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Abstract
For decades, when contrast agents are administrated, physicians have
been concerned because of the risk of inducing acute kidney injury (AKI).
Recent literature questions the existence of AKI induced by contrast, but
animal studies clearly showed harmful effects. The occurrence of
contrast-associated AKI was likely overestimated in the past because of
confounders for AKI. Several strategies have been investigated to reduce
contrast-associated AKI but even for the most important one, hydration,
there are conflicting data. Even if the occurrence rate of contrast-associated
AKI is low, AKI is related to worse outcomes. Therefore, besides limiting
contrast agent usage, general AKI preventive measurements should be
applied in at-risk patients.
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Introduction
Iodinated radiocontrast agents are used for diagnostic  
radiography procedures as well as for therapeutic interventions. 
With the increasing use of non-invasive endovascular inter-
ventions, use of and exposure to contrast agents will further  
increase. Over decades, physicians were concerned about the 
harmful effects of contrast agents on kidney function. Recently,  
this fear led to doubts about whether contrast-associated acute 
kidney injury (CA-AKI) even exists and, if so, what is the  
clinical impact and are we able to prevent it?

Does contrast-associated acute kidney injury even 
exist?
Maybe the best illustration of the different opinions on the  
impact of contrast exposure on AKI is the use of many different 
terms. Classically, the term contrast-induced AKI was used;  
later, others suggested the terms CA-AKI and post-contrast  
AKI1,2. Contrast-induced AKI indicates a clear relationship  
between contrast administration and AKI. The latter two terms 
better illustrate the heterogeneity and multifactorial etiology of  
AKI in severely ill patients exposed to contrast agents.  
Post-contrast AKI emphasizes the temporal relationship between 
contrast exposure and AKI.

In experimental studies, it is clearly proven that contrast  
agents reduce renal blood flow in the medulla, induce free 
oxygen radicals, and induce apoptosis of renal tubular cells  
(Figure 1)3–5. Several trials have evaluated various strategies 
to prevent AKI after exposure to contrast agents. Even for the 

most accepted and most often used preventive measure, pre- 
hydration, there are conflicting data. Negative trials for  
preventive measures and conflicting data in controlled cohort 
studies may be an argument against a causative relationship  
between contrast agents and AKI6. Bias may occur in studies 
if the investigated preventive measure influences creatinine  
concentration even without effect on the contrast agent 
or its potential effects on kidney function. For example,  
N-acetylcysteine is associated with lower creatinine production,  
dialysis removes creatinine, and hydration can lead to dilution of  
creatinine7. On the other hand, in human studies, high-osmolar  
contrast agents were found to be harmful for kidneys and  
therefore are not used anymore8. The ultimate evidence on 
the toxicity of contrast administration would be a prospective  
randomized study in which patients who underwent, for exam-
ple, a computed tomography (CT) scan would be randomly 
assigned to a contrast-enhanced examination or standard. 
So far, such a study does not exist. Sophisticated statistical  
analyses may be used in cohort studies to account for differ-
ences in baseline characteristics and other confounders but 
these studies will always suffer from bias by unmeasured  
confounding.

Given that experimental data clearly demonstrate the toxic  
effects of contrast exposure on kidney function, we prefer to use  
the terminology CA-AKI throughout this article.

In severely ill patients with AKI, it is difficult to differentiate 
the role of contrast agents and other possible contributors to the  

Figure 1. Pathophysiology of contrast-associated acute kidney injury. CM, contrast media; GFR, glomerular filtration rate; NO, nitric 
oxide; ROS, reactive oxygen species; TGF, transforming growth factor. Modified version from Vandenberghe W, De Corte W, Hoste EA. 
Contrast-associated AKI in the critically ill: relevant or irrelevant? Current opinion in critical care. 2014 Dec;20(6):596-605. PubMed PMID: 
25314241. Epub 2014/10/159. By permission of Wolters Kluwer Health, Inc.
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development of AKI, such as hypotension, infection, inflamma-
tion, and other nephrotoxic medications10. To complicate things 
even more, even the procedure itself can have an influence on  
kidney function. During percutaneous coronary intervention  
(PCI), passage of the guidewire and catheter may disrupt plaques 
in the aorta, leading to micro-embolism and cholesterol emboli  
in the kidneys via the renal arteries11.

Another important issue is the definition used to diagnose  
CA-AKI. Chalikias et al.12 found that six different definitions 
were used in recent literature. Some used an absolute increase 
of serum creatinine which varied from at least 0.3 to at least  
1 mg/dL, and others used relative increases of 25 to 50% of  
baseline creatinine. Also, the duration of observation was  
different: classically a 48-hour follow-up time after contrast  
exposure and up to 6 days in the AMACING trial12,13.  
Chalikias et al. showed a wide variation of the occurrence rate 
of CA-AKI, between 1.3 and 15.8%, probably because of the  
use of different definitions together with differences in the 
patient cohort undergoing angiography12. We investigated the  
occurrence rate of CA-AKI in intensive care unit (ICU) patients 
after contrast administration for CT scan and non-coronary  
angiography and found that the occurrence rate of CA-AKI  
varied between 16.3 and 22.2% when CA-AKI was defined 
respectively as an increase of serum creatinine of 25 or  
0.5 mg/dL within 3 days or the Kidney Disease Improving  
Global Outcomes (KDIGO) classification for AKI1.

Is it possible to prevent contrast-associated acute 
kidney injury?
We should realize that there is important heterogeneity  
between patient groups exposed to contrast. Some groups 

are at greater risks than others and this also may explain the  
discussion on the relevance of CA-AKI. The risk for CA-AKI  
will be different in out-patients receiving contrast for coro-
nary angiography compared with ICU patients undergoing a 
contrast-enhanced CT scan. In patients who undergo coronary  
angiography, exposure to contrast is in most cases the single  
reason for AKI, whereas in critically ill patients who are having 
a contrast-enhanced CT scan, AKI is more likely the result of  
multiple hits. In fact, a contrast-enhanced CT scan is typically 
carried out in patients who are at greater risk for AKI. An  
illustrative example may be a patient with a suture leak one  
week after colectomy for colon cancer who develops septic  
shock. In this case, there are many risk factors besides contrast: 
previous major abdominal surgery, septic shock, and use of  
broad-spectrum antibiotics, including aminoglycosides and  
vancomycin. Here, simple preventive measures may make an 
important impact14,15.

