 

network  

 

Figure 13-2 Network diagram 
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Table 2-2 Interventions within the network diagram: ACEI: Angiotensin Converting-Enzyme Inhibitor; ANP: Atrial 
Natriuretic Peptide; BNP: B-Type Natriuretic Peptide; CCB: Calcium Channels Blockers; CI-AKI: Contrast Induced 
Acute Kidney Injury; CIN: Contrast Induced Nephropathy; ERAs: Endothelin Receptor Antagonism; MESNA: 
Mercaptoethane Sulfonate Sodium; MgSO4: Magnesium Sulphate; NAC: N-Acetyl Cysteine; NaHCO3: Sodium 

Bicarbonate; PGE1: Prostaglandin E1; RIPC: Remote Ischaemic Preconditioning. 

 

 

NO Drug Abbreviation Patients 

1 IV Hydration IV 5136 

2 Statins Sta 3040 

3 Furosemide Fur 554 

4 NAC NAC 6095 

5 Trimetazidine Tri 352 

6 NaHCO3 NaH 3393 

7 PGE1 PGE 304 

8 MgSO4 MgS 62 

9 Pentoxifylline Pen 438 

10 Placebo Pla 7044 

11 Control Con 9120 

12 Allopurinol All 204 

13 BNP BNP 744 

14 Probucol Pro 198 

15 α-tocopherol α-t 312 

16 γ-tocopherol γ-t 102 

17 Oxygen Oxy 346 

18 Amlodipine and valsartan Aml 45 

19 K/Na citrate K/N 203 

20 Nicorandil Nic 291 

21 Ascorbic acid Asc 552 

22 Alpha-Lipoic acid Alp 139 

23 Oral hydration Ora 254 

24 Nebivolol Neb 40 

25 Anisodamine Ani 192 

26 RIPC RIP 608 

27 Theophylline The 384 

28 Hypothermia Hyp 58 

29 Glutathione Glu 421 

30 MESNA MES 51 

31 ACEI AC 129 

32 Aminophylline Ami 45 

33 Iloprost Ilo 118 

34 Acetazolamide Ace 94 

35 ANP ANP 202 

36 Zinc Zin 18 

37 Dialysis Dia 293 

38 Fenoldopam Fe 333 

39 ERAs ER 77 

40 CCB CC 42 

41 Dopamine Do 48 

42 Mannitol Ma 35 

43 Cordyceps Co 88 

44 Silymarin Si 69 
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2.4.4 Network geometry: 

 

Data from 42,273 patients recruited to 200 trials investigating 44 interventions 

were included in our analyses. A summary of network characteristics is provided in 

(Table 2-3) and a total of 946 pair-wise comparisons were possible, of which 81 

used data from direct comparisons. The most commonly investigated comparisons 

are between N-acetyl cysteine (NAC) and placebo (36 studies, 8,202 patients) and 

between intravenous normal saline and intravenous sodium bicarbonate (24 

studies, 5,481 patients). The interventions most commonly investigated are NAC, 

NaHCO3, statins, intravenous hydration (IV) and placebo or control. The 

characteristics of individual interventions are outlined in Analysis 1. 

 

Table 3-3 Network characteristics 

Characteristic Number 

Number of Interventions 44 

Number of Studies 200 

Total Number of Patients in Network 42,273 

Total Number of Events in Network 4,602 

Total Possible Pairwise Comparisons 946 

Total Number Pairwise Comparisons with Direct Data 81 

Number of Two-arm Studies 179 

Number of Multi-arm Studies 21 

Number of Studies with No Zero Events 184 

Number of Studies with at Least One Zero Event 16 

Number of Studies with All Zero Events 2 
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2.4.5 Risk of bias: 

 

A risk of bias summary for individual studies is provided in Table 2-4, while Figure 2-

3 shows the risk of bias graph across all studies. Most of the studies demonstrate an 

unclear or low risk of bias, while most of the high risk of bias is observed in the 

attrition bias domain. As the outcome measure (CI-AKI) is dependent on laboratory 

results, it seems reasonable to assume that the risk of bias attributed to blinding of 

the outcome assessment domain is low by default.  

 

 

 

Figure 2-14 Risk of bias graph 
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Table 2-4 Risk of bias for individual studies 
 

Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

A.C.T. Investigators, 
2011       

Abaci, 2015 
      

Abouzeid, 2016 
      

Adolph, 2008 
      

Akyuz, 2014 
      

Albabtain, 2013 
      

Allaqaband, 2002 
      

Amini, 2009 
      

Angoulvant, 2009 
      

Arabmomeni, 2015 
      

Aslanger, 2012 
      

Baker, 2003 
      

Balderramo, 2004 
      

Baskurt, 2009 
      

Berwanger, 2013 
      

Bidram, 2015 
      

Bilasy, 2012 
      

Boscheri, 2007 
      

Boucek, 2013 
      

Brar, 2008 
      

Briguori, 2002 
      

Briguori, 2004 
      

Briguori, 2007 
      

Brueck, 2013 
      

Burns, 2010 
      

Carbonell, 2007 
      

Carbonell, 2010 
      

Castini, 2010 
      

Chen, 2008 
      

Cho, 2010 
      

Cicek, 2013 
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Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

Coyle, 2006 
      

Durham, 2002 
      

Dussol, 2006 
      

Dvorsak, 2013 
      

Efrati, 2003 
      

Er, F., 2012 
      

Eric Chong, 2015 
      

Erley, 1999 
      

Erol, 2013 
      

Erturk, 2014 
      

Eshraghi, 2017 
      

Fan, Y., 2016 
      

Ferrario, 2009 
      

Firouzi, 2012 
      

Firouzi, 2015 
      

Fung, 2004 
      

Gare, 1999 
      

Geng, 2012 
      

Goldenberg, 2004 
      

Gomes, 2005 
      

Gomes, 2012 
      

Gu, 2013 
      

Gulel, 2005 
      

Gunebakmaz, 2012 
      

Gupta, 1999 
      

Hafiz, 2012 
      

Han, 2014 
      

Hashemi, 2005 
      

Healy, D., 2015 
      

Heguilen, 2013 
      

Heng, 2008 
      

Hoole, 2009 
      

Hsu, 2012 
      

Huber, 2003 
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Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

Inda-Filho, 2014 
      

Izani, 2008 
      

Jaffery, 2012 
      

Jo, 2008 
      

Jo, 2009 
      

Jo, 2013 
      

Jurado-Roman, 2015 
      

Kai, Z., 2015 
      

Kama, 2014 
      

Kay, 2003 
      

Kefer, 2003 
      

Khosravi, 2016 
      

Khoury, 1995 
      

Kimmel, 2008 
      

Kinbara, 2010 
      

Kitzler, 2012 
      

Klima, 2012 
      

Ko, 2013 
      

Koc, 2012 
      

Koc, 2013 
      

Koch, 2000 
      

Kong, 2012 
      

Kooiman, 2014 
      

Kooiman, 2014a 
      

Kotlyar, 2005 
      

Kumar, 2014 
      

Kurnik, 1990 
      

Kurnik, 1998 
      

Lawlor, 2007 
      

Lee, 2011 
      

Lehnert, 1998 
      

Leoncini, 2014 
      

Li, 2009 
      

Li, 2011 
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Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

Li, 2014 
      

Liu, W 2015 
      

Liu, 2014 
      

Liu, 2016 
      

Li, W., 2012 
      

Ludwig, 2011 
      

Luo, 2014 
      

Luo, S., 2013 
      

MacNeill, 2003 
      

Maioli, 2008 
      

Maioli, 2011 
      

Malhis, 2010 
      

Marenzi, 2003 
      

Marenzi, 2006 
      

Marenzi, 2006a 
      

Marenzi, 2012 
      

Markota, 2013 
      

Masuda, 2007 
      

Matejka, 2010 
      

Menting, 2015 
      

Merten, 2004 
      

Miao, 2013 
      

Miner, 2004 
      

Minoo, 2016 
      

Moore, 2006 
      

Morikawa, 2009 
      

Motohiro, 2011 
      

Nawa, 2015 
      

Ng, 2006 
      

Nijssen, 2017 
      

Ochoa, 2004 
      

Oguzhan, 2013 
      

Oldemeyer, 2003 
      

Onbasili, 2007 
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Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

Ozcan, 2007 
      

Ozhan, 2010 
      

Pakfetrat, 2009 
      

Patti, 2011 
      

Poletti, 2013 
      

Qiao, 2015 
      

Quintavalle, 2012 
      

Rahman, 2012 
      

Rashid, 2004 
      

Reinecke, 2007 
      

Rezaei, 2016 
      

Rohani, 2010 
      

Sadat, 2011 
      

Sadineni, 2017 
      

Saitoh, 2011 
      

Sandhu, 2006 
      

Sanei, 2014 
      

Sar, 2010 
      

Savaj, 2014 
      

Sedighifard, 2016 
      

Sekiguchi, 2013 
      

Seyon, 2007 
      

Shehata, 2014 
      

Shehata, 2015 
      

Shyu, 2002 
      

Singh, 2016 
      

Solomon, 1994 
      

Solomon, 2015 
      

Spargias, 2004 
      

Spargias, 2006 
      

Spargias, 2009 
      

Stone, 2003 
      

Stone, 2011 
      

Sun, C., 2015 
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Study Name and Year Selection Bias Performanc
e Bias 

Detection 
Bias 

Attrition 
Bias 

Reportin
g Bias 

Random 
Sequence 
Generatio

n 

Allocation 
Concealme

nt 

Blinding of 
participants 

and 
personnel 

Blinding of 
Outcome 
Assessme

nt 

Incomplet
e 

Outcome 
Data 

Selective 
Reportin

g 

Tamura, 2009 
      

Tanaka, 2011 
      

Tasanarong, 2009 
      

Tasanarong, 2013 
      

Tepel, 2000 
      

Thiele, 2010 
      

Toso, 2010 
      

Traub, 2013 
      

Trivedi, 2003 
      

Tumlin, 2002 
      

Vasheghani-Farahani, 
2009       
Vasheghani-Farahani, 
2010       

Vogt, 2001 
      

Wang, C., 2015 
      

Wang, Y., 2011 
      

Wang, 2000 
      

Webb, 2004 
      

Weisberg, 1993 
      

Wrobel, 2010 
      

Xu, R. H., 2013 
      

Xu, 2014 
      

Yamanaka, 2015 
      

Yang, 2014 
      

Yavari, 2014 
      

Yeganehkhah, 2014 
      

Yin, 2013 
      

Zagidullin, 2017 
      

Zhang, 2010 
      

Zhao, 2014 
      

Zhou, 2012 
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2.4.6 Synthesis of results:  

 

The Renal Association, the British Cardiovascular Intervention Society and the Royal 

College of Radiologists are among many other medical bodies that recommend 

using intravenous volume expansion as a prevention method for CI-AKI. Thus, we 

consider intravenous hydration clinically to be the reference intervention in this 

analysis. In addition, the node size and the multiple arms associated with this 

method within the network make it a very good comparator. 

 

A forest plot has been generated to demonstrate odds ratios generated from direct 

and indirect pair-wise comparisons. Effects estimates and confidence intervals are 

included for both vague and informative priors using a random effects model. The 

overall heterogeneity for the vague priors is 0.54 (95% CI 0.41 – 0.69), while that for 

the informative priors is 0.498 (95% CI 0.366 – 0.6403). The SUCRA (surface under 

the cumulative ranking curve) is utilised to generate a stacked bar chart colour 

rankogram (Figure 2-4). A league table, which presents a summary of effects 

estimates and ranks interventions according to impact on outcomes, can be found 

in Analysis 1, in addition to the forest plot, characteristics of interventions, 

comparisons and analysis specifications. The probabilities for each intervention of 

being ranked best are summarised in Table 2-5. While the numerical values follow 

the rankogram results, the list of interventions in the first column follows the 

league table hierarchy. For example, allopurinol, which is included in four studies, is 
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ranked best in both the rankogram (0.9647) and the league table, while silymarin is 

third (0.7934) and last, respectively, and is included in one study. 

  



Chapter 2: Network Meta-Analysis 

 

229 

 

 

Figure 2-4 Rankogram for analysis 1, ranking the interventions by their probability 
of being the best; the interventions are colour coded with the first column 
representing the chance of being best, the second column the chance of being 
second best and so on. The overall numerical values are presented in Table 2-5. 
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Table 2-5 Ranking of interventions. The treatment column follows the league table 
(which presents the summary estimates by ranking the treatments in order of most 
pronounced impact on the outcome under consideration). The numerical values 
represent the cumulative results for the probability of being best, with the highest 
score being 1 or 100% (see rankogram) 

Treatment SUCRA Treatment SUCRA 

Allopurinol 0.9647 NaHCO3 0.3419 

MESNA 0.9427 Pentoxifylline 0.3391 

PGE1 0.7809 IV Hydration 0.3124 

α-tocopherol 0.7614 Placebo 0.2694 

Oxygen 0.7527 Oral Hydration 0.2517 

K/Na Citrate 0.7469 Hypothermia 0.2021 

Trimetazidine 0.7151 Control 0.1658 

Probucol 
0.7042 

Amlodipine and 
Valsartan 

0.05485 

γ-tocopherol 0.689 ACEI 0.5783 

BNP 0.6767 Aminophylline 0.6593 

Anisodamine 0.6594 Iloprost 0.7481 

Nicorandil 0.6442 Acetazolamide 0.6242 

Theophylline 0.629 ANP 0.3291 

RIPC 0.5692 Zinc 0.198 

Statins 0.5497 Dialysis 0.4319 

MgSO4 0.5177 Fenoldopam 0.2296 

NAC 0.4592 ERAs 0.06734 

Nebivolol 0.4543 CCB 0.7249 

Ascorbic Acid 0.4433 Dopamine 0.1916 

Alpha-Lipoic Acid 0.4322 Mannitol 0.1905 

Furosemide 0.4027 Cordyceps 0.4459 

Glutathione 0.3554 Silymarin 0.7934 

Analysis Random effects (vague) 
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2.4.7 Sensitivity analysis: 

 

Figure 2-5 Flow chart: main analysis and sub-analyses  

 

Besides the main analysis of 200 RCTs, we run a sub-analysis that includes 184 RCTs, 

in which we exclude all studies with zero values (n=7). All figures and tables are 

included in Analysis1. 
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The second analysis involves 173 RCTs after excluding studies reporting any use of 

hyperosmolar contrast media, while the sub-analysis of RCTs without zero values 

includes 159 RCTS.  

 

Trials with high baseline renal profile are included in analysis 3, involving 112 RCTs, 

with the sub-analysis including 105 RCTs. The fourth analysis includes 60 and 53 

RCTs, respectively.  

 

When interpreting results in conventional direct pairwise comparison sub-analysis, 

the main effect results from the size of the excluded studies with a direct impact on 

the overall size of the effects estimates and confidence intervals. This is unlike 

network meta-analysis, in which we can see changes in dynamic connections, 

intervention numbers and the node sizes affected or totally removed by excluding 

studies. In the latter case the network diagram, the characteristics of the 

interventions and the comparisons provide a detailed picture to help compare the 

main analysis with the sub-analysis. In Analyses 1-4, we detail all of the excluded 

studies, the affected interventions, the network diagrams and the characteristics of 

the interventions and comparisons.  

 

2.4.8 Assessment of consistency: 
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Figure 2-6 Inconsistency plot 

 

An inconsistency plot (Figure 2-6) has been generated to assess inconsistency.  

Inconsistency in network meta-analysis is similar to heterogeneity in conventional 

meta-analysis, but consistency concerns the relation between the treatments, 

whereas heterogeneity concerns the variation between trials within a pairwise 

comparison between two treatments. Inconsistency is caused by imbalances in the 

distribution of effects modifiers in the direct and indirect evidence. Effects 

modifiers in this large sample include, but are not limited to, patient factors, drug 

interactions, contrast media volume and type, and renal function pre-intervention. 

Inevitably, some modifiers exist that cannot be completely eliminated in large 

multi-treatment network meta-analysis, leading to some inconsistency and 

indicating a need for careful interpretation of the results (345). The consistency plot 

shows the posterior mean deviance contributions of individual data points to the 

consistency model (horizontal axis) and the unrelated mean effects model (vertical 

axis), along with the line of equality. In our analysis the main limitation is excel’s 

inability to handle a large number of nodes. However, there should be 
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consideration of individual pairwise comparisons effect estimates generated within 

the forest plot. 

 

In GeMTC R analyses, I2 statistics and DIC were much smaller for random effects, 

indicating less heterogeneity compared with fixed effects, which is expected, 

given the nature of the network. Gelman and Rubin's convergence diagnostics 

were added to give corresponding analyses.  
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2.5 Results from the main analysis (200 RCTs) 

 

Number of Studies: 200 RCTs  

 

Figures and tables: 

1. Network diagram (Figure 2-2) 

2. Tables: 

 A. Study characteristics (Table 2-1) 

 B. Intervention characteristics (Table 2-6)  

 C. Direct comparison characteristics (Table 2-7) 

3. Rankogram (Figure 2-4) 

4. Ranking of interventions (Table 2-5) 

5. Forest plot (Figure 2-7) 

 

Software Spec Convergence  Analysis  

NetMetaXL / 

WinBUGS14 

version 1.4.3 

Burn 5000 

Model 

10000 

good convergence (FE MC 

error 5% of the SD) 

Random effects 

(vague) 

Random effects 

(informative) 
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Table 2-6 Intervention characteristics 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 41 539 5136 0.1049 

Statins 14 123 3040 0.0405 

Furosemide 3 50 554 0.0903 

NAC 68 667 6095 0.1094 

Trimetazidine 4 17 352 0.0483 

NaHCO3 32 366 3393 0.1079 

PGE1 4 24 304 0.0789 

MgSO4 1 9 62 0.1452 

Pentoxifylline 4 30 438 0.0685 

Placebo 70 938 7044 0.1332 

Control 88 1238 9120 0.1357 

Allopurinol 4 5 204 0.0245 

BNP 4 52 744 0.0699 

Probucol 2 12 198 0.0606 

α-tocopherol 4 18 312 0.0577 

γ-tocopherol 1 6 102 0.0588 

Oxygen 2 33 346 0.0954 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 2 6 203 0.0296 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 7 52 552 0.0942 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 5 23 254 0.0906 

Nebivolol 1 8 40 0.2000 

Anisodamine 2 17 192 0.0885 

RIPC 10 38 608 0.0625 

Theophylline 7 21 384 0.0547 

Hypothermia 1 14 58 0.2414 

Glutathione 2 21 421 0.0499 

MESNA 1   51 0.0000 

ACEI 3 10 129 0.0775 

Aminophylline 2 4 45 0.0889 

Iloprost 2 8 118 0.0678 

Acetazolamide 1 5 94 0.0532 

ANP 3 24 202 0.1188 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

CCB 1   42 0.0000 
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Treatment   # Studies  # Events # Patients Aggregate Rate 

Dopamine 2 9 48 0.1875 

Mannitol 2 10 35 0.2857 

Cordyceps 2 7 88 0.0795 

Silymarin 1 2 69 0.0290 
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Table 2-7 Direct comparison characteristics 

Comparison # Studies  # Patients # Events 

NAC vs. Placebo 36 8,202 945 

Statins vs. Control 6 4,382 200 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 24 5,481 515 

IV Hydration vs. Oral Hydration 5 509 43 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 5 869 139 

NAC vs. Control 21 2,474 367 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 8 2,884 396 

NAC vs. Theophylline 1 62 13 

Statins vs. Placebo 7 1,508 125 

Placebo vs. Theophylline 3 224 21 

NaHCO3 vs. Oral Hydration 1 43 3 

Control vs. Alpha-Lipoic Acid 2 280 16 

Furosemide vs. Control 3 1,089 131 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 3 493 27 

Control vs. RIPC 6 782 68 

NAC vs. NaHCO3 5 805 211 

Control vs. Allopurinol 1 159 6 

IV Hydration vs. NAC 6 681 109 

Pentoxifylline vs. Control 2 461 46 

Placebo vs. Nicorandil 1 240 29 

MgSO4 vs. Control 1 126 26 

Control vs. Dopamine 2 96 17 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

Control vs. ACEI 1 71 12 

Placebo vs. ACEI 2 202 19 

Placebo vs. RIPC 4 427 43 

NaHCO3 vs. Control 6 1,056 231 

Control vs. Cordyceps 2 180 19 

Statins vs. Pentoxifylline 1 220 9 

Control vs. CCB 1 85 2 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

NAC vs. Aminophylline 1 30 0 

Control vs. Aminophylline 1 30 4 

NAC vs. α-tocopherol 1 20 0 

Placebo vs. α-tocopherol 4 624 66 



Chapter 2: Network Meta-Analysis 

 

239 

 

Comparison # Studies  # Patients # Events 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 2 392 74 

IV Hydration vs. Allopurinol 2 185 31 

NAC vs. Allopurinol 3 215 30 

ANP vs. Mannitol 1 20 8 

Placebo vs. ANP 1 126 26 

Control vs. Dialysis 5 588 112 

Control vs. Probucol 2 409 50 

PGE1 vs. Control 2 226 16 

Control vs. BNP 1 209 23 

IV Hydration vs. BNP 2 1,128 113 

Trimetazidine vs. Control 4 714 71 

Control vs. MESNA 1 100 7 

Control vs. K/Na Citrate 1 202 25 

Control vs. Oxygen 2 697 115 

Control vs. ANP 1 254 19 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

NAC vs. Dialysis 1 275 11 

Placebo vs. Aminophylline 1 60 10 

Placebo vs. Allopurinol 1 60 16 

NAC vs. Glutathione 1 14 1 

Control vs. Glutathione 1 14 1 

Placebo vs. Silymarin. 1 143 10 

Control vs. Mannitol 1 53 10 

Placebo vs. Iloprost 1 30 3 

Control vs. Iloprost 1 208 31 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. γ-tocopherol 1 203 21 

α-tocopherol vs. γ-tocopherol 1 204 11 

Placebo vs. ERAs 1 158 67 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

Placebo vs. BNP 1 149 36 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-7 Forest plot 
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Figure 2 8 League table  
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2.6 Sub-analysis 1 after excluding studies with zero values 

 

Total Number of studies: 184 RCTs  

Excluded studies with zero events (total 16)  

Study Interventions included 

Bilasy, 2012 Placebo, Theophylline 
Efrati, 2003 Placebo, NAC 
Erol, 2013 Control, Allopurinol 
Khoury, 1995 Control, CCB 
Kinbara, 2010 Control, NAC, Aminophylline 
Kitzler, 2012 Placebo, NAC, alpha tocopherol 
Kotlyar, 2005 Placebo, NAC 
Kumar, 2014 (2 arms per contrast media) NAC, Allopurinol, I.V Hydration  
Ludwig, 2011 Control, MESNA 
Matejka, 2010 Control, Theophylline 
Moore, 2006 Control, NAC 
Saitoh, 2011 Control, NAC, Glutathione 
Sandhu, 2006 Control, NAC 
Sar, 2010 Placebo, NAC 
Spargias, 2006 Placebo, Iloprost 

 

Figures and Tables: 

1. Network diagram (Figure 2-9) 

2. Tables: 

 A. Network characteristics (Table 2-8) 

 B. Intervention characteristics (Table 2-9) 

 C. Direct comparison characteristics (Table 2-10) 

3. Rankogram (Figure 2-10) 

4. Ranking and probability of being best (Table 2-11) 

5. Forest plot (Figure 2-11) 

6. R graphical diagnostics (trace and density) (Figure 2-12) 
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Software Spec Convergence  Analysis  

NetMetaXL / 

WinBUGS14 

version 1.4.3 

Burn 5000 

Sim 10000 

good convergence (FE MC 

error 5% of the SD) 

Random effects (vague) 

Random effects 

(informative) 

GeMTC R Burn 5000 

Sim 20000 

good convergence Random effects (vague) 
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          Figure 2-9 Network diagram sub-analysis 1 
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Table 2-8 Network characteristics sub-analysis 1 

Characteristic Number 

Number of Interventions 42 

Number of Studies 184 

Total Number of Patients in Network 41,187 

Total Number of Events in Network 4,509 

Total Possible Pairwise Comparisons 861 

Total Number Pairwise Comparisons with Direct Data 71 

Number of Two-arm Studies 168 

Number of Multi-arm Studies 16 

Number of Studies with No Zero Events 184 

Number of Studies with at Least One Zero Event 0 

Number of Studies with All Zero Events 0 
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Table 2-9 Intervention characteristics sub-analysis 1 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 39 508 5046 0.1007 

Statins 14 123 3040 0.0405 

Furosemide 3 50 554 0.0903 

NAC 58 642 5874 0.1093 

Trimetazidine 4 17 352 0.0483 

NaHCO3 32 366 3393 0.1079 

PGE1 4 24 304 0.0789 

MgSO4 1 9 62 0.1452 

Pentoxifylline 4 30 438 0.0685 

Placebo 64 924 6925 0.1334 

Control 80 1218 8839 0.1378 

Allopurinol 1 5 30 0.1667 

BNP 4 52 744 0.0699 

Probucol 2 12 198 0.0606 

α-tocopherol 3 18 302 0.0596 

γ-tocopherol 1 6 102 0.0588 

Oxygen 2 33 346 0.0954 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 2 6 203 0.0296 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 7 52 552 0.0942 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 5 23 254 0.0906 

Nebivolol 1 8 40 0.2000 

Anisodamine 2 17 192 0.0885 

RIPC 10 38 608 0.0625 

Theophylline 5 18 323 0.0557 

Hypothermia 1 14 58 0.2414 

Glutathione 1 21 414 0.0507 

ACEI 3 10 129 0.0775 

Aminophylline 1 4 30 0.1333 

Iloprost 1 8 103 0.0777 

Acetazolamide 1 5 94 0.0532 

ANP 3 24 202 0.1188 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

Dopamine 2 9 48 0.1875 

Mannitol 2 10 35 0.2857 

Cordyceps 2 7 88 0.0795 

Silymarin 1 2 69 0.0290 
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Table 2-10 Direct comparison characteristics sub-analysis 1 
 

Comparison # Studies  # Patients # Events 

NAC vs. Placebo 32 8,048 940 

Statins vs. Control 6 4,382 200 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 24 5,481 515 

IV Hydration vs. Oral Hydration 5 509 43 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 5 869 139 

NAC vs. Control 17 2,304 355 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 8 2,884 396 

NAC vs. Theophylline 1 62 13 

Statins vs. Placebo 7 1,508 125 

NaHCO3 vs. Oral Hydration 1 43 3 

Control vs. Alpha-Lipoic Acid 2 280 16 

Furosemide vs. Control 3 1,089 131 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 2 437 24 

Control vs. RIPC 6 782 68 

NAC vs. NaHCO3 5 805 211 

Placebo vs. Theophylline 2 164 15 

IV Hydration vs. NAC 4 536 60 

Pentoxifylline vs. Control 2 461 46 

Placebo vs. Nicorandil 1 240 29 

MgSO4 vs. Control 1 126 26 

Control vs. Dopamine 2 96 17 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

Control vs. ACEI 1 71 12 

Placebo vs. ACEI 2 202 19 

Placebo vs. RIPC 4 427 43 

NaHCO3 vs. Control 6 1,056 231 

Control vs. Cordyceps 2 180 19 

Statins vs. Pentoxifylline 1 220 9 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 2 392 74 

ANP vs. Mannitol 1 20 8 

Placebo vs. ANP 1 126 26 

Control vs. Dialysis 5 588 112 

Control vs. Probucol 2 409 50 
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Comparison # Studies  # Patients # Events 

PGE1 vs. Control 2 226 16 

Control vs. BNP 1 209 23 

IV Hydration vs. BNP 2 1,128 113 

Trimetazidine vs. Control 4 714 71 

Control vs. K/Na Citrate 1 202 25 

Control vs. Oxygen 2 697 115 

Control vs. ANP 1 254 19 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

NAC vs. Dialysis 1 275 11 

Placebo vs. α-tocopherol 3 604 66 

Placebo vs. Aminophylline 1 60 10 

NAC vs. Allopurinol 1 65 12 

Placebo vs. Allopurinol 1 60 16 

Placebo vs. Silymarin 1 143 10 

Control vs. Mannitol 1 53 10 

Control vs. Iloprost 1 208 31 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. γ-tocopherol 1 203 21 

α-tocopherol vs. γ-tocopherol 1 204 11 

Placebo vs. ERAs 1 158 67 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

Placebo vs. BNP 1 149 36 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-10 Rankogram for sub-analysis 1, ranking the interventions for the probability of 
being best. The interventions are colour coded, with the first column representing the chance 
of being best, the second column the chance of being second best and so on. The overall 
numerical value is presented in Table 2-11. 
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Table 2-11 Intervention ranking for sub-analysis 1. The treatment column follows the league 
table (which presents the summary estimates by ranking the treatments in order of most 
pronounced impact on the outcome under consideration). The numerical values represent the 
cumulative results for the probability of being best, in which the highest score is 1 or 100% 
(see rankogram). 

