
Introduction

The administration of iodinated contrast media
(CM) is a standard component of many computed
tomography (CT) examinations. The large num-
ber of procedures performed each year and the
infrequency of adverse events attests to the safety
of CM. However, a small number of patients expe-
rience adverse events that are directly related 
to the CM or the procedure being performed. In
this chapter, we examine the issue of renal toxici-
ty. Objectives of this review include recognizing
the patients at risk for renal complications follow-
ing CM administration and understanding strate-
gies to minimize the risk in those who will receive
CM.

Who is At-Risk?

Risk factors for the development of contrast-in-
duced nephropathy (CIN) are well characterized.
These risk factors include: (1) a baseline decrease in
glomerular filtration rate (GFR <60 ml/min), (2)

increasing age, (3) female gender, (4) intravascular
volume depletion, such as might occur with chron-
ic use of diuretics, (5) diabetes, congestive heart
failure, or cirrhosis, and (6) the concomitant ad-
ministration of drugs that diminish renal function,
such as NSAIDs, cyclosporin, and cisplatin [1].

Appropriate screening before contrast adminis-
tration is necessary to identify these high-risk pa-
tients. The most important risk factor, a low GFR,
is most easily identified using a serum creatinine
measurement and applying a formula to convert
creatinine to GFR [2]. The most widely used for-
mula, called the Modification of Diet in Renal dis-
ease (MDRD) or Levey formula (Fig. 1), can be
found online at a number of sites (Table 1) or put
on a personal digital assistant (PDA) for easy use
in a screening protocol. A protocol to identify and
manage high-risk patients is presented in Figure 2
[3]. Modification of this protocol to reflect the re-
alities of the practice environment is appropriate,
but the basic intent should not be lost. High-risk
patients should be identified before contrast ad-
ministration, and steps to minimize CIN need to
be taken.
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Fig. 1. MDRD or Levey Formula

Estimated GFR/1.73 m2 = 186 x Serum [creatinine]-1.154 x Age -0.203

x 0.74 if female x 1.21 if African American

Formula was empirically determined in a cohort of individuals
(1628) (mostly white) with chronic kidney disease (determined by
iothalamate clearance <55 mL/min/1.73 m2).

Evidence from other studies suggests that it underestimates GFR
by 25-30% in subjects with “normal” renal function.
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Characteristics of the 
Contrast-Enhanced Examination 
That Enhance the Risk of CIN

In addition to these patient-specific risk factors,
there are independent risk factors related to the
procedure, including: (1) the volume of CM ad-
ministered, (2) the route of administration, e.g., in-
traarterial versus intravenous, (3) a second CM
study within 72 h, and (4) the specific CM used.

Since these are potentially modifiable factors,
it is important to consider each factor when a
high-risk patient has been identified. The risk of
CIN is proportional to the volume of contrast ad-
ministered, with no clear threshold dose [4]. There

is an interaction with the patient’s level of renal
function. A smaller volume of contrast can cause
CIN as the level of renal function (GFR) falls. This
has led to the development of a recommended
maximum volume of contrast based upon serum
creatinine although this has not been extensively
validated [5]. Multidetector CT (MDCT) technolo-
gy offers the opportunity to decrease the volume of
contrast needed for a number of applications.
Contrast volume can be decreased by a higher ini-
tial injection rate with subsequent variable flow
rates, saline flushing, and appropriate timing of the
acquisition of images after contrast administra-
tion. Use of the contrast agent with the highest
amount of iodine per unit volume will also reduce
overall contrast volume. Strategies for protocol

Table 1. Websites for Glomerular Filtration Calculators

Website Calculation formula used
http://www.nkdep.nih.gov/   MDRD

go to Health Professionals /Tools

http://www.kidney.org/ MDRD
go to professionals/Clinical tools/gfr calculator

http://www.nephron.com/ MDRD

http://www.hdcn.com/calc.gfr.htm MDRD
MDRD Modification of Diet in Renal Disease

Protocol (modified from Gleeson, AJR 2004)

Renal impairment
and/or

diabetes

Ensure adequate volume status

No specific prophylaxis

1. Consider delaying the investigation or procedure
2. Contact referring physician to

Establish absolute necessity for investigation or procedure
Consider alternative diagnostic techniques

MRI, sonography , CO2 angiography
3. Determine the patient-s renal function by eGFR

Renal impairment
eGFR <60 ml/min/1.73 m2
Serum creatinine

Female > 1.3 mg/dl
Male > 1.5 mg/dl

Age > 60
Diabetes mellitus
Contrast load in previous 72 hours
Congestive heart failure or EF <45%
Cirrhosis
Nephrotic syndrome
Peripheral vascular disease
Treatment with NSAID, ACEI, ARB, diuretics

Cyclosporin,  Tacrolimus , Gentamicin
Amphotericin

Hypertension
Hyperuricemia

No

Yes

Or
any

3

H ig h  R is k

E m p loy  pre v e nta tiv e  s tra te gie s

Fig. 2. Protocol (modified from [3])
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Cyclosporin, Tacrolimus, Gentamiacin
Amphotericin

Hypertension
Hyperuricemia
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building are beyond the scope of this chapter but
are covered in other chapters in this volume.

At this time, CM use in CT is exclusively intra-
venous. Although the risk of CIN may be less with
intravenous injection than with intra-arterial in-
jection, this is not a reason to reduce one’s efforts
to prevent nephropathy. A second contrast expo-
sure within 72 h increases the risk of nephropathy
significantly. Often, the first indication that a pa-
tient was recently given contrast and is at risk for
nephropathy is to see delayed retention of contrast
in the cortex of the kidneys when performing the
initial noncontrast scout images [6]. A second ex-
posure to contrast should be delayed whenever
possible in such a circumstance, and contrast
should not be administered twice within 72 h un-
less it is urgently needed for patient management.