Who should receive contrast prevention?
Especially in out-patients with normal kidney function  
undergoing elective procedures, the risk for CA-AKI and long-
term consequences is low. Preventive measures should be  
administered to patients at greatest risk for CA-AKI. Risk 
factors include decreased kidney function, as measured by 
an estimated glomerular filtration rate (eGFR) lower than  
45 mL/min per 1.73 m2, or the presence of other risk factors for 
AKI (Table 1).

Measures for contrast prevention
Several specific interventions to prevent CA-AKI have been  
investigated. We will discuss the use of hydration, bicarbonate,  
N-acetylcysteine, vitamins, statins, and dialysis.

Table 1. Risk factors for contrast-associated acute kidney injury2.

Risk factors for CA-AKI

Patient-related 
-   eGFR < 30 mL/min per 1.73 m2 before IV or IA CM administration                                         (level C) 
-   eGFR < 45 mL/min per 1.73 m2 if patient admitted on ICU or if IA CM administration            (level C) 
-   Risk factors for impaired renal function in general (not specific for CA-AKI)                           (level B) 
       ○    Old age 
       ○    Female gender 
       ○    Low body mass index 
       ○    Cardiovascular and metabolic risk factors 
       ○    Malignancy 
       ○    Inflammation 
       ○    Bleeding 
       ○    Anemia 
       ○    Hyperuricemia 
Procedure-related 
-   Repeated CM injections in a short period (48–72 hours)                                                              (level C) 
-   High CM dose                                                                                                                                (level C) 
       ○    Ratio of CM dose to absolute eGFR should be < 1.1 
       ○    Ratio of CM volume to eGFR should be < 3.0 (if CM concentration is 350 mg iodine/mL)

CA-AKI, contrast-associated acute kidney injury; CM, contrast media; eGFR, estimated glomerular filtration rate; IA,  
intra-arterial; ICU, intensive care unit; IV, intravenous.
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Hydration
Adequate hydration before and after contrast agent administra-
tion is regarded as the most important preventive strategy. Its  
rationale is that hydration leads to a lower concentration of  
contrast agent at the site of the renal tubules, which will reduce 
interaction of the contrast with the kidneys. Despite the wide  
adoption of hydration as a preventive measure for CA-AKI, 
this gets only level B evidence in the 2011 and 2018 guide-
lines for contrast medium–induced nephropathy by the contrast 
media safety committee of the European Society of Urogenital  
Radiology2,16,17. Recently, the AMACING trial, one of the few  
studies that actually compared hydration with no hydration,  
could not show a benefit for hydration as a preventive meas-
ure for CA-AKI13. In this study, patients who had an elective  
contrast-enhanced procedure and who had an eGFR lower than  
60 mL/min per 1.75 m2 but greater than 30 mL/min per  
1.75 m2, were prospectively included and allocated to a group  
with or without hydration13. The AMACING trial included  
patients with reduced kidney function for whom hydration as 
a preventive strategy is recommended. Interestingly, the inci-
dence of CA-AKI in this study cohort was less than 3% in both 
the intervention and control groups. Severely ill ICU patients who 
undeniably have a higher risk for the development of CA-AKI  
were excluded and therefore the results cannot be extrapolated to 
this population.

Hydration is also not without side effects and especially  
patients with reduced cardiac and kidney function are at risk of 
pulmonary edema. In this population, the volume of hydration  
is often reduced to prevent fluid overload, which of course may 
increase the risk of inadequate renal protection.

Hydration with bicarbonate or isotonic saline? Hydration 
with isotonic saline has been the standard for over a decade in  
coronary angiography18. Merten used bicarbonate as a scav-
enger for free reactive oxygen species in a solution with 
a concentration similar to that of NaCl 0.9% in order to  
protect kidneys against contrast19. Follow-up studies in which a  
bicarbonate regimen was compared with isotonic saline showed 
conflicting results; some studies and meta-analyses confirmed 
the benefits shown by the original study by Merten and others  
showed equal risk for CA-AKI. Unfortunately, most of these 
studies had important limitations in study design/conduct 
and most importantly were underpowered, limiting their  
interpretation2,20–23.

Recently, the adequately powered PRESERVE study, a prospec-
tive randomized study that had a 2 × 2 factorial design and that  
included 4993 patients with a high risk for renal complications 
after contrast administration, showed no benefit of intravenous  
sodium bicarbonate over intravenous sodium chloride for the 
prevention of death, need for dialysis, or persistent decline in  
kidney function at 90 days or for the prevention of CA-AKI24. 
The absence of benefit for sodium bicarbonate compared with  
isotonic saline was confirmed in a prospective multicenter  
randomized study in an ICU setting in patients with stable 
renal function25. Therefore, we should conclude that sodium  
bicarbonate solutions and isotonic saline are equally effective for 
prevention of CA-AKI in this type of patient.

Diuretics
Some preventive strategies such as the use of the osmotic  
diuretic mannitol or the loop diuretic furosemide are aimed 
at a reduction of exposure of the tubular cells to contrast by 
increasing tubular flow26. When increased urine production and  
negative fluid balance were not corrected, these strategies  
resulted in net fluid loss and so provided a nice model to show  
that volume depletion comes with increased risk for CA-AKI26. 
The RenalGuard System uses forced diuresis by means of  
furosemide in combination with a device that provides con-
tinuous intravenous fluid compensation of the urine produced27.  
This system prevented CA-AKI and fluid overload in three  
studies in patients who underwent coronary angiography or PCI 
with reduced cardiac function28,29.

