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Abstract
Radiological procedures utilising intravascular contrast media (ICM) are fundamental to modern medicine, enhancing 
diagnostics and treatment in diverse medical fields. However, the application of ICM has been constrained in patients 
with compromised kidney function due to perceived nephrotoxic risks, called contrast-induced nephropathy or contrast- 
induced acute kidney injury. Historical evidence marked ICM as a possible contributor to kidney damage. This led to 
restrictive guidelines advocating limited ICM use in patients with impaired renal function, preventing crucial radio-
graphic interventions in patients with acute kidney injury (AKI) and chronic kidney disease. Recent advances chal-
lenge these traditional views. In particular, no direct causal relationship has been confirmed between contrast admi-
nistration and elevated serum creatinine concentrations in humans. Furthermore, contemporary research models 
and meta-analyses do not associate AKI with contrast usage. This paper, prepared by a cross-disciplinary team of 
nephrologists and radiologists, presents updated guidelines for ICM application amid renal function impairments, 
emphasising the reduced nephrotoxic risks currently understood and loosening the previous restrictive approach in 
patients with renal dysfunction.
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Introduction
Radiological procedures that include intravascular con-
trast media (ICM) administration are fundamental for 
contemporary medicine because they allow for improved 
diagnostics and, as a consequence, better treatment in 
practically every branch of medical practice. They are 
indispensable for oncology investigation, interventional 
radiology, and cardiology procedures, just to name a few. 

Therefore, it is not surprising that their use is becoming 
increasingly common. The number of contrast-enhanced 
computed tomography (CT) examinations is estimated to 
increase by 4% per year worldwide, for a current yearly 
total of approximately 150 million procedures [1].

Despite the evident benefits of contrast media in both 
diagnostics and treatment, in patients with impaired 
kidney function their use has often been limited or de-
layed due to perceived risks of so-called contrast-induced  



Michał Chmielewski, Zbigniew Serafin, Dorota Kamińska, et al.  

e162 © Pol J Radiol 2024; 89: e161-e171

nephropathy (CIN) or contrast-induced acute kidney 
injury (CI-AKI). Following initial observations some  
70 years ago [2], for decades, ICM has been regarded  
as potentially nephrotoxic, restricting its use in patients 
with both AKI and chronic kidney disease (CKD). Results 
of these observational clinical studies have been strength-
ened by experimental studies in animals with kidney  
injury that demonstrated the nephrotoxic potential of 
ICM [3].

Potential mechanisms for this nephrotoxicity included 
the generation of reactive oxygen species leading to in-
creased oxidative stress and, hence, tubular damage, 
haemo dynamic disturbances in the kidney medulla, and/
or direct toxicity to tubular epithelial cells [4]. Although 
the decline in kidney function associated with contrast me-
dia administration has been considered typically modest 
and transient, it has also been thought to be associated 
with serious adverse outcomes, including progressive kid-
ney dysfunction and death [4].

This conviction in the harmfulness of ICM has led to 
the publication of recommendations and guidelines from 
numerous national and international societies of radio logy 
and nephrology provenience, including the guidelines 
of the Polish Society of Nephrology, issued in 2016 [5]. 
Underlining the nephrotoxicity of contrast media, they 
have recommended restricting or avoiding their use in 
patients with impaired kidney function.  

However, acknowledging the harmful potential of 
contrast media has led to a situation in which clinically 
indicated and potentially lifesaving radiographic proce-
dures have been underutilised or delayed in patients with 
AKI and CKD. It was documented that patients with CKD 
are 50% less likely to undergo coronary angiography than 
those without CKD [6-8]. Among subjects with peripheral 
vascular disease, those with CKD have been significantly 
less likely to undergo revascularisation than patients with 
estimated glomerular filtration rate (eGFR) values higher 
than 60 ml/min/1.73 m2 [9]. Fear of contrast toxicity can 
also lead to deficient oncological proceedings, as often 
seen in the hospital and outpatient setting when a patient 
is refused a contrast medium in a diagnostic evaluation 
of cancer. 

Fortunately, this perception of contrast media use in 
patients with impaired kidney function is gradually chang-
ing. First, it must be stressed that a causal link between 
contrast administration and an increase in serum cre-
atinine has never been proven in humans. Initial studies 
were limited by their observational character and the ab-
sence of control groups. Contemporary use of propensity 
score-adjusted models, minimising the risk for selection 
bias, as well as meta-analyses of well-conducted studies, 
does not show an increased risk of AKI after contrast ad-
ministration in comparison to patients without it [10,11]. 
Similar results have been shown in a clinical study com-
pleted in subjects from the Polish population [12]. It could 
be that the transient deterioration of kidney function 

represents a marker of general vulnerability to adverse 
events due to increased underlying comorbidity, more  
severe illness, and/or diminished kidney reserve rather 
than a true nephrotoxic effect of ICM. Moreover, over the 
years the properties of ICM have changed, with previous 
hyperosmolar agents being replaced by more physiological 
low-osmolar (although still with higher osmolality than 
human plasma) and finally iso-osmolar ICM. Therefore, 
the generalisability of previous ICM guidelines to newer 
agents is questionable. Similarly, the use of gadolinium-
based agents for magnetic resonance imaging (MRI) has 
previously been linked to a serious complication termed 
nephrogenic systemic fibrosis (NSF). However, as dem-
onstrated in detail below, currently used agents do not 
increase the risk of NSF.

Our current understanding is that the administration 
of contrast media carries much less nephrotoxic risk than 
has been commonly cited in the past and that the true 
incidence of postcontrast AKI is significantly lower than 
initially thought.

The present document, completed by a multidisci-
plinary working group of nephrologists and radiologists, 
provides a consensus-based statement for the use of ICM 
in the context of impaired kidney function. The main 
body of the present recommendations focuses on the use 
of intravenous (IV) iodinated contrast media, for which 
our understanding, and hence the guidelines, has changed 
within the last decade. Specific recommendations will ad-
dress the use of intraarterial ICM, as well as intravascular 
gadolinium-based contrast agents for clinical MRI.

Definitions

Statement 1.1 

We recommend using the CKD definition as proposed by 
KDIGO (Kidney Disease Improving Global Outcomes) [13]: 
CKD is defined as abnormalities of kidney structure or 
function, present for > 3 months, with health implica-
tions, and requires one of two criteria documented or in-
ferred for > 3 months – either GFR < 60 ml/min/1.73 m2 

or markers of kidney damage, including albuminuria 
(strong recommendation based on international, well-
accepted guidelines).