Treatment SUCRA Treatment SUCRA 

PGE1 0.8382 NaHCO3 0.3564 

α-tocopherol 0.8273 Pentoxifylline 0.352 

K/Na Citrate 0.7952 Glutathione 0.3362 

Oxygen 0.7903 IV Hydration 0.3257 

Trimetazidine 0.7536 Placebo 0.3049 

γ-tocopherol 0.748 Oral Hydration 0.2634 

Probucol 0.7365 Hypothermia 0.2006 

BNP 0.7265 Control 0.1682 

Anisodamine 0.6984 Amlodipine and Valsartan 0.05304 

Allopurinol 0.6974 Aminophylline 0.5531 

Nicorandil 0.692 Iloprost 0.7117 

Theophylline 0.6873 Acetazolamide 0.6628 

ACEI 0.6406 ANP 0.3514 

RIPC 0.6079 Zinc 0.2189 

Statins 0.5806 Dialysis 0.4486 

MgSO4 0.5285 Fenoldopam 0.2525 

NAC 0.5054 ERAs 0.07113 

Ascorbic Acid 0.4938 Dopamine 0.1919 

Nebivolol 0.4745 Mannitol 0.1943 

Alpha-Lipoic Acid 0.4437 Cordyceps 0.4611 

Furosemide 0.4221 Silymarin 0.8345 

Analysis Random effects (vague) 
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Figure 2-11 Forest plot sub-analysis 1 

 
  



Chapter 2: Network Meta-Analysis 

 

318 

 

 
  



Chapter 2: Network Meta-Analysis 

 

319 

 

 
  



Chapter 2: Network Meta-Analysis 

 

320 

 

 
  



Chapter 2: Network Meta-Analysis 

 

321 

 

 
  



Chapter 2: Network Meta-Analysis 

 

322 

 

 
  



Chapter 2: Network Meta-Analysis 

 

323 

 

 
  



Chapter 2: Network Meta-Analysis 

 

324 

 

 
  



Chapter 2: Network Meta-Analysis 

 

325 

 

 
  



Chapter 2: Network Meta-Analysis 

 

326 

 

 
  



Chapter 2: Network Meta-Analysis 

 

327 

 

 
  



Chapter 2: Network Meta-Analysis 

 

328 

 

 

  



Chapter 2: Network Meta-Analysis 

 

329 

 

 
  



Chapter 2: Network Meta-Analysis 

 

330 

 

 
  



Chapter 2: Network Meta-Analysis 

 

331 

 

 
  



Chapter 2: Network Meta-Analysis 

 

332 

 

 
  



Chapter 2: Network Meta-Analysis 

 

333 

 

 
  



Chapter 2: Network Meta-Analysis 

 

334 

 

 
  



Chapter 2: Network Meta-Analysis 

 

335 

 

 
  



Chapter 2: Network Meta-Analysis 

 

336 

 

 
  



Chapter 2: Network Meta-Analysis 

 

337 

 

 
  



Chapter 2: Network Meta-Analysis 

 

338 

 

 
  



Chapter 2: Network Meta-Analysis 

 

339 

 

 
  



Chapter 2: Network Meta-Analysis 

 

340 

 

 
  



Chapter 2: Network Meta-Analysis 

 

341 

 

 
  



Chapter 2: Network Meta-Analysis 

 

342 

 

 
  



Chapter 2: Network Meta-Analysis 

 

343 

 

 
  



Chapter 2: Network Meta-Analysis 

 

344 

 

 
  



Chapter 2: Network Meta-Analysis 

 

345 

 

 
  



Chapter 2: Network Meta-Analysis 

 

346 

 

 
  



Chapter 2: Network Meta-Analysis 

 

347 

 

 
  



Chapter 2: Network Meta-Analysis 

 

348 

 

 
  



Chapter 2: Network Meta-Analysis 

 

349 

 

 
  



Chapter 2: Network Meta-Analysis 

 

350 

 

 
  



Chapter 2: Network Meta-Analysis 

 

351 

 

 
  



Chapter 2: Network Meta-Analysis 

 

352 

 

 
  



Chapter 2: Network Meta-Analysis 

 

353 

 

 
  



Chapter 2: Network Meta-Analysis 

 

354 

 

 
  



Chapter 2: Network Meta-Analysis 

 

355 

 

 
  



Chapter 2: Network Meta-Analysis 

 

356 

 

 
  



Chapter 2: Network Meta-Analysis 

 

357 

 

 
  



Chapter 2: Network Meta-Analysis 

 

358 

 

 
  



Chapter 2: Network Meta-Analysis 

 

359 

 

 
  



Chapter 2: Network Meta-Analysis 

 

360 

 

 
  



Chapter 2: Network Meta-Analysis 

 

361 

 

 
  



Chapter 2: Network Meta-Analysis 

 

362 

 

 
  



Chapter 2: Network Meta-Analysis 

 

363 

 

 
  



Chapter 2: Network Meta-Analysis 

 

364 

 

 
  



Chapter 2: Network Meta-Analysis 

 

365 

 

 
  



Chapter 2: Network Meta-Analysis 

 

366 

 

 
  



Chapter 2: Network Meta-Analysis 

 

367 

 

 
  



Chapter 2: Network Meta-Analysis 

 

368 

 

 
  



Chapter 2: Network Meta-Analysis 

 

369 

 

 
  



Chapter 2: Network Meta-Analysis 

 

370 

 

 
  



Chapter 2: Network Meta-Analysis 

 

371 

 

 
  



Chapter 2: Network Meta-Analysis 

 

372 

 

 
  



Chapter 2: Network Meta-Analysis 

 

373 

 

 
  



Chapter 2: Network Meta-Analysis 

 

374 

 

 
  



Chapter 2: Network Meta-Analysis 

 

375 

 

Figure 2-12 Forest plot (results from R) sub-analysis 1 
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Figure 2-13 Gelman and Rubin's convergence diagnostics sub-analysis 1
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Figure 2-14 League table sub-analysis 1 
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2.7 Analysis 2 (173 RCTs after excluding studies with any partial use of 

hyperosmolar contrast media) 

 

Number of Studies: 173 RCTs (see Manuscript) 

Figures and Tables: 

1. Network diagram (Figure 2-15) 

2. Tables: 

 A. Network characteristics (Table 2-12) 

 B. Intervention characteristics (Table 2-13) 

 C. Direct comparison characteristics (Table 2-14) 

3. Rankogram (Figure 2-16) 

4. Ranking and probability of being best (Table 2-15) 

5. Forest plot (Figure 2-17) 

 

Software Spec Convergence  Analysis  

NetMetaXL 

/ 

WinBUGS14 

version 

1.4.3 

Burn 

5000 

Sim 

10000 

good convergence (FE MC error 5% 

of the SD) 

Random effects 

(vague) 

Random effects 

(informative) 
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Figure 2-15 Network diagram analysis 2 
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Table 2-12 Network characteristics analysis 2 

 

 
 
  

Characteristic Number 

Number of Interventions 40 

Number of Studies 173 

Total Number of Patients in Network 34,549 

Total Number of Events in Network 3,648 

Total Possible Pairwise Comparisons 780 

Total Number Pairwise Comparisons with Direct Data 72 

Number of Two-arm Studies 154 

Number of Multi-Arms Studies 19 

Number of Studies with No Zero Events 159 

Number of Studies with at Least One Zero Event 14 

Number of Studies with All Zero Events 2 
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Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 38 513 4819 0.1065 

Statins 14 123 3040 0.0405 

Furosemide 2 16 166 0.0964 

NAC 58 413 3674 0.1124 

Trimetazidine 4 17 352 0.0483 

NaHCO3 29 246 2938 0.0837 

PGE1 4 24 304 0.0789 

MgSO4 1 9 62 0.1452 

Pentoxifylline 4 30 438 0.0685 

Placebo 59 692 4797 0.1443 

Control 77 1053 8136 0.1294 

Allopurinol 4 5 204 0.0245 

BNP 4 52 744 0.0699 

Probucol 2 12 198 0.0606 

α-tocopherol 2 10 159 0.0629 

Oxygen 2 33 346 0.0954 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 2 6 203 0.0296 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 6 41 434 0.0945 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 4 14 228 0.0614 

Nebivolol 1 8 40 0.2000 

Anisodamine 2 17 192 0.0885 

RIPC 8 33 458 0.0721 

Theophylline 7 21 384 0.0547 

Hypothermia 1 14 58 0.2414 

Glutathione 2 21 421 0.0499 

MESNA 1   51 0.0000 

ACEI 1 3 52 0.0577 

Aminophylline 2 4 45 0.0889 

Acetazolamide 1 5 94 0.0532 

ANP 1 4 126 0.0317 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

Dopamine 1 4 33 0.1212 

Cordyceps 2 7 88 0.0795 

Silymarin 1 2 69 0.0290 

Table 2-13 Intervention characteristics analysis 2 
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Table 2-14 Direct comparison characteristics analysis 2 

Comparison # Studies  # Patients # Events 

Statins vs. Control 6 4,382 200 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 23 5,113 471 

IV Hydration vs. Oral Hydration 4 456 33 

NAC vs. Placebo 31 4,408 593 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 4 638 105 

NAC vs. Control 18 2,006 240 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 8 2,884 396 

NAC vs. Theophylline 1 62 13 

Statins vs. Placebo 7 1,508 125 

Placebo vs. Theophylline 3 224 21 

NaHCO3 vs. Oral Hydration 1 43 3 

Control vs. Alpha-Lipoic Acid 2 280 16 

Furosemide vs. Control 2 326 35 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 3 493 27 

Control vs. RIPC 4 486 55 

Control vs. Allopurinol 1 159 6 

Pentoxifylline vs. Control 2 461 46 

Placebo vs. Nicorandil 1 240 29 

MgSO4 vs. Control 1 126 26 

Control vs. Dopamine 1 66 6 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

NAC vs. NaHCO3 3 252 58 

Placebo vs. RIPC 4 427 43 

Control vs. Cordyceps 2 180 19 

IV Hydration vs. NAC 5 476 89 

Statins vs. Pentoxifylline 1 220 9 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

NAC vs. Aminophylline 1 30 0 

Control vs. Aminophylline 1 30 4 

NAC vs. α-tocopherol 1 20 0 

Placebo vs. α-tocopherol 2 318 31 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 2 392 74 

NaHCO3 vs. Control 5 806 95 
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Comparison # Studies  # Patients # Events 

IV Hydration vs. Allopurinol 2 185 31 

NAC vs. Allopurinol 3 215 30 

Control vs. Dialysis 5 588 112 

Control vs. Probucol 2 409 50 

Placebo vs. ACEI 1 114 9 

PGE1 vs. Control 2 226 16 

Control vs. BNP 1 209 23 

IV Hydration vs. BNP 2 1,128 113 

Trimetazidine vs. Control 4 714 71 

Control vs. MESNA 1 100 7 

Control vs. K/Na Citrate 1 202 25 

Control vs. Oxygen 2 697 115 

Control vs. ANP 1 254 19 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

NAC vs. Dialysis 1 275 11 

Placebo vs. Aminophylline 1 60 10 

Placebo vs. Allopurinol 1 60 16 

NAC vs. Glutathione 1 14 1 

Control vs. Glutathione 1 14 1 

Placebo vs. Silymarin 1 143 10 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. ERAs 1 158 67 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

Placebo vs. BNP 1 149 36 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-16 Rankogram for analysis 2, ranking the interventions for the probability 
of being best. The interventions are colour coded, with the first column representing 
the chance of being best, the second column the chance of being second best and so 
on. The overall numerical values are presented in Table 2-15. 
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Table 2-15 Intervention ranking for analysis 2. The treatment names column follows 
the league table (which presents the summary estimates by ranking the treatments 
in order of most pronounced impact on the outcome under consideration). The 
numerical values represent the cumulative results for the probability of being best, 
in which the highest score is 1 or 100% (see rankogram). 

Treatment SUCRA Treatment SUCRA 

Allopurinol 0.9701 NaHCO3 0.4022 

MESNA 0.946 Ascorbic Acid 0.3749 

PGE1 0.7847 Glutathione 0.347 

K/Na Citrate 0.7634 Furosemide 0.3375 

Oxygen 0.7568 Pentoxifylline 0.3338 

Trimetazidine 0.7169 IV Hydration 0.3115 

Probucol 0.7079 Placebo 0.2593 

BNP 0.6868 Hypothermia 0.1994 

Anisodamine 0.6599 Control 0.1629 

Nicorandil 0.648 Amlodipine and Valsartan 0.05976 

Theophylline 0.6235 Aminophylline 0.6552 

α-tocopherol 0.6192 Acetazolamide 0.6443 

RIPC 0.5952 ANP 0.7384 

Statins 0.5462 Zinc 0.1942 

ACEI 0.5383 Dialysis 0.4266 

MgSO4 0.5157 Fenoldopam 0.2277 

Oral Hydration 0.4835 ERAs 0.06707 

NAC 0.464 Dopamine 0.1218 

Nebivolol 0.4534 Cordyceps 0.445 

Alpha-Lipoic Acid 0.4226 Silymarin 0.7894 

Analysis Random effects (vague) 
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Figure 2-17 Forest plot analysis 2 
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Figure 2-18 League table analysis 2 
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2.8 Sub-analysis 2 after excluding studies with zero values 
 
 

Total number of studies: 159 RCTs  

Excluded studies with zero events (total 14)  

Study Interventions included 
Bilasy, 2012 Placebo, Theophylline 
Efrati, 2003 Placebo, NAC 
Erol, 2013 Control, Allopurinol 
Kinbara, 2010 Control, NAC, Aminophylline 
Kitzler, 2012 Placebo, NAC, alpha tocopherol 
Kotlyar, 2005 Placebo, NAC 
Kumar, 2014 (2 arms per contrast media) NAC, Allopurinol, IV Hydration  
Ludwig, 2011 Control, MESNA 
Matejka, 2010 Control, Theophylline 
Moore, 2006 Control, NAC 
Saitoh, 2011 Control, NAC, Glutathione 
Sandhu, 2006 Control, NAC 
Sar, 2010 Placebo, NAC 

 
 

 

Figures and tables: 

1. Network diagram (Figure 2-19) 

2. Tables: A. Network characteristics (Table 2-16) 

 B. Intervention characteristics (Table 2-17) 

 C. Direct comparison characteristics (Table 2-18) 

3. Rankogram (Figure 2-20) 

4. Ranking and probability of being best (Table 2-19) 

5. Forest Plot (Figure 2-21) 

6. R Graphical diagnostics (Trace and Density) (Figure 2-22) 

 
 



Chapter 2: Network Meta-Analysis 

 

503 

 

 
 
 

Software Spec Convergence  Analysis  

NetMetaXL / 

WinBUGS14 

version 1.4.3 

Burn 5000 

Sim 10000 

good convergence (FE MC 

error 5% of the SD) 

Random effects (vague) 

Random effects 

(informative) 

GeMTC R Burn 5000 

Sim 20000 

good convergence Random effects (vague) 
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Figure 2-19 Network diagram sub-analysis 2 
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Table 2-16 Network characteristics sub-analysis 2 

Characteristic Number 

Number of Interventions 39 

Number of Studies 159 

Total Number of Patients in Network 33,578 

Total Number of Events in Network 3,560 

Total Possible Pairwise Comparisons 741 

Total Number Pairwise Comparisons with Direct Data 64 

Number of Two-arm Studies 145 

Number of Multi-arm Studies 14 

Number of Studies with No Zero Events 159 

Number of Studies with at Least One Zero Event 0 

Number of Studies with All Zero Events 0 

 

  



Chapter 2: Network Meta-Analysis 

 

506 

 

Table 2-17 Intervention characteristics sub-analysis 2 

Treatment # Studies  # Events # Patients Aggregate Rate 

IV Hydration 36 482 4729 0.1019 

Statins 14 123 3040 0.0405 

Furosemide 2 16 166 0.0964 

NAC 48 388 3453 0.1124 

Trimetazidine 4 17 352 0.0483 

NaHCO3 29 246 2938 0.0837 

PGE1 4 24 304 0.0789 

MgSO4 1 9 62 0.1452 

Pentoxifylline 4 30 438 0.0685 

Placebo 54 681 4693 0.1451 

Control 70 1035 7898 0.1310 

Allopurinol 1 5 30 0.1667 

BNP 4 52 744 0.0699 

Probucol 2 12 198 0.0606 

α-tocopherol 1 10 149 0.0671 

Oxygen 2 33 346 0.0954 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 2 6 203 0.0296 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 6 41 434 0.0945 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 4 14 228 0.0614 

Nebivolol 1 8 40 0.2000 

Anisodamine 2 17 192 0.0885 

RIPC 8 33 458 0.0721 

Theophylline 5 18 323 0.0557 

Hypothermia 1 14 58 0.2414 

Glutathione 1 21 414 0.0507 

ACEI 1 3 52 0.0577 

Aminophylline 1 4 30 0.1333 

Acetazolamide 1 5 94 0.0532 

ANP 1 4 126 0.0317 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

Dopamine 1 4 33 0.1212 

Cordyceps 2 7 88 0.0795 

Silymarin 1 2 69 0.0290 
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Table 2-18 Direct comparisons characteristics sub-analysis 2 

Comparison # Studies  # Patients # Events 

Statins vs. Control 6 4,382 200 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 23 5,113 471 

IV Hydration vs. Oral Hydration 4 456 33 

NAC vs. Placebo 27 4,254 588 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 4 638 105 

NAC vs. Control 14 1,836 228 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 8 2,884 396 

NAC vs. Theophylline 1 62 13 

Statins vs. Placebo 7 1,508 125 

NaHCO3 vs. Oral Hydration 1 43 3 

Control vs. Alpha-Lipoic Acid 2 280 16 

Furosemide vs. Control 2 326 35 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 2 437 24 

Control vs. RIPC 4 486 55 

Placebo vs. Theophylline 2 164 15 

Pentoxifylline vs. Control 2 461 46 

Placebo vs. Nicorandil 1 240 29 

MgSO4 vs. Control 1 126 26 

Control vs. Dopamine 1 66 6 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

NAC vs. NaHCO3 3 252 58 

Placebo vs. RIPC 4 427 43 

Control vs. Cordyceps 2 180 19 

IV Hydration vs. NAC 3 331 40 

Statins vs. Pentoxifylline 1 220 9 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 2 392 74 

NaHCO3 vs. Control 5 806 95 

Control vs. Dialysis 5 588 112 

Control vs. Probucol 2 409 50 

Placebo vs. ACEI 1 114 9 

PGE1 vs. Control 2 226 16 

Control vs. BNP 1 209 23 
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Comparison # Studies  # Patients # Events 

IV Hydration vs. BNP 2 1,128 113 

Trimetazidine vs. Control 4 714 71 

Control vs. K/Na Citrate 1 202 25 

Control vs. Oxygen 2 697 115 

Control vs. ANP 1 254 19 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

NAC vs. Dialysis 1 275 11 

Placebo vs. α-tocopherol 1 298 31 

Placebo vs. Aminophylline 1 60 10 

NAC vs. Allopurinol 1 65 12 

Placebo vs. Allopurinol 1 60 16 

Placebo vs. Silymarin 1 143 10 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. ERAs 1 158 67 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

Placebo vs. BNP 1 149 36 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-20 Rankogram for sub-analysis 2, ranking the interventions for the probability 
of being best. The interventions are colour coded, with the first column representing 
the chance of being best, the second column the chance of being second best and so 
on. The overall numerical value is presented in Table 2-19 
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Table 2-19 Interventions ranking for sub-analysis 2. The treatment column follows the league 
table (which presents the summary estimates by ranking the treatments in order of most 
pronounced impact on the outcome under consideration). The numerical values represent the 
cumulative results of the probability of being best, in which the highest score is 1 or 100% 
(see rankogram). 

Treatment SUCRA Treatment SUCRA 

PGE1 0.8322 NaHCO3 0.416 

K/Na Citrate 0.8032 Ascorbic Acid 0.4073 

Oxygen 0.7792 Furosemide 0.3487 

Trimetazidine 0.7389 Pentoxifylline 0.3387 

BNP 0.7305 IV Hydration 0.3228 

Probucol 0.7292 Glutathione 0.3226 

Anisodamine 0.6905 Placebo 0.2877 

Allopurinol 0.6883 Hypothermia 0.1948 

Nicorandil 0.6833 Control 0.1618 

α-tocopherol 0.6807 Amlodipine and Valsartan 0.05371 

Theophylline 0.6705 Acetazolamide 0.6908 

RIPC 0.6237 ANP 0.7743 

ACEI 0.5877 Zinc 0.2194 

Statins 0.5666 Dialysis 0.4361 

Aminophylline 0.5436 Fenoldopam 0.244 

MgSO4 0.526 ERAs 0.07035 

Oral Hydration 0.5081 Dopamine 0.1166 

NAC 0.5055 Cordyceps 0.4561 

Nebivolol 0.475 Silymarin 0.8378 

Alpha-Lipoic Acid 0.4373   

Analysis Random effects (vague) 
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Figure 2-21 Forest plot sub-analysis 2 
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Figure 2-22 Forest plot (results from R) sub-analysis 2 
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Figure 2-23 Gelman and Rubin's convergence diagnostics sub-analysis 2
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Figure 2-24 League table sub-analysis 2 
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2.9 Analysis 3 (RCTs with high baseline renal Function) 

(Creatinine > 1.3mg/dl (114mmol/L) and or eGFR < 60ml/min/1.73m2) 

 

Number of studies: 112 RCTs  

 

Figures and tables: 

1. Network diagram (Figure 2-25) 

2. Tables: 

 A. Network characteristics (Table 2-20) 

 B. Intervention characteristics (Table 2-21) 

 C. Direct comparison characteristics (Table 2-22) 

3. Rankogram (Figure 2-26) 

4. Ranking and probability of being best (Table 2-23) 

5. Forest plot (Figure 2-27) 

 

Software Spec Convergence  Analysis  

NetMetaXL / 

WinBUGS14 

version 1.4.3 

Burn 5000 

Model 

10000 

good convergence (FE MC 

error 5% of the SD) 

Random effects 

(vague) 

Random effects 

(informative) 
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Figure 2-25 Network diagram analysis 3 
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Table 2-20 Network characteristics analysis 3 

Characteristic Number 

Number of Interventions 34 

Number of Studies 112 

Total Number of Patients in Network 21,422 

Total Number of Events in Network 2,142 

Total Possible Pairwise Comparisons 561 

Total Number Pairwise Comparisons with Direct Data 54 

Number of Two-arm Studies 99 

Number of Multi-arm Studies 13 

Number of Studies with No Zero Events 105 

Number of Studies with at Least One Zero Event 7 

Number of Studies with All Zero Events 1 
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Table 2-21 Intervention characteristics analysis 3 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 22 265 2835 0.0935 

Statins 6 58 1961 0.0296 

Furosemide 2 16 166 0.0964 

NAC 40 255 2438 0.1046 

Trimetazidine 4 17 352 0.0483 

NaHCO3 23 173 2239 0.0773 

PGE1 1 6 33 0.1818 

Pentoxifylline 1 6 110 0.0545 

Placebo 38 408 2449 0.1666 

Control 50 600 5605 0.1070 

Allopurinol 2 5 109 0.0459 

BNP 1 6 106 0.0566 

α-tocopherol 2 10 159 0.0629 

Oxygen 1 1 174 0.0057 

K/Na Citrate 1 2 103 0.0194 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 6 41 434 0.0945 

Oral Hydration 1 1 22 0.0455 

Nebivolol 1 8 40 0.2000 

Anisodamine 1 13 132 0.0985 

RIPC 4 16 163 0.0982 

Theophylline 7 21 384 0.0547 

Hypothermia 1 14 58 0.2414 

Glutathione 1   7 0.0000 

MESNA 1   51 0.0000 

ACEI 1 3 52 0.0577 

Aminophylline 1 4 30 0.1333 

ANP 1 4 126 0.0317 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

Dopamine 1 4 33 0.1212 

Cordyceps 1 3 39 0.0769 
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Table 2-22 Direct comparison characteristics analysis 3 

Comparison # Studies  # Patients # Events 

Statins vs. Control 3 3,338 116 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 17 3,699 323 

NAC vs. Placebo 21 2,622 373 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 4 638 105 

NAC vs. Control 13 1,575 170 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 5 1,960 196 

NAC vs. Theophylline 1 62 13 

Placebo vs. Theophylline 3 224 21 

IV Hydration vs. Oral Hydration 1 49 7 

NaHCO3 vs. Oral Hydration 1 43 3 

Furosemide vs. Control 2 326 35 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 3 493 27 

Control vs. RIPC 1 100 26 

Control vs. Allopurinol 1 159 6 

Placebo vs. Nicorandil 1 240 29 

Control vs. Dopamine 1 66 6 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

NAC vs. NaHCO3 2 152 32 

Statins vs. Placebo 2 366 25 

Control vs. Cordyceps 1 80 9 

IV Hydration vs. NAC 2 231 27 

Statins vs. Pentoxifylline 1 220 9 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

NAC vs. α-tocopherol 1 20 0 

Placebo vs. α-tocopherol 2 318 31 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 1 62 21 

NaHCO3 vs. Control 4 506 36 

Control vs. Dialysis 5 588 112 

Placebo vs. ACEI 1 114 9 

Control vs. BNP 1 209 23 

Trimetazidine vs. Control 4 714 71 

Control vs. MESNA 1 100 7 

Placebo vs. RIPC 3 225 27 
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Comparison # Studies  # Patients # Events 

Control vs. ANP 1 254 19 

NAC vs. Dialysis 1 275 11 

Placebo vs. Aminophylline 1 60 10 

NAC vs. Allopurinol 1 65 12 

Placebo vs. Allopurinol 1 60 16 

NAC vs. Glutathione 1 14 1 

Control vs. Glutathione 1 14 1 

Control vs. Oxygen 1 349 10 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. ERAs 1 158 67 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-26 Rankogram for analysis 3, ranking the interventions for the probability 
of being best. The interventions are colour coded, with the first column representing 
the chance of being best, the second column the chance of being second best and so 
on. The overall numerical value is presented in Table 2-23. 
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Table 2-23 Intervention ranking for analysis 3. The treatment column follows the 
league table (which presents the summary estimates by ranking the treatments in 
order of most pronounced impact on the outcome under consideration). The 
numerical values represent the cumulative results of the probability of being best, in 
which the highest score is 1 or 100% (see rankogram). 

