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Abstract

Contrast media-induced nephropathy (CIN) is a 

problem that is often under-recognised in clinical 

practice. The renal impairment is usually temporary,

but in some patients acute renal failure can develop 

and dialysis may be necessary. Several independent

patient-related and contrast-related risk factors 

contribute to the likelihood of CIN. Patients with both

diabetes and pre-existing renal impairment are at the

highest risk. Practices to identify patients at risk vary: it

may be possible to identify patients who may be at risk

using screening questionnaires. The prevalence of CIN

correlates with contrast media (CM) dose: therefore the

amount of CM has to be minimised in at-risk patients.

Non-ionic monomers (low osmolar CM) are beneficial

in comparison with ionic monomers (high osmolar 

CM) in patients with pre-existing renal impairment.

Encouraging results have been obtained recently with 

a non-ionic, dimeric, isosmolar compound, iodixanol,

possibly underscoring the relationship between lower

CM osmolality and lower nephrotoxicity. Adequate

hydration is recommended in at-risk patients. Various

drugs that have been used in attempts to prevent CIN

have provided contradictory results in clinical trials and

therefore their effectiveness remains to be proven.

Introduction

The use of iodinated contrast media (CM) in diagnostic

and interventional procedures has increased greatly

over the past 30 years, with an estimated 60 million

doses applied worldwide each year. Increasing 

numbers of patients who may be at risk of contrast

media-induced nephropathy (CIN) are being referred 

for procedures requiring the use of CM.

Contrast media-induced nephropathy is typically

defined as an impairment of renal function 

characterised by an increase in serum creatinine of

more than 25% or 0.5 mg/dL (44 µmol/L) over 

baseline, occurring within three days of the 

administration of CM, in the absence of an alternative

aetiology. An agreement on this definition is extremely

important to allow comparisons between different 

trials. This definition of CIN was adopted by the

Contrast Media Safety Committee of the European

Society of Urogenital Radiology (ESUR) in 1999.1 The

reported prevalence of CIN actually varies, according to 

definition and patient group, from <5% where there are

no risk factors up to 50% in patients at high risk. The

ESUR tried to reach a consensus on prevalence by 

disseminating a questionnaire to both experts and

members of the Society.1

In clinical practice, the prevalence of CIN may be 

underestimated because serum creatinine is a 

comparatively insensitive measure of renal function in

patients without kidney disease and, furthermore,

patients do not always undergo renal function tests 

prior to, and seldom following, procedures.

Despite the shift from high osmolar CM to the less

nephrotoxic low osmolar agents, CIN remains a 

significant problem in certain patient groups. It is 

associated with increased morbidity and mortality2,3

and is one of the most costly to treat adverse reactions

to CM.4

At-risk patients

The clinical burden of CIN can be minimised by 

identifying at-risk patients. Several independent 

patient-related and procedure-related risk factors 

contribute to the likelihood and extent of CIN. The most

important patient-related risk factor is pre-existing renal

impairment, increasing the risk of CIN more than 

20-fold.5 The risk of CIN increases exponentially in 

PREVALENCE OF CIN
ESUR CONSENSUS

Low in patients without risk factors, <5%

Prevalence in patients Members ‘Experts’
with risk factors (%) (%)

10_20% 63 35

20_30% 19 41

>30% 19 24

After Morcos et al, 19991



page 9

relation to baseline serum creatinine above a baseline

of 106 µmol/L.6 It is questionable whether diabetes 

mellitus is actually an independent risk factor.1,2,5,7,8

However, there is general agreement that patients with

both diabetes and pre-existing renal impairment are at

highest risk. In one study CIN occurred in 0.6% of

patients with diabetes and normal renal function, in

5.7% of patients with renal insufficiency alone and in

19.7% of patients with diabetes and renal insufficiency.5

In another study, 50% of patients with diabetic

nephropathy and creatinine clearance below 30 mL/min

showed a rise of at least 25% in serum creatinine and

15% required dialysis.9 Other possible patient-related

risk factors include dehydration, old age (with a 

questionable threshold), congestive heart failure,

history of CIN and concurrent administration of 

nephrotoxic drugs.

Potential patient-related risk factors include multiple

myeloma, hypertension, hyperuricaemia, proteinuria and

male gender. However, these are not usually considered

as independent predictors of CIN nowadays.1,10

Identifying at-risk patients 

Renal insufficiency, the greatest single risk factor for

CIN, may not be apparent until it is quite advanced.