N-acetylcysteine
Similar to sodium bicarbonate pre-hydration, N-acetylcysteine 
has been explored for prevention of CA-AKI for the supposed  
anti-oxidant effects on reactive oxygen species30. Since the  
original study by Tepel et al.30 in 2000, numerous studies and  
meta-analyses, most underpowered and with methodological  
flaws, have reported conflicting results on the use of N-acetyl-
cysteine for the prevention of CA-AKI. Recently, however, two 
large and adequately powered studies could show no benefit of 
N-acetylcysteine over placebo in different study cohorts. First, 
the ACT (Acetylcysteine for Contrast-Induced Nephropathy  
Trial), including 2308 patients in coronary angiography and  
peripheral vascular angiography, showed that at-risk patients 
exposed to high-dose N-acetylcysteine and placebo had similar 
rates of CA-AKI31. Also, the PRESERVE study (n = 4998) 
showed that the two groups had similar incidences of CA- 
AKI (N-acetylcysteine 9.1% versus placebo 8.7%, P = 0.58)24. 
In summary, the supposed preventive effect of N-acetylcysteine 
for CA-AKI could not be confirmed in several well-designed  
and adequately powered studies.

Statins
Statins have anti-oxidant, anti-inflammatory, and anti-thrombotic 
properties and restore renal nitric oxide (NO) production32.  
These mechanisms play a role in CA-AKI and therefore several 
trials have investigated various types and doses of statins as a  
preventive measure33. A meta-analysis containing 150 trials 
with several preventive strategies for CA-AKI found only a  
beneficial effect of statins on the general population34. In 2017, 
Liang et al. performed a meta-analysis of 15 randomized  
controlled trials (RCTs) about moderate- to high-dose rosuvas-
tatin for the prevention of CA-AKI after angiography or PCI35.  
A moderate to high dose of rosuvastatin, compared with low-
dose or no statin, reduced CA-AKI in that specific cohort35. 
In the same year, an RCT with atorvastatin confirmed the  
benefit for reducing CI-AKI36. Therefore, in patients undergo-
ing coronary angiography, an expert panel of the European  
Society of Intensive Care Medicine suggests the short-term use  
of atorvastatin or rosuvastatin to prevent CA-AKI37.

Renal replacement therapy
Hemodialysis is able to remove between 70 and 80% of the 
injected low-osmolar contrast media (LOCM) dose during a 4-hour  
session38–40. Although it is technically possible to remove a  
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certain amount of contrast dose, a 2012 meta-analysis by Cruz  
et al. showed insufficient evidence to support renal replacement 
therapy (RRT) to prevent CA-AKI41.

A potential explanation for the discrepancy between the ability 
to remove contrast by RRT and the lack of effect in preventing  
CA-AKI is that RRT induces inflammation, coagulation, and 
hypotension that in themselves may negatively affect kidney  
function41. Second, for practical reasons, there will inevi-
tably already be a considerable time of contrast exposure 
between time of administration and start of RRT. Probably, the  
nephrotoxic effects of contrast are most important immediately 
after administration when contrast concentration in the renal  
arteries and kidneys is highest41. Marenzi et al. randomized  
patients with severely impaired kidney function beforehand to  
initiation of hemofiltration before coronarography and  
continued afterwards and showed a less frequent rise in serum 
creatinine (which is not unexpected when RRT is used) and  
fewer complications in the intervention group compared to  
standard of care42. Limitations of this study, including 
unblinding and a higher level of care in the intervention arm  
compared with control patients, mean that this intervention  
cannot be recommended at present.

Vitamins C and E
Vitamins C and E have been evaluated as a preventive measure 
for CA-AKI for their anti-oxidant and scavenging effects. For  
vitamin C, encouraging results from cohort studies could not be 
confirmed in prospective studies43–45. Vitamin E was evaluated 
in four small prospective studies, and the individual studies 
and a meta-analysis (n = 623) showed that adding vitamin E to  
hydration regimens lowered the risk for CA-AKI46. These  
encouraging results should be confirmed in adequately powered 
studies before wide adoption of this preventive strategy can be  
recommended.

How can the radiologist or cardiologist make nice 
images without destruction of the kidneys?
Route of administration
The risk for CA-AKI seems lower when contrast media is  
administered intravenously rather than intra-arterially16. There 
are several explanations for this. During an intra-arterial contrast  
procedure, a higher dose is usually used and the transit time to 
the kidneys is shorter. The combination of these two factors will  
result in potentially higher concentrations of contrast medium 
in the kidneys. In addition, there are more procedure-related  
reasons for AKI. Advancing the catheter via the femoral artery 
to the aorta increases the risk for thrombo-emboly entering the  
renal arteries. The risk for CA-AKI is lower in coronary angi-
ography via the radial artery compared with the femoral  
approach47. This line of reasoning is merely theoretical since 
in clinical practice the route of administration—intravenous or  
intra-arterial—is procedure-related. Importantly, a higher risk 
for CA-AKI in patients with intra-arterial contrast may be 
explained by differences in baseline characteristics when com-
pared with patients who undergo intravenous contrast examina-
tion. Both Kooiman et al.48,49 and McDonald et al.48,49 addressed 
this potential bias by investigating paired cohorts of patients 

receiving both intra-arterial and intravenous contrast. The 
authors were not able to show a difference in occurrence rate 
of CA-AKI between intra-arterial versus intravenous contrast  
administration48,49.

Type of contrast medium
Contrast agents are categorized according to their osmolality 
as high-, iso-, or low-osmolar contrast media (HOCM, IOCM, 
and LOCM, respectively). Especially HOCM is a risk fac-
tor for CA-AKI and is not used anymore. Whether IOCM and 
LOCM agents have an advantage over each other is unclear. The  
Visipaque Angiography/Interventions with Laboratory Outcomes 
in Renal Insufficiency (VALOR) and Cardiac Angiography 
in Renally Impaired Patients (CARE) trials were not able to 
show a different in occurrence of CA-AKI when IOCM and  
LOCM were used in patients with chronic kidney disease under-
going angiography50,51. This was supported by a meta-analysis 
by Heinrich et al.52. Similar results were found recently in a meta-
analysis including prospectively randomized trials in diabetes 
patients, a high-risk group for CA-AKI53.