Treatment SUCRA Treatment SUCRA 

MESNA 0.9319 Nebivolol 0.4708 

Oxygen 0.8727 Dialysis 0.4582 

Oral Hydration 0.7916 Statins 0.4514 

PGE1 0.7897 K/Na Citrate 0.4451 

Glutathione 0.7892 NaHCO3 0.4367 

Allopurinol 0.7496 Ascorbic Acid 0.3861 

ANP 0.7221 Furosemide 0.3671 

Trimetazidine 0.7052 IV Hydration 0.2946 

RIPC 0.6731 Placebo 0.2623 

BNP 0.6658 Pentoxifylline 0.2404 

Nicorandil 0.6314 Hypothermia 0.2237 

Theophylline 0.6148 Zinc 0.2064 

α-tocopherol 0.5822 Control 0.1978 

Anisodamine 0.5586 Fenoldopam 0.2554 

ACEI 0.5207 ERAs 0.06881 

NAC 0.5008 Dopamine 0.1314 

Aminophylline 0.4858 Cordyceps 0.5184 

Analysis Random effects (vague) 
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Figure 2-27 Forest plot analysis 3 
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Figure 2-28 League table analysis 3 
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2.10 Sub-Analysis 3 after excluding studies with zero values 
 
Total number of studies: 105 RCTs 
 
Excluded studies with zero events (total 7)  
Study Interventions included 
Bilasy, 2012 Placebo, Theophylline 
Efrati, 2003 Placebo, NAC 
Erol, 2013 Control, Allopurinol 
Kitzler, 2012 Placebo, NAC, alpha tocopherol 
Ludwig, 2011 Control, MESNA 
Matejka, 2010 Control, Theophylline 
Saitoh, 2011 Control, NAC, Glutathione 

 
Figures and Tables: 

1. Network diagram (Figure 2-29) 

2. Tables: 

 A. Network characteristics (Table 2-24) 

 B. Interventions characteristics (Table 2-25) 

 C. Direct comparison characteristics (Table 2-26) 

3. Rankogram (Figure 2-30) 

4. Ranking and probability of being best (Table 2-27) 

5. Forest plot (Figure 2-31) 

6. R graphical diagnostics (trace and density) (Figure 2-33) 

Software Spec Convergence  Analysis  

NetMetaXL / 
WinBUGS14 
version 1.4.3 

Burn 5000 
Sim 10000 

good convergence (FE 
MC error 5% of the SD) 

Random effects (vague) 
Random effects 
(informative) 

GeMTC R Burn 5000 
Sim 20000 

good convergence Random effects (vague) 
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Figure 2-29 Network diagram sub-analysis 3 
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Table 2-24 Network characteristics sub-analysis 3 

Characteristic Number 

Number of Interventions 32 

Number of Studies 105 

Total Number of Patients in Network 20,947 

Total Number of Events in Network 2,116 

Total Possible Pairwise Comparisons 496 

Total Number Pairwise Comparisons with Direct Data 49 

Number of Two-arm Studies 94 

Number of Multi-arm Studies 11 

Number of Studies with No Zero Events 105 

Number of Studies with at Least One Zero Event 0 

Number of Studies with All Zero Events 0 
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Table 2-25 Intervention characteristics sub-analysis 3 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 22 265 2835 0.0935 

Statins 6 58 1961 0.0296 

Furosemide 2 16 166 0.0964 

NAC 37 254 2397 0.1060 

Trimetazidine 4 17 352 0.0483 

NaHCO3 23 173 2239 0.0773 

PGE1 1 6 33 0.1818 

Pentoxifylline 1 6 110 0.0545 

Placebo 35 400 2384 0.1678 

Control 46 586 5444 0.1076 

Allopurinol 1 5 30 0.1667 

BNP 1 6 106 0.0566 

α-tocopherol 1 10 149 0.0671 

Oxygen 1 1 174 0.0057 

K/Na Citrate 1 2 103 0.0194 

Nicorandil 3 15 291 0.0515 

Ascorbic Acid 6 41 434 0.0945 

Oral Hydration 1 1 22 0.0455 

Nebivolol 1 8 40 0.2000 

Anisodamine 1 13 132 0.0985 

RIPC 4 16 163 0.0982 

Theophylline 5 18 323 0.0557 

Hypothermia 1 14 58 0.2414 

ACEI 1 3 52 0.0577 

Aminophylline 1 4 30 0.1333 

ANP 1 4 126 0.0317 

Zinc 1 3 18 0.1667 

Dialysis 5 43 293 0.1468 

Fenoldopam 5 78 333 0.2342 

ERAs 1 43 77 0.5584 

Dopamine 1 4 33 0.1212 

Cordyceps 1 3 39 0.0769 
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Table 2-26 Direct comparison characteristics sub-analysis 3 
 

Comparison # Studies  # Patients # Events 

Statins vs. Control 3 3,338 116 

NaHCO3 vs. K/Na Citrate 1 206 4 

IV Hydration vs. NaHCO3 17 3,699 323 

NAC vs. Placebo 19 2,553 371 

NAC vs. Ascorbic Acid 3 583 88 

Placebo vs. Ascorbic Acid 4 638 105 

NAC vs. Control 12 1,561 168 

NAC vs. Fenoldopam 3 359 44 

Control vs. Fenoldopam 2 123 26 

IV Hydration vs. Control 5 1,960 196 

NAC vs. Theophylline 1 62 13 

IV Hydration vs. Oral Hydration 1 49 7 

NaHCO3 vs. Oral Hydration 1 43 3 

Furosemide vs. Control 2 326 35 

Furosemide vs. Theophylline 1 159 18 

Control vs. Theophylline 2 437 24 

Control vs. RIPC 1 100 26 

Placebo vs. Theophylline 2 164 15 

Placebo vs. Nicorandil 1 240 29 

Control vs. Dopamine 1 66 6 

Control vs. Anisodamine 1 260 39 

NAC vs. Nebivolol 1 80 17 

Control vs. Nebivolol 1 80 19 

NAC vs. NaHCO3 2 152 32 

Statins vs. Placebo 2 366 25 

Control vs. Cordyceps 1 80 9 

IV Hydration vs. NAC 2 231 27 

Statins vs. Pentoxifylline 1 220 9 

NAC vs. Zinc 1 37 4 

Placebo vs. Zinc 1 35 5 

Control vs. Nicorandil 2 341 22 

PGE1 vs. Placebo 1 62 21 

NaHCO3 vs. Control 4 506 36 

Control vs. Dialysis 5 588 112 

Placebo vs. ACEI 1 114 9 

Control vs. BNP 1 209 23 

Trimetazidine vs. Control 4 714 71 

Placebo vs. RIPC 3 225 27 

Control vs. ANP 1 254 19 

NAC vs. Dialysis 1 275 11 

Placebo vs. α-tocopherol 1 298 31 

Placebo vs. Aminophylline 1 60 10 

NAC vs. Allopurinol 1 65 12 
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Comparison # Studies  # Patients # Events 

Placebo vs. Allopurinol 1 60 16 

Control vs. Oxygen 1 349 10 

Placebo vs. Fenoldopam 1 283 90 

Control vs. Hypothermia 1 128 29 

Placebo vs. ERAs 1 158 67 

Control vs. Ascorbic Acid 1 156 10 
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Figure 2-30 Rankogram for sub-analysis 3, ranking the interventions for the 
probability of being best. The interventions are colour coded, with the first column 
representing the chance of being best, the second column the chance of being 
second best and so on. The overall numerical value is presented in Table 2-26. 
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Table 2-27 Intervention ranking for sub-analysis 3. The treatment column follows 
the league table (which presents the summary estimates by ranking the treatments 
in order of most pronounced impact on the outcome under consideration). The 
numerical values represent the cumulative results of the probability of being best, in 
which the highest score is 1 or 100% (see rankogram). 

Treatment SUCRA Treatment SUCRA 

Oxygen 0.9017 Statins 0.4792 

Oral Hydration 0.8323 K/Na Citrate 0.475 

PGE1 0.8322 Dialysis 0.473 

ANP 0.7567 NaHCO3 0.4605 

Trimetazidine 0.7423 Ascorbic Acid 0.4187 

RIPC 0.7143 Furosemide 0.3815 

BNP 0.6992 IV Hydration 0.3079 

Nicorandil 0.665 Placebo 0.2903 

Allopurinol 0.663 Fenoldopam 0.2728 

Theophylline 0.6621 Pentoxifylline 0.2541 

α-tocopherol 0.6409 Hypothermia 0.2324 

Anisodamine 0.5797 Zinc 0.2158 

ACEI 0.5524 Control 0.2001 

NAC 0.5334 ERAs 0.07549 

Aminophylline 0.523 Dopamine 0.1359 

Nebivolol 0.4912 Cordyceps 0.5379 

Analysis Random effects (vague) 
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Figure 2-31 Forest plot sub-analysis 3 

 
  



Chapter 2: Network Meta-Analysis 

 

677 

 

 
  



Chapter 2: Network Meta-Analysis 

 

678 

 

 
  



Chapter 2: Network Meta-Analysis 

 

679 

 

 
  



Chapter 2: Network Meta-Analysis 

 

680 

 

 
  



Chapter 2: Network Meta-Analysis 

 

681 

 

 
  



Chapter 2: Network Meta-Analysis 

 

682 

 

 
  



Chapter 2: Network Meta-Analysis 

 

683 

 

 
  



Chapter 2: Network Meta-Analysis 

 

684 

 

 
  



Chapter 2: Network Meta-Analysis 

 

685 

 

 
  



Chapter 2: Network Meta-Analysis 

 

686 

 

 
  



Chapter 2: Network Meta-Analysis 

 

687 

 

 
  



Chapter 2: Network Meta-Analysis 

 

688 

 

 
  



Chapter 2: Network Meta-Analysis 

 

689 

 

 
  



Chapter 2: Network Meta-Analysis 

 

690 

 

 
  



Chapter 2: Network Meta-Analysis 

 

691 

 

 
  



Chapter 2: Network Meta-Analysis 

 

692 

 

 
  



Chapter 2: Network Meta-Analysis 

 

693 

 

 
  



Chapter 2: Network Meta-Analysis 

 

694 

 

 
  



Chapter 2: Network Meta-Analysis 

 

695 

 

 
  



Chapter 2: Network Meta-Analysis 

 

696 

 

 
  



Chapter 2: Network Meta-Analysis 

 

697 

 

 
  



Chapter 2: Network Meta-Analysis 

 

698 

 

 
  



Chapter 2: Network Meta-Analysis 

 

699 

 

 
  



Chapter 2: Network Meta-Analysis 

 

700 

 

 
  



Chapter 2: Network Meta-Analysis 

 

701 

 

 
  



Chapter 2: Network Meta-Analysis 

 

702 

 

 
  



Chapter 2: Network Meta-Analysis 

 

703 

 

 
  



Chapter 2: Network Meta-Analysis 

 

704 

 

 
  



Chapter 2: Network Meta-Analysis 

 

705 

 

 
  



Chapter 2: Network Meta-Analysis 

 

706 

 

 
  



Chapter 2: Network Meta-Analysis 

 

707 

 

 
  



Chapter 2: Network Meta-Analysis 

 

708 

 

 
  



Chapter 2: Network Meta-Analysis 

 

709 

 

 
  



Chapter 2: Network Meta-Analysis 

 

710 

 

Figure 2-32 Forest plot (results from R) sub-analysis 3 
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Figure 2-33 Gelman and Rubin's convergence diagnostics sub-analysis 3 
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Figure 2-34 League table sub-analysis 3 
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2.11 Analysis 4 (60 RCTs with normal baseline Renal Profile) 

 

Number of studies: 60 RCTs (see manuscript) 

 

Figures and tables: 

1. Network diagram (Figure 2-35) 

2. Tables: 

 A. Network characteristics (Table 2-28) 

 B. Intervention characteristics (Table 2-29) 

 C. Direct comparison characteristics (Table 2-30) 

3. Rankogram (Figure 2-36) 

4. Ranking and probability of being best (Table 2-31) 

5. Forest plot (Figure 2-37) 

 

Software Spec Convergence  Analysis  

NetMetaXL / 
WinBUGS14 
version 1.4.3 

Burn 5000 
Model 10000 

good convergence (FE MC error 
5% of the SD) 

Random effects 
(vague) 
Random effects 
(informative) 
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Figure 2-35 Network diagram analysis 4 
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Table 2-28 Network characteristics analysis 4 

Characteristic Number 

Number of Interventions 24 

Number of Studies 60 

Total Number of Patients in Network 13,023 

Total Number of Events in Network 1,501 

Total Possible Pairwise Comparisons 276 

Total Number Pairwise Comparisons with Direct Data 34 

Number of Two-arm Studies 54 

Number of Multi-arm Studies 6 

Number of Studies with No Zero Events 53 

Number of Studies with at Least One Zero Event 7 

Number of Studies with All Zero Events 1 
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Table 2-29 Intervention characteristics analysis 4 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 16 248 1984 0.1250 

Statins 8 65 1079 0.0602 

NAC 17 156 1183 0.1319 

NaHCO3 6 73 699 0.1044 

PGE1 3 18 271 0.0664 

MgSO4 1 9 62 0.1452 

Pentoxifylline 3 24 328 0.0732 

Placebo 20 281 2297 0.1223 

Control 27 453 2531 0.1790 

Allopurinol 2   95 0.0000 

BNP 3 46 638 0.0721 

Probucol 2 12 198 0.0606 

Oxygen 1 32 172 0.1860 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 1 4 100 0.0400 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 3 13 206 0.0631 

Anisodamine 1 4 60 0.0667 

RIPC 4 17 295 0.0576 

Glutathione 1 21 414 0.0507 

Aminophylline 1   15 0.0000 

Acetazolamide 1 5 94 0.0532 

Cordyceps 1 4 49 0.0816 

Silymarin 1 2 69 0.0290 
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Table 2-30 Direct comparison characteristics analysis 4 

Comparison # Studies  # Patients # Events 

IV Hydration vs. Oral Hydration 3 407 26 

NAC vs. Placebo 9 1,682 215 

Statins vs. Placebo 5 1,142 100 

Control vs. Alpha-Lipoic Acid 2 280 16 

Pentoxifylline vs. Control 2 461 46 

MgSO4 vs. Control 1 126 26 

Control vs. RIPC 3 386 29 

Placebo vs. RIPC 1 202 16 

IV Hydration vs. Control 3 924 200 

NAC vs. Control 5 431 70 

NAC vs. Aminophylline 1 30 0 

Control vs. Aminophylline 1 30 4 

IV Hydration vs. NaHCO3 6 1,414 148 

IV Hydration vs. NAC 3 245 62 

IV Hydration vs. Allopurinol 2 185 31 

NAC vs. Allopurinol 2 150 18 

Statins vs. Control 3 1,044 84 

Control vs. Probucol 2 409 50 

PGE1 vs. Control 2 226 16 

IV Hydration vs. BNP 2 1,128 113 

NaHCO3 vs. Control 1 300 59 

Control vs. K/Na Citrate 1 202 25 

PGE1 vs. Placebo 1 330 53 

Control vs. Oxygen 1 348 105 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

Placebo vs. Silymarin 1 143 10 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

NAC vs. NaHCO3 1 100 26 

Placebo vs. BNP 1 149 36 

Control vs. Cordyceps 1 100 10 
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Figure 2-36 Rankogram for analysis 4, ranking the interventions for the probability 
of being best. The interventions are colour coded, with the first column representing 
the chance of being best, the second column the chance of being second best and so 
on. The overall numerical value is presented in Table 2-31. 
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Table 2-31 Intervention ranking for analysis 4. The treatment column follows the 
league table (which presents the summary estimates by ranking the treatments in 
order of most pronounced impact on the outcome under consideration). The 
numerical values represent the cumulative results of the probability of being best, in 
which the highest score is 1 or 100% (see rankogram). 

Treatment SUCRA Treatment SUCRA 

Allopurinol 0.9852 RIPC 0.4204 

Aminophylline 0.8601 Oral Hydration 0.3962 

K/Na Citrate 0.7858 NAC 0.3954 

Silymarin 0.7731 IV Hydration 0.3699 

Anisodamine 0.7417 Alpha-Lipoic Acid 0.3545 

PGE1 0.7006 Cordyceps 0.3398 

BNP 0.689 Pentoxifylline 0.332 

Probucol 0.6384 Glutathione 0.2993 

Acetazolamide 0.6111 NaHCO3 0.2828 

Oxygen 0.5887 Placebo 0.2774 

Statins 0.5673 Control 0.1114 

MgSO4 0.4479 Amlodipine and Valsartan 0.03205 

Analysis Random effects (vague) 
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Figure 2-37 Forest plot analysis 4 
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Figure 2-38 League table analysis 4 
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2.12 Sub-Analysis 4 after excluding studies with zero values 

 

Total number of studies: 53 RCTs  

Excluded studies with zero events (total 7)  

Study Interventions included 
Kinbara, 2010 Control, NAC, Aminophylline 
Kotlyar, 2005 Placebo, NAC 
Kumar, 2014 (2 arms per contrast media) NAC, Allopurinol, IV Hydration  
Moore, 2006 Control, NAC 
Sandhu, 2006 Control, NAC 
Sar, 2010 Placebo, NAC 

 
Figures and tables: 

1. Network diagram (Figure 2-39) 

2. Tables: 

 A. Network characteristics (Table 2-32) 

 B. Intervention characteristics (Table 2-33) 

 C. Direct comparison characteristics (Table 2-34) 

3. Rankogram (Figure 2-40) 

4. Ranking and probability of being best (Table 2-35) 

5. Forest plot (Figure 2-41) 

6. R graphical diagnostics (trace and density) (Figure 2-43) 
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Software Spec Convergence  Analysis  

NetMetaXL / 

WinBUGS14 

version 1.4.3 

Burn 5000 

Sim 10000 

good convergence (FE MC 

error 5% of the SD) 

Random effects (vague) 

Random effects 

(informative) 

GeMTC R Burn 5000 

Sim 20000 

good convergence Random effects (vague) 
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Figure 2-39 Network diagram sub-analysis 4 
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Table 2-32 Network characteristics sub-analysis 4 

Characteristic Number 

Number of Interventions 22 

Number of Studies 53 

Total Number of Patients in Network 12,527 

Total Number of Events in Network 1,439 

Total Possible Pairwise Comparisons 231 

Total Number Pairwise Comparisons with Direct Data 30 

Number of Two-arm Studies 50 

Number of Multi-arm Studies 3 

Number of Studies with No Zero Events 53 

Number of Studies with at Least One Zero Event 0 

Number of Studies with All Zero Events 0 
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Table 2-33 Intervention characteristics sub-analysis 4 

Treatment   # Studies  # Events # Patients Aggregate Rate 

IV Hydration 14 217 1894 0.1146 

Statins 8 65 1079 0.0602 

NAC 10 132 1003 0.1316 

NaHCO3 6 73 699 0.1044 

PGE1 3 18 271 0.0664 

MgSO4 1 9 62 0.1452 

Pentoxifylline 3 24 328 0.0732 

Placebo 18 278 2258 0.1231 

Control 24 449 2454 0.1830 

BNP 3 46 638 0.0721 

Probucol 2 12 198 0.0606 

Oxygen 1 32 172 0.1860 

Amlodipine and Valsartan 1 8 45 0.1778 

K/Na Citrate 1 4 100 0.0400 

Alpha-Lipoic Acid 2 6 139 0.0432 

Oral Hydration 3 13 206 0.0631 

Anisodamine 1 4 60 0.0667 

RIPC 4 17 295 0.0576 

Glutathione 1 21 414 0.0507 

Acetazolamide 1 5 94 0.0532 

Cordyceps 1 4 49 0.0816 

Silymarin 1 2 69 0.0290 
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Table 2-34 Direct comparison characteristics sub-analysis 4 
 

Comparison # Studies  # Patients # Events 

IV Hydration vs. Oral Hydration 3 407 26 

NAC vs. Placebo 7 1,597 212 

Statins vs. Placebo 5 1,142 100 

Control vs. Alpha-Lipoic Acid 2 280 16 

Pentoxifylline vs. Control 2 461 46 

MgSO4 vs. Control 1 126 26 

Control vs. RIPC 3 386 29 

Placebo vs. RIPC 1 202 16 

IV Hydration vs. Control 3 924 200 

IV Hydration vs. NaHCO3 6 1,414 148 

Statins vs. Control 3 1,044 84 

Control vs. Probucol 2 409 50 

PGE1 vs. Control 2 226 16 

IV Hydration vs. BNP 2 1,128 113 

NaHCO3 vs. Control 1 300 59 

NAC vs. Control 2 275 60 

Control vs. K/Na Citrate 1 202 25 

PGE1 vs. Placebo 1 330 53 

Control vs. Oxygen 1 348 105 

Control vs. Amlodipine and Valsartan 1 90 11 

IV Hydration vs. Acetazolamide 1 190 21 

NaHCO3 vs. Acetazolamide 1 190 9 

Placebo vs. Silymarin 1 143 10 

Placebo vs. Glutathione 1 825 41 

Placebo vs. Anisodamine 1 126 17 

IV Hydration vs. Pentoxifylline 1 199 12 

IV Hydration vs. NAC 1 100 13 

NAC vs. NaHCO3 1 100 26 

Placebo vs. BNP 1 149 36 

Control vs. Cordyceps 1 100 10 
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Figure 2-40 Rankogram for sub-analysis 4, ranking the interventions for the probability of 
being best. The interventions are colour coded, with the first column representing the chance 
of being best, the second column the chance of being second best and so on. The overall 
numerical value is presented in Table 2-35. 
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Table 2-35 Intervention ranking for sub-analysis 4. The treatment column follows the league 
table (which presents the summary estimates by ranking the treatments in order of most 
pronounced impact on the outcome under consideration). The numerical values represent the 
cumulative results of the probability of being best, in which the highest score is 1 or 100% 
(see rankogram). 

Treatment SUCRA Treatment SUCRA 

Silymarin 0.8671 RIPC 0.4541 

Anisodamine 0.8415 Oral Hydration 0.3887 

K/Na Citrate 0.8403 Glutathione 0.3707 

PGE1 0.7902 Placebo 0.3649 

BNP 0.7563 Alpha-Lipoic Acid 0.3614 

Probucol 0.671 IV Hydration 0.3563 

Acetazolamide 0.6607 Cordyceps 0.3429 

Statins 0.6331 Pentoxifylline 0.3228 

Oxygen 0.6185 NaHCO3 0.2856 

NAC 0.4937 Control 0.1009 

MgSO4 0.4555 Amlodipine and Valsartan 0.02378 

Analysis Random effects (vague) 
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Figure 2-41 Forest Plot sub-analysis 4 
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Figure 2-42 Forest plot (results from R) sub-analysis 4

 



Chapter 2: Network Meta-Analysis 

 

811 

 



Chapter 2: Network Meta-Analysis 

 

812 

 



Chapter 2: Network Meta-Analysis 

 

813 

 



Chapter 2: Network Meta-Analysis 

 

814 

 



Chapter 2: Network Meta-Analysis 

 

815 

 



Chapter 2: Network Meta-Analysis 

 

816 

 



Chapter 2: Network Meta-Analysis 

 

817 

 



Chapter 2: Network Meta-Analysis 

 

818 

 



Chapter 2: Network Meta-Analysis 

 

819 

 



Chapter 2: Network Meta-Analysis 

 

820 

 



Chapter 2: Network Meta-Analysis 

 

821 

 



Chapter 2: Network Meta-Analysis 

 

822 

 



Chapter 2: Network Meta-Analysis 

 

823 

 



Chapter 2: Network Meta-Analysis 

 

824 

 



Chapter 2: Network Meta-Analysis 

 

825 

 



Chapter 2: Network Meta-Analysis 

 

826 

 



Chapter 2: Network Meta-Analysis 

 

827 

 



Chapter 2: Network Meta-Analysis 

 

828 

 



Chapter 2: Network Meta-Analysis 

 

829 

 



Chapter 2: Network Meta-Analysis 

 

830 

 



Chapter 2: Network Meta-Analysis 

 

831 

 

  



Chapter 2: Network Meta-Analysis 

 

832 

 

Figure 2-43 Gelman and Rubin's convergence diagnostics sub-analysis 4 
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Figure 2-44 League table sub-analysis 4 
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2.13 Discussion: 

 

2.13.1 Summary of evidence: 

 

This is a systematic review and network meta-analysis (multi-treatment 

comparison) of studies investigating methods for the prevention of contrast-

induced nephropathy. We identified 197 eligible trials, of which three included 

multiple analyses. Data from a total of 42,273 patients undergoing 44 different 

interventions were included. Intravenous hydration (NaCl) was used as the 

reference treatment as there is a general consensus, supported by evidence, 

accepting it as a method of prevention with no clear superiority for other IV fluids 

(126). While only randomised control trials were included, defining the outcome 

and inclusion criteria helps to minimise the number of effect modifiers at play in 

different studies, thus minimising inconsistency. However, the assumption of 

homogeneity should be accepted with caution, considering the large numbers of 

trials and patients included.  

 

It is very important for readers more familiar with general probability measures, in 

which the value 1 is assigned to the entire probability space, to recognise that 

SUCRA uses posterior probabilities of each treatment being among the n best 

options (cumulative probabilities); thus, the sum adds to > 1. The word ‘best’ refers 

to the number of times that an intervention ranks first among the total number of 
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random samples (59). In a rankogram the first column represents the chance of an 

intervention being best out of one intervention (100%) and the second column 

represents the chance of being second best and so on up to the last column; the 

overall ranking for each treatment is the sum and this is the reason why the 

probability for each treatment is calculated out of 1 (100%).  
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2.13.2 Research and clinical impact: 

 

For health care providers, the results of this meta-analysis should be carefully 

interpreted and applied to clinical practice on a case-by-case basis, bearing in mind 

the co-morbidities, clinical needs and prior risk factors of the individual patient.  We 

have observed through all of the analyses and sub-analyses how some 

interventions are shown to have a moderate ranking, relatively safe profile and 

supportive evidence from direct pair-wise meta-analysis, like statins and remote 

ischaemic preconditioning, representing possible additional or second-line 

therapies for CI-AKI prevention. Meanwhile, other interventions in the same 

moderate effect category, but with possible side effects, merit further investigation 

and can be considered clinically on an individual basis. Some top-ranked treatments 

have relatively small numbers of trials, like PGE1 and allopurinol, which is a 

xanthine oxidase inhibitor used for treatment of gout and management of 

hyperuricemia associated with chemotherapy (allopurinol was assessed in four 

trials with 204 patients and PGE1 in four trials with a total of 304 patients). For 

clinical researchers, these treatments should be considered for larger scale studies, 

especially with recently published evidence suggesting some benefits (346).  

 

Interestingly, oxygen was highly ranked before and after exclusion of zero events 

studies, with the total number of patients being 346 in two studies.  
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The sub-analyses in our network were performed after excluding studies with zero 

events to eliminate a favourable effect profile, albeit that zero values were 

corrected for. This produced better statistical results and helped in comparing the 

results without the interventions involved in small number of trials.  

 

2.13.3 Limitations: 

 

One limitation of this meta-analysis is the exclusion of non-English language studies 

(n=12). Inclusion of these studies may add to the supportive evidence for the use of 

some interventions, although the effect size of these trials is likely to be minimal in 

light of the sample sizes in question. Another limitation is the difference in contrast 

media used which may affect the outcomes; we excluded studies that used 

hyperosmolar contrast media to minimise this effect, with some evidence 

suggesting similar CIN incidence for iso and low-osmolar CM in coronary 

angiography patients (347, 348). In large networks, another consideration is our 

inability to account for other possible effect modifiers, and our assumptions 

regarding homogeneity and similarity across a large number of studies. Thus, it is 

important to look at each intervention ranking through multiple analyses.  

 

While preparing this network meta-analysis, a pairwise meta-analysis was published 

comparing N-acetylcysteine, sodium bicarbonate, statins and ascorbic acid for CI-

AKI reduction (349). The data was obtained from controlled trials that used 

intravenous (IV) or intra-arterial contrast. The results for statins plus IV saline vs IV 
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saline show a clinically, but not statistically, significant difference. When comparing 

sodium bicarbonate to IV saline, it was clinically better but again the difference was 

not statistically significant. However, ascorbic acid was better, both clinically and 

statistically, vs IV saline and shows no such difference when compared with NAC. A 

similar result can be observed in our ranking table, with 0.5497, 0.4433, 0.3419 and 

0.3124 being the respective probability rankings for statins, ascorbic acid, sodium 

bicarbonate and IV saline. Although direct comparison results are provided within 

the forest plots in our network, we think the results from pairwise reviews are 

important. The nature of conventional meta-analysis prevents utilisation of 

multiple-arm trials and creation of indirect comparisons, but it can be used to look 

at sections of a more comprehensive network meta-analysis, in addition to the fact 

that it is more flexible in terms of subgroup analysis and thus assessment of effect 

modifiers, such as the type of contrast media in this case. 

 

2.14 Conclusion: 

 

This systematic review and network meta-analysis provides a comprehensive 

analysis of currently utilised CI-AKI prevention interventions. Results arising from 

this study should be incorporated into the decision-making processes of physicians 

in selecting potential therapies for CI-AKI prevention, although due consideration 

should still be paid to each individual patient’s underlying risk and co-morbidities. 

Highly ranked interventions throughout the analyses and sub-analyses (e.g. 

allopurinol, PGE1 and oxygen) merit further examination on a larger scale in the 
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context of well-designed RCTs. RIPC can be used as additional safe protection 

against contrast induced nephropathy.   
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3.1 Abstract: 

 

Objective: 

To evaluate remote ischaemic preconditioning in the management of intermittent 

claudication patients.  

Background 

Supervised exercise is the preferred first-line intervention for patients with 

intermittent claudication (IC) but is constrained by limited availability and logistical 

issues, particularly in rural settings. Animal data suggest that remote ischaemic 

conditioning (RIC) can improve blood flow in ischaemic limbs and, consequently, 

may benefit claudication patients. 

Methods 

We undertook a randomised clinical trial to evaluate RIC’s effect in claudication 

patients. Stable IC patients were randomly allocated to receive RIC alone, 

structured exercise (SE) alone, RIC plus SE or to a control group which received 

standard advice and risk factor modification. Patients received their intervention 

over a 28-day period. RIC patients attended a RIC clinic every three to four days to 

undergo four cycles of five minutes of upper limb ischaemia followed by five 

minutes of reperfusion induced with a standard blood pressure cuff. 

Results 

The 45 patients were randomised, with 40 completing the trial (10 patients per 

group). The RIC alone, SE alone and RIC plus SE groups all demonstrated significant 
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improvements in pain-free walking distance and ankle-brachial pressure indices at 

30 days. There were no differences in the magnitude of these improvements 

between the groups.  

Conclusion 

Compared with standard care, RIC is promising as a home-delivered intervention. It 

appears to be equivalent to SE in the treatment of IC, with no apparent additive 

benefit to combining the two interventions in this small sample size. A large scale 

RCT is needed for validation. 

  



Chapter 3: Remote Ischaemic Preconditioning in the Management of Intermittent 

Claudication: Randomised Controlled Trial 

853 

 

3.2 Rationale: 

 

Peripheral vascular disease (PVD) is a major health problem, affecting 

approximately 20% of adults over 55 years of age and about 27 million people in 

North America and Europe (350). Most PVD patients are asymptomatic. 

Intermittent claudication is the typical clinical manifestation developing in about 5% 

of men aged 60 years and the prevalence increases with age (351, 352). The 

estimated total cost in the United States exceeds $21 billion annually (353) .  