This is the most general definition. CKD staging should 
also follow the KDIGO [13] criteria as given below:
•	  stage 1: kidney damage with normal or increased GFR 

(> 90 ml/min/1.73 m2),
•	 stage 2: mild reduction in GFR (60-89 ml/min/1.73 m2),
•	 stage 3a: mild to moderate reduction in GFR (45-59 ml/

min/1.73 m2),
•	 stage 3b: moderate reduction in GFR (30-44 ml/min/ 

1.73 m2),
•	 stage 4: severe reduction in GFR (15-29 ml/min/1.73 m2),
•	 stage 5: kidney failure (GFR < 15 ml/min/1.73 m2 or 

dialysis).
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Kidney damage markers in stages 1 and/or 2, should 
include one or more of the following:
•	 albuminuria (albumin excretion > 30 mg/24 hr or al-

bumin : creatinine ratio > 30 mg/g [> 3 mg/mmol]),
•	 urine sediment abnormalities,
•	 electrolyte and other abnormalities due to tubular dis-

orders,
•	 histological abnormalities,
•	 structural abnormalities detected by imaging,
•	 history of kidney transplantation.

Commentary

The KDIGO guidelines are widely recognised and used 
for defining and staging CKD. They allow better commu-
nication among physicians and facilitate intervention at 
different stages of the disease.

Statement 1.2

We also recommend following the KDIGO guidelines for 
AKI, both for the definition and staging purposes [14] 
(strong recommendation based on international and well-
accepted guidelines) (Table 1).

Definition: Increase in creatinine ≥ 0.3 mg/dl (≥ 26 
μmol/l) in 48 hours, or increase by > 50%, which is known 
or presumed to have occurred within the 7 previous days, 
or urine output < 0.5 ml/kg/h for 6 to 12 hours.

Commentary

The KDIGO guidelines for AKI definition and staging con-
stitute a combination and a compromise between different 
previous definitions such as the AKIN and RIFLE [15,16]. 
This allows better communication among physicians and 
facilitates intervention at different stages of the disease.

Statement 1.3

We recommend using the following definitions for kidney 
damage associated with ICM administration:
•	 CI-AKI (contrast-induced acute kidney injury) and 

CIN (contrast-induced nephropathy) – AKI develop-
ing after an ICM procedure, which is causally attributed 
to ICM administration, 

•	 CA-AKI (contrast-associated acute kidney injury) and 
PC-AKI (post-contrast acute kidney injury) – AKI de-
veloping after an ICM procedure, regardless of whether 
the causative impact of ICM on kidney damage has 
been ascertained or not. 

Commentary

The terms CI-AKI and CIN assume that ICM is the cause 
of AKI, which currently seems to occur rarely, if ever.  
The adjective ‘associated’ in CA-AKI makes the dis-
tinction that AKI cannot be directly attributed to ICM.  
In the text below, we will use the term PC-AKI, which,  
in our opinion, best reflects chronology and not causa-
tion.

Screening

Statement 2.1. Evaluation of kidney function

We recommend estimating glomerular filtration in  
the evaluation of kidney function. We recommend the use 
of the CKD-EPI formula. When CKD-EPI is not available, 
the CKD-MDRD formula can be used (strong recommen-
dation based on large well-conducted studies and current 
international guidelines).

Commentary 

To adequately assess the risk of PC-AKI, it is necessary 
to adequately assess baseline kidney function. We recom-
mend the assessment of the estimated glomerular filtration 
rate (eGFR) rather than serum creatinine or urea because 
it is more sensitive in addressing actual kidney function. 
The tools most commonly used for this purpose are the 
MDRD (modification of diet in renal diseases) and CKD-
EPI (chronic kidney disease epidemiology) formulas.  
The MDRD formula is a widely used method that calcu-
lates GFR based on serum creatinine concentrations, age, 
gender, and ethnic origin [17]. It has been widely used, 
making it a familiar tool for healthcare professionals. Its 
main drawback is the risk of underestimating the GFR, 
especially in individuals with high muscle mass. Additio-
nally, it is less accurate within the normal and near-normal 
GFR range [18]. The CKD-EPI formula takes into account 

Table 1. Staging of acute kidney injury (AKI) [14]

Stage Serum creatinine Urine output

1 Increase ≥ 0.3 mg/dl (≥ 26 μmol/l) within 48 hrs or increase 1.5 to 1.9 times baseline creatinine 
serum concentration

< 0.5 ml/kg/hr for > 6 consecutive hrs

2 Increase 2 to 2.9 times the baseline creatinine serum concentration < 0.5 ml/kg/hr for > 12 hrs

3 Increase ≥ 3 times the baseline creatinine serum concentration or
increase ≥ 4.0 mg/dl (≥ 354 μmol/L) serum concentration or
initiation of renal replacement therapy 

< 0.3 ml/kg/hr for > 24 hrs 
or

anuria for < 12 hrs



Michał Chmielewski, Zbigniew Serafin, Dorota Kamińska, et al.  

e164 © Pol J Radiol 2024; 89: e161-e171

the same variables as MDRD [19]. It has been shown to 
demonstrate a steeper relationship curve between eGFR 
and creatinine concentration for higher creatinine values 
but gentler for lower creatinine values. This characteristic 
makes the formula more accurate, especially for higher 
eGFR values.

Statement 2.2. Timing of the evaluation of kidney 
function

In patients without a history of CKD or patients with 
stable renal function, we recommend that the results of 
the eGFR evaluation be valid for 3 months. In inpatient 
subjects, patients with AKI, and patients with a known 
rapid progression of kidney dysfunction, eGFR ought to 
be evaluated no more than 7 days before ICM administra-
tion (expert opinion).  

Commentary 

This recommendation follows other international guide-
lines, especially those issued by the European Society of 
Urogenital Radiology (ESUR) [20], as well as the previous 
recommendations of the Polish Society of Nephrology [5]. 
Given the lack of scientific data on the validity period of 
GFR assessment, they appear reasonable and should aid 
in correctly identifying patients at risk. 

Statement 2.3. Risk stratification 

To identify patients at risk of developing PC-AKI after 
an IV ICM, we propose a cut-off eGFR of < 30 ml/min/ 
1.73m² (expert opinion).