The practice of measuring serum creatinine before

administration of CM is variable.11 A survey in the USA

by Lee et al. found that serum creatinine was assessed

before urography, body CT and head CT in 13%, 20%

and 14% of institutions, respectively. In institutions

where routine serum creatinine measurement was not

required, about 60% requested a measurement in

patients with diabetes.11

Routine measurement of serum creatinine in every

patient before administration of contrast is not 

always practical or possible.12 In addition, obtaining 

pre-injection serum creatinine values in all patients is

expensive, and probably not cost-effective given the 

low risk of renal damage in the general patient 

population.11

It may be possible to identify patients with low risk of

underlying renal insufficiency, in whom serum creatinine

testing is not essential, by evaluating risk factors.12,13

Olsen & Salomon found that a study form evaluating

historical risk factors completed by physicians in the

emergency department identified about 99% of

patients who proved to have abnormally high serum

creatinine;13 this approach is thus associated with a low

possibility of failing to identify a patient with renal

impairment. Similarly, Choyke et al. found that a 

six-question questionnaire, completed by patients, had

the potential to identify 94% of patients with normal

serum creatinine and 99% of patients with serum 

creatinine below 1.7 mg/dL, the cut-off for iodinated

CM in their institution.12 These authors concluded that

the questionnaire could reduce routine serum creatinine

determination by 67%, reducing costs, decreasing

delays and increasing patient satisfaction.

There is also variability in how a serum creatinine level,

once obtained, is interpreted.11 In the survey by Lee et

al., the mean cut-off value above which contrast was

not given was 2.1 mg/dL, but the standard deviation 

was fairly broad; the cut-off values cited ranged from 

1.4 mg/dL to >2.6 mg/dL.11 Interestingly, the presence 

of risk factors appeared to reduce the cut-off value 

only slightly, to a mean of 1.9 mg/dL. Dose of CM 

given is influenced by serum creatinine levels.1

PATIENT-RELATED RISK FACTORS

● Pre-existing renal impairment with diabetes mellitus

● Pre-existing renal impairment without diabetes mellitus

● Dehydration

● Congestive heart failure

● Old age

● Concurrent administration of nephrotoxic drugs

(NSAIDs, aminoglycosides)
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Serum creatinine is a relatively crude measure of

glomerular filtration rate, and it has been suggested

that creatinine clearance, calculated or measured,

should be used to identify at-risk patients as it provides

a better indication of renal function.14 Creatinine 

clearance can be calculated according to the formula

[(140 – age) x weight]÷[serum creatinine (mg/dL) x 72]

(with the value for females being 0.85 times the value

calculated with this formula). In a study of 1826

patients who underwent coronary intervention, no

patient with a calculated creatinine clearance above 47

mL/min developed acute renal failure requiring dialysis.2

Which contrast and how much?

Contrast media-related risk factors include contrast

dose, contrast osmolality, previous CM injection and

route of administration of CM (intra-arterial 

administration carries higher risks).

The prevalence of CIN correlates with dose. In one

large series, the cut-off dose of CM below which there

was no CIN requiring dialysis was 100 mL.2 Other

authors have reported a threshold effect related to renal

function.15,16 The consensus cut-off dose derived from

the ESUR questionnaire with a 300 mgI/mL contrast

agent was 400 mL in patients with normal serum 

creatinine, 150 mL in patients with serum creatinine 

levels between 130 and 300 µmol/mL and 60–100 mL 

in patients with higher serum creatinine levels.1

A meta-analysis from 25 trials of the relative 

nephrotoxicity of high and low osmolar CM showed

that the use of low-osmolality agents is beneficial in

patients with existing renal failure.17 These data were

validated by a later report that demonstrated that a

non-ionic monomeric (low osmolar) CM (iohexol) was

significantly less nephrotoxic than an ionic monomer

(diatrizoate, a high osmolar CM) in patients with 

pre-existing renal insufficiency alone or combined with

diabetes undergoing cardiac angiography.5 Among

patients with renal insufficiency alone, CIN developed

in 4.1% following administration of iohexol and in 7.4%

following injection of diatrizoate. The prevalence

increased to 11.8% and 27.0% respectively in patients

with pre-existing renal insufficiency combined 

with diabetes.

Very recently, the results from a study comparing the

nephrotoxic effects of a non-ionic, dimeric, isosmolar

CM, iodixanol, with those of iohexol in 129 patients

with diabetes and renal impairment (serum creatinine

1.5–3.5 mg/dL) undergoing coronary or aortofemoral

angiography have been reported by Aspelin et al.18

An increase in serum creatinine of ≥0.5 mg/dL was

reported in 3% of the patients who received iodixanol

in comparison with 26% of the patients who were

injected with iohexol (p=0.002), while an increase in

serum creatinine of 1.0 mg/dL or more was reported in

0% and 15% of the patients, respectively (p=0.003).

The odds of nephropathy appeared to be 11 times 

higher with iohexol than with iodixanol. The reported

prevalence of CIN following iohexol administration

(26%) was consistent with the results of previous 

studies testing non-ionic monomers in patients with

renal impairment, while the prevalence after iodixanol

administration was very low (3%), much better than in

any other clinical study in this type of patient using low

osmolar agents alone.