 

Current treatment options include watchful waiting, medical management, exercise 

training, endovascular treatment and surgical reconstruction, with uncertainty 

regarding the optimal approach in many patients (354).  

 

Management decisions seek to balance the risk of intervention in patients with 

multiple co-morbidities, with the likely benefits being in terms of symptom relief, 

quality of life and overall life expectancy for these patients (355). Supervised 

exercise therapy (SET) is the preferred initial therapy in most IC patients (356, 357). 

However, SET is time consuming and availability is limited. 

 

Brief periods of ischaemia-reperfusion in any tissue confer protection on any other 

tissue exposed to a significant ischaemic insult, a phenomenon known as remote 

ischaemic conditioning (RIC) (358). However, the effects of preconditioning in 
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peripheral vascular disease patients remain largely unevaluated, apart from some 

small studies on symptomatic relief (46) and the exercise induced preconditioning 

effect (46, 47). Remote preconditioning affects blood supply, as demonstrated by 

Enko et al., who induced intermittent arm ischaemia by applying three cycles of 

200mmHg pressure for five minutes, followed by five minutes of reperfusion 

producing dilatation of the contralateral brachial artery in healthy individuals (45). 

In their study, Karakyoun et al. evaluated RIPC and direct preconditioning in a rat 

model of critical limb ischaemia; iliac artery ligation was used to create critical limb 

ischaemia in the rats. Both direct preconditioning (intermittent tourniquet 

application to the ischaemic limb) and RIPC (intermittent tourniquet application to 

the contralateral leg) produced significant increases in perfusion and 

microvasculature density in the ischaemic limb, with true new blood vessel 

formation in both the direct IC and the RIPC groups (359).   

 

3.3 Study hypothesis: 

 

We hypothesised that RIC triggered using brief periods of upper limb, tourniquet-

induced ischaemia-reperfusion would lead to symptomatic improvement in 

patients with IC. 

 

3.4 Methods: 
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3.4 1 Study design 

 

Randomised controlled trial 

 

3.4.2 Participants: 

 

The participants were patients attending Galway University Hospital, a tertiary 

referral vascular unit serving a population of approximately 800,000 people in a 

largely rural catchment area. Patients attending out-patients clinics, in-patients 

with known moderate peripheral vascular disease (PVD) and new claudication 

patients with Rutherford stage 2 and Fontaine stage 2a symptoms were eligible for 

inclusion. Those willing to consider participation in the trial were contacted by a 

research fellow to determine eligibility and were provided written information 

regarding the trial. Written informed consent was provided by all trial participants 

prior to randomisation. The trial protocol was reviewed and approved by a 

Research Ethics Committee. 

 

3.4.3 Exclusion criteria:  

 

Known upper limb PVD 

Severe cardiac condition 
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Risk classification for exercise training: class C and above (360) 

Severe respiratory condition 

Previous history of upper limb deep vein thrombosis 

Patients on glibenclamide or nicorandil (which may affect RIPC) 

Raynaud’s Disease 

Pregnancy 

Previous major limb amputation affecting ability to exercise  

 

3.4.4 Interventions: 

 

Candidates were randomised into four groups, each including ten patients. They all 

continued with standard care, including best medical treatment and advice 

regarding exercise and cessation of smoking. Two interventions were applied. The 

first intervention was remote ischaemic preconditioning (RIPC) sessions in a 72-96 

hour interval for one month; in each session remote ischaemic conditioning was 

induced using a standard blood pressure cuff applied to the patient’s non-dominant 

arm. Ischaemia was induced by inflating the cuff to a pressure of 200mmHg. After a 

five minute period, the cuff was deflated and the arm allowed to reperfuse for five 

minutes. These manoeuvres were repeated until four cycles of ischaemia-

reperfusion had been undertaken. The patients attended a research clinic for RIC 

sessions every three to four days for a one month period. The second intervention 

was strengthening via an exercise programme designed to increase physical activity 
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and strength, and to improve quality of life (National University of Ireland, Galway, 

in association with the REST programme at the Mayo Clinic, USA). Patients 

randomised to an at-home resistance exercise programme were assessed by an 

exercise physiologist. For each patient, an exercise programme was agreed. 

Patients were asked to select from a range of upper body and lower body exercises, 

such that each patient had a group of ten exercises that were performed six days 

per week. Details of each exercise were provided linguistically and visually. 

Participants were asked to choose from eight to twelve repetitions of any given 

exercise as their target, allowing the programme to be tailored to an individual’s 

physical strength and co-morbidities. No specific time limit or intensity was 

prescribed for the participants to complete the agreed exercises. The exercises 

were undertaken six days per week for four weeks. 

 

3.4.5 Groups: 

 

Structured exercise programme Group (SE): 

This group received standard care plus strengthening via an exercise programme. 

 

RIPC and structured exercise group (RIPC and SE): 

This group received standard care, RIPC and strengthening via an exercise 

programme. 
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RIPC group (RIPC): 

This group received standard care plus RIPC. 

 

Control Group: 

This group received standard care. 

 

3.4.6 Outcome measures: 

 

All outcomes were measured immediately before applying interventions on day one 

and after one month. We used a long corridor to assess patients, as some studies 

have suggested a better correlation with daily activities compared with a treadmill 

(361). 

 

3.4.6.1 Primary outcomes: 

Symptom free distance; six minute walk.  

 

3.4.6.2 Secondary outcomes: 

 

EQ-5D quality of life measures, effects on BP, minor amputations, progress of 

amputation during trial, ulcer formation/healing during trial, progression of 

Rutherford classification and change in ABIs on the more symptomatic side.   



Chapter 3: Remote Ischaemic Preconditioning in the Management of Intermittent 

Claudication: Randomised Controlled Trial 

859 

 

 

3.4.7 Sample size: 

 

This is a pilot study to obtain preliminary data about the effects, if any, of 

interventions. The initial target sample is 40 patients distributed within four groups 

of ten patients each.  
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3.4.8 Randomisation: 

 

We used QMinim online minimisation to randomise patients, stratified by age and 

incidence of diabetes mellitus (362). Clinical teams were blind to patient allocation. 

Pre- and post-assessment were conducted by two separate observers from the 

research team. 

 

3.4.9 Statistical methods: 

 

Given the small sample size, it was expected that all data would be non-parametric 

and therefore, non-parametric tests were planned for statistical evaluation. We 

used the Mann Whitney nonparametric test in StatsDirect, version 3.0.194, to 

compare pre- and post-intervention differences among the groups and against the 

control group. Group characteristics are presented as the mean (standard 

deviation), median (interquartile range) and N (%).  

 

3.5 Results: 

 

3.5.1 Participant recruitment: 
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The trial was conducted over a two year period, commencing in January 2015 with 

the last patient completing the one month follow-up in December 2016. Patient 

flow through the trial is summarised in Figure 3-1. Of the 97 patients screened for 

inclusion, 45 were randomised. There were five post-randomisation withdrawals, 

leaving 40 patients to be included in the final analysis.    
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3.5.2 Baseline data: 

 

Baseline characteristics are summarised in Table 3-1. There were more active 

smokers in both the RIC and control groups (40% of each), although the difference 

did not reach statistical significance. A history of congestive heart failure was more 

common in the RIC group (30%) although, again, this did not reach statistical 

significance. Anticoagulant use was more common in the RIC group. The remaining 

baseline characteristics were balanced among the groups. No patients underwent 

revascularisation during the trial, and none required major or minor limb 

amputation. One patient developed a new ulcer, i.e. progressed to Rutherford stage 

V.  
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Figure 3-1 Patient flow chart  
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Table 3-1 Characteristics of patients included in the study 

  
Group RIPC SE RIPC & 

SE 
Control P-

Value 

Median age in years (IQR) 69(18) 60.5(10) 65(14) 65.5(13) - 

Male gender n (%) Male 9 
(90%)  

Male 9 
(90%)  

Male 9 
(90%)  

Male 6 
(60%)  

P = 
0.1972 

Active smokers n (%) 4 (40%)  0 (0%)  2 (20%)  4(40%)  P = 
0.1183 

Ex-smokers  6 (60%) 10 
(100%) 

8 (80%) 6 (60%) P = 
0.1183 

Median urea level mmol/L 
(IQR) 

5.65 
(2.7) 

6.95 
(3.2) 

5 (2.7) 6.1 (3.9) - 

Median creatinine μmol/L 
(IQR) 

106 (43) 92 (27) 74 (36) 81.5 
(28) 

- 

Median eGFR (IQR) 61.5 
(37) 

66 (28) 90 (23) 63.5 
(32) 

- 

HTN n (%) 8 (80%) 6 (60%) 9 (90%) 6 (60%) P = 
0.3359 

IHD n (%) 6 (60%) 3 (30%) 4 (40%) 3 (30%) P = 
0.4753 

DM n (%) 2 (20%) 2 (20%) 1 (10%) 3 (30%) P = 
0.741 

CHF n (%) 3 (30%) 1 (10%) 0 0 P = 
0.0833 

Hyperlipidaemia n (%) 8 (80%) 6 (60%) 8 (80%) 8 (80%) P = 
0.6594 

History of CVD n (%) 1 (10%) 1 (10%) 0 3 (30%) P = 
0.2267 

History of CKD n (%) 1 (10%) 0 0 0 P = 
0.3799 

History of COPD/Asthma n (%) 3 (30%) 1 (10%) 1 (10%) 1 (10%) P = 
0.5025 

History of Cancer n (%) 2 (20%) 2 (20%) 2 (20%) 2 (20%) P > 
0.9999 

Antiplatelet n (%) 9 (90%) 9 (90%) 10 
(100%) 

7 (70%) P = 
0.2267 

Anticoagulants n (%) 4 (40%) 3 (30%) 0 1 (10%) P = 
0.1001 

Statins n (%) 9 (90%) 9 (90%) 8 (80%) 7 (70%) P = 
0.5924 

Beta Blockers n (%) 5 (50%) 5 (50%) 4 (40%) 1 (10%) P = 
0.4753 

Ulcers n (%) 0 2 (20%) 0 0 P = 
0.0972 
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3.5.3 Outcomes: 

 

3.5.3.1 Primary outcomes: 

 

3.5.3.1.1 Symptom free distance: 

 

Pain-free walking distance significantly improved in the RIPC, SE and RIPC plus SE 

groups when compared to the controls (Table 3-2). There was no significant 

difference in the degree of improvement between the three intervention groups. 

 

Table 3-2 Outcome: symptom free distance (metres) 

Group 
Median Pre-/Post-intervention 

difference (IQR) 
Group vs Control 

Median difference (95.7% CI) P-Value 

RIPC 66.515 (136.66) 62.49 (27.14 to 162.4) P = 0.0029 

SE 40.35 (62.3) 53.36 (10.6 to 96.5) P = 0.0355 

RIPC & 
SE 

63.95 (60.93) 67.375 (23.83 to 123.42 P = 0.0021 

Control 7.3 (48.8) - - 

Between Groups 

RIPC vs SE 15.16 (-33.92 to 112.33) P = 0.6842 

RIPC vs RIPC & SE -3.07 (-72.06 to 87.3) P = 0.9705 

SE vs RIPC & SE -12.33 (-94.5 to 35.15) P = 0.5787 

 

 

3.5.3.1.2 Six minute walk: 
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There were no significant changes in the results of the six minute walk test between 

the baseline and after 30 days (Table 3-3). 

 

3.5.3.2 Secondary outcomes: 

 

3.5.3.2.1 Change in ABIs: 

 

Changes in the ankle-brachial indices in the more symptomatic leg were compared 

between each group and the control group (Table 3-4). The baseline and second 

measures were performed while patients were resting before the first RIC and half 

hour after the last RIC. Compared to the control arm, the RIC, structured exercise 

and RIC plus structured exercise groups all showed an improvement in ABI values in 

the most symptomatic leg after 28 days although, for the SE group, this did not 

reach statistical significance. There were no significant differences in the 

improvements between the three intervention groups. This effect needs to be 

examined in a larger study with a longer time lapse in order to check whether or 

not it is transient. 
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Table 3-3 Outcome: six minute walk (metres) 

Group 
Median Pre-/Post-
intervention 
difference (IQR) 

Group vs Control 

Median difference (CI) P-Value 

RIPC 20.46 (48.18) 8.38 (96% CI: -38.22 to 37.9) P = 0.7782 

SE 56.75 (82.15) 
25.7 (96% CI: -57.95 to 

70.68) 
P = 0.5457 

RIPC & SE 10.04 (72.435) 
-7.82 (95.4% CI: -34.7 to 

46.86) 
P = 0.743 

Control 11.8 (35.44) - - 

Between Groups 

RIPC vs SE 
-28.92 (96% CI: -97.02 to 

58.08) 
P = 0.5302 

RIPC vs RIPC & SE 7.4 (95.4% CI: -67.5 to 41.58) P = 0.724 

SE vs RIPC & SE 
18.74 (95.4% CI: -59.35 to 

78.6) 
P = 0.8148 
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Table 3-4 Outcome: Change in ABIs in more symptomatic side. In bilateral equally 
symptomatic patients, we use the side with lower ABI (n=15) 

Group 

Median Pre-/Post-
intervention 
difference (IQR)  

Group vs Control 

Median difference 
(95.7% CI) 

P-Value 

RIPC 0.06 (0.13) 0.08 (0.02 to 0.18) P = 0.0171 

SE 0.125 (0.15) 0.13 (-0.01 to 0.18) P = 0.0713 

RIPC & SE 0.11 (0.21) 0.12 (0.01 to 0.22) P = 0.0247 

Control -0.005 (0.08) - - 

Between Groups 

RIPC vs SE 
-0.02 (-0.12 to 

0.09) 
P = 0.7955 

RIPC vs RIPC & SE 0.02 (-0.14 to 0.07) P = 0.6169 

SE vs RIPC & SE 
-0.025 (-0.13 to 

0.1) 
P = 0.6971 
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3.5.3.2.2 EQ-5D quality of life measures: 

 

All groups displayed some improvement in their best imaginable health state 

following the intervention (Figure 3-2). More patients in both the RIPC and control 

groups reported ‘no problem’ with their usual activities following intervention. 

There were no changes in perceived health status and perception of self-care 

results for EQ5D self-reporting, as presented in Figures 3-3 to 3-7. 
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Figure 3-2 Overall pre- and post-intervention best imaginable health state 
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Figure 3-3 Health status self-reporting: mobility pre- and post-intervention. 
Responses are categorised as ‘no’, ‘some’ or ‘severe’ problems 
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Figure 3-4 Health status self-reporting: self-care pre- and post-intervention. 
Responses are categorised as ‘no’, ‘some’ or ‘severe’ problems 
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Figure 3-5 Health status self-reporting: usual activities pre- and post-intervention. 
Responses are categorised as ‘no’, ‘some’ or ‘severe’ problems 
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Figure 3-6 Health status self-reporting: Pain / discomfort pre- and post-intervention. 
Responses are categorised as ‘no’, ‘some’ or ‘severe’ problems 
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Figure 3-7 Health status self-reporting: anxiety / depression pre- and post-
intervention. Responses are categorised as ‘no’, ‘some’ or ‘severe’ problems 
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3.5.3.2.3 Effects on BP: 

 

Both RIPC and SE seem to have significant impact on both systolic and diastolic 

blood pressure. The results are presented in Table 3-5 

 

3.5.3.2.4 Amputations: ulcer formation/healing: 

 

No limb or digit amputation was reported during the course of the trial for all 

groups. One patient in the control group developed a new ulcer in the right foot 

with an increase in the size of the left side ulcer reported at the start of the trial. 

Two patients with ulcers at the start were reported in the SE group but they 

showed no signs of deterioration or increase in size.  

 

3.5.3.2.5 Progression on the Rutherford classification: 

 

All patients in the trial were stage 2, except for one stage 3 patient in each of the 

RIPC, SE and control groups. Two patients, one each in the RIPC and SE groups, 

improved from stage 2 to stage 1 by the end of the trial; in the control group two 

patients progressed to stage 3.  
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Table 3-5 Outcome: changes in blood pressure (mmHg) 

Group 

Median Pre-/Post-

intervention difference 

(IQR) 

Group vs Control 

Systolic BP Diastolic BP 

Systolic Diastolic Median 

difference 

(95.7% CI) 

P-Value 

Median 

difference 

(95.7% CI) 

P-Value 

RIPC -2 (9) -0.5 (10) 
-13 (-25 to 

1) 
P = 0.0498 3 (-3 to 15) P = 0.3049 

SE -5.5 (20) 1 (7) 
-10 (-25 to 

5) 
P = 0.1476 3.5 (-4 to 11) P = 0.2533 

RIPC & 

SE 
-0.5 (27) 0 (11) 

-12 (-29 to 

2) 
P = 0.1091 1.5 (-8 to 8) P = 0.6694 

Control 8.5 (22) -2.5 (10) - - - - 

Between Groups 

RIPC vs 

SE 

  -0.5 (-15 to 

10) 
P = 0.9859 0 (-7 to 9) P = 0.9858 

RIPC vs 

RIPC & 

SE 

  
-0.5 (-12 to 

17) 
P = 0.8971 2 (-3 to 12) P = 0.6291 

SE vs 

RIPC & 

SE 

  
3 ( -14 to 

19) 
P = 0.7956 3 (-3 to 9) P = 0.3202 
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3.6 Discussion: 

 

Remote ischaemic conditioning has struggled in terms of translation from an 

interesting experimental observation to a useful clinical intervention. Two recent 

large scale trials of RIPC in the setting of cardiac surgery failed to demonstrate any 

clear clinical benefit from the intervention (363, 364). A comprehensive meta-

analysis of clinical outcomes from ischaemic conditioning trials across multiple 

clinical settings found no evidence of benefit regarding mortality but there was a 

reduction in acute kidney injury (365). Trials of RIPC as a perioperative adjunct in 

patients undergoing major vascular surgery have reported mixed results (366). In 

his original demonstration of ischaemic conditioning, Murry demonstrated that a 

prolonged ischaemic insult of six hours abrogated any protection from conditioning; 

i.e. the preconditioning response can be negated by a sufficiently large insult (14). 

Most of the RIPC trials to date have been conducted in patients suffering major 

physiological insults inherent in cardiac or major vascular surgery.  The insult may 

simply be too large to expect any meaningful protection to be conferred by RIPC. 

Remote conditioning affects blood flow and vessel density in remote tissues. In a 

porcine model, cycles of lower limb induced preconditioning resulted in reductions 

in coronary vascular resistance and improvements in coronary blood flow (367). In 

their model of acute critical limb ischaemia, Karakyoun et al. demonstrated that 

preconditioning using the contralateral, non-ischaemic limb resulted in improved 

blood flow and microvascular density in the ischaemic limb (359). These 
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observations imply there may be a role for RIPC as an intervention outside the 

operating theatre, in more stable clinical situations such as claudication. 

 

In this small trial we create a sustained effect through sessions of remote 

preconditioning for 40 minutes every three to four days, instead of the classic pre- 

and post-RIC. The patients receiving RIPC displayed a significant improvement in 

their pain-free walking distance (PFWD) after a 28-day course. The median 

improvement in PFWD was just over 66 metres (Table 3-3). This was accompanied 

by a small but statistically significant improvement of 0.06 in their ankle-brachial 

pressure indices, implying a real increase in lower limb perfusion. Both the group 

receiving exercise alone and that in which exercise and RIC were combined also 

demonstrated significant improvements in PFWD and ABI. There were no 

differences in the magnitude of improvement between the groups (Tables 3-2 and 

3-3). Provision of structured exercise for the management of IC is hampered by 

logistical issues such as distance and transport to a central location. These issues 

are particularly challenging in a rural setting. Rural populations tend to have poorer 

health status levels than their urban peers (368). The apparent equivalence in effect 

between RIC and exercise demonstrated in this trial raises the possibility that RIC 

could be equivalent to supervised exercise. RIC can be delivered by an automated 

cuff in patients’ homes, with inbuilt monitoring to ensure compliance, thereby 

successfully overcoming the major obstacles of time and distance in a rural setting. 

We expected a synergistic effect when we combined both interventions but there 
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was no significant difference but, with such a small pilot study, an effect cannot be 

totally excluded yet.  

 

Is the intervention acceptable to patients? One in nine recruited patients withdrew 

from the trial (Figure 3-1). However, the withdrawals were evenly distributed across 

all four groups, suggesting that perceived inconvenience in undergoing RIC was not 

a major issue; all of these patients reported inability to comply with the protocol, 

which suggests that home delivered RIC could increase participation significantly. 

All groups reported a small improvement in their self-reported best imaginable 

health state (Figure 3-2). While a large proportion of the RIC group reported ‘no 

problems with usual activity’ following their intervention, so too did the control 

group, implying that these results should be interpreted with caution. Quality of life 

and health economic outcomes require more detailed evaluation in a larger cohort.   

 

Small trials are vulnerable to the confounding effect of key prognostic variables 

being unequally distributed across the groups by random chance, distorting the 

results. We endeavoured to prevent this by using a system of randomisation by 

minimisation, rather than the alternative system of stratification. Despite this, there 

was an imbalance in the proportion of active smokers between the groups, 

although this did not reach statistical significance. However, it is likely that this 

imbalance disadvantaged the RIC group, 40% of whom were active smokers. Given 

this, the apparent benefit of RIC and its apparent equivalence with exercise is 
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encouraging. If its benefit is confirmed in larger trials, RIC has the potential to 

become a useful, cost effective and acceptable intervention for patients with IC. 

 

3.7 Conclusion: 

 

The results of the study suggest that RIPC alone can improve peripheral vascular 

disease patients’ symptoms. The preliminary results from this small study need to 

be examined in a larger randomised clinical trial, as RIPC can be a cheap non-

invasive option to help elderly populations with limited surgical options.  

 

3.8 Trial registration: 

 

The trial is registered on clinicaltrials.gov (NCT02273232). 
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The study was funded by a National University of Ireland, Galway, scholarship. 
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4.1 Abstract: 

 

Background: 

Postoperative elevation of troponin levels is associated with major cardiac events 

and has been identified as an independent predictor of mortality at 30 days and 

one year follow-up.  

 

Materials and methods: 

We conducted a prospective observational multicentre cohort study on patients 

undergoing elective gastrointestinal surgery in four university hospitals. We 

monitored patients’ ECG changes and troponin levels preoperatively and on the 

first three days postoperatively. 

 

Results: 

A total of 101 patients (56 males and 45 females) were included. The mean age of 

the participants was 63.9 (SD 14.76) years, all with normal baseline renal profiles 
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and a mean operating time of 184.4 minutes. Troponin elevation was observed in 

31.7% of patients. 

 

Conclusion: 

The prevalence of postoperative myocardial injury in our study was 31.7%, 

representing patients with elevated post-op troponin levels. The data suggest a 

history of chemo-radiotherapy as one of the factors that needs consideration when 

evaluating and monitoring patients in the perioperative period.  
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4.2 Rationale: 

 

Postoperative elevation of troponin levels is associated with major cardiac events 

and has been previously identified as an independent predictor for mortality at 30 

days and one year follow-up (48). 

 

There is consensus on diagnosis and management of myocardial infarction, but not 

enough information about sub-clinical postoperative myocardial injury, which can 

be manifested only as elevation of troponin in totally asymptomatic patients. There 

is a need for more data on the problem and on the best approach to treating and 

following up these patients.  

 

One review estimates overall postoperative cardiac complications in GI surgery to 

range from 0% to 7% with a median of 2% (369). Other studies estimate cardiac 

arrest and arrhythmia cases to be around 0.6% and 6.1-26% respectively (370, 371), 

with relatively fewer cardiac complications noted in laparoscopic surgery (369).  

 

Postoperative myocardial injury was investigated mainly in vascular and 

orthopaedic patients; one study including 51 colorectal surgery patients 

investigated postoperative arrhythmias, while others focused on patients with 

major cardiac risks (371-374). 
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Remote ischaemic preconditioning (RIPC) has been suggested as a cardiac 

protective method (375, 376). There is accumulated evidence that RIPC may be 

useful in prevention of arrhythmias and myocardial injury (377-380). Other studies 

suggest that it may be useful as a protector against intestinal mucosal reperfusion 

injuries (381). By determining the prevalence of myocardial injury in elective 

gastrointestinal surgery patients, further evaluation of the potential benefit of RIPC 
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or any other protective intervention in these patients can be carried out in the 

future. 

 

4.3 Study objectives: 

 

To determine the prevalence of myocardial injury in patients undergoing elective 

gastrointestinal surgery.  

 

4.4 Methods: 

 

4.4.1 Study design: 

 

Prospective observational multicentre cohort study.  

 

4.4.2 Patients and locations: 

 

Patients undergoing elective gastrointestinal surgery in Galway University Hospitals 

(UCHG), Mayo University Hospital, the Midland Regional Hospital, Tullamore, and 
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Letterkenny University Hospital were asked to join the study if they matched the 

inclusion / exclusion criteria.  

 

4.4.3 Protocol:  

 

Informed consent was obtained from eligible patients and information handouts 

that included contact numbers and study details were provided to all participants. 

The protocol was approved by a clinical research ethical committee in Galway 

University Hospitals Group (Ref C.A 1518). 

 

Patients’ preoperative demographic data, co-morbidities, and bloods including 

troponin and ECG were recorded. Postoperative serum troponin levels were 

measured daily for the first 72 hours and a 12-lead electrocardiogram was 

performed at 48 hours post-surgery and at the planned one year follow up for each 

candidate. The study is registered in clinicaltrials.gov (NCT02885415). 

 

4.4.4 Inclusion criteria: 

 

Patients older than 18 years undergoing resectional gastrointestinal surgery 

(defined as resection or surgical disruption for continuation of gastrointestinal tract 

during oesophageal, gastric or colorectal surgeries) were considered eligible after 

informed consent.  
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4.4.5 Exclusion criteria 

 

Documented preoperative cardiac event   

Refused or unable to give informed consent 

Laparoscopic fundoplication 

Laparoscopic cholecystectomy surgery 

Appendectomy surgery 

Hernia repair surgery 

 

4.4.6 Data handling: 

 

The data for each hospital were kept locally until the end of the study, after which 

we kept the consent letters, copies of ECGs and data collecting sheets in the 

research building at Galway Hospital in a secured locker that can only be accessed 

by the principle investigator. All patients were assigned study numbers for data 

analysis, so no patient’s name or any other identifier is associated with their data. 
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The pooled data was analysed using a secure computer in a NUI, Galway, research 

facility building.  

 

4.4.7 Primary outcome: 

 

The primary outcome was prevalence of postoperative myocardial injury, the 

diagnosis of which requires the presence of positive troponin T hs elevation (> 

14ng/L). The four hospitals used the same high sensitivity Troponin T assay (T hs) – 

Roche Diagnostics E170 module for modular analytics. We used SAVES trial criteria 

(376) and myocardial injury was considered if the patient had high troponin plus / 

minus one of the following: 

a. characteristic ischaemic symptoms lasting at least 20 minutes; 

b. electrocardiographic changes including acute ST elevation followed by the 

appearance of Q waves or the loss of R waves, the development of new left bundle 

branch block, new persistent T wave inversion lasting at least 24 hours or new ST 

segment depression persisting over 24 hours; 

c. new onset arrhythmia (ventricular or supraventricular tachycardia or fibrillation) 

with an associated rise in troponin levels; 

d. myocardial injury was recorded if the patient developed sudden unexpected 

cardiac death involving cardiac arrest with symptoms suggestive of myocardial 

ischaemia and accompanied by presumably new ST elevation or new left bundle 

branch block and/or fresh thrombus on coronary angiography and/or at post-
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mortem for death occurring before blood samples could be obtained or at a time 

before the appearance of cardiac troponin in the blood. 

 

4.4.8 Other Data: 

-  

- Age 

- Gender 

- Procedure type 

- Renal profile (renal impairment to be considered when interpreting 

Troponin values) 

- Ethnicity 

- Diabetes  

- History of cardiac event 

- Other comorbidities 

- Smoking history 

- Medication at time of consent (blood pressure and heart rate control 

medications) 

- Operative time  

- Length of stay  
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4.5 Sample size: 

 

This was a prospective cohort study to determine the incidence of myocardial injury 

in elective gastrointestinal surgery patients. We estimated that data from 100 

patients should provide a sufficient sample size to generate a reasonably robust 

incidence estimate.  

 

4.6 Budget 

 

No additional budget for the study was needed as the tests required were routinely 

requested within the study clinical setting. The analysis and management of the 

study were part of the clinical research scholarship funded by the National 

University of Ireland, Galway. 

 

4.7 Conflict of interest: 

 

No conflict of interest.  

 

4.8 Statistical approach:  
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We used StatsDirect (version 3.1.8) to perform descriptive univariate statistical 

analysis. All data were presented as mean ± SD (standard deviation) or n (%). Excel 

2016 was used to generate 3D and bar chart graphs.  