Commentary 

Data on the relationship between IV ICM administra-
tion and the occurrence of AKI can still be regarded as 
inconclusive. Some studies suggest that the risk of PC-
AKI increases with creatinine levels above 1.5 mg/dl [21] 
and GFR lower than 30 ml/min/1.73 m² [22]. The vast 
majority of recent controlled retrospective studies of  
PC-AKI, with the use of modern ICM, reported no excess 
risk of AKI among patients who underwent contrast-en-
hanced procedures, as compared to controls, even in pa-
tients with baseline eGFR < 30 ml/min/1.73 m2 [23-29]. 
The ESUR guidelines assert that the risk of PC-AKI in 
patients with eGFR ≥ 30 ml/min/1.73 m² after IV ICM 
is very low [20]. Due to the lack of properly controlled 
prospective studies on PC-AKI from IV ICM, and the in-
conclusive results of retrospective studies in patients with 
eGFR < 30 ml/min, the thesis that the administration of 
ICM is associated with kidney damage in these subjects 
cannot be definitively rejected. In our opinion, patients 
with GFR ≥ 30 ml/min/1.73m² should be considered safe 
from PC-AKI.

Nephroprotective measures in high-risk patients 

Statement 3.1. Hydration

We do not recommend routine hydration before adminis-
tering contrast agents in any group of patients. Decisions 
for patients with GFR < 30 ml/min/1.73 m² or other risk 
factors (diabetes, patients undergoing AKI, older age, 
use of large volume of contrast agents) should be made 
individually after a thorough assessment of the patient’s 
hydration status (recommendation based on the results 
of observational and interventional studies). 

Commentary

The ESUR guidelines suggest IV rehydration for pa-
tients in the at-risk group [20]. Administering 1.4% 
sodium bicarbonate is recommended at a dose of 3 ml/
kg one hour before the administration of ICM or 0.9% 
saline at a dose of 1 ml/kg/h 3-4 hours before and  
4-6 hours after ICM administration. However, this rec-
ommendation is based on studies with patients receiving 
intraarterial contrast for coronary procedures [30,31]. 
These will be addressed below. Regarding IV ICM,  
IV hydration has not been shown to be more effective 
than oral rehydration in patients with GFR > 30 ml per 
min/1.73 m² [32]. There was no significant benefit from 
IV hydration both in patients with eGFR of 30-59 ml/
min/1.73 m² [33,34] or in patients with GFR < 30 ml/
min/1.73 m² [35]. Intravenous hydration did not reduce 
the risk of PC-AKI, dialysis, or in-hospital morta lity. 
Similarly, studies that compared isotonic saline with 
sodium bicarbonate did not produce decisive results.  
In theory, sodium bicarbonate might prevent PC-AKI by 
alkalising tubular fluid and reducing the production of 
free oxygen radicals. However, clinical studies have not 
confirmed its advantage over saline [36]. A similar posi-
tion is presented by the Canadian Association of Radio-
logists in its guidelines issued in 2022 [37]. In general, 
hydration should be considered depending on the clinical 
situation of the patient. It will be recommended in cases 
of clinically diagnosed dehydration, but contraindicated 
in overhydrated anuric AKI patients.  

Statement 3.2. Drug prophylaxis

We do not recommend any drug prophylaxis before ICM 
administration (recommendation based on the results of 
observational and interventional studies).

Commentary

Many substances, such as N-acetylcysteine, have been stud-
ied for the prevention of PC-AKI. In the case of N-acetyl-
cysteine, a large systematic review with meta-analysis did 
not show its effectiveness [38]. 
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Chronic use of statins could be effective in reduc-
ing the risk of PC-AKI in patients with renal failure and 
ischaemic heart disease before PCI procedures [39,40].  
The mechanism of this phenomenon is not yet known  
but is probably related to their pleiotropic antithrom-
botic, anti-inflammatory, and antioxidant effects [41]. 
There is no evidence either for the effectiveness of high-
dose statin administration shortly before contrast agent 
administration.

Results of recent clinical studies summarised in a meta- 
analysis of 13 trials including over 90,000 patients docu-
mented that chronic sodium-glucose cotransporter 2 in-
hibitor (SGLT2i) treatment reduced the risk of AKI both 
in patients with and without diabetes [42]. Results of recent 
observational studies suggest that chronic use of SGLT2i re-
duces the risk of PC-AKI [43,44]. Results of an experimen-
tal study suggest that the mechanism of this phenomenon 
is related to the improvement of tubular cell metabolism 
related to decreased oxygen consumption in renal proxi-
mal tubular cells [44]. As in the case of statins, there is no 
evidence for the effectiveness of SGLT2i administration 
shortly before contrast agent administration. Such clinical 
studies are undoubtedly needed.  

Statement 3.3. Withdrawal of potentially nephrotoxic 
drugs

Metformin should not be used in patients with eGFR  
< 30 ml/min/1.73 m² (recommendation based on the 
summary of the product characteristics). We do not re-
commend discontinuing the renin-angiotensin-aldoste-
rone system (RAAS) inhibitors (recommendation based 
on randomized trials and meta-analyses). We do not re-
commend routine discontinuation of nonsteroidal anti-
inflammatory drugs (NSAIDs), diuretics, SGLT2i, or any 
other drugs before administration of ICM (opinion).

Commentary

It should be noted that metformin has no proven effect 
on the development of PC-AKI, but it increases the risk 
of lactic acidosis. According to the latest KIDGO and 
American Diabetes Association (ADA) consensus, met-
formin is not recommended for use in patients with GFR  
< 30 ml/min/1.73 m², and in patients with eGFR  
30-44 ml/min/1.73 m² the dose should be reduced to  
1000 mg per day [45]. There is no need to stop metformin 
before ICM administration in this group of patients. Pa-
tients with shock and AKI have a significantly higher risk 
of lactic acidosis associated with metformin [46].

Although some small studies and meta-analyses have 
shown an association between the use of RAAS inhibi-
tors and the risk of PC-AKI, these were based on small 
groups [47-49]. A meta-analysis of 12 studies indicated 
that discontinuation of RAAS inhibitors in patients with 
CKD was associated with a lower risk of PC-AKI, but  

a direct analysis of use vs. absence of use of RAAS inhibi-
tors showed no significant differences [50]. Another meta-
analysis based only on randomised trials did not confirm 
the association between RAAS inhibitors and PC-AKI 
[51]. It should be remembered that high doses of NSAIDs, 
as well as diuretics, could, in some specific circumstances 
(elderly patients, dehydration), accelerate the progression 
of CKD [52] and increase the risk of AKI [53]. However, 
as yet there is insufficient evidence to recommend with-
holding potentially nephrotoxic drugs such as NSAIDs, 
diuretics, antimicrobial agents, or chemotherapeutic 
agents before ICM administration [54].