Volume of contrast agent
For every drug, too much is not good and will cause toxic-
ity. Similarly, increased volumes of administered contrast will 
lead to a higher occurrence rate of AKI. Laskey et al. related  
volume of contrast to kidney function and found that a contrast 
volume equal to 3.7 times creatinine clearance was associated 
with an early abnormal increase in serum creatinine in patients  
undergoing PCI54. This finding also nicely illustrates that patients 
may have different risk profiles. Patients with normal kidney 
function have a very low risk for CA-AKI whereas patients 
with decreased kidney function are at greater risk. A safe 
dose does not exist, and it is prudent to always use the smallest  
amount of contrast agent necessary to perform the investigation16.

Use of other imaging techniques: magnetic resonance 
imaging and gadolinium and carbon dioxide
Magnetic resonance imaging (MRI) could be an alternative for 
imaging in certain situations. Of course, a major disadvantage 
of MRI is the limited availability of this procedure. Also, early 
experience showed that gadolinium-based contrast agents 
(GBCAs) are associated with a decline in kidney function and 
evolution to nephrogenic systemic fibrosis (NSF). In 2017, 
Scharnweber et al. investigated the use of GBCA in patients with  
AKI, severe chronic kidney insufficiency, or even kidney failure 
with or without dialysis55. Currently, according to their findings, 
macrocyclic agents and the newer linear agents (“cyclic” and 
“linear” are both chemical structures of GBCA) have a low 
risk of causing NSF when administered in a routine dose  
and when repeated injections are avoided55.

In clinical practice, it is probably very seldom that a physician 
chooses MRI above CT solely for kidney-protective reasons 
and this is because of limited availability and the potential nega-
tive effects of MRI GBCAs on kidney function, especially in 
patients with chronic kidney disease. Carbon dioxide (CO

2
) is 

inexpensive and can be used in certain procedures as an alternative  
to iodinated contrast agents when MRI and gadolinium are used56.
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What if, after all preventive measurements, contrast-
associated acute kidney injury still occurs?
We found that in ICU patients CA-AKI was associated with 
longer length of stay, worse survival in hospital, and a higher 
mortality up to 1 year after contrast administration1. When we 
reviewed literature for outcome after CA-AKI in different patient 
cohorts, we found conflicting results for mortality. We found that 
there was a greater risk for increased mortality in observational 
studies compared with a similar risk with or without contrast  
agent in matched case control studies9. Difference in baseline 
characteristics probably plays an important role here. In  
clinical practice, we are less likely to order a contrast-enhanced 
CT scan in patients at greater risk for CA-AKI. Therefore, the 
patients we deny contrast, because of a high risk for AKI, will  
be categorized in the control group.

If AKI occurs after the administration of contrast, the same rec-
ommendations formulated by the KDIGO in preventing AKI 
can be used: evaluate whether it is possible to stop nephrotoxic 
agents such as aminoglycosides, vancomycin, non-steroidal 
anti-inflammatory drugs, angiotensin-converting enzyme inhibi-
tor, and angiotensin receptor blocker; optimize hemodynamics 
and volume status; closely monitor kidney function and fluid 
balance; avoid hyperglycemia; avoid further exposure to  
contrast agents; and avoid gelatins, colloids, and chloride-rich  
solutions14,15.

Conclusions
Contrast media will harm the kidneys through several patho-
physiological mechanisms. However, the true impact of contrast 
administration on the occurrence of AKI is a matter of debate. 
AKI after contrast administration has a very low occurrence 
rate in low-risk patients and is frequent in critically ill at-risk 
patients. In this last group, other mechanisms may also play a 
role in the development of AKI. Therefore, the term CA-AKI is  
preferred. CA-AKI is associated with worse outcomes. Avoid-
ing or minimizing the volume of contrast media is recom-
mended, and general preventive measurements for AKI should 
be applied in patients with risk factors. Pre-hydration is the  
preferred preventive measure that should be used in patients 
with risk factors for the development of CA-AKI. In coronary 
angiography, a high dose of statins has been shown to diminish  
the risk for CA-AKI.

Author contributions
WV contributed to the concept of the review, the first draft, 
and the final manuscript. EH contributed to the concept of the  
review, draft revision, and the final manuscript.

Grant information
The author(s) declared that no grants were involved in supporting 
this work.

1. Hoste EA, Doom S, De Waele J, et al.: Epidemiology of contrast-associated 
acute kidney injury in ICU patients: a retrospective cohort analysis. Intensive 
Care Med. 2011; 37(12): 1921–31.  
PubMed Abstract | Publisher Full Text 

2.  van der Molen AJ, Reimer P, Dekkers IA, et al.: Post-contrast acute kidney 
injury - Part 1: Definition, clinical features, incidence, role of contrast medium 
and risk factors: Recommendations for updated ESUR Contrast Medium 
Safety Committee guidelines. Eur Radiol. 2018; 28(7): 2845–55.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

3. Bakris GL, Lass N, Gaber AO, et al.: Radiocontrast medium-induced declines in 
renal function: a role for oxygen free radicals. Am J Physiol. 1990; 258(1 Pt 2): 
F115–20.  
PubMed Abstract | Publisher Full Text 

4.  Weisbord SD, du Cheryon D: Contrast-associated acute kidney injury is a 
myth: No. Intensive Care Med. 2018; 44(1): 107–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

5. Zager RA, Johnson AC, Hanson SY: Radiographic contrast media-induced 
tubular injury: evaluation of oxidant stress and plasma membrane integrity. 
Kidney Int. 2003; 64(1): 128–39.  
PubMed Abstract | Publisher Full Text 

6. Ehrmann S, Aronson D, Hinson JS: Contrast-associated acute kidney injury is a 
myth: Yes. Intensive Care Med. 2018; 44(1): 104–6.  
PubMed Abstract | Publisher Full Text 

7. Hoffmann U, Fischereder M, Krüger B, et al.: The value of N-acetylcysteine in the 
prevention of radiocontrast agent-induced nephropathy seems questionable.  
J Am Soc Nephrol. 2004; 15(2): 407–10.  
PubMed Abstract | Publisher Full Text 