 

4.9 Results: 

 

A total of 101 patients, all Caucasians (56 males and 45 females), were recruited 

from four hospitals after obtaining consent. Two patients refused to participate and 

three were excluded after consenting due to cancelled procedures. The mean age 

of the participants was 63.87 (SD 14.76 years) and all had normal renal profiles with 

a mean operating time of 184.4 minutes (191.84 for patients with elevated 

troponin). The demographic and clinical data for all patients are summarised in 

Table 4-1. The most common procedures performed were right hemicolectomy (26 

patients, 25.74%) and anterior resection (26 patients, 25.74%), of which nine 

patients (34.62 %) and twelve patients (46.15%) respectively were laparoscopic; the 

other laparoscopic procedures include three subtotal colectomy (50%) and one 

Heller myotomy. Table 4-2 details all of these procedures.  
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Table 4-1 Characteristics of patients included in the study 

Factor Mean±SD / n (%) 

Age (years) 63.87 ± 14.76 

Gender Males 56 (55.45%), females 45 (44.55%) 

Ethnicity Caucasian 101 (100%) 

Reduced mobility   3 (2.97%) 

Smoking 
No: 53 (52.48%); active 7 (6.93%); ex-smokers 
(40.59%) 

DM 15 (14.85%) 

PVD 6 (5.94%) 

HTN 49 (49.50%) 

Renal disease  14 (13.86%) 

COPD 9 (8.91%) 

History of stroke 8 (7.92%) 

Hypercholesterolaemia 37 (36.63%) 

Beta blockers 27 (26.73%) 

Angiotensin receptor antagonist 14 (13.86%) 

ACEI 11 (10.89%) 

Calcium channel blocker 22 (21.78%) 

Statins 40 (139.60%) 

Antiplatelet 22 (21.78%) 

Anticoagulant 13 (12.87%) 

Diuretics 13 (12.87%) 

History of cardiac events  12 (11.88%) 

Arrhythmias 17 (16.83%) 

Cardiac stents 10 (9.90%) 

In-hospital cardiac events 4 (3.96%) 

Urea (mmol/L) 5.62 ± 2.23 

Creatinine 79.58 ± 34.75 

Operating time (minutes) 186.40 ± 85.47 

Length of stay 12.26 ± 9.39 
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Table 4 Procedures performed 

Procedure n (% total) Type n (% total) 

Upper GI  
29 (28.71%) 

Esophagectomy 3 (2.97%) 
Gastrectomy 12 (11.88%) 
Heller myotomy 1 (0.99%) 
Ileostomy 12 (11.88%) 
Small bowel resection 1 (0.99%) 

Lower GI 
67 (66.34%) 

Abdominal perineal resection 4 (3.96%) 
Anterior resection 26 (25.74%) 
Sub-total colectomy 8 (7.92%) 
Left hemicolectomy 1 (0.99%) 
Right hemicolectomy 26 (25.74%) 
Hartmann's procedure 1 (0.99%) 
Reversal of Hartmann's procedure 1 (0.99%) 

Miscellaneous 
5 (4.95%) 

Laparotomy adhesiolysis and strictureplasty 1 (0.99%) 
Laparotomy abdominal mass 1 (0.99%) 
Laparotomy + fistula repair 1 (0.99%) 
Proctectomy and J-pouch 1 (0.99%) 
Reversal of colostomy 1 (0.99%) 
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4.9.1 Outcomes:  

 

Three patients missed their baseline troponin (their 24, 48 and 72 hour 

postoperative samples were all low), four on day one and five on day three. Figure 

4-1 shows troponin levels for all patients, with the 3D effect also illustrating the 

relation between the baseline and the follow up samples. We used Troponin 14ng/L 

as the upper limit of normal; accordingly, we categorise the range of elevation of 

troponin levels as twofold, threefold and more than threefold (Figure 4-2).  

 

The general trend in elevation reached a peak on day two and started going down 

on day three. Troponin elevation was observed in 32 patients (31.68%); only four 

(3.96%) developed new ECG changes (postoperative atrial fibrillation, positive R 

wave in v3, and two patients developing LBBB). Only three patients (2.97%) 

reported chest pain at any stage, with all three having elevated troponin. 

 

In one case, baseline preoperative troponin in a totally asymptomatic patient with 

no ECG changes was 141ng/L. On reviewing the notes we found a history of chemo-

radiotherapy within one year; thus, troponin elevation may be explained by chronic 

cardiotoxicity (382). We subsequently reviewed patients’ charts for history of 

previous chemo-radiotherapy exposure; of the 32 noted to have an elevated 

troponin level, 16.1% had a similar history.  
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Figure 4-1 Troponin levels pre-op, on day I, day II and day III for all patients 
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Figure 4-2 Troponin level ranges categorised as two-, three- and more than 
threefold 
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4.10 Discussion: 

 

The prevalence, diagnosis, treatment and follow up of myocardial infarction is well 

established in our daily clinical practice. However, undetected myocardial injury in 

the postoperative period as suggested by troponin elevation, is an area that 

requires more investigation (383). 

 

There is accumulated evidence that perioperative troponin elevation can be a 

predictor for mortality and major cardiac events (372, 374, 383) but, to date, there 

is no agreement regarding who should be screened or if screening should be 

routinely performed. Cardiac troponin T hs is more specific compared with other 

biomarkers and alone may indicate reversible ischaemia without full cellular 

necrosis, but there is no valid method to predict a prognosis of sub-clinical 

myocardial ischaemia (384).  

 

The available data reflecting the outcomes for gastrointestinal surgery patients is 

far less compared with vascular and orthopaedic patients. There is a need to 

determine which group of patients, in addition to those in higher risk categories, 

require troponin level screening during routine workup in the perioperative period, 

as there is no clinical evidence to suggest any benefit from obtaining samples for all 
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patients undergoing surgery. In fact, this may create unnecessary alarm and delays 

if performed on the wrong candidates. 

 

The data obtained from this study show some association between length of 

operation and troponin leakages, but this was not significant and there was a mean 

difference of 5.4 minutes. The data also interestingly show that 16.1% of all 

patients with elevated troponin had a history of chemo-radiotherapy, which 

suggests they may be good candidates for perioperative screening.  

 

Sub-clinical myocardial injury is an independent predictor for morbidity and 

mortality, yet the best approach merits further evaluation and discussion in terms 

of optimising surgery and clinical follow-up to decrease morbidity and mortality. 

Remote ischaemic preconditioning has been suggested as a protective intervention 

for the myocardium; this needs to be evaluated in large well randomised trials with 

long follow up in this cohort of patients. 

 

4.11 Conclusion: 

 

The prevalence of postoperative myocardial injury in our study was 31.7% 

representing patients with elevated post-op troponin levels. The data suggest that a 

history of chemo-radiotherapy is a factor that needs consideration when evaluating 

and monitoring patients in the perioperative period. There is also a need to obtain 
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more long term prognostic data from a larger cohort to test new preventive 

measures and their short and long term effects.  

 

4.12 Conflict of interest: 

 

The authors report no conflict of interest. 



Conclusion 

902 

 

Conclusion 

 

Ischemic conditioning mechanisms are yet to be fully explored; our understanding 

of the mediators and pathways involved is improving day by day, but we are still far 

from the full picture. The translational research thus far has produced mixed 

results; that is in part due to lake of full understanding of laboratory studies 

outcomes at the cellular level, which then influences suitable candidate selection 

and planning intervention protocols when designing  clinical trials.  

Our research focused on significant clinical problems for which we have a 

reasonable laboratory or clinical-based research results suggesting a potential 

effect for remote ischemic preconditioning on patient’s outcome. We selected 

contrast induced nephropathy, peripheral arterial disease and peri-operative 

myocardial injury.  

For detailed results, we encourage the reader to refer to relative chapters, but we 

can conclude: 

A. Our network meta-analysis support individual systemic reviews that show benefit 

for RIPC as a preventive method, in addition, RIPC’s ranking against the other 44 

proposed interventions suggest that we need to look at RIPC as a non-invasive, 

cheap and deliverable method that works as a second layer of protection regardless 

of which other prevention protocol we adopted in individual hospitals  

B. Our Pilot randomized trial suggests real benefits for RIPC in increasing pain-free 

distance and other parameters for elderly patients with peripheral arterial disease. 
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The result from this study needs to be tested in a large randomized trial as pilot 

studies inherently have sample size problem, but the results are encouraging  

C. Our multicentre cohort study was designed to evaluate the prevalence of 

myocardial injury among gastrointestinal elective surgical patients; there was no 

prevalence baseline data before. These study results allow RIPC future testing on 

this cohort and compare it with the extensive data obtained from cardiac and 

vascular patients  

D. There is a room for collaborating with BP devices manufactures to modify their 

devices to a dual function device to deliver RIPC in hospitals or by patients at home  
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APPENDICES 

905 

 

Appendix II RIPC in Modrate PVD Ethical Approval 

 
 



References  

906 

 

References : 
 
1. GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and 

national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of 

death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 2015. 

Lancet. 2016;388(10053):1459-544. 

2. United Nations Department of Economic and Social Affairs, Population Division. 

World population prospects: the 2012 revision. United Nations Secretariat, New York. 

2013;18. 

3. United Nations Department of Economic and Social Affairs, Population Division. 

World Population Prospects 2019: Highlights (ST/ESA/SER.A/423). UN report. 2019. 

Report No.: ST/ESA/SER.A/423). 

4. Dinh M M, McNamara K, Bein K J, Roncal S, Barnes E H, McBride K et al. Effect of 

the elderly and increasing injury severity on acute hospital resource utilization in a cohort of 

inner city trauma patients. ANZ J Surg. 2013;83(1-2):60-4. 

5. Anderson R N and DeTurk P B. United States life tables, 1999. Natl Vital Stat Rep. 

2002;50(6):1-39. 

6. Etzioni D A, Liu J H, Maggard M A and Ko C Y. The aging population and its impact 

on the surgery workforce. Ann Surg. 2003;238(2):170-7. 

7. Berger L and Mace J M. Vascular surgeons in France: an endangered species? Ann 

Vasc Surg. 2012;26(8):1154-9. 

8. Jim J, Owens P L, Sanchez L A and Rubin B G. Population-based analysis of 

inpatient vascular procedures and predicting future workload and implications for training. J 

Vasc Surg. 2012;55(5):1394-9; discussion 9-400. 

9. Lotfi S, Jetty P, Petrcich W, Hajjar G, Hill A, Kubelik D et al. Predicting the need for 

vascular surgeons in Canada. J Vasc Surg. 2017;65(3):812-8. 

10. Stewart R M, Liao L F, West M and Sirinek K R. The general surgery workforce 

shortage is worse when assessed at county level. Am J Surg. 2013;206(6):1016-22; 

discussion 22-3. 

11. Aboyans V, Ricco J B, Bartelink M E L, Bjorck M, Brodmann M, Cohnert T et al. 

2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in 

collaboration with the European Society for Vascular Surgery (ESVS): Document covering 

atherosclerotic disease of extracranial carotid and vertebral, mesenteric, renal, upper and 

lower extremity arteriesEndorsed by: the European Stroke Organization (ESO)The Task 

Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of the European 

Society of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). Eur 

Heart J. 2017. 

12. Zaina F, Tomkins-Lane C, Carragee E and Negrini S. Surgical versus non-surgical 

treatment for lumbar spinal stenosis. Cochrane Database Syst Rev. 2016(1):CD010264. 

13. Maroko P R, Libby P, Ginks W R, Bloor C M, Shell W E, Sobel B E et al. Coronary 

artery reperfusion. I. Early effects on local myocardial function and the extent of myocardial 

necrosis. J Clin Invest. 1972;51(10):2710-6. 

14. Murry C E, Jennings R B and Reimer K A. Preconditioning with ischemia: a delay of 

lethal cell injury in ischemic myocardium. Circulation. 1986;74(5):1124-36. 

15. Przyklenk K, Bauer B, Ovize M, Kloner R A and Whittaker P. Regional ischemic 

'preconditioning' protects remote virgin myocardium from subsequent sustained coronary 

occlusion. Circulation. 1993;87(3):893-9. 



References  

907 

 

16. Jensen H A, Loukogeorgakis S, Yannopoulos F, Rimpilainen E, Petzold A, Tuominen 

H et al. Remote ischemic preconditioning protects the brain against injury after hypothermic 

circulatory arrest. Circulation. 2011;123(7):714-21. 

17. Wang Y, Shen J, Xiong X, Xu Y, Zhang H, Huang C et al. Remote ischemic 

preconditioning protects against liver ischemia-reperfusion injury via heme oxygenase-1-

induced autophagy. PloS one. 2014;9(6):e98834. 

18. Kharbanda R K, Mortensen U M, White P A, Kristiansen S B, Schmidt M R, 

Hoschtitzky J A et al. Transient limb ischemia induces remote ischemic preconditioning in 

vivo. Circulation. 2002;106(23):2881-3. 

19. Costa J F, Fontes-Carvalho R and Leite-Moreira A F. Myocardial remote ischemic 

preconditioning: from pathophysiology to clinical application. Rev Port Cardiol. 

2013;32(11):893-904. 

20. Hummitzsch L, Zitta K, Berndt R, Wong Y L, Rusch R, Hess K et al. Remote 

ischemic preconditioning attenuates intestinal mucosal damage: insight from a rat model of 

ischemia-reperfusion injury. J Transl Med. 2019;17(1):136. 

21. Dugbartey G J and Redington A N. Prevention of contrast-induced nephropathy by 

limb ischemic preconditioning: underlying mechanisms and clinical effects. Am J Physiol 

Renal Physiol. 2018;314(3):F319-F28. 

22. Sasaki H, Fukuda S, Otani H, Zhu L, Yamaura G, Engelman RM et al. Hypoxic 

preconditioning triggers myocardial angiogenesis: a novel approach to enhance contractile 

functional reserve in rat with myocardial infarction. J Mol Cell Cardiol. 2002;34(3):335-48. 

23. Bailey T G, Jones H, Gregson W, Atkinson G, Cable N T and Thijssen D H. Effect of 

ischemic preconditioning on lactate accumulation and running performance. Med Sci Sports 

Exerc. 2012;44(11):2084-9. 

24. Yokobori S, Mazzeo A T, Hosein K, Gajavelli S, Dietrich W D and Bullock M R. 

Preconditioning for traumatic brain injury. Transl Stroke Res. 2013;4(1):25-39. 

25. Heusch G and Rassaf T. Time to Give Up on Cardioprotection? A Critical Appraisal 

of Clinical Studies on Ischemic Pre-, Post-, and Remote Conditioning. Circ Res. 

2016;119(5):676-95. 

26. Hausenloy D J and Yellon D M. Remote ischaemic preconditioning: underlying 

mechanisms and clinical application. Cardiovasc Res. 2008;79(3):377-86. 

27. Souza Filho M V, Loiola R T, Rocha E L, Simao A F, Gomes A S, Souza M H et al. 

Hind limb ischemic preconditioning induces an anti-inflammatory response by remote organs 

in rats. Brazilian journal of medical and biological research = Revista brasileira de pesquisas 

medicas e biologicas / Sociedade Brasileira de Biofisica  [et al]. 2009;42(10):921-9. 

28. Zhang J Q, Wang Q, Xue F S, Li R P, Cheng Y, Cui X L et al. Ischemic 

preconditioning produces more powerful anti-inflammatory and cardioprotective effects than 

limb remote ischemic postconditioning in rats with myocardial ischemia-reperfusion injury. 

Chinese medical journal. 2013;126(20):3949-55. 

29. Kim Y H, Yoon D W, Kim J H, Lee J H and Lim C H. Effect of remote ischemic 

post-conditioning on systemic inflammatory response and survival rate in lipopolysaccharide-

induced systemic inflammation model. Journal of inflammation. 2014;11:16. 

30. He X, Zhao M, Bi X-Y, Yu X-J and Zang W-J. Delayed preconditioning prevents 

ischemia/reperfusion-induced endothelial injury in rats: role of ROS and eNOS. Lab Invest. 

2013;93(2):168-80. 

31. Roviezzo F, Cuzzocrea S, Di Lorenzo A, Brancaleone V, Mazzon E, Di Paola R et al. 

Protective role of PI3-kinase-Akt-eNOS signalling pathway in intestinal injury associated 



References  

908 

 

with splanchnic artery occlusion shock. British journal of pharmacology. 2007;151(3):377-

83. 

32. Förstermann U and Münzel T. Endothelial Nitric Oxide Synthase in Vascular Disease: 

From Marvel to Menace. Circulation. 2006;113(13):1708-14. 

33. Shimizu M, Saxena P, Konstantinov I E, Cherepanov V, Cheung M M, Wearden P et 

al. Remote ischemic preconditioning decreases adhesion and selectively modifies functional 

responses of human neutrophils. The Journal of surgical research. 2010;158(1):155-61. 

34. Kharbanda R K, Peters M, Walton B, Kattenhorn M, Mullen M, Klein N et al. 

Ischemic preconditioning prevents endothelial injury and systemic neutrophil activation 

during ischemia-reperfusion in humans in vivo. Circulation. 2001;103(12):1624-30. 

35. Anttila V, Haapanen H, Yannopoulos F, Herajarvi J, Anttila T and Juvonen T. Review 

of remote ischemic preconditioning: from laboratory studies to clinical trials. Scand 

Cardiovasc J. 2016;50(5-6):355-61. 

36. Przyklenk K, Sanderson T H and Huttemann M. Clinical benefits of remote ischemic 

preconditioning: new insights...and new questions. Circ Res. 2014;114(5):748-50. 

37. Konstantinov I E, Arab S, Kharbanda R K, Li J, Cheung M M, Cherepanov V et al. 

The remote ischemic preconditioning stimulus modifies inflammatory gene expression in 

humans. Physiological genomics. 2004;19(1):143-50. 

38. Hausenloy DJ and Yellon DM. The second window of preconditioning (SWOP) 

where are we now? Cardiovascular drugs and therapy / sponsored by the International 

Society of Cardiovascular Pharmacotherapy. 2010;24(3):235-54. 

39. Mohammed N M, Mahfouz A, Achkar K, Rafie I M and Hajar R. Contrast-induced 

Nephropathy. Heart Views. 2013;14(3):106-16. 

40. Subramanian S, Tumlin J, Bapat B and Zyczynski T. Economic burden of contrast-

induced nephropathy: implications for prevention strategies. J Med Econ. 2007;10(2):119-34. 

41. Brillet G, Aubry P, Schmidt A, Catella L, Julien L and Bénard S. Hospital costs of 

contrast-induced nephropathy. Value in Health. 2015;18(7):A510. 

42. Bei W J, Duan C Y, Chen J Y, Wang K, Liu Y H, Liu Y et al. Remote Ischemic 

Conditioning for Preventing Contrast-Induced Acute Kidney Injury in Patients Undergoing 

Percutaneous Coronary Interventions/Coronary Angiography: A Meta-Analysis of 

Randomized Controlled Trials. J Cardiovasc Pharmacol Ther. 2016;21(1):53-63. 

43. Ahmed K, McVeigh T, Cerneviciute R, Mohamed S, Tubassam M, Karim M et al. 

Effectiveness of contrast-associated acute kidney injury prevention methods; a systematic 

review and network meta-analysis. BMC Nephrol. 2018;19(1):323. 

44. Aronow W S and Ahn C. Prevalence of coexistence of coronary artery disease, 

peripheral arterial disease, and atherothrombotic brain infarction in men and women > or = 

62 years of age. Am J Cardiol. 1994;74(1):64-5. 

45. Enko K, Nakamura K, Yunoki K, Miyoshi T, Akagi S, Yoshida M et al. Intermittent 

arm ischemia induces vasodilatation of the contralateral upper limb. The journal of 

physiological sciences : JPS. 2011;61(6):507-13. 

46. Andreozzi G M, Leone A, Laudani R, Deinite G and Martini R. Acute impairment of 

the endothelial function by maximal treadmill exercise in patients with intermittent 

claudication, and its improvement after supervised physical training. International angiology : 

a journal of the International Union of Angiology. 2007;26(1):12-7. 

47. Capecchi P L, Pasini F L, Cati G, Colafati M, Acciavatti A, Ceccatelli L et al. 

Experimental model of short-time exercise-induced preconditioning in POAD patients. 

Angiology. 1997;48(6):469-80. 



References  

909 

 

48. Levy M, Heels-Ansdell D, Hiralal R, Bhandari M, Guyatt G, Yusuf S et al. Prognostic 

value of troponin and creatine kinase muscle and brain isoenzyme measurement after 

noncardiac surgery: a systematic review and meta-analysis. Anesthesiology. 

2011;114(4):796-806. 

49. Goldfarb S, McCullough P A, McDermott J and Gay S B. Contrast-induced acute 

kidney injury: specialty-specific protocols for interventional radiology, diagnostic computed 

tomography radiology, and interventional cardiology. Mayo Clin Proc. 2009;84(2):170-9. 

50. Goldenberg I and Matetzky S. Nephropathy induced by contrast media: pathogenesis, 

risk factors and preventive strategies. CMAJ. 2005;172(11):1461-71. 

51. Castini D, Lucreziotti S, Bosotti L, Salerno Uriarte D, Sponzilli C, Verzoni A et al. 

Prevention of contrast-induced nephropathy: a single center randomized study. Clin Cardiol. 

2010;33(3):E63-8. 

52. Maioli M, Toso A, Leoncini M, Gallopin M, Tedeschi D, Micheletti C et al. Sodium 

bicarbonate versus saline for the prevention of contrast-induced nephropathy in patients with 

renal dysfunction undergoing coronary angiography or intervention. J Am Coll Cardiol. 

2008;52(8):599-604. 

53. Mehran R and Nikolsky E. Contrast-induced nephropathy: definition, epidemiology, 

and patients at risk. Kidney Int Suppl. 2006(100):S11-5. 

54. Spargias K, Alexopoulos E, Kyrzopoulos S, Iokovis P, Greenwood D C, Manginas A 

et al. Ascorbic acid prevents contrast-mediated nephropathy in patients with renal 

dysfunction undergoing coronary angiography or intervention. Circulation. 

2004;110(18):2837-42. 

55. Tumlin J, Stacul F, Adam A, Becker C R, Davidson C, Lameire N et al. 

Pathophysiology of contrast-induced nephropathy. Am J Cardiol. 2006;98(6A):14K-20K. 

56. Wong P C, Li Z, Guo J and Zhang A. Pathophysiology of contrast-induced 

nephropathy. Int J Cardiol. 2012;158(2):186-92. 

57. Thorlund K, Druyts E, Toor K, Jansen J P and Mills E J. Incorporating alternative 

design clinical trials in network meta-analyses. Clin Epidemiol. 2015;7:29-35. 

58. Salanti G, Higgins J P, Ades A E and Ioannidis J P. Evaluation of networks of 

randomized trials. Stat Methods Med Res. 2008;17(3):279-301. 

59. Salanti G, Ades A E and Ioannidis J P. Graphical methods and numerical summaries 

for presenting results from multiple-treatment meta-analysis: an overview and tutorial. J Clin 

Epidemiol. 2011;64(2):163-71. 

60. Hutton B, Salanti G, Caldwell D M, Chaimani A, Schmid C H, 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. 

2015;162(11):777-84. 

61. Brown S, Hutton B, Clifford T, Coyle D, Grima D, Wells G et al. A Microsoft-Excel-

based tool for running and critically appraising network meta-analyses--an overview and 

application of NetMetaXL. Syst Rev. 2014;3:110. 

62. Abaci O, Arat Ozkan A, Kocas C, Cetinkal G, Sukru Karaca O, Baydar O et al. 

Impact of Rosuvastatin on contrast-induced acute kidney injury in patients at high risk for 

nephropathy undergoing elective angiography. Am J Cardiol. 2015;115(7):867-71. 

63. Adolph E, Holdt-Lehmann B, Chatterjee T, Paschka S, Prott A, Schneider H et al. 

Renal Insufficiency Following Radiocontrast Exposure Trial (REINFORCE): a randomized 

comparison of sodium bicarbonate versus sodium chloride hydration for the prevention of 

contrast-induced nephropathy. Coron Artery Dis. 2008;19(6):413-9. 



References  

910 

 

64. Akyuz S, Karaca M, Kemaloglu Oz T, Altay S, Gungor B, Yaylak B et al. Efficacy of 

oral hydration in the prevention of contrast-induced acute kidney injury in patients 

undergoing coronary angiography or intervention. Nephron Clin Pract. 2014;128(1-2):95-

100. 

65. Albabtain M A, Almasood A, Alshurafah H, Alamri H and Tamim H. Efficacy of 

ascorbic acid, N-acetylcysteine, or combination of both on top of saline hydration versus 

saline hydration alone on prevention of contrast-Induced nephropathy: a prospective 

randomized study. J Interv Cardiol. 2013;26(1):90-6. 

66. Allaqaband S, Tumuluri R, Malik A M, Gupta A, Volkert P, Shalev Y et al. 

Prospective randomized study of N-acetylcysteine, fenoldopam, and saline for prevention of 

radiocontrast-induced nephropathy. Catheter Cardiovasc Interv. 2002;57(3):279-83. 

67. Amini M, Salarifar M, Amirbaigloo A, Masoudkabir F and Esfahani F. N-

acetylcysteine does not prevent contrast-induced nephropathy after cardiac catheterization in 

patients with diabetes mellitus and chronic kidney disease: a randomized clinical trial. Trials. 

2009;10:45. 

68. Angoulvant D, Cucherat M, Rioufol G, Finet G, Beaune J, Revel D et al. Preventing 

acute decrease in renal function induced by coronary angiography (PRECORD): a 

prospective randomized trial. Arch Cardiovasc Dis. 2009;102(11):761-7. 

69. Aslanger E, Uslu B, Akdeniz C, Polat N, Cizgici Y and Oflaz H. Intrarenal 

application of N-acetylcysteine for the prevention of contrast medium-induced nephropathy 

in primary angioplasty. Coron Artery Dis. 2012;23(4):265-70. 

70. Baker C S, Wragg A, Kumar S, De Palma R, Baker L R and Knight C J. A rapid 

protocol for the prevention of contrast-induced renal dysfunction: the RAPPID study. J Am 

Coll Cardiol. 2003;41(12):2114-8. 

71. Balderramo D C, Verdu M B, Ramacciotti C F, Cremona L S, Lemos P A, Orias M et 

al. Renoprotective effect of high periprocedural doses of oral N-acetylcysteine in patients 

scheduled to undergo a same-day angiography. Rev Fac Cien Med Univ Nac Cordoba. 

2004;61(2):13-9. 

72. Baskurt M, Okcun B, Abaci O, Dogan G M, Kilickesmez K, Ozkan A A et al. N-

acetylcysteine versus N-acetylcysteine + theophylline for the prevention of contrast 

nephropathy. Eur J Clin Invest. 2009;39(9):793-9. 

73. Berwanger O, Cavalcanti A B, Sousa A M, Buehler A, Castello-Junior H J, Cantarelli 

M J et al. Acetylcysteine for the prevention of renal outcomes in patients with diabetes 

mellitus undergoing coronary and peripheral vascular angiography: a substudy of the 

acetylcysteine for contrast-induced nephropathy trial. Circ Cardiovasc Interv. 2013;6(2):139-

45. 

74. Bidram P, Roghani F, Sanei H, Hedayati Z, Golabchi A, Mousavi M et al. 

Atorvastatin and prevention of contrast induced nephropathy following coronary 

angiography. J Res Med Sci. 2015;20(1):1-6. 

75. Bilasy M E, Oraby M A, Ismail H M and Maklady F A. Effectiveness of theophylline 

in preventing contrast-induced nephropathy after coronary angiographic procedures. J Interv 

Cardiol. 2012;25(4):404-10. 

76. Boscheri A, Weinbrenner C, Botzek B, Reynen K, Kuhlisch E and Strasser R H. 

Failure of ascorbic acid to prevent contrast-media induced nephropathy in patients with renal 

dysfunction. Clin Nephrol. 2007;68(5):279-86. 

77. Boucek P, Havrdova T, Oliyarnyk O, Skibova J, Pecenkova V, Pucelikova T et al. 

Prevention of contrast-induced nephropathy in diabetic patients with impaired renal function: 



References  

911 

 

a randomized, double blind trial of sodium bicarbonate versus sodium chloride-based 

hydration. Diabetes Res Clin Pract. 2013;101(3):303-8. 

78. Brar S S, Shen A Y, Jorgensen M B, Kotlewski A, Aharonian V J, Desai N et al. 

Sodium bicarbonate vs sodium chloride for the prevention of contrast medium-induced 

nephropathy in patients undergoing coronary angiography: a randomized trial. JAMA. 

2008;300(9):1038-46. 

79. Briguori C, Airoldi F, D'Andrea D, Bonizzoni E, Morici N, Focaccio A et al. Renal 

Insufficiency Following Contrast Media Administration Trial (REMEDIAL): a randomized 

comparison of 3 preventive strategies. Circulation. 2007;115(10):1211-7. 