Statement 3.4. Follow-up

We recommend a follow-up eGFR of 48-72 hours after 
ICM in all in-hospital patients with eGFR ≤ 30 ml/min/ 
1.73m2. In outpatient subjects, eGFR ought to be checked 
in case of worsening of the clinical status of the patient 
(expert opinion).

Commentary

If, following ICM administration, any deterioration of 
kidney function appears, it usually occurs during the first  
2-3 days following the procedure involving ICM [4]. There-
fore, in at-risk in-hospital patients, it seems optimal to 
screen for a decrease in eGFR at this time interval. In out-
patient patients, acute clinical events, such as a decrease 
in urine output, dyspnoea, etc., should warrant eGFR 
control. Patients should be informed that in such cases, 
they should contact the family physician or emergency 
department. It is recommended that prepared written 
information for the patients is given after a radiological 
procedure with ICM use.   

Types and doses of ICM, intervals between 
consecutive doses

Statement 4.1. Types and dose of ICM

The choice of ICM type and dose should be made by the 
radiologist performing the procedure, based on considera-
tions other than kidney function (indication, cost, avail-
ability) (recommendation based on prospective studies 
and meta-analyses).

Commentary

Intravascular contrast media can be broadly classified into  
3 groups according to their osmolality, defined as the num-
ber of particles dissolved in one kilogram of water. High-
osmolar-contrast media (HOCM) are 5 to 8 times the os-
molality of blood (1500 to over 2000 mOsm/kg H2O) and 
are no longer used in clinical practice. Newer agents, al-
though called low-osmolar-contrast media (LOCM), have 
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an osmolality of around 900 mOsm/kg H2O, which is more 
than 3 times the osmolality of blood. Finally, iso-osmolar 
contrast media (IOCM), according to their name, are char-
acterised by an osmolality of around 290 mOsm/kg H2O. 
Comparisons between LOCM and IOCM in terms of their 
potential nephrotoxicity have produced mixed results. Some 
studies show that particular LOCM (as iohexol and ioxa-
glate) could be associated with a higher risk of PC-AKI, in 
comparison to IOCM (iodixanol) and some other LOCMs 
(ioversol, iomeprol, iopromide, iopomidol) [55-57]. How-
ever, in a large meta-analysis completed in 2017 in patients 
with impaired kidney function undergoing coronary angi-
ography, the use of IOCM did not show a general difference 
in the incidence of PC-AKI compared to LOCM [58].

The contrast agent dose from the IOCM or LOCM 
group varies between 1 and 1.5 ml/kg body weight.  For 
CT scans performed in children, the dose of contrast 
agent increases to 2-3 ml/kg body weight up to a maxi-
mum of 50 ml. The type, amount, and dose of contrast 
agent should be decided by the radiologist to achieve a re-
liable examination result.

Statement 4.2. The interval between consecutive ICM doses

The interval between 2 consecutive administrations of 
ICM in routine radiological examinations should depend 
on the patient’s renal function (recommendation based on 
the results of observational studies and ICM pharmaco-
kinetics). It should be stressed that this recommendation 
does not apply in emergency or life-threatening situations, 
when repeated doses of ICM should be administered 
based on the clinical demand irrespective of the kidney 
function.

Commentary

The pharmacokinetics of ICM should determine the wait-
ing intervals between successive CT or MRI examinations 
[59]. In patients with normal or moderately impaired re-
nal function (eGFR > 30 ml/min/1.73 m2), 75% of ICM 
is excreted within 4 hours of administration. An inter-
val of 4 hours between ICM administrations should be 
maintained. Patients with severe renal impairment (eGFR  
< 30 ml/min/1.73 m2) should have a consecutive dose 
of ICM delayed by 48 hours. Iodine contrast agents and 
gadolinium contrast agents can be administered on the 
same day for routine examinations if patients have nor-
mal or moderately impaired renal function. Gadolinium 
contrast agents attenuate X-rays. When excreted into 
the urinary tract, they can cause interpretive errors in 
urinary CT studies. For abdominal examinations, a con-
trast-enhanced CT examination should be performed 
before a contrast-enhanced MR examination. Otherwise,  
for patients with advanced kidney insufficiency (eGFR  
< 30 ml/min/1.73m2), the interval between the admin-
istration of contrast agents of gadolinium and iodine 

should not be shorter than 7 days. For chest and brain 
examinations, the order of CT and MR examinations 
does not matter. 

Gadolinium-based magnetic resonance imaging 
(MRI)

Statement 5.1.

We do not recommend evaluating kidney function for 
gadolinium-based magnetic resonance imaging per-
formed with the lowest-risk contrast media (recommen-
dation based on well-designed observational studies).

Commentary

Contrast agents used in magnetic resonance imaging are 
gadolinium based. They are classified according to their 
biochemical structure into linear and macrocyclic and fur-
ther subdivided according to their charge as ionic or non-
ionic character. Macrocyclic chelates are more stable than 
linear ones, and ionic linear chelates are more stable than 
non-ionic linear chelates [60]. Stability refers to the abil-
ity of the ligand to retain the Gd3+ ion within the complex.  
The free gadolinium ligand is toxic; thus, stability is the 
most important factor for gadolinium toxicity. Renal func-
tion has been considered a crucial determinant of gado-
linium toxicity, and so-called nephrogenic systemic fibrosis 
(NSF) has been associated with exposure to gadolinium-
based contrast agents. Nephrogenic systemic fibrosis results 
from impaired gadolinium-based contrast media excretion 
in patients with severe renal insufficiency, allowing gado-
linium chelates of lower stability to dissociate, releasing free 
gadolinium. The condition is characterised by progressive 
tissue fibrosis that features thickening and hardening of 
the skin. In some patients, fibrosis of deeper structures 
can occur, within muscle, fascia, lungs, and heart [61]. 
The risk of NSF was found to increase in patients with 
CKD 4 and 5, in patients on dialysis, and in patients with 
AKI [62]. However, this risk differs significantly with the 
use of various agents, being as high as 3-11% after linear 
gadodiamide exposure, and practically negligible after 
macrocyclic gadopentetate dimeglumine [62]. 

Linear agents presenting with the highest risk of NSF 
(Gadodiamide Omniscan®, Gadopentetate dimeglumine 
Magnevist®) have been suspended by the European Medi-
cines Agency (EMA) and are no longer in use. Gadoverse-
tamide Optimark® was also withdrawn from the European 
market. Since this restrictive policy on the use of gadolin-
ium-based contrast media was introduced, the reports of 
NSF have significantly decreased. In a systematic review of 
16 studies analysing the risk of NSF in gadolinium-based 
contrast media with high affinity, Gd3+ binding (lowest-
risk group) was less than 0.07% [63]. 