8. Barrett BJ, Carlisle EJ: Metaanalysis of the relative nephrotoxicity of high- 
and low-osmolality iodinated contrast media. Radiology. 1993; 188(1): 171–8. 
PubMed Abstract | Publisher Full Text 

9. Vandenberghe W, De Corte W, Hoste EA: Contrast-associated AKI in the 
critically ill: relevant or irrelevant? Curr Opin Crit Care. 2014; 20(6): 596–605. 
PubMed Abstract | Publisher Full Text

10. Singbartl K, Kellum JA: AKI in the ICU: definition, epidemiology, risk 

stratification, and outcomes. Kidney Int. 2012; 81(9): 819–25.  
PubMed Abstract | Publisher Full Text 

11. Keeley EC, Grines CL: Scraping of aortic debris by coronary guiding catheters: 
a prospective evaluation of 1,000 cases. J Am Coll Cardiol. 1998; 32(7): 1861–5. 
PubMed Abstract | Publisher Full Text 

12. Chalikias G, Drosos I, Tziakas DN: Contrast-Induced Acute Kidney Injury: An 
Update. Cardiovasc Drugs Ther. 2016; 30(2): 215–28.  
PubMed Abstract | Publisher Full Text 

13.  Nijssen EC, Rennenberg RJ, Nelemans PJ, 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.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

14. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work 
Group: KDIGO Clinical practice guideline for acute kidney injury. Kidney Int 
Suppl. 2012; 2(1): 1–138.  
Reference Source

15.  Meersch M, Schmidt C, Hoffmeier A, et al.: Prevention of cardiac surgery-
associated AKI by implementing the KDIGO guidelines in high risk patients 
identified by biomarkers: the PrevAKI randomized controlled trial. Intensive 
Care Med. 2017; 43(11): 1551–61.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

16. Stacul F, van der Molen AJ, Reimer P, et al.: Contrast induced nephropathy: 
updated ESUR Contrast Media Safety Committee guidelines. Eur Radiol. 2011; 
21(12): 2527–41.  
PubMed Abstract | Publisher Full Text 

17.  van der Molen AJ, Reimer P, Dekkers IA, et al.: Post-contrast acute kidney 
injury. Part 2: risk stratification, role of hydration and other prophylactic 
measures, patients taking metformin and chronic dialysis patients: 
Recommendations for updated ESUR Contrast Medium Safety Committee 
guidelines. Eur Radiol. 2018; 28(7): 2856–69.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

18. Mueller C, Buerkle G, Buettner HJ, et al.: Prevention of contrast media-associated 

References F1000 recommended

Page 7 of 9

F1000Research 2019, 8(F1000 Faculty Rev):753 Last updated: 29 MAY 2019

http://www.ncbi.nlm.nih.gov/pubmed/22048719
http://dx.doi.org/10.1007/s00134-011-2389-8
https://f1000.com/prime/732636786
http://www.ncbi.nlm.nih.gov/pubmed/29426991
http://dx.doi.org/10.1007/s00330-017-5246-5
http://www.ncbi.nlm.nih.gov/pmc/articles/5986826
https://f1000.com/prime/732636786
http://www.ncbi.nlm.nih.gov/pubmed/2301588
http://dx.doi.org/10.1152/ajprenal.1990.258.1.F115
https://f1000.com/prime/734270136
http://www.ncbi.nlm.nih.gov/pubmed/29242968
http://dx.doi.org/10.1007/s00134-017-5015-6
https://f1000.com/prime/734270136
http://www.ncbi.nlm.nih.gov/pubmed/12787403
http://dx.doi.org/10.1046/j.1523-1755.2003.00059.x
http://www.ncbi.nlm.nih.gov/pubmed/29242967
http://dx.doi.org/10.1007/s00134-017-4950-6
http://www.ncbi.nlm.nih.gov/pubmed/14747387
http://dx.doi.org/10.1097/01.ASN.0000106780.14856.55
http://www.ncbi.nlm.nih.gov/pubmed/8511292
http://dx.doi.org/10.1148/radiology.188.1.8511292
http://www.ncbi.nlm.nih.gov/pubmed/25314241
http://dx.doi.org/10.1097/MCC.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/21975865
http://dx.doi.org/10.1038/ki.2011.339
http://www.ncbi.nlm.nih.gov/pubmed/9857864
http://dx.doi.org/10.1016/S0735-1097(98)00497-5
http://www.ncbi.nlm.nih.gov/pubmed/26780748
http://dx.doi.org/10.1007/s10557-015-6635-0
https://f1000.com/prime/727343445
http://www.ncbi.nlm.nih.gov/pubmed/28233565
http://dx.doi.org/10.1016/S0140-6736(17)30057-0
https://f1000.com/prime/727343445
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://f1000.com/prime/727229720
http://www.ncbi.nlm.nih.gov/pubmed/28110412
http://dx.doi.org/10.1007/s00134-016-4670-3
http://www.ncbi.nlm.nih.gov/pmc/articles/5633630
https://f1000.com/prime/727229720
http://www.ncbi.nlm.nih.gov/pubmed/21866433
http://dx.doi.org/10.1007/s00330-011-2225-0
https://f1000.com/prime/732691154
http://www.ncbi.nlm.nih.gov/pubmed/29417249
http://dx.doi.org/10.1007/s00330-017-5247-4
http://www.ncbi.nlm.nih.gov/pmc/articles/5986837
https://f1000.com/prime/732691154


nephropathy: randomized comparison of 2 hydration regimens in 1620 patients 
undergoing coronary angioplasty. Arch Intern Med. 2002; 162(3): 329–36.  
PubMed Abstract | Publisher Full Text 

19. Heyman SN, Rosen S, Khamaisi M, et al.: Reactive oxygen species and the 
pathogenesis of radiocontrast-induced nephropathy. Invest Radiol. 2010; 45(4): 
188–95.  
PubMed Abstract | Publisher Full Text 