80. Briguori C, Colombo A, Airoldi F, Violante A, Castelli A, Balestrieri P et al. N-

Acetylcysteine versus fenoldopam mesylate to prevent contrast agent-associated 

nephrotoxicity. J Am Coll Cardiol. 2004;44(4):762-5. 

81. Briguori C, Manganelli F, Scarpato P, Elia P P, Golia B, Riviezzo G et al. 

Acetylcysteine and contrast agent-associated nephrotoxicity. J Am Coll Cardiol. 

2002;40(2):298-303. 

82. Brueck M, Cengiz H, Hoeltgen R, Wieczorek M, Boedeker R H, Scheibelhut C et al. 

Usefulness of N-acetylcysteine or ascorbic acid versus placebo to prevent contrast-induced 

acute kidney injury in patients undergoing elective cardiac catheterization: a single-center, 

prospective, randomized, double-blind, placebo-controlled trial. J Invasive Cardiol. 

2013;25(6):276-83. 

83. Burns K E, Priestap F and Martin C. N-acetylcysteine in critically ill patients 

undergoing contrast-enhanced computed tomography: a randomized trial. Clin Nephrol. 

2010;74(4):323-6. 

84. Carbonell N, Blasco M, Sanjuan R, Perez-Sancho E, Sanchis J, Insa L et al. 

Intravenous N-acetylcysteine for preventing contrast-induced nephropathy: a randomised 

trial. Int J Cardiol. 2007;115(1):57-62. 

85. Carbonell N, Sanjuan R, Blasco M, Jorda A and Miguel A. N-acetylcysteine: short-

term clinical benefits after coronary angiography in high-risk renal patients. Rev Esp Cardiol. 

2010;63(1):12-9. 

86. Chen S L, Zhang J, Yei F, Zhu Z, Liu Z, Lin S et al. Clinical outcomes of contrast-

induced nephropathy in patients undergoing percutaneous coronary intervention: a 

prospective, multicenter, randomized study to analyze the effect of hydration and 

acetylcysteine. Int J Cardiol. 2008;126(3):407-13. 

87. Cho R, Javed N, Traub D, Kodali S, Atem F and Srinivasan V. Oral hydration and 

alkalinization is noninferior to intravenous therapy for prevention of contrast-induced 

nephropathy in patients with chronic kidney disease. J Interv Cardiol. 2010;23(5):460-6. 

88. Cicek M, Yildirir A, Okyay K, Yazici A C, Aydinalp A, Kanyilmaz S et al. Use of 

alpha-lipoic acid in prevention of contrast-induced nephropathy in diabetic patients. Ren Fail. 

2013;35(5):748-53. 

89. Coyle L C, Rodriguez A, Jeschke R E, Simon-Lee A, Abbott K C and Taylor A J. 

Acetylcysteine In Diabetes (AID): a randomized study of acetylcysteine for the prevention of 

contrast nephropathy in diabetics. Am Heart J. 2006;151(5):1032 e9-12. 

90. Durham J D, Caputo C, Dokko J, Zaharakis T, Pahlavan M, Keltz J et al. A 

randomized controlled trial of N-acetylcysteine to prevent contrast nephropathy in cardiac 

angiography. Kidney Int. 2002;62(6):2202-7. 



References  

912 

 

91. Dussol B, Morange S, Loundoun A, Auquier P and Berland Y. A randomized trial of 

saline hydration to prevent contrast nephropathy in chronic renal failure patients. Nephrol 

Dial Transplant. 2006;21(8):2120-6. 

92. Dvorsak B, Kanic V, Ekart R, Bevc S and Hojs R. Ascorbic Acid for the prevention 

of contrast-induced nephropathy after coronary angiography in patients with chronic renal 

impairment: a randomized controlled trial. Ther Apher Dial. 2013;17(4):384-90. 

93. Efrati S, Dishy V, Averbukh M, Blatt A, Krakover R, Weisgarten J et al. The effect of 

N-acetylcysteine on renal function, nitric oxide, and oxidative stress after angiography. 

Kidney Int. 2003;64(6):2182-7. 

94. Er F, Nia A M, Dopp H, Hellmich M, Dahlem K M, Caglayan E et al. Ischemic 

preconditioning for prevention of contrast medium-induced nephropathy: randomized pilot 

RenPro Trial (Renal Protection Trial). Circulation. 2012;126(3):296-303. 

95. Erley C M, Duda S H, Rehfuss D, Scholtes B, Bock J, Muller C et al. Prevention of 

radiocontrast-media-induced nephropathy in patients with pre-existing renal insufficiency by 

hydration in combination with the adenosine antagonist theophylline. Nephrol Dial 

Transplant. 1999;14(5):1146-9. 

96. Erol T, Tekin A, Katircibasi M T, Sezgin N, Bilgi M, Tekin G et al. Efficacy of 

allopurinol pretreatment for prevention of contrast-induced nephropathy: a randomized 

controlled trial. Int J Cardiol. 2013;167(4):1396-9. 

97. Erturk M, Uslu N, Gorgulu S, Akbay E, Kurtulus G, Akturk I F et al. Does 

intravenous or oral high-dose N-acetylcysteine in addition to saline prevent contrast-induced 

nephropathy assessed by cystatin C? Coron Artery Dis. 2014;25(2):111-7. 

98. Ferrario F, Barone M T, Landoni G, Genderini A, Heidemperger M, Trezzi M et al. 

Acetylcysteine and non-ionic isosmolar contrast-induced nephropathy--a randomized 

controlled study. Nephrol Dial Transplant. 2009;24(10):3103-7. 

99. Firouzi A, Eshraghi A, Shakerian F, Sanati H R, Salehi N, Zahedmehr A et al. 

Efficacy of pentoxifylline in prevention of contrast-induced nephropathy in angioplasty 

patients. Int Urol Nephrol. 2012;44(4):1145-9. 

100. Firouzi A, Maadani M, Kiani R, Shakerian F, Sanati H R, Zahedmehr A et al. 

Intravenous magnesium sulfate: new method in prevention of contrast-induced nephropathy 

in primary percutaneous coronary intervention. Int Urol Nephrol. 2015;47(3):521-5. 

101. Fung J W, Szeto C C, Chan W W, Kum L C, Chan A K, Wong J T et al. Effect of N-

acetylcysteine for prevention of contrast nephropathy in patients with moderate to severe 

renal insufficiency: a randomized trial. Am J Kidney Dis. 2004;43(5):801-8. 

102. Gare M, Haviv Y S, Ben-Yehuda A, Rubinger D, Bdolah-Abram T, Fuchs S et al. The 

renal effect of low-dose dopamine in high-risk patients undergoing coronary angiography. J 

Am Coll Cardiol. 1999;34(6):1682-8. 

103. Geng W, Fu X H, Gu X S, Wang Y B, Wang X C, Li W et al. Preventive effects of 

anisodamine against contrast-induced nephropathy in type 2 diabetics with renal insufficiency 

undergoing coronary angiography or angioplasty. Chinese medical journal. 

2012;125(19):3368-72. 

104. Goldenberg I, Shechter M, Matetzky S, Jonas M, Adam M, Pres H et al. Oral 

acetylcysteine as an adjunct to saline hydration for the prevention of contrast-induced 

nephropathy following coronary angiography. A randomized controlled trial and review of 

the current literature. Eur Heart J. 2004;25(3):212-8. 



References  

913 

 

105. Gomes V O, Lasevitch R, Lima V C, Brito F S, Jr., Perez-Alva J C, Moulin B et al. 

Hydration with sodium bicarbonate does not prevent contrast nephropathy: a multicenter 

clinical trial. Arq Bras Cardiol. 2012;99(6):1129-34. 

106. Gomes V O, Poli de Figueredo C E, Caramori P, Lasevitch R, Bodanese L C, Araujo 

A et al. N-acetylcysteine does not prevent contrast induced nephropathy after cardiac 

catheterisation with an ionic low osmolality contrast medium: a multicentre clinical trial. 

Heart. 2005;91(6):774-8. 

107. Gu G Q, Lu R, Cui W, Liu F, Zhang Y, Yang X H et al. Low-dose furosemide 

administered with adequate hydration reduces contrast-induced nephropathy in patients 

undergoing coronary angiography. Cardiology. 2013;125(2):69-73. 

108. Gulel O, Keles T, Eraslan H, Aydogdu S, Diker E and Ulusoy V. Prophylactic 

acetylcysteine usage for prevention of contrast nephropathy after coronary angiography. J 

Cardiovasc Pharmacol. 2005;46(4):464-7. 

109. Gunebakmaz O, Kaya M G, Koc F, Akpek M, Kasapkara A, Inanc M T et al. Does 

nebivolol prevent contrast-induced nephropathy in humans? Clin Cardiol. 2012;35(4):250-4. 

110. Gupta R K, Kapoor A, Tewari S, Sinha N and Sharma R K. Captopril for prevention 

of contrast-induced nephropathy in diabetic patients: a randomised study. Indian Heart J. 

1999;51(5):521-6. 

111. Hafiz A M, Jan M F, Mori N, Shaikh F, Wallach J, Bajwa T et al. Prevention of 

contrast-induced acute kidney injury in patients with stable chronic renal disease undergoing 

elective percutaneous coronary and peripheral interventions: randomized comparison of two 

preventive strategies. Catheter Cardiovasc Interv. 2012;79(6):929-37. 

112. Han Y, Zhu G, Han L, Hou F, Huang W, Liu H et al. Short-term rosuvastatin therapy 

for prevention of contrast-induced acute kidney injury in patients with diabetes and chronic 

kidney disease. J Am Coll Cardiol. 2014;63(1):62-70. 

113. Hashemi M, Kharazi A and Shahidi S. Captopril for prevention of contrast induced 

nephropathy in patients undergoing coronary angioplasty: a double blind placebo controlled 

clinical trial. Journal of Research in Medical Sciences. 2005;10(5):305-8. 

114. Heguilen R M, Liste A A, Payaslian M, Ortemberg M G, Albarracin L M and 

Bernasconi A R. N-acethyl-cysteine reduces the occurrence of contrast-induced acute kidney 

injury in patients with renal dysfunction: a single-center randomized controlled trial. Clin 

Exp Nephrol. 2013;17(3):396-404. 

115. Heng A E, Cellarier E, Aublet-Cuvelier B, Decalf V, Motreff P, Marcaggi X et al. Is 

treatment with N-acetylcysteine to prevent contrast-induced nephropathy when using 

bicarbonate hydration out of date? Clin Nephrol. 2008;70(6):475-84. 

116. Hoole S P, Heck P M, Sharples L, Khan S N, Duehmke R, Densem C G et al. Cardiac 

Remote Ischemic Preconditioning in Coronary Stenting (CRISP Stent) Study: a prospective, 

randomized control trial. Circulation. 2009;119(6):820-7. 

117. Hsu T F, Huang M K, Yu S H, Yen D H, Kao W F, Chen Y C et al. N-acetylcysteine 

for the prevention of contrast-induced nephropathy in the emergency department. Intern Med. 

2012;51(19):2709-14. 

118. Huber W, Schipek C, Ilgmann K, Page M, Hennig M, Wacker A et al. Effectiveness 

of theophylline prophylaxis of renal impairment after coronary angiography in patients with 

chronic renal insufficiency. Am J Cardiol. 2003;91(10):1157-62. 

119. Inda-Filho A J, Caixeta A, Manggini M and Schor N. Do intravenous N-

acetylcysteine and sodium bicarbonate prevent high osmolal contrast-induced acute kidney 

injury? A randomized controlled trial. PloS one. 2014;9(9):e107602. 



References  

914 

 

120. Berwanger O, Cavalcanti A B, Sousa A G, Buehler A M, Kodama A A, Carballo M 

T et al. 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. 2011;124(11):1250-9. 

121. Jaffery Z, Verma A, White C J, Grant A G, Collins T J, Grise M A et al. A 

randomized trial of intravenous n-acetylcysteine to prevent contrast induced nephropathy in 

acute coronary syndromes. Catheter Cardiovasc Interv. 2012;79(6):921-6. 

122. Jo S H, Kim S A, Kim H S, Han S J, Park W J and Choi Y J. Alpha-lipoic acid for the 

prevention of contrast-induced nephropathy in patients undergoing coronary angiography: the 

ALIVE study - a prospective randomized trial. Cardiology. 2013;126(3):159-66. 

123. Jo S H, Koo B K, Park J S, Kang H J, Cho Y S, Kim Y J et al. Prevention of 

radiocontrast medium-induced nephropathy using short-term high-dose simvastatin in 

patients with renal insufficiency undergoing coronary angiography (PROMISS) trial--a 

randomized controlled study. Am Heart J. 2008;155(3):499 e1-8. 

124. Jo S H, Koo B K, Park J S, Kang H J, Kim Y J, Kim H L et al. N-acetylcysteine 

versus AScorbic acid for preventing contrast-Induced nephropathy in patients with renal 

insufficiency undergoing coronary angiography NASPI study-a prospective randomized 

controlled trial. Am Heart J. 2009;157(3):576-83. 

125. Jurado-Roman A, Hernandez-Hernandez F, Garcia-Tejada J, Granda-Nistal C, Molina 

J, Velazquez M et al. Role of hydration in contrast-induced nephropathy in patients who 

underwent primary percutaneous coronary intervention. Am J Cardiol. 2015;115(9):1174-8. 

126. Kama A, Yilmaz S, Yaka E, Dervisoglu E, Dogan N O, Erimsah E et al. Comparison 

of short-term infusion regimens of N-acetylcysteine plus intravenous fluids, sodium 

bicarbonate plus intravenous fluids, and intravenous fluids alone for prevention of contrast-

induced nephropathy in the emergency department. Acad Emerg Med. 2014;21(6):615-22. 

127. Kay J, Chow W H, Chan T M, Lo S K, Kwok O H, Yip A et al. Acetylcysteine for 

prevention of acute deterioration of renal function following elective coronary angiography 

and intervention: a randomized controlled trial. JAMA. 2003;289(5):553-8. 

128. Kefer J M, Hanet C E, Boitte S, Wilmotte L and De Kock M. Acetylcysteine, 

coronary procedure and prevention of contrast-induced worsening of renal function: which 

benefit for which patient? Acta Cardiol. 2003;58(6):555-60. 

129. Khoury Z, Schlicht J R, Como J, Karschner J K, Shapiro A P, Mook W J et al. The 

effect of prophylactic nifedipine on renal function in patients administered contrast media. 

Pharmacotherapy. 1995;15(1):59-65. 

130. Kimmel M, Butscheid M, Brenner S, Kuhlmann U, Klotz U and, Alscher D M. 

Improved estimation of glomerular filtration rate by serum cystatin C in preventing contrast 

induced nephropathy by N-acetylcysteine or zinc--preliminary results. Nephrol Dial 

Transplant. 2008;23(4):1241-5. 

131. Kinbara T, Hayano T, Ohtani N, Furutani Y, Moritani K and Matsuzaki M. Efficacy 

of N-acetylcysteine and aminophylline in preventing contrast-induced nephropathy. J 

Cardiol. 2010;55(2):174-9. 

132. Kitzler T M, Jaberi A, Sendlhofer G, Rehak P, Binder C, Petnehazy E et al. Efficacy 

of vitamin E and N-acetylcysteine in the prevention of contrast induced kidney injury in 

patients with chronic kidney disease: a double blind, randomized controlled trial. Wien Klin 

Wochenschr. 2012;124(9-10):312-9. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Berwanger%20O
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berwanger%20O
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalcanti%20AB
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalcanti%20AB
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sousa%20AG
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sousa%20AG
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buehler%20AM
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buehler%20AM
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kodama%20AA
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kodama%20AA
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carballo%20MT
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carballo%20MT
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carballo%20MT
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carballo%20MT


References  

915 

 

133. Klima T, Christ A, Marana I, Kalbermatter S, Uthoff H, Burri E et al. Sodium 

chloride vs. sodium bicarbonate for the prevention of contrast medium-induced nephropathy: 

a randomized controlled trial. Eur Heart J. 2012;33(16):2071-9. 

134. Ko Y G, Lee B K, Kang W C, Moon J Y, Cho Y H, Choi S H et al. Preventive effect 

of pretreatment with intravenous nicorandil on contrast-induced nephropathy in patients with 

renal dysfunction undergoing coronary angiography (PRINCIPLE Study). Yonsei Med J. 

2013;54(4):957-64. 

135. Koc F, Ozdemir K, Altunkas F, Celik A, Dogdu O, Karayakali M et al. Sodium 

bicarbonate versus isotonic saline for the prevention of contrast-induced nephropathy in 

patients with diabetes mellitus undergoing coronary angiography and/or intervention: a 

multicenter prospective randomized study. J Investig Med. 2013;61(5):872-7. 

136. Koc F, Ozdemir K, Kaya M G, Dogdu O, Vatankulu M A, Ayhan S et al. Intravenous 

N-acetylcysteine plus high-dose hydration versus high-dose hydration and standard hydration 

for the prevention of contrast-induced nephropathy: CASIS--a multicenter prospective 

controlled trial. Int J Cardiol. 2012;155(3):418-23. 

137. Koch J A, Plum J, Grabensee B and Modder U. Prostaglandin E1: a new agent for the 

prevention of renal dysfunction in high risk patients caused by radiocontrast media? PGE1 

Study Group. Nephrol Dial Transplant. 2000;15(1):43-9. 

138. Kong D G, Hou Y F, Ma L L, Yao D K and Wang L X. Comparison of oral and 

intravenous hydration strategies for the prevention of contrast-induced nephropathy in 

patients undergoing coronary angiography or angioplasty: a randomized clinical trial. Acta 

Cardiol. 2012;67(5):565-9. 

139. Kooiman J, Sijpkens Y W, de Vries J P, Brulez H F, Hamming J F, van der Molen A 

J et al. A randomized comparison of 1-h sodium bicarbonate hydration versus standard peri-

procedural saline hydration in patients with chronic kidney disease undergoing intravenous 

contrast-enhanced computerized tomography. Nephrol Dial Transplant. 2014;29(5):1029-36. 

140. Kooiman J, Sijpkens Y W, van Buren M, Groeneveld J H, Ramai S R, van der Molen 

A J et al. Randomised trial of no hydration vs. sodium bicarbonate hydration in patients with 

chronic kidney disease undergoing acute computed tomography-pulmonary angiography. J 

Thromb Haemost. 2014;12(10):1658-66. 

141. Kotlyar E, Keogh A M, Thavapalachandran S, Allada C S, Sharp J, Dias L et al. 

Prehydration alone is sufficient to prevent contrast-induced nephropathy after day-only 

angiography procedures--a randomised controlled trial. Heart Lung Circ. 2005;14(4):245-51. 

142. Kumar A, Bhawani G, Kumari N, Murthy K S, Lalwani V and Raju Ch N. 

Comparative study of renal protective effects of allopurinol and N-acetyl-cysteine on contrast 

induced nephropathy in patients undergoing cardiac catheterization. J Clin Diagn Res. 

2014;8(12):HC03-7. 

143. Kurnik B R, Allgren R L, Genter F C, Solomon R J, Bates E R and Weisberg L S. 

Prospective study of atrial natriuretic peptide for the prevention of radiocontrast-induced 

nephropathy. Am J Kidney Dis. 1998;31(4):674-80. 

144. Kurnik B R, Weisberg L S, Cuttler I M and Kurnik P B. Effects of atrial natriuretic 

peptide versus mannitol on renal blood flow during radiocontrast infusion in chronic renal 

failure. J Lab Clin Med. 1990;116(1):27-36. 

145. Lavi S, D'Alfonso S, Diamantouros P, Camuglia A, Garg P, Teefy P et al. Remote 

ischemic postconditioning during percutaneous coronary interventions: remote ischemic 

postconditioning-percutaneous coronary intervention randomized trial. Circ Cardiovasc 

Interv. 2014;7(2):225-32. 



References  

916 

 

146. Lawlor D K, Moist L, DeRose G, Harris K A, Lovell MB, Kribs S W et al. Prevention 

of contrast-induced nephropathy in vascular surgery patients. Ann Vasc Surg. 

2007;21(5):593-7. 

147. Lee S W, Kim W J, Kim Y H, Park S W, Park D W, Yun S C et al. Preventive 

strategies of renal insufficiency in patients with diabetes undergoing intervention or 

arteriography (the PREVENT Trial). Am J Cardiol. 2011;107(10):1447-52. 

148. Lehnert T, Keller E, Gondolf K, Schaffner T, Pavenstadt H and Schollmeyer P. Effect 

of haemodialysis after contrast medium administration in patients with renal insufficiency. 

Nephrol Dial Transplant. 1998;13(2):358-62. 

149. Leoncini M, Toso A, Maioli M, Tropeano F, Villani S and Bellandi F. Early high-

dose rosuvastatin for contrast-induced nephropathy prevention in acute coronary syndrome: 

Results from the PRATO-ACS Study (Protective Effect of Rosuvastatin and Antiplatelet 

Therapy On contrast-induced acute kidney injury and myocardial damage in patients with 

Acute Coronary Syndrome). J Am Coll Cardiol. 2014;63(1):71-9. 

150. Li G, Yin L, Liu T, Zheng X, Xu G, Xu Y et al. Role of probucol in preventing 

contrast-induced acute kidney injury after coronary interventional procedure. Am J Cardiol. 

2009;103(4):512-4. 

151. Li W, Fu X, Wang Y, Li X, Yang Z, Wang X et al. Beneficial effects of high-dose 

atorvastatin pretreatment on renal function in patients with acute ST-segment elevation 

myocardial infarction undergoing emergency percutaneous coronary intervention. 

Cardiology. 2012;122(3):195-202. 

152. Li W H, Li D Y, Qian W H, Liu JL, Xu T D, Zhu H et al. Prevention of contrast-

induced nephropathy with prostaglandin E1 in high-risk patients undergoing percutaneous 

coronary intervention. Int Urol Nephrol. 2014;46(4):781-6. 

153. Li X M, Cong H L, Li T T, He L J and Zhou Y J. Impact of benazepril on contrast-

induced acute kidney injury for patients with mild to moderate renal insufficiency undergoing 

percutaneous coronary intervention. Chinese medical journal. 2011;124(14):2101-6. 

154. Ludwig U, Riedel M K, Backes M, Imhof A, Muche R and Keller F. MESNA 

(sodium 2-mercaptoethanesulfonate) for prevention of contrast medium-induced 

nephrotoxicity - controlled trial. Clin Nephrol. 2011;75(4):302-8. 

155. Luo S J, Zhou Y J, Shi D M, Ge H L, Wang J L and Liu R F. Remote ischemic 

preconditioning reduces myocardial injury in patients undergoing coronary stent 

implantation. Can J Cardiol. 2013;29(9):1084-9. 

156. Luo Y, Wang X, Ye Z, Lai Y, Yao Y, Li J et al. Remedial hydration reduces the 

incidence of contrast-induced nephropathy and short-term adverse events in patients with ST-

segment elevation myocardial infarction: a single-center, randomized trial. Intern Med. 

2014;53(20):2265-72. 

157. MacNeill B D, Harding S A, Bazari H, Patton K K, Colon-Hernadez P, DeJoseph D et 

al. Prophylaxis of contrast-induced nephropathy in patients undergoing coronary 

angiography. Catheter Cardiovasc Interv. 2003;60(4):458-61. 

158. Maioli M, Toso A, Leoncini M, Micheletti C and Bellandi F. Effects of hydration in 

contrast-induced acute kidney injury after primary angioplasty: a randomized, controlled trial. 

Circ Cardiovasc Interv. 2011;4(5):456-62. 

159. Malhis M, Al-Bitar S and Al-Deen Zaiat K. The role of theophylline in prevention of 

radiocontrast media-induced nephropathy. Saudi J Kidney Dis Transpl. 2010;21(2):276-83. 



References  

917 

 

160. Marenzi G, Assanelli E, Marana I, Lauri G, Campodonico J, Grazi M et al. N-

acetylcysteine and contrast-induced nephropathy in primary angioplasty. N Engl J Med. 

2006;354(26):2773-82. 

161. Marenzi G, Marana I, Lauri G, Assanelli E, Grazi M, Campodonico J et al. The 

prevention of radiocontrast-agent-induced nephropathy by hemofiltration. N Engl J Med. 

2003;349(14):1333-40. 

162. Markota D, Markota I, Starcevic B, Tomic M, Prskalo Z and Brizic I. Prevention of 

contrast-induced nephropathy with Na/K citrate. Eur Heart J. 2013;34(30):2362-7. 

163. Masuda M, Yamada T, Mine T, Morita T, Tamaki S, Tsukamoto Y et al. Comparison 

of usefulness of sodium bicarbonate versus sodium chloride to prevent contrast-induced 

nephropathy in patients undergoing an emergent coronary procedure. Am J Cardiol. 

2007;100(5):781-6. 

164. Matejka J, Varvarovsky I, Vojtisek P, Herman A, Rozsival V, Borkova V et al. 

Prevention of contrast-induced acute kidney injury by theophylline in elderly patients with 

chronic kidney disease. Heart Vessels. 2010;25(6):536-42. 

165. Menting T P, Sterenborg T B, de Waal Y, Donders R, Wever K E, Lemson M S et al. 

Remote Ischemic Preconditioning To Reduce Contrast-Induced Nephropathy: A Randomized 

Controlled Trial. Eur J Vasc Endovasc Surg. 2015;50(4):527-32. 

166. Merten G J, Burgess W P, Gray L V, Holleman J H, Roush T S, Kowalchuk G J et al. 

Prevention of contrast-induced nephropathy with sodium bicarbonate: a randomized 

controlled trial. JAMA. 2004;291(19):2328-34. 

167. Miao Y, Zhong Y, Yan H, Li W, Wang B Y and Jin J. Alprostadil plays a protective 

role in contrast-induced nephropathy in the elderly. Int Urol Nephrol. 2013;45(4):1179-85. 

168. Miner S E, Dzavik V, Nguyen-Ho P, Richardson R, Mitchell J, Atchison D et al. N-

acetylcysteine reduces contrast-associated nephropathy but not clinical events during long-

term follow-up. Am Heart J. 2004;148(4):690-5. 

169. Moore N N, Lapsley M, Norden A G, Firth J D, Gaunt M E, Varty K et al. Does N-

acetylcysteine prevent contrast-induced nephropathy during endovascular AAA repair? A 

randomized controlled pilot study. J Endovasc Ther. 2006;13(5):660-6. 

170. Morikawa S, Sone T, Tsuboi H, Mukawa H, Morishima I, Uesugi M et al. Renal 

protective effects and the prevention of contrast-induced nephropathy by atrial natriuretic 

peptide. J Am Coll Cardiol. 2009;53(12):1040-6. 

171. Motohiro M, Kamihata H, Tsujimoto S, Seno T, Manabe K, Isono T et al. A new 

protocol using sodium bicarbonate for the prevention of contrast-induced nephropathy in 

patients undergoing coronary angiography. Am J Cardiol. 2011;107(11):1604-8. 

172. Ng T M, Shurmur S W, Silver M, Nissen L R, O'Leary E L, Rigmaiden R S et al. 

Comparison of N-acetylcysteine and fenoldopam for preventing contrast-induced 

nephropathy (CAFCIN). Int J Cardiol. 2006;109(3):322-8. 

173. Ochoa A, Pellizzon G, Addala S, Grines C, Isayenko Y, Boura J et al. Abbreviated 

dosing of N-acetylcysteine prevents contrast-induced nephropathy after elective and urgent 

coronary angiography and intervention. J Interv Cardiol. 2004;17(3):159-65. 

174. Oguzhan N, Cilan H, Sipahioglu M, Unal A, Kocyigit I, Kavuncuoglu F et al. The 

lack of benefit of a combination of an angiotensin receptor blocker and calcium channel 

blocker on contrast-induced nephropathy in patients with chronic kidney disease. Ren Fail. 

2013;35(4):434-9. 



References  

918 

 

175. Oldemeyer J B, Biddle W P, Wurdeman R L, Mooss A N, Cichowski E and Hilleman 

D E. Acetylcysteine in the prevention of contrast-induced nephropathy after coronary 

angiography. Am Heart J. 2003;146(6):E23. 

176. Onbasili A O, Yeniceriglu Y, Agaoglu P, Karul A, Tekten T, Akar H et al. 

Trimetazidine in the prevention of contrast-induced nephropathy after coronary procedures. 

Heart. 2007;93(6):698-702. 

177. Ozcan E E, Guneri S, Akdeniz B, Akyildiz I Z, Senaslan O, Baris N et al. Sodium 

bicarbonate, N-acetylcysteine, and saline for prevention of radiocontrast-induced 

nephropathy. A comparison of 3 regimens for protecting contrast-induced nephropathy in 

patients undergoing coronary procedures. A single-center prospective controlled trial. Am 

Heart J. 2007;154(3):539-44. 

178. Ozhan H, Erden I, Ordu S, Aydin M, Caglar O, Basar C et al. Efficacy of short-term 

high-dose atorvastatin for prevention of contrast-induced nephropathy in patients undergoing 

coronary angiography. Angiology. 2010;61(7):711-4. 