This means that contrast-enhanced MRI with low-
risk gadolinium-based agents should not be avoided in 
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patients with kidney dysfunction, because the risk of 
complications, including NSG, is marginal. In patients 
in whom an intermediate-risk agent is planned, eGFR 
should be assessed, and in patients with impaired renal 
function, such media can be used only for hepatobiliary 
imaging. The lowest-risk agents can be used for all MRI 
examinations irrespective of kidney function (Table 2). 
The measurement of eGFR before examination is not 
mandatory. The amount of contrast agent administered 
should guarantee good-quality imaging, irrespective of 
kidney function. 

Intra-arterial contrast administration

Statement 6.1. 

For procedures with intra-arterial ICM with a second-
pass renal exposure, we advocate proceeding as in IV 
ICM procedures, classifying persons with eGFR < 30 ml/
min as at-risk patients, i.e. we do not recommend rou-
tine hydration before administering contrast agents (see 
Statement 3.1). For procedures with an intraarterial ICM 
with a first-pass renal exposure, preventive measures are 
recommended for patients already at a stage of eGFR  
< 45 ml/min/1.73m2. We recommend a follow-up serum 
creatinine measurement 48 to 72 hours after intraarterial 
ICM injection in the abovementioned at-risk patients. 

Commentary 

To understand the potential nephrotoxicity of ICM in in-
traarterial administration, it is important to differentiate 
between first-pass and a second-pass renal exposure [20]. 
First-pass renal exposure indicates that ICM reaches the 
kidneys directly, in a relatively undiluted form. This oc-
curs when injection is performed into the thoracic aorta 
or the suprarenal abdominal aorta. In clinical practice, 
the most common first-pass administration is associ-
ated with coronary angiography. The second pass renal 
exposure occurs when the contrast agent flows through 
the pulmonary circulation and then reaches the renal 
arteries. This situation most frequently occurs in inter-
ventional radiology. Obviously, first-pass renal exposure 

results also in second-pass renal exposure. There is solid 
evidence, based on randomised trials, that the risk of PC-
AKI after intraarterial ICM administration with first-pass 
renal exposure is increased as compared to the adminis-
tration of IV ICM [64,65]. The potential pathophysiologi-
cal mechanisms include the multiplicity of ICM injections 
during an intraarterial procedure versus a single injection 
for a typical IV procedure, and/or the ICM volume, which 
is typically higher in intraarterial interventions. However, 
it might also be that the increased risk of AKI following 
intraarterial ICM is not caused by the ICM itself. Instead, 
other factors might be involved, such as co-morbidities 
and/or cholesterol microembolisation associated with 
catheter insertion.

In the present statement, we agree with previous 
guidelines from other national societies [20,37]. For pro-
cedures with an intraarterial ICM with a second-pass re-
nal exposure, we advocate proceeding as in an IV ICM 
procedure. In patients, in whom an intraarterial ICM with 
first-pass renal exposure is administered, preventive mea-
sures are recommended for patients already with eGFR  
< 45 ml/min/1.73m2. These include considering IV fluids, 
depending on the patient’s hydration status, as described 
above, temporal withdrawal of metformin, and a follow-
up of kidney function 48 to 72 hours after exposure.  
Hydration is recommended in patients undergoing cor-
onary angiography and angioplasty, where the benefits 
of hydration with isotonic fluids before the procedure 
have been proven [66,67]. A lower risk of PC-AKI was 
observed in patients with serum creatinine > 1.5 mg/dl 
rehydrated with 0.45% saline undergoing percutaneous 
coronary intervention [30]. In clinical practice, many in-
terventional cardiologists use a so-called Mehran score, 
which takes into account the acknowledged risk factors 
for deterioration of kidney function: hypotension, intra-
aortic balloon pump, congestive heart failure, chronic 
kidney disease, diabetes, age > 75 years, anaemia, and 
volume of contrast [68]. It is a practical tool because it 
not only defines high-risk groups but also indicates with 
good accuracy the highest contrast media volume that 
may be safely administered. Its applicability has been 
challenged recently [69], but it remains useful for every-
day practice.  

Table 2. Gadolinium-based contrast agents grouped according to the associated risk of nephrogenic systemic fibrosis (based on ESUR CMSC guideline ver. 10.0)

Gadolinium-based contrast agents – risk classification (based on esur cmsc guideline version 10.0)

Highest risk Gadodiamide (Omniscan®) Ligand: Nonionic linear chelate (DTPA-BMA) 
Gadopentetate dimeglumine (Magnevist®) Ligand: Ionic linear chelate (DTPA) 
Gadoversetamide (Optimark®) Ligand: Nonionic linear chelate (DTPA-BMEA) 

Intermediate risk Gadobenate dimeglumine (Multihance®) Ligand: Ionic linear chelate (BOPTA) 
Gadoxetate disodium (Primovist®, Eovist®) Ligand: Ionic linear chelate (EOB-DTPA) 

Lowest risk Gadobutrol (Gadovist®, Gadavist®) Ligand: Nonionic Cyclic Chelate (BT-DO3A) 
Gadoterate meglumine (Dotarem®, Magnescope® plus generic products) Ligand: Ionic Cyclic Chelate (DOTA) 
Gadoteridol (Prohance®) Ligand: Non-ionic cyclic chelate (HP-DO3A) 
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Special groups of patients

Statement 7.1. Patients with AKI

For an emergent presentation, we recommend proceeding 
with an indicated contrast-enhanced imaging study with-
out delay, temporally withdrawing every nephrotoxic drug 
before contrast exposure, and hydrating the patient ac-
cording to his hydration status with IV saline or natrium 
bicarbonate (expert opinion).

Commentary

Patients with AKI might be more susceptible to contrast-
induced kidney damage than those without AKI, although 
no controlled studies report on this risk. However, in this 
group of patients, the risk of worsening kidney function 
should always be weighed against the risk derived from 
delayed or missed diagnoses due to the avoidance of ICM 
[70]. Prophylactic dialysis is not needed before or after the 
contrast procedure.

Statement 7.2. Patients with a single kidney

We recommend treating patients with a single kidney 
in a similar way to the general population, based on the 
evaluation of eGFR (expert opinion).

Commentary

The risk of PC-AKI in people with a single kidney should 
be classified according to overall kidney function (eGFR) 
and clinical circumstances. The presence of a solitary 
functioning kidney should not affect decision-making 
about the risk of PC-AKI [71].