20. Boucek P, Havrdova T, Oliyarnyk O, et al.: Prevention of contrast-induced 
nephropathy in diabetic patients with impaired renal function: a randomized, 
double blind trial of sodium bicarbonate versus sodium chloride-based 
hydration. Diabetes Res Clin Pract. 2013; 101(3): 303–8.  
PubMed Abstract | Publisher Full Text 

21. Gomes VO, Lasevitch R, Lima VC, et al.: Hydration with sodium bicarbonate 
does not prevent contrast nephropathy: a multicenter clinical trial. Arq Bras 
Cardiol. 2012; 99(6): 1129–34.  
PubMed Abstract | Publisher Full Text 

22. Hoste EA, De Waele JJ, Gevaert SA, et al.: Sodium bicarbonate for prevention of 
contrast-induced acute kidney injury: a systematic review and meta-analysis. 
Nephrol Dial Transplant. 2010; 25(3): 747–58.  
PubMed Abstract | Publisher Full Text 

23.  Solomon R, Gordon P, Manoukian SV, 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. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

24.  Weisbord SD, Gallagher M, Jneid H, et al.: Outcomes after Angiography with 
Sodium Bicarbonate and Acetylcysteine. N Engl J Med. 2018; 378(7): 603–14. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

25.  Valette X, Desmeulles I, Savary B, et al.: Sodium Bicarbonate Versus 
Sodium Chloride for Preventing Contrast-Associated Acute Kidney Injury in 
Critically Ill Patients: A Randomized Controlled Trial. Crit Care Med. 2017; 45(4): 
637–44.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

26. Solomon R, Werner C, Mann D, et al.: Effects of saline, mannitol, and 
furosemide on acute decreases in renal function induced by radiocontrast 
agents. N Engl J Med. 1994; 331(21): 1416–20.  
PubMed Abstract | Publisher Full Text 

27. Marenzi G, Ferrari C, Marana I, et al.: Prevention of contrast nephropathy by 
furosemide with matched hydration: the MYTHOS (Induced Diuresis With 
Matched Hydration Compared to Standard Hydration for Contrast Induced 
Nephropathy Prevention) trial. JACC Cardiovasc Interv. 2012; 5(1): 90–7. 
PubMed Abstract | Publisher Full Text 

28.  Bartorelli AL, Marenzi G: High Urine Output With Matched Hydration for  
CI-AKI Prevention: “Salus Per Aquam” (Health Through Water). JACC 
Cardiovasc Interv. 2017; 10(4): 364–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

29.  Putzu A, Boscolo Berto M, Belletti A, et al.: Prevention of Contrast-Induced 
Acute Kidney Injury by Furosemide With Matched Hydration in Patients 
Undergoing Interventional Procedures: A Systematic Review and Meta-
Analysis of Randomized Trials. JACC Cardiovasc Interv. 2017; 10(4): 355–63. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

30. Tepel M, van der Giet M, Schwarzfeld C, et al.: Prevention of radiographic-
contrast-agent-induced reductions in renal function by acetylcysteine. N Engl 
J Med. 2000; 343(3): 180–4.  
PubMed Abstract | Publisher Full Text 

31.  ACT Investigators: Acetylcysteine for prevention of renal outcomes in 
patients undergoing coronary and peripheral vascular angiography: main 
results from the randomized Acetylcysteine for Contrast-induced nephropathy 
Trial (ACT). Circulation. 2011; 124(11): 1250–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

32.  Kavalipati N, Shah J, Ramakrishan A, et al.: Pleiotropic effects of statins. 
Indian J Endocrinol Metab. 2015; 19(5): 554–62.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

33.  Zhou MS, Schuman IH, Jaimes EA, et al.: Renoprotection by statins is 
linked to a decrease in renal oxidative stress, TGF-beta, and fibronectin with 
concomitant increase in nitric oxide bioavailability. Am J Physiol Renal Physiol. 
2008; 295(1): F53–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

34.  Su X, Xie X, Liu L, et al.: Comparative Effectiveness of 12 Treatment Strategies 
for Preventing Contrast-Induced Acute Kidney Injury: A Systematic Review and 
Bayesian Network Meta-analysis. Am J Kidney Dis. 2017; 69(1): 69–77.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

35.  Liang M, Yang S, Fu N: Efficacy of short-term moderate or high-dose 
rosuvastatin in preventing contrast-induced nephropathy: A meta-analysis 
of 15 randomized controlled trials. Medicine (Baltimore). 2017; 96(27): e7384. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

36.  Syed MH, Khandelwal PN, Thawani VR, et al.: Efficacy of Atorvastatin in 
Prevention of Contrast-induced Nephropathy in High-risk Patients Undergoing 
Angiography: A Double-blind Randomized Controlled Trial. J Pharmacol 
Pharmacother. 2017; 8(2): 50–3.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

37. Joannidis M, Druml W, Forni LG, et al.: Prevention of acute kidney injury and 

protection of renal function in the intensive care unit: update 2017: Expert 
opinion of the Working Group on Prevention, AKI section, European Society of 
Intensive Care Medicine. Intensive Care Med. 2017; 43(6): 730–49.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. Khan SF, Kalantari K: The use of iodinated contrast media in patients with end-
stage renal disease. Semin Dial. 2014; 27(6): 607–10.  
PubMed Abstract | Publisher Full Text 

39. Ueda J, Furukawa T, Higashino K, et al.: Elimination of iomeprol by 
hemodialysis. Eur J Radiol. 1996; 23(3): 197–200.  
PubMed Abstract | Publisher Full Text 

40. Waaler A, Svaland M, Fauchald P, et al.: Elimination of iohexol, a low osmolar 
nonionic contrast medium, by hemodialysis in patients with chronic renal 
failure. Nephron. 1990; 56(1): 81–5.  
PubMed Abstract | Publisher Full Text 

41. Cruz DN, Goh CY, Marenzi G, et al.: Renal replacement therapies for prevention 
of radiocontrast-induced nephropathy: a systematic review. Am J Med. 2012; 
125(1): 66–78.e3.  
PubMed Abstract | Publisher Full Text 