179. Pakfetrat M, Nikoo M H, Malekmakan L, Tabandeh M, Roozbeh J, Nasab M H et al. 

A comparison of sodium bicarbonate infusion versus normal saline infusion and its 

combination with oral acetazolamide for prevention of contrast-induced nephropathy: a 

randomized, double-blind trial. Int Urol Nephrol. 2009;41(3):629-34. 

180. Patti G, Ricottini E, Nusca A, Colonna G, Pasceri V, D'Ambrosio A et al. Short-term, 

high-dose Atorvastatin pretreatment to prevent contrast-induced nephropathy in patients with 

acute coronary syndromes undergoing percutaneous coronary intervention (from the 

ARMYDA-CIN [atorvastatin for reduction of myocardial damage during angioplasty--

contrast-induced nephropathy] trial. Am J Cardiol. 2011;108(1):1-7. 

181. Poletti P A, Platon A, De Seigneux S, Dupuis-Lozeron E, Sarasin F, Becker CD et al. 

N-acetylcysteine does not prevent contrast nephropathy in patients with renal impairment 

undergoing emergency CT: a randomized study. BMC Nephrol. 2013;14:119. 

182. Qiao B, Deng J, Li Y, Wang X and Han Y. Rosuvastatin attenuated contrast-induced 

nephropathy in diabetes patients with renal dysfunction. Int J Clin Exp Med. 2015;8(2):2342-

9. 

183. Quintavalle C, Fiore D, De Micco F, Visconti G, Focaccio A, Golia B et al. Impact of 

a high loading dose of atorvastatin on contrast-induced acute kidney injury. Circulation. 

2012;126(25):3008-16. 

184. Rahman M M, Haque S S, Rokeya B, Siddique M A, Banerjee S K, Ahsan S A et al. 

Trimetazidine in the prevention of contrast induced nephropathy after coronary angiogram. 

Mymensingh Med J. 2012;21(2):292-9. 

185. Rashid S T, Salman M, Myint F, Baker D M, Agarwal S, Sweny P et al. Prevention of 

contrast-induced nephropathy in vascular patients undergoing angiography: a randomized 

controlled trial of intravenous N-acetylcysteine. J Vasc Surg. 2004;40(6):1136-41. 

186. Reinecke H, Fobker M, Wellmann J, Becke B, Fleiter J, Heitmeyer C et al. A 

randomized controlled trial comparing hydration therapy to additional hemodialysis or N-

acetylcysteine for the prevention of contrast medium-induced nephropathy: the Dialysis-

versus-Diuresis (DVD) Trial. Clin Res Cardiol. 2007;96(3):130-9. 

187. Rohani A. Effectiveness of aminophylline prophylaxis of renal impairment after 

coronary angiography in patients with chronic renal insufficiency. Indian J Nephrol. 

2010;20(2):80-3. 

188. Sadat U, Walsh S R, Norden A G, Gillard J H and Boyle J R. Does oral N-

acetylcysteine reduce contrast-induced renal injury in patients with peripheral arterial disease 



References  

919 

 

undergoing peripheral angiography? A randomized-controlled study. Angiology. 

2011;62(3):225-30. 

189. Saitoh T, Satoh H, Nobuhara M, Machii M, Tanaka T, Ohtani H et al. Intravenous 

glutathione prevents renal oxidative stress after coronary angiography more effectively than 

oral N-acetylcysteine. Heart Vessels. 2011;26(5):465-72. 

190. Sandhu C, Belli A M and Oliveira D B. The role of N-acetylcysteine in the prevention 

of contrast-induced nephrotoxicity. Cardiovasc Intervent Radiol. 2006;29(3):344-7. 

191. Sanei H, Hajian-Nejad A, Sajjadieh-Kajouei A, Nazemzadeh N, Alizadeh N, Bidram 

P et al. Short term high dose atorvastatin for the prevention of contrast-induced nephropathy 

in patients undergoing computed tomography angiography. ARYA Atheroscler. 

2014;10(5):252-8. 

192. Sar F, Saler T, Ecebay A, Saglam Z A, Ozturk S and Kazancioglu R. The efficacy of 

n-acetylcysteine in preventing contrast-induced nephropathy in type 2 diabetic patients 

without nephropathy. J Nephrol. 2010;23(4):478-82. 

193. Savaj S, Savoj J, Jebraili I and Sezavar S H. Remote ischemic preconditioning for 

prevention of contrast-induced acute kidney injury in diabetic patients. Iran J Kidney Dis. 

2014;8(6):457-60. 

194. Sekiguchi H, Ajiro Y, Uchida Y, Ishida I, Otsuki H, Hattori H et al. Oxygen pre-

conditioning prevents contrast-induced nephropathy (OPtion CIN Study). J Am Coll Cardiol. 

2013;62(2):162-3. 

195. Seyon R A, Jensen L A, Ferguson I A and Williams R G. Efficacy of N-acetylcysteine 

and hydration versus placebo and hydration in decreasing contrast-induced renal dysfunction 

in patients undergoing coronary angiography with or without concomitant percutaneous 

coronary intervention. Heart Lung. 2007;36(3):195-204. 

196. Shehata M. Impact of trimetazidine on incidence of myocardial injury and contrast-

induced nephropathy in diabetic patients with renal dysfunction undergoing elective 

percutaneous coronary intervention. Am J Cardiol. 2014;114(3):389-94. 

197. Shehata M and Hamza M. Impact of high loading dose of atorvastatin in diabetic 

patients with renal dysfunction undergoing elective percutaneous coronary intervention: a 

randomized controlled trial. Cardiovasc Ther. 2015;33(2):35-41. 

198. Shyu K G, Cheng J J and Kuan P. Acetylcysteine protects against acute renal damage 

in patients with abnormal renal function undergoing a coronary procedure. J Am Coll 

Cardiol. 2002;40(8):1383-8. 

199. Solomon R, Werner C, Mann D, D'Elia J and Silva P. Effects of saline, mannitol, and 

furosemide to prevent acute decreases in renal function induced by radiocontrast agents. N 

Engl J Med. 1994;331(21):1416-20. 

200. Spargias K, Adreanides E, Demerouti E, Gkouziouta A, Manginas A, Pavlides G et al. 

Iloprost prevents contrast-induced nephropathy in patients with renal dysfunction undergoing 

coronary angiography or intervention. Circulation. 2009;120(18):1793-9. 

201. Spargias K, Adreanides E, Giamouzis G, Karagiannis S, Gouziouta A, Manginas A et 

al. Iloprost for prevention of contrast-mediated nephropathy in high-risk patients undergoing 

a coronary procedure. Results of a randomized pilot study. Eur J Clin Pharmacol. 

2006;62(8):589-95. 

202. Stone G W, McCullough P A, Tumlin J A, Lepor N E, Madyoon H, Murray P et al. 

Fenoldopam mesylate for the prevention of contrast-induced nephropathy: a randomized 

controlled trial. JAMA. 2003;290(17):2284-91. 



References  

920 

 

203. Stone G W, Vora K, Schindler J, Diaz C, Mann T, Dangas G et al. Systemic 

hypothermia to prevent radiocontrast nephropathy (from the COOL-RCN Randomized Trial). 

Am J Cardiol. 2011;108(5):741-6. 

204. Tamura A, Goto Y, Miyamoto K, Naono S, Kawano Y, Kotoku M et al. Efficacy of 

single-bolus administration of sodium bicarbonate to prevent contrast-induced nephropathy in 

patients with mild renal insufficiency undergoing an elective coronary procedure. Am J 

Cardiol. 2009;104(7):921-5. 

205. Tanaka A, Suzuki Y, Suzuki N, Hirai T, Yasuda N, Miki K et al. Does N-

acetylcysteine reduce the incidence of contrast-induced nephropathy and clinical events in 

patients undergoing primary angioplasty for acute myocardial infarction? Intern Med. 

2011;50(7):673-7. 

206. Tasanarong A, Piyayotai D and Thitiarchakul S. Protection of radiocontrast induced 

nephropathy by vitamin E (alpha tocopherol): a randomized controlled pilot study. J Med 

Assoc Thai. 2009;92(10):1273-81. 

207. Tasanarong A, Vohakiat A, Hutayanon P and Piyayotai D. New strategy of alpha- and 

gamma-tocopherol to prevent contrast-induced acute kidney injury in chronic kidney disease 

patients undergoing elective coronary procedures. Nephrol Dial Transplant. 2013;28(2):337-

44. 

208. Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann D and Zidek W. 

Prevention of radiographic-contrast-agent-induced reductions in renal function by 

acetylcysteine. N Engl J Med. 2000;343(3):180-4. 

209. Thiele H, Hildebrand L, Schirdewahn C, Eitel I, Adams V, Fuernau G et al. Impact of 

high-dose N-acetylcysteine versus placebo on contrast-induced nephropathy and myocardial 

reperfusion injury in unselected patients with ST-segment elevation myocardial infarction 

undergoing primary percutaneous coronary intervention. The LIPSIA-N-ACC (Prospective, 

Single-Blind, Placebo-Controlled, Randomized Leipzig Immediate PercutaneouS Coronary 

Intervention Acute Myocardial Infarction N-ACC) Trial. J Am Coll Cardiol. 

2010;55(20):2201-9. 

210. Toso A, Maioli M, Leoncini M, Gallopin M, Tedeschi D, Micheletti C et al. 

Usefulness of atorvastatin (80 mg) in prevention of contrast-induced nephropathy in patients 

with chronic renal disease. Am J Cardiol. 2010;105(3):288-92. 

211. Traub S J, Mitchell A M, Jones A E, Tang A, O'Connor J, Nelson T et al. N-

acetylcysteine plus intravenous fluids versus intravenous fluids alone to prevent contrast-

induced nephropathy in emergency computed tomography. Ann Emerg Med. 

2013;62(5):511-20 e25. 

212. Trivedi H S, Moore H, Nasr S, Aggarwal K, Agrawal A, Goel P et al. A randomized 

prospective trial to assess the role of saline hydration on the development of contrast 

nephrotoxicity. Nephron Clin Pract. 2003;93(1):C29-34. 

213. Tumlin J A, Wang A, Murray P T and Mathur V S. Fenoldopam mesylate blocks 

reductions in renal plasma flow after radiocontrast dye infusion: a pilot trial in the prevention 

of contrast nephropathy. Am Heart J. 2002;143(5):894-903. 

214. Vasheghani-Farahani A, Sadigh G, Kassaian S E, Khatami S M, Fotouhi A, Razavi S 

A et al. Sodium bicarbonate in preventing contrast nephropathy in patients at risk for volume 

overload: a randomized controlled trial. J Nephrol. 2010;23(2):216-23. 

215. Vasheghani-Farahani A, Sadigh G, Kassaian S E, Khatami S M, Fotouhi A, Razavi S 

A et al. Sodium bicarbonate plus isotonic saline versus saline for prevention of contrast-



References  

921 

 

induced nephropathy in patients undergoing coronary angiography: a randomized controlled 

trial. Am J Kidney Dis. 2009;54(4):610-8. 

216. Vogt B, Ferrari P, Schonholzer C, Marti H P, Mohaupt M, Wiederkehr M et al. 

Prophylactic hemodialysis after radiocontrast media in patients with renal insufficiency is 

potentially harmful. Am J Med. 2001;111(9):692-8. 

217. Wang A, Holcslaw T, Bashore T M, Freed M I, Miller D, Rudnick M R et al. 

Exacerbation of radiocontrast nephrotoxicity by endothelin receptor antagonism. Kidney Int. 

2000;57(4):1675-80. 

218. Wang Y, Fu X, Wang X, Jia X, Gu X, Zhang J et al. Protective effects of anisodamine 

on renal function in patients with ST-segment elevation myocardial infarction undergoing 

primary percutaneous coronary intervention. Tohoku J Exp Med. 2011;224(2):91-7. 

219. Webb J G, Pate G E, Humphries K H, Buller C E, Shalansky S, Al Shamari A et al. A 

randomized controlled trial of intravenous N-acetylcysteine for the prevention of contrast-

induced nephropathy after cardiac catheterization: lack of effect. Am Heart J. 

2004;148(3):422-9. 

220. Weisberg L S, Kurnik P B and Kurnik B R. Dopamine and renal blood flow in 

radiocontrast-induced nephropathy in humans. Ren Fail. 1993;15(1):61-8. 

221. Wrobel W, Sinkiewicz W, Gordon M and Wozniak-Wisniewska A. Oral versus 

intravenous hydration and renal function in diabetic patients undergoing percutaneous 

coronary interventions. Kardiol Pol. 2010;68(9):1015-20. 

222. Xu X, Zhou Y, Luo S, Zhang W, Zhao Y, Yu M et al. Effect of remote ischemic 

preconditioning in the elderly patients with coronary artery disease with diabetes mellitus 

undergoing elective drug-eluting stent implantation. Angiology. 2014;65(8):660-6. 

223. Yamanaka T, Kawai Y, Miyoshi T, Mima T, Takagaki K, Tsukuda S et al. Remote 

ischemic preconditioning reduces contrast-induced acute kidney injury in patients with ST-

elevation myocardial infarction: a randomized controlled trial. Int J Cardiol. 2015;178:136-

41. 

224. Yang K, Liu W, Ren W and Lv S. Different interventions in preventing contrast-

induced nephropathy after percutaneous coronary intervention. Int Urol Nephrol. 

2014;46(9):1801-7. 

225. Yavari V, Ostovan M A, Kojuri J, Afshariani R, Hamidian Jahromi A, Roozbeh J et 

al. The preventive effect of pentoxifylline on contrast-induced nephropathy: a randomized 

clinical trial. Int Urol Nephrol. 2014;46(1):41-6. 

226. Yeganehkhah M R, Iranirad L, Dorri F, Pazoki S, Akbari H, Miryounesi M et al. 

Comparison between three supportive treatments for prevention of contrast-induced 

nephropathy in high-risk patients undergoing coronary angiography. Saudi J Kidney Dis 

Transpl. 2014;25(6):1217-23. 

227. Yin L, Li G, Liu T, Yuan R, Zheng X, Xu G et al. Probucol for the prevention of 

cystatin C-based contrast-induced acute kidney injury following primary or urgent 

angioplasty: a randomized, controlled trial. Int J Cardiol. 2013;167(2):426-9. 

228. Zhang J, Fu X, Jia X, Fan X, Gu X, Li S et al. B-type natriuretic peptide for 

prevention of contrast-induced nephropathy in patients with heart failure undergoing primary 

percutaneous coronary intervention. Acta Radiol. 2010;51(6):641-8. 

229. Zhao K, Lin Y, Li Y J and Gao S. Efficacy of short-term cordyceps sinensis for 

prevention of contrast-induced nephropathy in patients with acute coronary syndrome 

undergoing elective percutaneous coronary intervention. Int J Clin Exp Med. 

2014;7(12):5758-64. 



References  

922 

 

230. Zhou L and Chen H. Prevention of contrast-induced nephropathy with ascorbic acid. 

Intern Med. 2012;51(6):531-5. 

231. Abouzeid S M and El Hossary H E. Na/K citrate versus sodium bicarbonate in 

prevention of contrast-induced nephropathy. Saudi J Kidney Dis Transpl. 2016;27(3):519-25. 

232. Arabmomeni M, Najafian J, Abdar Esfahani M, Samadi M and Mirbagher L. 

Comparison between theophylline, N-acetylcysteine, and theophylline plus N-acetylcysteine 

for the prevention of contrast-induced nephropathy. ARYA Atheroscler. 2015;11(1):43-9. 

233. Balbir Singh G, Ann S H, Park J, Chung H C, Lee J S, Kim E S et al. Remote 

Ischemic Preconditioning for the Prevention of Contrast-Induced Acute Kidney Injury in 

Diabetics Receiving Elective Percutaneous Coronary Intervention. PloS one. 

2016;11(10):e0164256. 

234. Chong E, Poh K K, Lu Q, Zhang J J, Tan N, Hou X M et al. Comparison of 

combination therapy of high-dose oral N-acetylcysteine and intravenous sodium bicarbonate 

hydration with individual therapies in the reduction of Contrast-induced Nephropathy during 

Cardiac Catheterisation and Percutaneous Coronary Intervention (CONTRAST): A multi-

centre, randomised, controlled trial. Int J Cardiol. 2015;201:237-42. 

235. Eshraghi A, Naranji-Sani R, Pourzand H, Vojdanparast M, Morovatfar N, Ramezani J 

et al. Pentoxifylline and prevention of contrast-induced nephropathy: is it efficient in patients 

with myocardial infarction undergoing coronary angioplasty? ARYA atherosclerosis 

[Internet]. 2017; 12(5):[1-5 pp.]. Available from: 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/737/CN-01298737/frame.html. 

236. Fan Y, Wei Q, Cai J, Shi Y, Zhang Y, Yao L et al. Preventive effect of oral nicorandil 

on contrast-induced nephropathy in patients with renal insufficiency undergoing elective 

cardiac catheterization. Heart Vessels. 2016;31(11):1776-82. 

237. Healy D A, Feeley I, Keogh C J, Scanlon T G, Hodnett P A, Stack A G et al. Remote 

ischemic conditioning and renal function after contrast-enhanced CT scan: A randomized 

trial. Clin Invest Med. 2015;38(3):E110-8. 

238. Izani W M W, Darus Z and Yusof Z. Oral N-acetylcysteine in prevention of contrast 

induced nephropathy following coronary angiogram. International Medical Journal [Internet]. 

2008; 15(5):[353-61 pp.]. Available from: 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/905/CN-00754905/frame.html. 

239. Kai Z, Yongjian L, Sheng G and Yu L. Effect of Dongchongxiacao (Cordyceps) 

therapy on contrast-induced nephropathy in patients with type 2 diabetes and renal 

insufficiency undergoing coronary angiography. J Tradit Chin Med. 2015;35(4):422-7. 

240. Khosravi A, Dolatkhah M, Hashemi H S and Rostami Z. Preventive Effect of 

Atorvastatin (80 mg) on Contrast-Induced Nephropathy After Angiography in High-Risk 

Patients: Double-Blind Randomized Clinical Trial. Nephrourol Mon. 2016;8(3):e29574. 

241. Liu J, Xie Y, He F, Gao Z, Hao Y, Zu X et al. Recombinant Brain Natriuretic Peptide 

for the Prevention of Contrast-Induced Nephropathy in Patients with Chronic Kidney Disease 

Undergoing Nonemergent Percutaneous Coronary Intervention or Coronary Angiography: A 

Randomized Controlled Trial. Biomed Res Int. 2016;2016:5985327. 

242. Liu W, Ming Q, Shen J, Wei Y, Li W, Chen W et al. Trimetazidine Prevention of 

Contrast-Induced Nephropathy in Coronary Angiography. Am J Med Sci. 2015;350(5):398-

402. 

243. Minoo F, Lessan-Pezeshki M, Firouzi A, Nikfarjam S, Gatmiri S M and Ramezanzade 

E. Prevention of Contrast-induced Nephropathy With Oxygen Supplementation: a 

Randomized Controlled Trial. Iran J Kidney Dis. 2016;10(5):291-8. 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/737/CN-01298737/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/737/CN-01298737/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/905/CN-00754905/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/905/CN-00754905/frame.html


References  

923 

 

244. Nawa T, Nishigaki K, Kinomura Y, Tanaka T, Yamada Y, Kawasaki M et al. 

Continuous intravenous infusion of nicorandil for 4 hours before and 24 hours after 

percutaneous coronary intervention protects against contrast-induced nephropathy in patients 

with poor renal function. Int J Cardiol. 2015;195:228-34. 

245. Nijssen E C, Rennenberg R J, Nelemans P J, Essers B A, Janssen M M, Vermeeren M 

A et al. Prophylactic hydration to protect renal function from intravascular iodinated contrast 

material in patients at high risk of contrast-induced nephropathy (AMACING): a prospective, 

randomised, phase 3, controlled, open-label, non-inferiority trial. Lancet. 

2017;389(10076):1312-22. 

246. Rezaei Y, Khademvatani K, Rahimi B, Khoshfetrat M, Arjmand N and Seyyed-

Mohammadzad M H. Short-Term High-Dose Vitamin E to Prevent Contrast Medium-

Induced Acute Kidney Injury in Patients With Chronic Kidney Disease Undergoing Elective 

Coronary Angiography: A Randomized Placebo-Controlled Trial. J Am Heart Assoc. 

2016;5(3):e002919. 

247. Sadineni R, Karthik K R, Swarnalatha G, Das U and Taduri G. N-acetyl cysteine 

versus allopurinol in the prevention of contrast nephropathy in patients with chronic kidney 

disease: A randomized controlled trial. Indian J Nephrol. 2017;27(2):93-8. 

248. Sedighifard Z, Roghani F, Bidram P, Harandi S A and Molavi S. Silymarin for the 

Prevention of Contrast-Induced Nephropathy: A Placebo-Controlled Clinical Trial. Int J Prev 

Med. 2016;7:23. 

249. Solomon R, Gordon P, Manoukian S V, Abbott J D, Kereiakes D J, Jeremias A et al. 

Randomized Trial of Bicarbonate or Saline Study for the Prevention of Contrast-Induced 

Nephropathy in Patients with CKD. Clin J Am Soc Nephrol. 2015;10(9):1519-24. 

250. Sun C, Zhi J, Bai X, Li X and Xia H. Comparison of the efficacy of recombinant 

human brain natriuretic peptide with saline hydration in preventing contrast-induced 

nephropathy in patients undergoing coronary angiography with or without concomitant 

percutaneous coronary intervention. Int J Clin Exp Med. 2015;8(8):14166-72. 

251. Wang C, Wang W, Ma S, Lu J, Shi H and Ding F. Reduced Glutathione for 

Prevention of Renal Outcomes in Patients Undergoing Selective Coronary Angiography or 

Intervention. J Interv Cardiol. 2015;28(3):249-56. 

252. Xu R H, Ma G Z, Cai Z X, Chen P, Zhu Z D and Wang W L. Combined use of 

hydration and alprostadil for preventing contrast-induced nephropathy following 

percutaneous coronary intervention in elderly patients. Exp Ther Med. 2013;6(4):863-7. 

253. Zagidullin N S, Dunayeva A R, Plechev V V, Gilmanov A Z, Zagidullin S Z, Er F et 

al. Nephroprotective effects of remote ischemic preconditioning in coronary angiography. 

Clin Hemorheol Microcirc. 2017;65(3):299-307. 

254. Droppa M, Desch S, Blase P, Eitel I, Fuernau G, Schuler G et al. Impact of N-

acetylcysteine on contrast-induced nephropathy defined by cystatin C in patients with ST-

elevation myocardial infarction undergoing primary angioplasty. Clin Res Cardiol. 

2011;100(11):1037-43. 

255. Huber W, Ilgmann K, Page M, Hennig M, Schweigart U, Jeschke B et al. Effect of 

theophylline on contrast material-nephropathy in patients with chronic renal insufficiency: 

controlled, randomized, double-blinded study. Radiology. 2002;223(3):772-9. 

256. Marenzi G and Bartorelli A L. Hemofiltration in the prevention of radiocontrast agent 

induced nephropathy. Minerva Anestesiol. 2004;70(4):189-91. 

257. Masuda M, Yamada T, Okuyama Y, Morita T, Sanada S, Furukawa Y et al. Sodium 

bicarbonate improves long-term clinical outcomes compared with sodium chloride in patients 



References  

924 

 

with chronic kidney disease undergoing an emergent coronary procedure. Circ J. 

2008;72(10):1610-4. 

258. Zhang J, Li Y, Tao G Z, Chen Y D, Hu T H, Cao X B et al. Short-term rosuvastatin 

treatment for the prevention of contrast-induced acute kidney injury in patients receiving 

moderate or high volumes of contrast media: a sub-analysis of the TRACK-D study. Chinese 

medical journal. 2015;128(6):784-9. 

259. Sketch M H, Jr., Whelton A, Schollmayer E, Koch J A, Bernink P J, Woltering F et 

al. Prevention of contrast media-induced renal dysfunction with prostaglandin E1: a 

randomized, double-blind, placebo-controlled study. Am J Ther. 2001;8(3):155-62. 

260. Acikel S, Muderrisoglu H, Yildirir A, Aydinalp A, Sade E, Bayraktar N et al. 

Prevention of contrast-induced impairment of renal function by short-term or long-term statin 

therapy in patients undergoing elective coronary angiography. Blood Coagul Fibrinolysis. 

2010;21(8):750-7. 

261. Allie D E, Lirtzman M D, Wyatt C H, Keller V A, Mitran E V, Hebert C J et al. 

Targeted renal therapy and contrast-induced nephropathy during endovascular abdominal 

aortic aneurysm repair: results of a feasibility pilot trial. J Endovasc Ther. 2007;14(4):520-7. 

262. Assadi F. Acetazolamide for prevention of contrast-induced nephropathy: a new use 

for an old drug. Pediatr Cardiol. 2006;27(2):238-42. 

263. Avci E, Yesil M, Bayata S, Postaci N, Arikan E and Cirit M. The role of nebivolol in 

the prevention of contrast-induced nephropathy in patients with renal dysfunction. Anadolu 

Kardiyol Derg. 2011;11(7):613-7. 

264. Awal A, Ahsan S A, Siddique M A, Banerjee S, Hasan M I, Zaman S M et al. Effect 

of hydration with or without n-acetylcysteine on contrast induced nephropathy in patients 

undergoing coronary angiography and percutaneous coronary intervention. Mymensingh Med 

J. 2011;20(2):264-9. 

265. Azmus A D, Gottschall C, Manica A, Manica J, Duro K, Frey M et al. Effectiveness 

of acetylcysteine in prevention of contrast nephropathy. J Invasive Cardiol. 2005;17(2):80-4. 

266. Bader B D, Berger E D, Heede M B, Silberbaur I, Duda S, Risler T et al. What is the 

best hydration regimen to prevent contrast media-induced nephrotoxicity? Clin Nephrol. 

2004;62(1):1-7. 

267. Barrett B J, Parfrey P S, Vavasour H M, McDonald J, Kent G, Hefferton D et al. 

Contrast nephropathy in patients with impaired renal function: high versus low osmolar 

media. Kidney Int. 1992;41(5):1274-9. 

268. Boccalandro F, Amhad M, Smalling R W and Sdringola S. Oral acetylcysteine does 

not protect renal function from moderate to high doses of intravenous radiographic contrast. 

Catheter Cardiovasc Interv. 2003;58(3):336-41. 

269. Brar S S, Aharonian V, Mansukhani P, Moore N, Shen A Y, Jorgensen M et al. 

Haemodynamic-guided fluid administration for the prevention of contrast-induced acute 

kidney injury: the POSEIDON randomised controlled trial. Lancet. 2014;383(9931):1814-23. 

270. Briguori C. Renalguard system in high-risk patients for contrast-induced acute kidney 

injury. Minerva Cardioangiol. 2012;60(3):291-7. 

271. Briguori C, Colombo A, Violante A, Balestrieri P, Manganelli F, Paolo Elia P et al. 

Standard vs double dose of N-acetylcysteine to prevent contrast agent associated 

nephrotoxicity. Eur Heart J. 2004;25(3):206-11. 

272. Briguori C, Visconti G, Focaccio A, Airoldi F, Valgimigli M, Sangiorgi GM et al. 

Renal Insufficiency After Contrast Media Administration Trial II (REMEDIAL II): 



References  

925 

 

RenalGuard System in high-risk patients for contrast-induced acute kidney injury. 

Circulation. 2011;124(11):1260-9. 

273. Buyukhatipoglu H, Sezen Y, Yildiz A, Bas M, Kirhan I, Ulas T et al. N-acetylcysteine 

fails to prevent renal dysfunction and oxidative stress after noniodine contrast media 

administration during percutaneous coronary interventions. Pol Arch Med Wewn. 

2010;120(10):383-9. 

274. Clavijo L C, Pinto T L, Kuchulakanti P K, Torguson R, Chu W W, Satler L F et al. 

Effect of a rapid intra-arterial infusion of dextrose 5% prior to coronary angiography on 

frequency of contrast-induced nephropathy in high-risk patients. Am J Cardiol. 

2006;97(7):981-3. 

275. Deray G, Bellin M F, Boulechfar H, Baumelou B, Koskas F, Baumelou A et al. 

Nephrotoxicity of contrast media in high-risk patients with renal insufficiency: comparison of 

low- and high-osmolar contrast agents. Am J Nephrol. 1991;11(4):309-12. 

276. Dorval J F, Dixon S R, Zelman R B, Davidson C J, Rudko R and Resnic F S. 

Feasibility study of the RenalGuard balanced hydration system: a novel strategy for the 

prevention of contrast-induced nephropathy in high risk patients. Int J Cardiol. 

2013;166(2):482-6. 

277. Drager L F, Andrade L, Barros de Toledo J F, Laurindo F R, Machado Cesar L A and 

Seguro A C. Renal effects of N-acetylcysteine in patients at risk for contrast nephropathy: 

decrease in oxidant stress-mediated renal tubular injury. Nephrol Dial Transplant. 