Fulvio Stacul

CM-RELATED RISK FACTORS

● CM dose

● Type of CM

● Multiple administrations of CM

● Intra-arterial administration of CM

CIN IN PATIENTS WITH DIABETES AND RENAL 
IMPAIRMENT UNDERGOING ANGIOGRAPHY (n=129)

IODIXANOL  IOHEXOL      p

Peak increase SCr day 0-3 (mg/dL) 0.13           0.55        0.001

Change in SCr day 0-7 (mg/dL) 0.07           0.24        0.003

Peak SCr ≥ 44.2 mmol/L (% pts)              3             26

0.002

Peak SCr ≥ 88.4 mmol/L (% pts) 0 15

After Aspelin et al., 200318

SCr, serum creatinine



Previous clinical trials in at-risk patients had failed to

show significant differences between iodixanol and 

non-ionic monomers, or revealed a slight advantage of

the dimer.19–21 It is possible that the lower number of

patients enrolled in the previous trials and, above all,

the association of renal impairment and diabetes in the

population investigated by Aspelin et al. explain these

different results.18 The magnitude of the difference

between the two agents is surprising, and could highly

favour the use of iodixanol in this patient group.

Additional clinical studies, to further validate these

results and to evaluate outcomes in other groups of 

at-risk patients with different procedures, are warranted.

Prevention: is it possible?

Possible prophylactic measures for preventing CIN 

have been investigated in many clinical trials.

However, only hydration is widely accepted and used in

clinical practice. Isotonic hydration was more effective

than half-isotonic hydration in 1620 patients who

underwent cardiac angiography.22 The best route of

administration (oral or intravenous) is questionable.

According to the guidelines of the ESUR1 at least 

100 mL per hour should be given (orally or 

intravenously), beginning 4 hours before 

and continuing until 24 hours after CM 

administration; in hot climates the fluid 

volume must be increased.

Haemodialysis following CM administration has been

proven not to offer any protection against CIN, possibly

because of the very rapid onset of renal injury after CM

injection. Therefore, it is no longer recommended.23

The effectiveness of different drugs tested for 

prophylaxis has not been fully proven: some have not

proven beneficial, some have provided contradictory

results in different trials, and others are still in an early

experimental phase.1,24–26 Diuretics such as frusemide 

did not provide any protection and may actually be

deleterious.27 Among the large number of vasodilators

that have been tested, dopamine and atrial natriuretic

peptide did not offer protection in patients with diabetic

nephropathy, who actually showed an increased rate 

of CIN.28

Fenoldopam, a selective dopamine-1 receptor agonist,

is a promising drug, but clinical experience with it is

very limited and the administration of this drug has 

significant disadvantages. Prostaglandin E1 proved 

beneficial in one clinical trial in patients with chronic

renal failure but the side effects of this drug may limit

its clinical use.29 Both theophylline and calcium channel

blockers gave conflicting results in clinical trials.30,31

However, the different dosages and administration

routes make comparison among the trials difficult and

the utility of these agents remains contentious.

Contradictory results have also been obtained with

endothelin antagonists.

Recently, N-acetylcysteine has received much attention.

This drug has several advantages, namely its low cost,

general availability, ease of administration and limited

side effects, that possibly justify its rather extensive use

in clinical practice despite contradictory results on its

efficacy from different clinical trials.32–36
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PROPHYLACTIC MEASURES

Oral

Saline
HYDRATION

Saline plus mannitol

Saline plus frusemide

HAEMODIALYSIS

Frusemide

Dopamine

Fenoldopam

Atrial natriuretic peptide

DRUGS Prostaglandin E1

Calcium channel blockers

Theophylline

Endothelin antagonists

N-Acetylcysteine

{
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Conclusions 

Contrast media-induced nephropathy is a problem that

is often under-recognised in clinical practice. It is costly,

prolonging hospitalisation and potentially necessitating

dialysis. The burden of CIN could be reduced by 

identifying at-risk patients. In these patients adequate

hydration is required, the administration of nephrotoxic

drugs should be stopped for at least 24 hours, the 

contrast dose should be minimised and contrast agents

with a more favourable renal profile are recommended.

What we knew before and what this tells us

z CIN has received much attention in the literature,

but many uncertainties still exist

z A widely accepted definition of CIN is essential to

permit comparisons between clinical trials

z Patients considered to be at risk are well established

in the literature, but the threshold CM dose in these

patients is based more on perceptions than on 

scientific data

z The use of drugs to prevent CIN is matter for debate;

no drug has been fully proven to be effective to date

z Iodixanol showed surprisingly low nephrotoxicity in a

group of high-risk patients but additional clinical

studies to validate these results are warranted