The type of contrast used also impacts on the
development of nephropathy. Osmolality of the CM
is one potential mediator of this toxic effect. Sup-
port for the role of osmolality comes from experi-
mental animal data as well as clinical trial data. A
meta-analysis of prospective randomized trials
comparing high osmolality (>1,500 mOsm/kg) to
low osmolality CM (700–800 mOsm/kg) found a re-
duction in the incidence of CIN with the use of low-
osmolality CM. However, the risk reduction was
statistically significant only in patients with a GFR
<55 ml/min [relative risk (RR 0.50)] [7]. The recent
availability of iso-osmolality CM (290 mOsm/kg)
has raised the question of whether these agents
would be less nephrotoxic than low-osmolality

agents. One comparative trial of iso-osmolality
(iodixanol) versus low-osmolality (iohexol) CM in
patients with both diabetes and renal insufficiency
showed a lower incidence of CIN with the use of
the iso-osmolality CM [8]. However, a systematic
review of available data in high-risk patients from
prospective trials involving low- and iso-osmolality
CM does not support a benefit of iso-osmolality
CM over all other low-osmolality CM [9]. In partic-
ular, the data show comparable rates of CIN with
the use of iodixanol and iopamidol, another non-
ionic monomer contrast agent. Indeed, it appears
that the benefit observed in the study comparing
iodixanol and iohexol may be related to the choice
of that particular low-osmolality CM rather than a
benefit attributable to the use of the iso-osmolality
CM (Fig. 3). Randomized trials comparing the renal
effects of iopamidol and iodixanol in high-risk pa-
tients may help answer this question more defini-
tively.

Other Strategies to Minimize 
Contrast-Induced Nephropathy

A number of other strategies have been studied to
minimize risk, particularly in high-risk patients.
These include use of saline volume expansion and
pharmacologic agents to produce renal vasodila-
tion or interfere with generation of free oxygen
radicals.

Contrast-induced toxicity to the kidneys is re-

Fig. 3. Review of 17 prospective randomized trials of a single contrast agent in high-risk patients undergoing angiographic studies or in-
terventions [9]. The studies included head-to-head comparisons and placebo arms of trials investigating prophylactic therapies such as
theophylline, fenoldopam, and N-acetylcysteine. Number of patients studied is indicated on each bar. CIN = contrast-induced nephropa-
thy, NS = not significant
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duced by enhancing renal blood flow and urine
flow. In practical terms, this means that patients
should drink liberally the night before a contrast
study or receive intravenous fluids starting the
night before if they are high risk. The ideal combi-
nation of water and electrolytes is not known and
may be patient specific. Correcting known extra-
cellular volume depletion with saline, holding di-
uretics for 12 h, and encouraging oral water intake
will suffice for most patients [1]. In situations that
do not permit corrective measures beginning the
evening before contrast exposure, a single-center
trial found that an isotonic sodium bicarbonate
solution (three ampules of NaHCO3 in 1,000 ml
D5W) significantly reduced the incidence of CIN
in high-risk patients receiving intra-arterial CM.
The isotonic sodium bicarbonate solution was giv-
en at 3 mL/kg/hr for 1 h before CM exposure and
at 1 mL/kg/hr for 6 h postexposure [10].

Attempts to enhance renal blood flow with sys-
temic vasodilator therapy have not been particu-
larly successful. These agents – dopamine,
fenoldopam, theophylline, atrial natriuretic pep-
tide, endothelin antagonists, and calcium-channel
blockers – have systemic effects that limit the de-
gree of renal vasodilation. Strategies to find more
specific renal vasodilators or to deliver these
agents directly into the kidney are being evaluated.

Inhibition of the generation of reactive oxygen
species may be protective in some patients. The
initial trial of N-acetylcysteine (NAC) was per-
formed in patients with renal insufficiency receiv-
ing contrast as part of abdominal CT procedures.
A significant reduction in the incidence of CIN
was found when NAC was administered orally at
600 mg twice daily on the day before and day of
contrast exposure [11]. Subsequent prospective
randomized trials conducted primarily in high-
risk patients undergoing cardiac catheterization
and percutaneous coronary intervention (PCI)
found equivocal results [12]. Different patient pop-
ulations and dosing schedules may account for
some of these contradictory results. However,
when taking into account the failure of many neg-
ative trials to get published (presented in abstracts
at meeting), it seems our current enthusiasm for
using NAC routinely in all high-risk patients needs
to be tempered. Administration of NAC, however,
is inexpensive and associated with little or no side
effects. While this favors use of NAC, it does not
obviate the necessity of the other protective strate-
gies described above. Additional trials with other
NAC dosing strategies – acute intravenous admin-
istration [13], double-dose oral administration
[14] – have suggested an enhanced effect, but these
strategies need further validation.

Conclusion

As the number of contrast-enhanced CT proce-
dures increase and the target patient population
has an increasing prevalence of comorbidities, the
number of adverse renal effects will likely increase.
However, appropriate screening for those patients
at high risk and the employment of preventative
strategies should minimize the percentage of pa-
tients who suffer from this adverse event.

For the CT service, a screening protocol (Fig. 2)
can be employed to identify high-risk patients by
using simple demographic, historical, and labora-
tory data. MDCT protocols to minimize the vol-
ume of CM used and the choice of an appropriate
nonionic contrast agent may also reduce risk
(Fig. 3). Collaboration with local nephrologists to
develop practical pharmacologic interventions
and volume expansion strategies is highly recom-
mended.
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