42. Marenzi G, Marana I, Lauri G, et al.: The prevention of radiocontrast-agent-
induced nephropathy by hemofiltration. N Engl J Med. 2003; 349(14): 1333–40. 
PubMed Abstract | Publisher Full Text 

43. Albabtain MA, Almasood A, Alshurafah H, et al.: 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.  
PubMed Abstract | Publisher Full Text 

44.  Laroussi L, Triki M, Ibn Elhaj Z, et al.: [Vitamin C+sodium bicarbonate versus 
sodium bicarbonate alone in preventing contrast-induced nephropathy]. 
Vitamine C+serum bicarbonate versus serum bicarbonate seul dans la 
prevention de la nephropathie induite par les produits de contraste. Ann 
Cardiol Angeiol (Paris). 2017; 66(4): 190–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

45. Zhou L, Chen H: Prevention of contrast-induced nephropathy with ascorbic 
acid. Intern Med. 2012; 51(6): 531–5.  
PubMed Abstract | Publisher Full Text 

46.  Cho MH, Kim SN, Park HW, et al.: Could Vitamin E Prevent Contrast-
Induced Acute Kidney Injury? A Systematic Review and Meta-Analysis.  
J Korean Med Sci. 2017; 32(9): 1468–73.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

47.  Pancholy MS, Skelding K, Scott T, et al.: Effect of Access Site Choice on 
Acute Kidney Injury After Percutaneous Coronary Intervention. Am J Cardiol. 
2017; 120(12): 2141–5.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

48. Kooiman J, Le Haen PA, Gezgin G, et al.: Contrast-induced acute kidney 
injury and clinical outcomes after intra-arterial and intravenous contrast 
administration: risk comparison adjusted for patient characteristics by design. 
Am Heart J. 2013; 165(5): 793–99, 9 e1.  
PubMed Abstract | Publisher Full Text 

49.  McDonald JS, Leake CB, McDonald RJ, et al.: Acute Kidney Injury After 
Intravenous Versus Intra-Arterial Contrast Material Administration in a Paired 
Cohort. Invest Radiol. 2016; 51(12): 804–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

50. Rudnick MR, Davidson C, Laskey W, et al.: Nephrotoxicity of iodixanol versus 
ioversol in patients with chronic kidney disease: the Visipaque Angiography/
Interventions with Laboratory Outcomes in Renal Insufficiency (VALOR) Trial. 
Am Heart J. 2008; 156(4): 776–82.  
PubMed Abstract | Publisher Full Text 

51. Solomon RJ, Natarajan MK, Doucet S, et al.: Cardiac Angiography in Renally 
Impaired Patients (CARE) study: a randomized double-blind trial of contrast-
induced nephropathy in patients with chronic kidney disease. Circulation. 2007; 
115(25): 3189–96.  
PubMed Abstract | Publisher Full Text 

52. Heinrich MC, Häberle L, Müller V, et al.: Nephrotoxicity of iso-osmolar iodixanol 
compared with nonionic low-osmolar contrast media: meta-analysis of 
randomized controlled trials. Radiology. 2009; 250(1): 68–86.  
PubMed Abstract | Publisher Full Text 

53.  Han XF, Zhang XX, Liu KM, et al.: Contrast-induced nephropathy in patients 
with diabetes mellitus between iso- and low-osmolar contrast media: A meta-
analysis of full-text prospective, randomized controlled trials. PLoS One. 2018; 
13(3): e0194330.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

54. Laskey WK, Jenkins C, Selzer F, et al.: Volume-to-creatinine clearance ratio: 
a pharmacokinetically based risk factor for prediction of early creatinine 
increase after percutaneous coronary intervention. J Am Coll Cardiol. 2007; 
50(7): 584–90.  
PubMed Abstract | Publisher Full Text 

55.  Scharnweber T, Alhilali L, Fakhran S: Contrast-Induced Acute Kidney Injury: 
Pathophysiology, Manifestations, Prevention, and Management. Magn Reson 
Imaging Clin N Am. 2017; 25(4): 743–53.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

56.  Ali F, Mangi MA, Rehman H, et al.: Use of carbon dioxide as an intravascular 
contrast agent: A review of current literature. World J Cardiol. 2017; 9(9): 715–22.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