Statement 7.3. Patients on dialysis (haemodialysis, 
peritoneal dialysis)

It is not necessary to correlate the time of injection of ICM 
with the dialysis session. An additional haemodialysis ses-

sion is not necessary to remove ICM unless symptomatic 
fluid overload develops. Contrast media can be adminis-
tered to patients on peritoneal dialysis or haemodialysis 
regardless of their residual urine output, and no change in 
dialysis schedule is required (recommendation based on 
observational studies).

Commentary

Based on a systematic review of 9 studies, we have learned 
that there is little or no effect of ICM on residual renal 
function in dialysis patients [72]. Therefore, the presence 
or absence of residual urine output should not influence 
the decision to use ICM in dialysis patients.

Limitations and conclusions
The widespread belief in ICM nephrotoxicity has created 
the current situation, which all clinicians and patients 
know from their daily experience: refusal to execute con-
trast-enhanced radiological procedures, disqualification 
from contrast-associated interventions, and significant 
delays in diagnostics, including oncological evaluations.   

Fortunately, this situation is gradually changing. With 
the introduction of modern ICM, and perhaps more 
importantly, thanks to the current, better-designed and 
executed studies and analyses, our understanding of the 
potential nephrotoxicity of ICM has changed. For a vast 
majority of patients with normal to moderately impaired 
kidney function (i.e. with eGFR > 30 ml/min/1.73 m2), 
there is now consensus that ICMs are safe and do not ex-
ert any significant risk of deterioration of AKI or CKD. In 
cases of severe renal dysfunction (i.e. when eGFR < 30 ml/ 
min/1.73 m2), the risk of PC-AKI cannot be ruled out, 
although previous reports on its incidence and severity 
have been considerably overstated. 

However, even in these patients, the risk of PC-AKI 
should not be considered a contraindication to the admin-
istration of ICM, particularly in emergent clinical situa-
tions. In each of such cases, the benefits of ICM should be 
balanced against the potential risks of PC-AKI. For this, 

Table 3. Practical concise recommendations for the clinicians

Type of ICM intervention At-risk group Action 

Intravenous ICM eGFR < 30 ml/min Re-analyse the necessity of ICM administration
Check for metformin – withdraw

Hydrate the patient if clinically indicated
Interval of 48 hours between consecutive ICM administrations

For in-patients, check eGFR 48-72 hours following ICM administration
For outpatients, check eGFR in case of worsening of the clinical status 

following ICM administration

Intraarterial ICM with a first-pass exposure eGFR < 45 ml/min As above

Intraarterial ICM with a second-pass exposure eGFR < 30 ml/min As above

The gadolinium-based procedure  
with the lowest-risk media

None None 
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constant cooperation between the practitioner ordering 
the radiological procedure and the radiologist is neces-
sary, either as routine clinical-radiological meetings or as 
radiology consultations. In some patients, equally clini-
cally valuable results could be obtained with less invasive 
modalities, such as an ultrasound examination. In others, 
MRI with IV administration of the contemporary lowest-
risk macrocyclic gadolinium formulas would be a better 
option. However, it should be stressed that in all patients 
with an indication for ICM, the procedure ought to be 
performed, irrespective of kidney function. Decreased 
GFR, regardless of the stage of AKI/CKD, cannot be re-
garded per se as a contraindication to ICM administration 
(Table 3).

These guidelines are limited by the lack of well-de-
signed prospective randomised trials in the area of po-
tential ICM nephrotoxicity. We base our current opinion 
on the data derived from registries, retrospective studies, 
and meta-analyses. However, their design makes them 
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credible, and, in the absence of prospective evaluations, 
we must rely on them. Our position remains in line with 
the guidelines and statements of other national and inter-
national societies and groups of experts [20,37,54,73,74].

We strongly believe that, for the benefit of our patients, 
these recommendations, prepared jointly by a multidisci-
plinary team of nephrologists and radiologists, ought to 
be disseminated among medical communities.

Acknowledgments
The authors would like to express their gratitude to Prof. 
Krzysztof Rzeczuch from the Department of Cardiology 
of Wroclaw Medical University for his substantive help 
with the preparation of this manuscript. 

Conflict of interest
The authors report no conflict of interest. 

11. Goto Y, Koyama K, Katayama S, et al. Influence of contrast media on 
renal function and outcomes in patients with sepsis-associated acute 
kidney injury: a propensity-matched cohort study. Crit Care 2019; 
23: 249. doi: 10.1186/s13054-019-2517-3.

12. Chomicka I, Kwiatkowska M, Malyszko J. Post-contrast acute kid-
ney injury following contrast enhanced computed tomography: real 
or overestimated threat? Pol Arch Intern Med 2020; 130: 704-707.

13. Summary of recommendation statements. Kidney Int Suppl (2011) 
2013; 3: 5-14. 

14. Summary of recommendation statements. Kidney Int Suppl (2011) 
2012; 2: 8-12. 

15. Bellomo R, Ronco C, Kellum JA, et al. Acute renal failure – defini-
tion, outcome measures, animal models, fluid therapy and informa-
tion technology needs: the Second International Consensus Con-
ference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit 
Care 2004; 8: R204-212. 

16. Mehta RL, Kellum JA, Shah SV, et al. Acute Kidney Injury Network: 
report of an initiative to improve outcomes in acute kidney injury. 
Crit Care 2007; 11: R31. doi: 10.1186/cc5713.

17. Levey AS, Coresh J, Greene T, et al. Using standardized serum creati-
nine values in the modification of diet in renal disease study equation 
for estimating glomerular filtration rate. Ann Intern Med 2006; 145: 
247-254. 

18. Stevens LA, Coresh J, Greene T, et al. Assessing kidney function – 
measured and estimated glomerular filtration rate. N Engl J Med 2006; 
354: 2473-2483. 

19. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med 2009; 150: 604-612. 

20. 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: 2845-2855. 

References



Michał Chmielewski, Zbigniew Serafin, Dorota Kamińska, et al.  

e170 © Pol J Radiol 2024; 89: e161-e171

21. Davenport MS, Khalatbari S, Dillman JR, et al. Contrast material- 
induced nephrotoxicity and intravenous low-osmolality iodinated 
contrast material. Radiology 2013; 267: 94-105. 

22. Davenport MS, Khalatbari S, Cohan RH, et al. Contrast material- 
induced nephrotoxicity and intravenous low-osmolality iodinated 
contrast material: risk stratification by using estimated glomerular 
filtration rate. Radiology 2013; 268: 719-728. 

23. McDonald RJ, McDonald JS, Bida JP, et al. Intravenous contrast 
material-induced nephropathy: causal or coincident phenomenon? 
Radiology 2013; 267: 106-118. 