2004;19(7):1803-7. 

278. Erley C M, Duda S H, Schlepckow S, Koehler J, Huppert P E, Strohmaier W L et al. 

Adenosine antagonist theophylline prevents the reduction of glomerular filtration rate after 

contrast media application. Kidney Int. 1994;45(5):1425-31. 

279. Frank H, Werner D, Lorusso V, Klinghammer L, Daniel W G, Kunzendorf U et al. 

Simultaneous hemodialysis during coronary angiography fails to prevent radiocontrast-

induced nephropathy in chronic renal failure. Clin Nephrol. 2003;60(3):176-82. 

280. Gandhi M R, Brown P, Romanowski C A, Morcos S K, Campbell S, el Nahas A M et 

al. The use of theophylline, an adenosine antagonist in the prevention of contrast media 

induced nephrotoxicity. Br J Radiol. 1992;65(777):838. 

281. Goo J J, Kim J J, Kang J H, Kim K N, Byun K S, Kim M K et al. Effect of renin-

angiotensin-system blockers on contrast-medium-induced acute kidney injury after coronary 

angiography. Korean J Intern Med. 2014;29(2):203-9. 

282. Han S, Li X M, Mohammed Ali L A, Fu N K, Jin D X and Cong H L. Effect of short-

term different statins loading dose on renal function and CI-AKI incidence in patients 

undergoing invasive coronary procedures. Int J Cardiol. 2013;168(5):5101-3. 

283. Harris K G, Smith T P, Cragg A H and Lemke J H. Nephrotoxicity from contrast 

material in renal insufficiency: ionic versus nonionic agents. Radiology. 1991;179(3):849-52. 

284. Hoffmann U, Fischereder M, Kruger B, Drobnik W and Kramer B K. The value of N-

acetylcysteine in the prevention of radiocontrast agent-induced nephropathy seems 

questionable. J Am Soc Nephrol. 2004;15(2):407-10. 

285. Hoshi T, Sato A, Kakefuda Y, Harunari T, Watabe H, Ojima E et al. Preventive effect 

of statin pretreatment on contrast-induced acute kidney injury in patients undergoing 

coronary angioplasty: propensity score analysis from a multicenter registry. Int J Cardiol. 

2014;171(2):243-9. 



References  

926 

 

286. Huber W, Eckel F, Hennig M, Rosenbrock H, Wacker A, Saur D et al. Prophylaxis of 

contrast material-induced nephropathy in patients in intensive care: acetylcysteine, 

theophylline, or both? A randomized study. Radiology. 2006;239(3):793-804. 

287. Huber W, Jeschke B, Page M, Weiss W, Salmhofer H, Schweigart U et al. Reduced 

incidence of radiocontrast-induced nephropathy in ICU patients under theophylline 

prophylaxis: a prospective comparison to series of patients at similar risk. Intensive Care 

Med. 2001;27(7):1200-9. 

288. Igarashi G, Iino K, Watanabe H and Ito H. Remote ischemic pre-conditioning 

alleviates contrast-induced acute kidney injury in patients with moderate chronic kidney 

disease. Circ J. 2013;77(12):3037-44. 

289. Katholi R E, Taylor G J, McCann W P, Woods W T, Jr., Womack K A, McCoy C D 

et al. Nephrotoxicity from contrast media: attenuation with theophylline. Radiology. 

1995;195(1):17-22. 

290. Kaya A, Kurt M, Tanboga I H, Isik T, Ekinci M, Aksakal E et al. Rosuvastatin versus 

atorvastatin to prevent contrast induced nephropathy in patients undergoing primary 

percutaneous coronary intervention (ROSA-cIN trial). Acta Cardiol. 2013;68(5):489-94. 

291. Khanal S, Attallah N, Smith D E, Kline-Rogers E, Share D, O'Donnell M J et al. 

Statin therapy reduces contrast-induced nephropathy: an analysis of contemporary 

percutaneous interventions. Am J Med. 2005;118(8):843-9. 

292. Kini A A and Sharma S K. Managing the high-risk patient: experience with 

fenoldopam, a selective dopamine receptor agonist, in prevention of radiocontrast 

nephropathy during percutaneous coronary intervention. Rev Cardiovasc Med. 2001;2 Suppl 

1:S19-25. 

293. Kolonko A, Wiecek A and Kokot F. The nonselective adenosine antagonist 

theophylline does prevent renal dysfunction induced by radiographic contrast agents. J 

Nephrol. 1998;11(3):151-6. 

294. Kramer B K, Preuner J, Ebenburger A, Kaiser M, Bergner U, Eilles C et al. Lack of 

renoprotective effect of theophylline during aortocoronary bypass surgery. Nephrol Dial 

Transplant. 2002;17(5):910-5. 

295. Krasuski R A, Beard B M, Geoghagan J D, Thompson C M and Guidera SA. Optimal 

timing of hydration to erase contrast-associated nephropathy: the OTHER CAN study. J 

Invasive Cardiol. 2003;15(12):699-702. 

296. Kristeller J L, Zavorsky G S, Prior J E, Keating D A, Brady M A, Romaldini T A et 

al. Lack of effectiveness of sodium bicarbonate in preventing kidney injury in patients 

undergoing cardiac surgery: a randomized controlled trial. Pharmacotherapy. 2013;33(7):710-

7. 

297. Lassnigg A, Donner E, Grubhofer G, Presterl E, Druml W and Hiesmayr M. Lack of 

renoprotective effects of dopamine and furosemide during cardiac surgery. J Am Soc 

Nephrol. 2000;11(1):97-104. 

298. Lee P T, Chou K J, Liu C P, Mar G Y, Chen C L, Hsu C Y et al. Renal protection for 

coronary angiography in advanced renal failure patients by prophylactic hemodialysis. A 

randomized controlled trial. J Am Coll Cardiol. 2007;50(11):1015-20. 

299. Majumdar S R, Kjellstrand C M, Tymchak W J, Hervas-Malo M, Taylor D A and Teo 

K K. Forced euvolemic diuresis with mannitol and furosemide for prevention of contrast-

induced nephropathy in patients with CKD undergoing coronary angiography: a randomized 

controlled trial. Am J Kidney Dis. 2009;54(4):602-9. 



References  

927 

 

300. Marenzi G, Bartorelli A L, Lauri G, Assanelli E, Grazi M, Campodonico J et al. 

Continuous veno-venous hemofiltration for the treatment of contrast-induced acute renal 

failure after percutaneous coronary interventions. Catheter Cardiovasc Interv. 2003;58(1):59-

64. 

301. Miller H I, Dascalu A, Rassin T A, Wollman Y, Chernichowsky T and Iaina A. 

Effects of an acute dose of L-arginine during coronary angiography in patients with chronic 

renal failure: a randomized, parallel, double-blind clinical trial. Am J Nephrol. 

2003;23(2):91-5. 

302. Mueller C, Buerkle G, Buettner H J, Petersen J, Perruchoud A P, Eriksson U et al. 

Prevention of contrast media-associated nephropathy: randomized comparison of 2 hydration 

regimens in 1620 patients undergoing coronary angioplasty. Arch Intern Med. 

2002;162(3):329-36. 

303. Neumayer H H, Junge W, Kufner A and Wenning A. Prevention of radiocontrast-

media-induced nephrotoxicity by the calcium channel blocker nitrendipine: a prospective 

randomised clinical trial. Nephrol Dial Transplant. 1989;4(12):1030-6. 

304. Recio-Mayoral A, Chaparro M, Prado B, Cozar R, Mendez I, Banerjee D et al. The 

reno-protective effect of hydration with sodium bicarbonate plus N-acetylcysteine in patients 

undergoing emergency percutaneous coronary intervention: the RENO Study. J Am Coll 

Cardiol. 2007;49(12):1283-8. 

305. Rosenstock J L, Bruno R, Kim J K, Lubarsky L, Schaller R, Panagopoulos G et al. 

The effect of withdrawal of ACE inhibitors or angiotensin receptor blockers prior to coronary 

angiography on the incidence of contrast-induced nephropathy. Int Urol Nephrol. 

2008;40(3):749-55. 

306. Schwab S J, Hlatky M A, Pieper K S, Davidson C J, Morris K G, Skelton T N et al. 

Contrast nephrotoxicity: a randomized controlled trial of a nonionic and an ionic radiographic 

contrast agent. N Engl J Med. 1989;320(3):149-53. 

307. Shavit L, Korenfeld R, Lifschitz M, Butnaru A and Slotki I. Sodium bicarbonate 

versus sodium chloride and oral N-acetylcysteine for the prevention of contrast-induced 

nephropathy in advanced chronic kidney disease. J Interv Cardiol. 2009;22(6):556-63. 

308. Shemirani H and Pourrmoghaddas M. A randomized trial of saline hydration to 

prevent contrast-induced nephropathy in patients on regular captopril or furosemide therapy 

undergoing percutaneous coronary intervention. Saudi J Kidney Dis Transpl. 2012;23(2):280-

5. 

309. Shin D H, Choi D J, Youn T J, Yoon C H, Suh J W, Kim K I et al. Comparison of 

contrast-induced nephrotoxicity of iodixanol and iopromide in patients with renal 

insufficiency undergoing coronary angiography. Am J Cardiol. 2011;108(2):189-94. 

310. Sochman J and Krizova B. Prevention of contrast agent-induced renal impairment in 

patients with chronic renal insufficiency and heart disease by high-dose intravenous N-

acetylcysteine: a pilot-ministudy. Kardiol Pol. 2006;64(6):559-64; discussion 65-6. 

311. Spangberg-Viklund B, Berglund J, Nikonoff T, Nyberg P, Skau T and Larsson R. 

Does prophylactic treatment with felodipine, a calcium antagonist, prevent low-osmolar 

contrast-induced renal dysfunction in hydrated diabetic and nondiabetic patients with normal 

or moderately reduced renal function? Scand J Urol Nephrol. 1996;30(1):63-8. 

312. Staniloae C S, Doucet S, Sharma S K, Katholi R E, Mody K R, Coppola J T et al. N-

Acetylcysteine added to volume expansion with sodium bicarbonate does not further prevent 

contrast-induced nephropathy: results from the cardiac angiography in renally impaired 

patients study. J Interv Cardiol. 2009;22(3):261-5. 



References  

928 

 

313. Stegmayr B G, Brannstrom M, Bucht S, Crougneau V, Dimeny E, Ekspong A et al. 

Low-dose atorvastatin in severe chronic kidney disease patients: a randomized, controlled 

endpoint study. Scand J Urol Nephrol. 2005;39(6):489-97. 

314. Sterner G, Frennby B, Kurkus J and Nyman U. Does post-angiographic hemodialysis 

reduce the risk of contrast-medium nephropathy? Scand J Urol Nephrol. 2000;34(5):323-6. 

315. Stevens M A, McCullough P A, Tobin K J, Speck J P, Westveer D C, Guido-Allen D 

A et al. A prospective randomized trial of prevention measures in patients at high risk for 

contrast nephropathy: results of the P.R.I.N.C.E. Study. Prevention of Radiocontrast Induced 

Nephropathy Clinical Evaluation. J Am Coll Cardiol. 1999;33(2):403-11. 

316. Tamai N, Ito S, Nakasuka K, Morimoto K, Miyata K, Inomata M et al. Sodium 

bicarbonate for the prevention of contrast-induced nephropathy: the efficacy of high 

concentration solution. J Invasive Cardiol. 2012;24(9):439-42. 

317. Taylor A J, Hotchkiss D, Morse R W and McCabe J. PREPARED: Preparation for 

Angiography in Renal Dysfunction: a randomized trial of inpatient vs outpatient hydration 

protocols for cardiac catheterization in mild-to-moderate renal dysfunction. Chest. 

1998;114(6):1570-4. 

318. Torigoe K, Tamura A, Watanabe T and Kadota J. 20-Hour preprocedural hydration is 

not superior to 5-hour preprocedural hydration in the prevention of contrast-induced increases 

in serum creatinine and cystatin C. Int J Cardiol. 2013;167(5):2200-3. 

319. Ueda H, Yamada T, Masuda M, Okuyama Y, Morita T, Furukawa Y et al. Prevention 

of contrast-induced nephropathy by bolus injection of sodium bicarbonate in patients with 

chronic kidney disease undergoing emergent coronary procedures. Am J Cardiol. 

2011;107(8):1163-7. 

320. Weinstein J M, Heyman S and Brezis M. Potential deleterious effect of furosemide in 

radiocontrast nephropathy. Nephron. 1992;62(4):413-5. 

321. Xinwei J, Xianghua F, Jing Z, Xinshun G, Ling X, Weize F et al. Comparison of 

usefulness of simvastatin 20 mg versus 80 mg in preventing contrast-induced nephropathy in 

patients with acute coronary syndrome undergoing percutaneous coronary intervention. Am J 

Cardiol. 2009;104(4):519-24. 

322. Carraro M, Stacul F, Collari P, Toson D, Zucconi F, Torre R et al. Contrast media 

nephrotoxicity: urinary protein and enzyme pattern in patients with or without saline infusion 

during digital subtracting angiography. Contrib Nephrol. 1993;101:251-4. 

323. Shakeryan F, Sanati H, Fathi H, Firouzi A, Zahedmehr A, Valizadeh G et al. 

Evaluation of combination therapy with vitamin C and pentoxifylline on preventing kidney 

failure secondary to intravenous contrast material in coronary angioplasty. Iranian Heart 

Journal2013. p. 17-21. 

324. Berger E D, Bader B D, Bosker J, Risler T and Erley C M. Contrast media-induced 

kidney failure cannot be prevented by hemodialysis. Dtsch Med Wochenschr. 

2001;126(7):162-6. 

325. Koch J A, Sketch M, Brinker J and Bernink P J. Prostaglandin E1 for prevention of 

contrast medium-induced kidney dysfunction. Rofo. 1999;170(6):557-63. 

326. Cao S, Wang P, Cui K, Zhang L and Hou Y. Atorvastatin prevents contrast agent-

induced renal injury in patients undergoing coronary angiography by inhibiting oxidative 

stress. Nan Fang Yi Ke Da Xue Xue Bao. 2012;32(11):1600-2. 

327. Chen G L and Su J Z. Atorvastatin attenuated contrast induced renal function damage. 

Zhonghua Xin Xue Guan Bing Za Zhi. 2009;37(5):389-93. 



References  

929 

 

328. Hui H, Li K, Li Z, Wang J, Gao M and Han X. Protective effect of amlodipine against 

contrast agent-induced renal injury in elderly patients with coronary heart disease. Nan Fang 

Yi Ke Da Xue Xue Bao. 2012;32(11):1580-3. 

329. Wang Z L, Liu M and Zhang Y Q. The prevention of denhong injection on contrast-

induced renal impairment after percutaneous coronary intervention. Zhongguo Zhong Xi Yi 

Jie He Za Zhi. 2011;31(12):1611-4. 

330. Yin L, Li G P, Liu T, Liu H M, Chen X, He M et al. Role of probucol in preventing 

contrast induced acute kidney injury after coronary interventional procedure: a randomized 

trial. Zhonghua Xin Xue Guan Bing Za Zhi. 2009;37(5):385-8. 

331. Zhou X, Jin Y Z, Wang Q, Min R and Zhang X Y. Efficacy of high dose atorvastatin 

on preventing contrast induced nephropathy in patients underwent coronary angiography. 

Zhonghua Xin Xue Guan Bing Za Zhi. 2009;37(5):394-6. 

332. Diez T, Bagilet D, Ramos M, Jolly H, Diab M, Marcucci R et al. Evaluation of two 

methods to avoid the nephropathy associated with radiologic contrast. Medicina (B Aires). 

1999;59(1):55-8. 

333. El Mahmoud R, Le Feuvre C, Le Quan Sang K H, Helft G, Beygui F, Batisse J P et al. 

Absence of nephro-protective effect of acetylcysteine in patients with chronic renal failure 

investigated by coronary angiography. Arch Mal Coeur Vaiss. 2003;96(12):1157-61. 

334. Toprak O, Cirit M, Bayata S, Yesil M and Aslan SL. The effect of pre-procedural 

captopril on contrast-induced nephropathy in patients who underwent coronary angiography. 

Anadolu Kardiyol Derg. 2003;3(2):98-103. 

335. Vallero A, Cesano G, Pozzato M, Garbo R, Minelli M, Quarello F et al. Contrast 

nephropathy in cardiac procedures: no advantages with prophylactic use of N-acetylcysteine 

(NAC). G Ital Nefrol. 2002;19(5):529-33. 

336. Chen H, Wu H, He Q, Chen H and Mao Y. Comparison of sodium bicarbonate and 

sodium chloride as strategies for preventing contrast nephropathy [abstract no: SU-PO1046]. 

Journal of the American Society of Nephrology : JASN2007. p. 817A-8A. 

337. Grygier M, Janus M, Araszkiewicz A, Kowal J, Mularek-Kubzdela T, Olasinska-

Wisniewska A et al. Combined treatment with ascorbic acid and N-acetylcysteine prevents 

contrast-induced nephropathy in high-risk patients with acute myocardial infarction 

undergoing percutaneous coronary intervention. European heart journal2011. p. 954-5. 

338. Habib M, Hillis A and Hamad A. Low dose of N-acetylcysteine plus ascorbic acid 

versus hydration with (saline 0.9%) for prevention of contrast-induced nephropathy in 

patients undergoing coronary angiography. International journal of cardiology2013. p. S81-S. 

339. Lin M, Sabeti M, Iskandar E, Malhotra N, Pham P T and Pham P C. Prevention of 

contrast nephropathy with sodium bicarbonate [abstract no: PUB591]. Journal of the 

American Society of Nephrology : JASN2007. p. 959a-60a. 

340. Lukas R, Eren A, Keller F and Jehle P. Prevention of contrast nephropathy (cnp) with 

hydratation and furosemide (fs) [abstract]. Nephrology Dialysis Transplantation1999. p. A73-

A. 

341. Moreyra A, Natarajan M K, Doucet S, Sharma S K, Staniloae C S and Katholi R E. 

Contrast nephropathy in patients with chronic kidney disease undergoing either diagnostic or 

interventional procedures [abstract no:TCT-313]. American journal of cardiology2007. p. 

124L-L. 

342. Ray D S and Srinivas V. Role of n-acetyl cysteine in prevention of contrast 

nephropathy in patients of diabetic renal failure: a prospective study [abstract]. Nephrology 

Dialysis Transplantation2003. p. 664-. 



References  

930 

 

343. Saidin R, Zainudin S, Kong N C T, Maskon O, Saaidin N F and Shah S A. 

Intravenous sodium bicarbonate versus normal saline infusion as prophylaxis against contrast 

nephropathy in patients with chronic kidney disease undergoing coronary angiography or 

angioplasty [abstract no: F-SA-DS911]. Journal of the American Society of Nephrology : 

JASN2006. p. 766A-A. 

344. Marenzi G, Lauri G, Campodonico J, Marana I, Assanelli E, De Metrio M et al. 

Comparison of two hemofiltration protocols for prevention of contrast-induced nephropathy 

in high-risk patients. Am J Med. 2006;119(2):155-62. 

345. Dias S, Welton N J, Sutton A J, Caldwell D M, Lu G and Ades A E. Evidence 

synthesis for decision making 4: inconsistency in networks of evidence based on randomized 

controlled trials. Med Decis Making. 2013;33(5):641-56. 

346. Zhang J Z, Kang X J, Gao Y, Zheng Y Y, Wu T T, Li L et al. Efficacy of alprostadil 

for preventing of contrast-induced nephropathy: A meta-analysis. Sci Rep. 2017;7(1):1045. 

347. Feldkamp T, Baumgart D, Elsner M, Herget-Rosenthal S, Pietruck F, Erbel R et al. 

Nephrotoxicity of iso-osmolar versus low-osmolar contrast media is equal in low risk 

patients. Clin Nephrol. 2006;66(5):322-30. 

348. Mruk B. Renal Safety of Iodinated Contrast Media Depending on Their Osmolarity - 

Current Outlooks. Pol J Radiol. 2016;81:157-65. 

349. Subramaniam R M, Suarez-Cuervo C, Wilson R F, Turban S, Zhang A, Sherrod C et 

al. Effectiveness of Prevention Strategies for Contrast-Induced Nephropathy: A Systematic 

Review and Meta-analysis. Ann Intern Med. 2016;164(6):406-16. 

350. Hankey G J, Norman P E and Eikelboom J W. Medical treatment of peripheral arterial 

disease. JAMA. 2006;295(5):547-53. 

351. Fowkes F G, Housley E, Cawood E H, Macintyre C C, Ruckley C V and Prescott R J. 

Edinburgh Artery Study: prevalence of asymptomatic and symptomatic peripheral arterial 

disease in the general population. International journal of epidemiology. 1991;20(2):384-92. 

352. Dormandy J, Heeck L and Vig S. Intermittent claudication: a condition with 

underrated risks. Seminars in vascular surgery. 1999;12(2):96-108. 

353. Mahoney E M, Wang K, Keo H H, Duval S, Smolderen K G, Cohen D J et al. 

Vascular hospitalization rates and costs in patients with peripheral artery disease in the 

United States. Circulation Cardiovascular quality and outcomes. 2010;3(6):642-51. 

354. Layden J, Michaels J, Bermingham S and Higgins B [Guideline Development Group]. 

Diagnosis and management of lower limb peripheral arterial disease: summary of NICE 

guidance. Bmj. 2012;345:e4947. 

355. Norgren L, Hiatt W R, Dormandy J A, Nehler M R, Harris K A, Fowkes F G et al. 

Inter-Society Consensus for the Management of Peripheral Arterial Disease (TASC II). J 

Vasc Surg. 2007;45 Suppl S:S5-67. 

356. van den Houten M M, Lauret G J, Fakhry F, Fokkenrood H J, van Asselt A D, Hunink 

M G et al. Cost-effectiveness of supervised exercise therapy compared with endovascular 

revascularization for intermittent claudication. Br J Surg. 2016;103(12):1616-25. 

357. Gerhard-Herman M D, Gornik H L, Barrett C, Barshes N R, Corriere M A, Drachman 

D E et al. 2016 AHA/ACC Guideline on the Management of Patients With Lower Extremity 

Peripheral Artery Disease: Executive Summary: A Report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am 

Coll Cardiol. 2017;69(11):1465-508. 

358. Walsh S R, Tang T Y, Kullar P, Jenkins D P, Dutka D P and Gaunt M E. Ischaemic 

preconditioning during cardiac surgery: systematic review and meta-analysis of perioperative 



References  

931 

 

outcomes in randomised clinical trials. European journal of cardio-thoracic surgery : official 

journal of the European Association for Cardio-thoracic Surgery. 2008;34(5):985-94. 

359. Karakoyun R, Koksoy C, Yilmaz T U, Altun H, Banli O, Albayrak A et al. The 

angiogenic effects of ischemic conditioning in experimental critical limb ischemia. Eur J 

Vasc Endovasc Surg. 2014;47(2):172-9. 

360. Fletcher G F, Balady G J, Amsterdam E A, Chaitman B, Eckel R, Fleg J et al. 

Exercise standards for testing and training: a statement for healthcare professionals from the 

American Heart Association. Circulation. 2001;104(14):1694-740. 

361. McDermott M M, Ades P A, Dyer A, Guralnik J M, Kibbe M and Criqui M H. 

Corridor-based functional performance measures correlate better with physical activity 

during daily life than treadmill measures in persons with peripheral arterial disease. J Vasc 

Surg. 2008;48(5):1231-7, 7 e1. 

362. Saghaei M and Saghaei, S. Implementation of an open-source customizable 

minimization program for allocation of patients to parallel groups in clinical trials. Journal of 

Biomedical Science and Engineering. 2011;4. 

363. Hausenloy D J, Candilio L, Evans R, Ariti C, Jenkins D P, Kolvekar S et al. Remote 

Ischemic Preconditioning and Outcomes of Cardiac Surgery. N Engl J Med. 

2015;373(15):1408-17. 

364. Meybohm P, Bein B, Brosteanu O, Cremer J, Gruenewald M, Stoppe C et al. A 

Multicenter Trial of Remote Ischemic Preconditioning for Heart Surgery. N Engl J Med. 

2015;373(15):1397-407. 

365. Sukkar L, Hong D, Wong M G, Badve S V, Rogers K, Perkovic V et al. Effects of 

ischaemic conditioning on major clinical outcomes in people undergoing invasive 

procedures: systematic review and meta-analysis. Bmj. 2016;355:i5599. 

366. Healy D A and Walsh S R. Remote Preconditioning and Vascular Surgery. J 

Cardiovasc Pharmacol Ther. 2017;22(4):316-20. 

367. Shimizu M, Konstantinov I E, Kharbanda R K, Cheung M H and Redington A N. 

Effects of intermittent lower limb ischaemia on coronary blood flow and coronary resistance 

in pigs. Acta Physiol (Oxf). 2007;190(2):103-9. 

368. White D. Development of a rural health framework: implications for program service 

planning and delivery. Healthc Policy. 2013;8(3):27-41. 

369. Schiphorst A H, Verweij N M, Pronk A, Borel Rinkes I H and Hamaker M E. Non-

surgical complications after laparoscopic and open surgery for colorectal cancer - A 

systematic review of randomised controlled trials. Eur J Surg Oncol. 2015;41(9):1118-27. 

370. Jakobson T, Karjagin J, Vipp L, Padar M, Parik A H, Starkopf L et al. Postoperative 

complications and mortality after major gastrointestinal surgery. Medicina (Kaunas). 

2014;50(2):111-7. 

371. Walsh S R, Oates J E, Anderson J A, Blair S D, Makin C A and Walsh C J. 

Postoperative arrhythmias in colorectal surgical patients: incidence and clinical correlates. 

Colorectal Dis. 2006;8(3):212-6. 

372. Ekeloef S, Alamili M, Devereaux P J and Gogenur I. Troponin elevations after non-

cardiac, non-vascular surgery are predictive of major adverse cardiac events and mortality: a 

systematic review and meta-analysis. Br J Anaesth. 2016;117(5):559-68. 

373. Noordzij P G, van Geffen O, Dijkstra I M, Boerma D, Meinders A J, Rettig T C et al. 

High-sensitive cardiac troponin T measurements in prediction of non-cardiac complications 

after major abdominal surgery. Br J Anaesth. 2015;114(6):909-18. 



References  

932 

 

374. van Waes J A, Nathoe H M, de Graaff J C, Kemperman H, de Borst G J, Peelen L M 

et al. Myocardial injury after noncardiac surgery and its association with short-term mortality. 

Circulation. 2013;127(23):2264-71. 

375. Schmidt M R, Kristiansen S B and Bøtker H E. Remote Ischemic Preconditioning: No 

Loss in Clinical Translation. Circulation Research. 2013;113(12):1278-80. 

376. Healy D, Clarke-Moloney M, Gaughan B, O'Daly S, Hausenloy D, Sharif F et al. 

Preconditioning Shields Against Vascular Events in Surgery (SAVES), a multicentre 

feasibility trial of preconditioning against adverse events in major vascular surgery: study 

protocol for a randomised control trial. Trials. 2015;16:185. 

377. Ali Z A, Callaghan C J, Lim E, Ali A A, Nouraei S A, Akthar A M et al. Remote 

ischemic preconditioning reduces myocardial and renal injury after elective abdominal aortic 

aneurysm repair: a randomized controlled trial. Circulation. 2007;116(11 Suppl):I98-105. 

378. Brevoord D, Kranke P, Kuijpers M, Weber N, Hollmann M and Preckel B. Remote 

ischemic conditioning to protect against ischemia-reperfusion injury: a systematic review and 

meta-analysis. PloS one. 2012;7(7):e42179. 

379. Le Page S, Bejan-Angoulvant T, Angoulvant D and Prunier F. Remote ischemic 

conditioning and cardioprotection: a systematic review and meta-analysis of randomized 

clinical trials. Basic Res Cardiol. 2015;110(2):11. 

380. Candilio L, Malik A, Ariti C, Barnard M, Di Salvo C, Lawrence D et al. Effect of 

remote ischaemic preconditioning on clinical outcomes in patients undergoing cardiac bypass 

surgery: a randomised controlled clinical trial. Heart. 2015;101(3):185-92. 

381. Erling Junior N, Montero E F, Sannomiya P and Poli-de-Figueiredo L F. Local and 

remote ischemic preconditioning protect against intestinal ischemic/reperfusion injury after 

supraceliac aortic clamping. Clinics (Sao Paulo). 2013;68(12):1548-54. 

382. Florescu M, Cinteza M and Vinereanu D. Chemotherapy-induced Cardiotoxicity. 

Maedica (Buchar). 2013;8(1):59-67. 

383. Horr S, Reed G and Menon V. Troponin elevation after noncardiac surgery: 

Significance and management. Cleve Clin J Med. 2015;82(9):595-602. 

384. Bartels K, Sullivan B L and Eltzschig HK. TnT: blowing the cover from perioperative 

myocardial injury. Anesthesiology. 2014;120(3):533-5. 

 