Page 8 of 9

F1000Research 2019, 8(F1000 Faculty Rev):753 Last updated: 29 MAY 2019

http://www.ncbi.nlm.nih.gov/pubmed/11822926
http://dx.doi.org/10.1001/archinte.162.3.329
http://www.ncbi.nlm.nih.gov/pubmed/20195159
http://dx.doi.org/10.1097/RLI.0b013e3181d2eed8
http://www.ncbi.nlm.nih.gov/pubmed/23835495
http://dx.doi.org/10.1016/j.diabres.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23184077
http://dx.doi.org/10.1590/S0066-782X2012005000108
http://www.ncbi.nlm.nih.gov/pubmed/19703838
http://dx.doi.org/10.1093/ndt/gfp389
https://f1000.com/prime/725649786
http://www.ncbi.nlm.nih.gov/pubmed/26185263
http://dx.doi.org/10.2215/CJN.05370514
http://www.ncbi.nlm.nih.gov/pmc/articles/4559510
https://f1000.com/prime/725649786
https://f1000.com/prime/732110884
http://www.ncbi.nlm.nih.gov/pubmed/29130810
http://dx.doi.org/10.1056/NEJMoa1710933
https://f1000.com/prime/732110884
https://f1000.com/prime/727289200
http://www.ncbi.nlm.nih.gov/pubmed/28181941
http://dx.doi.org/10.1097/CCM.0000000000002267
https://f1000.com/prime/727289200
http://www.ncbi.nlm.nih.gov/pubmed/7969280
http://dx.doi.org/10.1056/NEJM199411243312104
http://www.ncbi.nlm.nih.gov/pubmed/22230154
http://dx.doi.org/10.1016/j.jcin.2011.08.017
https://f1000.com/prime/735810206
http://www.ncbi.nlm.nih.gov/pubmed/28231904
http://dx.doi.org/10.1016/j.jcin.2016.12.269
https://f1000.com/prime/735810206
https://f1000.com/prime/727346191
http://www.ncbi.nlm.nih.gov/pubmed/28231903
http://dx.doi.org/10.1016/j.jcin.2016.11.006
https://f1000.com/prime/727346191
http://www.ncbi.nlm.nih.gov/pubmed/10900277
http://dx.doi.org/10.1056/NEJM200007203430304
https://f1000.com/prime/13409053
http://www.ncbi.nlm.nih.gov/pubmed/21859972
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.038943
https://f1000.com/prime/13409053
https://f1000.com/prime/725834360
http://www.ncbi.nlm.nih.gov/pubmed/26425463
http://dx.doi.org/10.4103/2230-8210.163106
http://www.ncbi.nlm.nih.gov/pmc/articles/4566334
https://f1000.com/prime/725834360
https://f1000.com/prime/1120019
http://www.ncbi.nlm.nih.gov/pubmed/18463318
http://dx.doi.org/10.1152/ajprenal.00041.2008
http://www.ncbi.nlm.nih.gov/pmc/articles/2494511
https://f1000.com/prime/1120019
https://f1000.com/prime/726818584
http://www.ncbi.nlm.nih.gov/pubmed/27707552
http://dx.doi.org/10.1053/j.ajkd.2016.07.033
https://f1000.com/prime/726818584
https://f1000.com/prime/727781925
http://www.ncbi.nlm.nih.gov/pubmed/28682890
http://dx.doi.org/10.1097/MD.0000000000007384
http://www.ncbi.nlm.nih.gov/pmc/articles/5502163
https://f1000.com/prime/727781925
https://f1000.com/prime/735810391
http://www.ncbi.nlm.nih.gov/pubmed/28706398
http://dx.doi.org/10.4103/jpp.JPP_156_16
http://www.ncbi.nlm.nih.gov/pmc/articles/5497399
https://f1000.com/prime/735810391
http://www.ncbi.nlm.nih.gov/pubmed/28577069
http://dx.doi.org/10.1007/s00134-017-4832-y
http://www.ncbi.nlm.nih.gov/pmc/articles/5487598
http://www.ncbi.nlm.nih.gov/pubmed/24995430
http://dx.doi.org/10.1111/sdi.12268
http://www.ncbi.nlm.nih.gov/pubmed/9003924
http://dx.doi.org/10.1016/S0720-048X(96)01100-X
http://www.ncbi.nlm.nih.gov/pubmed/2234253
http://dx.doi.org/10.1159/000186105
http://www.ncbi.nlm.nih.gov/pubmed/22195531
http://dx.doi.org/10.1016/j.amjmed.2011.06.029
http://www.ncbi.nlm.nih.gov/pubmed/14523141
http://dx.doi.org/10.1056/NEJMoa023204
http://www.ncbi.nlm.nih.gov/pubmed/22994682
http://dx.doi.org/10.1111/j.1540-8183.2012.00767.x
https://f1000.com/prime/735810288
http://www.ncbi.nlm.nih.gov/pubmed/28551197
http://dx.doi.org/10.1016/j.ancard.2017.02.002
https://f1000.com/prime/735810288
http://www.ncbi.nlm.nih.gov/pubmed/22449658
http://dx.doi.org/10.2169/internalmedicine.51.6260
https://f1000.com/prime/727882600
http://www.ncbi.nlm.nih.gov/pubmed/28776342
http://dx.doi.org/10.3346/jkms.2017.32.9.1468
http://www.ncbi.nlm.nih.gov/pmc/articles/5546966
https://f1000.com/prime/727882600
https://f1000.com/prime/732085796
http://www.ncbi.nlm.nih.gov/pubmed/29100589
http://dx.doi.org/10.1016/j.amjcard.2017.08.039
https://f1000.com/prime/732085796
http://www.ncbi.nlm.nih.gov/pubmed/23622917
http://dx.doi.org/10.1016/j.ahj.2013.02.013
https://f1000.com/prime/726430237
http://www.ncbi.nlm.nih.gov/pubmed/27299579
http://dx.doi.org/10.1097/RLI.0000000000000298
https://f1000.com/prime/726430237
http://www.ncbi.nlm.nih.gov/pubmed/18946896
http://dx.doi.org/10.1016/j.ahj.2008.05.023
http://www.ncbi.nlm.nih.gov/pubmed/17562951
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.671644
http://www.ncbi.nlm.nih.gov/pubmed/19092091
http://dx.doi.org/10.1148/radiol.2501080833
https://f1000.com/prime/732876264
http://www.ncbi.nlm.nih.gov/pubmed/29558481
http://dx.doi.org/10.1371/journal.pone.0194330
http://www.ncbi.nlm.nih.gov/pmc/articles/5860737
https://f1000.com/prime/732876264
http://www.ncbi.nlm.nih.gov/pubmed/17692741
http://dx.doi.org/10.1016/j.jacc.2007.03.058
https://f1000.com/prime/731738242
http://www.ncbi.nlm.nih.gov/pubmed/28964464
http://dx.doi.org/10.1016/j.mric.2017.06.012
https://f1000.com/prime/731738242
https://f1000.com/prime/734553791
http://www.ncbi.nlm.nih.gov/pubmed/29081903
http://dx.doi.org/10.4330/wjc.v9.i9.715
http://www.ncbi.nlm.nih.gov/pmc/articles/5633534
https://f1000.com/prime/734553791


 

Open Peer Review

  Current Peer Review Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the reviewers
provide input before publication and only the final, revised version is published. The reviewers who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The reviewers who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Damien du Cheyron
Department of Medical Intensive Care, Caen University Hospital, Caen, France

 No competing interests were disclosed.Competing Interests:

1

   Kianoush Kashani
Division of Nephrology and Hypertension, Department of Internal Medicine, Mayo Clinic, Rochester, MN, USA

 No competing interests were disclosed.Competing Interests:

2

Page 9 of 9

F1000Research 2019, 8(F1000 Faculty Rev):753 Last updated: 29 MAY 2019

http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty
http://orcid.org/0000-0003-2184-3683