24. Azzouz M, Rømsing J, Thomsen HS. Fluctuations in eGFR in relation 
to unenhanced and enhanced MRI and CT outpatients. Eur J Radiol 
2014; 83: 886-892. 

25. Hinson JS, Ehmann MR, Fine DM, et al. Risk of acute kidney injury 
after intravenous contrast media administration. Ann Emerg Med 
2017; 69: 577-586.e4. doi: 10.1016/j.annemergmed.2016.11.021.

26. Ehrmann S, Quartin A, Hobbs BP, et al. Contrast-associated acute 
kidney injury in the critically ill: systematic review and Bayesian me-
ta-analysis. Intensive Care Med 2017; 43: 785-794. 

27. Lee YC, Hsieh CC, Chang TT, et al. Contrast-induced acute kidney 
injury among patients with chronic kidney disease undergoing im-
aging studies: a meta-analysis. Am J Roentgenol 2019; 213: 728-735. 

28. McDonald JS, McDonald RJ, Carter RE, et al. Risk of intravenous 
contrast material-mediated acute kidney injury: a propensity score-
matched study stratified by baseline-estimated glomerular filtration 
rate. Radiology 2014; 271: 65-73. 

29. Tao SM, Kong X, Schoepf UJ, et al. Acute kidney injury in patients 
with nephrotic syndrome undergoing contrast-enhanced CT for 
suspected venous thromboembolism: a propensity score-matched 
retrospective cohort study. Eur Radiol 2018; 28: 1585-1593. 

30. Chen SL, Zhang J, Yei F, et al. Clinical outcomes of contrast-induced 
nephropathy in patients undergoing percutaneous coronary interven-
tion: a prospective, multicenter, randomized study to analyze the effect 
of hydration and acetylcysteine. Int J Cardiol 2008; 126: 407-413. 

31. Luo Y, Wang X, Ye Z, et al. Remedial hydration reduces the inci-
dence 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: 2265-2272. 

32. Cheungpasitporn W, Thongprayoon C, Brabec B, et al. Oral hy-
dration for prevention of contrast-induced acute kidney injury in 
elective radiological procedures: a systematic review and meta-anal-
ysis of randomized controlled trials. North Am J Med Sci 2014; 6:  
618-624. 

33. Nijssen EC, Rennenberg RJ, Nelemans PJ, et al. Prophylactic hydra-
tion 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: 1312-1322. 

34. Timal RJ, Kooiman J, Sijpkens YWJ, et al. Effect of no prehydration 
vs sodium bicarbonate prehydration prior to contrast-enhanced 
computed tomography in the prevention of postcontrast acute kid-
ney injury in adults with chronic kidney disease: the Kompas rand-
omized clinical trial. JAMA Intern Med 2020; 180: 533-541. 

35. Yan P, Duan SB, Luo XQ, et al. Effects of intravenous hydration in 
preventing post-contrast acute kidney injury in patients with eGFR 
< 30 mL/min/1.73 m2. Eur Radiol 2023; 33: 9434-9443.

36. Subramaniam RM, Suarez-Cuervo C, Wilson RF, et al. Effectiveness 
of prevention strategies for contrast-induced nephropathy: a system-
atic review and meta-analysis. Ann Intern Med 2016; 164: 406-416. 

37. Macdonald DB, Hurrell CD, Costa AF, et al. Canadian Association 
of Radiologists guidance on contrast-associated acute kidney injury. 
Can J Kidney Health Dis 2022; 9: 205435812210974. 

38. Maestro C, Leache L, Gutiérrez-Valencia M, et al. Efficacy and safety 
of N-acetylcysteine for preventing post-intravenous contrast acute 
kidney injury in patients with kidney impairment: a systematic re-
view and meta-analysis. Eur Radiol 2023; 33: 6569-6581. 

39. Cho Aj, Lee YK, Sohn SY. Beneficial effect of statin on preventing 
contrast-induced acute kidney injury in patients with renal insuf-
ficiency: a meta-analysis. Medicine 2020; 99: e19473. doi: 10.1097/
MD.0000000000019473.

40. Lin M, Xu T, Zhang W, et al. Effect of statins on post-contrast acute 
kidney injury: a multicenter retrospective observational study. Lipids 
Health Dis 2021; 20: 63. doi: 10.1186/s12944-021-01489-7.

41. Sirtori CR. The pharmacology of statins. Pharmacol Res 2014; 88: 3-11. 
42. Nuffield Department of Population Health Renal Studies Group; 

SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium. 
Baigent C, Emberson JonathanR, et al. Impact of diabetes on the 
effects of sodium glucose co-transporter-2 inhibitors on kidney out-
comes: collaborative meta-analysis of large placebo-controlled trials. 
Lancet 2022; 400: 1788-1801. 

43. Paolisso P, Bergamaschi L, Cesaro A, et al. Impact of SGLT2-inhibi-
tors on contrast-induced acute kidney injury in diabetic patients with 
acute myocardial infarction with and without chronic kidney disease: 
Insight from SGLT2-I AMI PROTECT registry. Diabetes Res Clin 
Pract 2023; 202: 110766. doi: 10.1016/j.diabres.2023.110766.

44. Özkan U, Gürdoğan M. The effect of SGLT2 inhibitors on the devel-
opment of contrast-induced nephropathy in diabetic patients with 
non-ST segment elevation myocardial infarction. Medicina 2023; 59: 
505. doi: 10.3390/medicina59030505.

45. De Boer IH, Khunti K, Sadusky T, et al. Diabetes management in 
chronic kidney disease: a consensus report by the American Diabe-
tes Association (ADA) and Kidney Disease: Improving Global Out-
comes (KDIGO). Diabetes Care 2022; 45: 3075-3090. 

46. Corchia A, Wynckel A, Journet J, et al. Metformin-related lactic 
acidosis with acute kidney injury: results of a French observational 
multicenter study. Clin Toxicol 2020; 58: 375-382. 

47. Wu Z, Zhang H, Jin W, et al. The effect of renin-angiotensin-aldoster-
one system blockade medications on contrast-induced nephropathy 
in patients undergoing coronary angiography: a meta-analysis. PLoS 
One 2015; 10: e0129747. doi: 10.1371/journal.pone.0129747.

48. Whiting P, Morden A, Tomlinson LA, et al. What are the risks and 
benefits of temporarily discontinuing medications to prevent acute 
kidney injury? A systematic review and meta-analysis. BMJ Open 
2017; 7: e012674. doi: 10.1136/bmjopen-2016-012674.

49. Huang Y, Zhang S, Liu M, et al. Impact of RAAS blockers on con-
trast-induced nephropathy in patients with renal insufficiency: a meta- 
analysis. J Cardiovasc Pharmacol 2020; 76: 692-697. 

50. Jo SH, Lee JM, Park J, et al. The impact of renin-angiotensin-aldoster-
one system blockade on contrast-induced nephropathy: a meta-analysis 
of 12 studies with 4,493 patients. Cardiology 2015; 130: 4-14. 

51. Yamada T, Fujisaki T, Chopra N, et al. Effect of renin-angiotensin 
system blockers on contrast-induced acute kidney injury in patients 



 Intravascular contrast media in impaired kidney function

e171© Pol J Radiol 2024; 89: e161-e171

with normal or mild-to-moderate reduced kidney function under-
going coronary angiography: a systematic review and meta-analysis. 
CN 2020; 94: 227-236. 

52. Nderitu P, Doos L, Jones PW, et al. Non-steroidal anti-inflammatory 
drugs and chronic kidney disease progression: a systematic review. 
Fam Pract 2013; 30: 247-255. 

53. Ungprasert P, Cheungpasitporn W, Crowson CS. Individual non- 
steroidal anti-inflammatory drugs and risk of acute kidney injury: 
a systematic review and meta-analysis of observational studies. Eur 
J Intern Med 2015; 26: 285-291. 

54. 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 dial-
ysis patients: recommendations for updated ESUR Contrast Medium 
Safety Committee guidelines. Eur Radiol 2018; 28: 2856-2869. 

55. Reed M, Meier P, Tamhane UU, et al. The relative renal safety of 
iodixanol compared with low-osmolar contrast media. JACC Cardi-
ovasc Interv 2009; 2: 645-654. 

56. Biondi-Zoccai G, Lotrionte M, Thomsen HS, et al. Nephropathy after 
administration of iso-osmolar and low-osmolar contrast media: evi-
dence from a network meta-analysis. Int J Cardiol 2014; 172: 375-380. 

57. Bruce RJ, Djamali A, Shinki K, et al. Background fluctuation of kid-
ney function versus contrast-induced nephrotoxicity. Am J Roent-
genol 2009; 192: 711-718. 

58. Pandya B, Chalhoub JM, Parikh V, et al. Contrast media use in pa-
tients with chronic kidney disease undergoing coronary angiogra-
phy: a systematic review and meta-analysis of randomized trials. Int 
J Cardiol 2017; 228: 137-144. 

59. Van Der Molen AJ, Dekkers IA, Geenen RWF, et al. Waiting times 
between examinations with intravascularly administered contrast 
media: a review of contrast media pharmacokinetics and updated 
ESUR Contrast Media Safety Committee guidelines. Eur Radiol 2024; 
34: 2512-2523.

60. Frenzel T, Lengsfeld P, Schirmer H, et al. Stability of gadolinium- 
based magnetic resonance imaging contrast agents in human serum 
at 37°C. Investig Radiol 2008; 43: 817-828. 

61. Galan A, Cowper SE, Bucala R. Nephrogenic systemic fibrosis 
(nephrogenic fibrosing dermopathy). Curr Opin Rheumatol 2006; 
18: 614-617. 

62. Thomsen HS, Morcos SK, Almén T, et al. Nephrogenic systemic fibrosis 
and gadolinium-based contrast media: updated ESUR Contrast Medium 
Safety Committee guidelines. Eur Radiol 2013; 23: 307-318. 

63. Woolen SA, Shankar PR, Gagnier JJ, et al. Risk of nephrogenic sys-
temic fibrosis in patients with stage 4 or 5 chronic kidney disease 
receiving a group ii gadolinium-based contrast agent: a systematic 
review and meta-analysis. JAMA Intern Med 2020; 180: 223-230. 

64. Schönenberger E, Martus P, Bosserdt M, et al. Kidney injury after 
intravenous versus intra-arterial contrast agent in patients suspect-
ed of having coronary artery disease: a randomized trial. Radiology 
2019; 292: 664-672. 

65. Serafin Z, Karolkiewicz M, Gruszka M, et al. High incidence of ne-
phropathy in neurosurgical patients after intra-arterial administra-
tion of low-osmolar and iso-osmolar contrast media. Acta Radiol 
2011; 52: 422-429. 

66. Wang Z, Song Y, Li Y. Role of hydration in contrast-induced nephrop-
athy in patients who underwent primary percutaneous coronary in-

tervention: a meta-analysis of randomized trials. Int Heart J 2019; 60: 
1077-1082. 

67. Weisbord SD, Gallagher M, Jneid H, et al. Outcomes after angiog-
raphy with sodium bicarbonate and acetylcysteine. N Engl J Med 
2018; 378: 603-614. 

68. Mehran R, Aymong ED, Nikolsky E, et al. A simple risk score for 
prediction of contrast-induced nephropathy after percutaneous coro-
nary intervention. J Am Coll Cardiol 2004; 44: 1393-1399. 

69. Allen DW, Ma B, Leung KC, et al. Risk prediction models for con-
trast-induced acute kidney injury accompanying cardiac catheter-
ization: systematic review and meta-analysis. Can J Cardiol 2017; 
33: 724-736. 

70. The ad-hoc working group of ERBP; Fliser D, Laville M, Covic A, et al. 
A European Renal Best Practice (ERBP) position statement on the 
Kidney Disease Improving Global Outcomes (KDIGO) clinical prac-
tice guidelines on acute kidney injury: Part 1: definitions, conserva-
tive management and contrast-induced nephropathy. Nephrol Dial 
Transplant 2012; 27: 4263-4272. 

71. McDonald JS, Katzberg RW, McDonald RJ, et al. Is the presence of 
a solitary kidney an independent risk factor for acute kidney injury 
after contrast-enhanced CT? Radiology 2016; 278: 74-81. 

72. 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: 66-78.e3. doi: 10.1016/j.amjmed.2011. 
06.029.

73. Davenport MS, Perazella MA, Yee J, et al. Use of intravenous iodinat-
ed contrast media in patients with kidney disease: consensus state-
ments from the American College of Radiology and the National 
Kidney Foundation. Radiology 2020; 294: 660-668. 

74. De Laforcade L, Bobot M, Bellin MF, et al. Kidney and contrast me-
dia: common viewpoint of the French Nephrology societies (SFNDT, 
FIRN, CJN) and the French Radiological Society (SFR) following 
ESUR guidelines. Diagn Interv Imaging 2021; 102: 131-139. 


