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Several investigations have discovered important physiologic links in the development of
contrast-induced nephropathy (CIN). Studies using a canine kidney model showed that
contrast media produce a direct cytotoxic effect on the renal structures. Also, there is
increasing evidence that apoptosis is involved in CIN as a result of cell injury. It has
been suggested that hemodynamic changes resulting from administration of contrast
media may contribute to the development of CIN, although the data are not conclu-
sive. Several vasoactive substances, such as endothelin, prostaglandins, nitric oxide, and
adenosine, have been implicated in the pathogenesis of CIN, as have immune mecha-
nisms. Several factors contribute to the development of CIN, including preexisting renal
insufficiency, older age, diabetes mellitus, reduced left ventricular systolic function,
advanced heart failure, acute myocardial infarction, and shock. The authors also pres-
ent the risk score they developed to help clinicians identify patients with different
responses to contrast exposure.  
[Rev Cardiovasc Med. 2003;4(suppl 5):S10–S18]
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Despite numerous experimental and clinical studies, pathogenesis of
contrast-induced nephropathy (CIN) still is not entirely understood.
The most important pathophysiologic links of CIN identified so far

include direct toxicity to the renal tubular epithelium, apoptosis, disturbed
renal hemodynamics, altered glomerular function, and immune mechanisms.

A CONTRAST IN RISK
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Direct Toxic Effect 
of Contrast Media
Using Madin-Darby canine kidney
(MDCK) as a model of CIN, contrast
media were shown to produce a
direct cytotoxic effect on the renal
structures. This was manifested in
the form of reduction of transep-
ithelial resistance, inulin permeabili-
ty, polarized cellular enzyme release,
and other parameters of renal tubular

cell viability.1 Contrast agents were
shown also to induce cytotoxic
effects in the form of redistribution
of the tight junction–associated
membrane proteins into a cyto-
plasm. In addition, contrast media
were recognized to induce cytoplas-
mic vacuolization and lysosomal
alteration in the proximal convolut-
ed tubular cells and in the inner cor-
tex.2–5 Renal tubule cell injury after
the exposure to contrast agents is
accompanied by significant decreases
in tubule potassium, adenosine
triphosphate, total adenine nucleo-
tide, and basal and uncoupled respi-
ratory rates, as well as a significant
increase in tubule Ca2+ content.6

Importantly, repeated administra-
tion of contrast media compared
with first exposure was shown to
induce more severe damage of prox-
imal tubular epithelia with prominent
vacuolization, appearance of intra-
cytoplasmic granular structure, and
occasional cell necrosis, along with
retarded recovery of the normal
structure.2

Enhanced production of oxygen
free radicals has been documented
in experimental rat models.7 Sub-

sequently, oxidant-mediated injury
has been suggested as a mechanism
of cytotoxic effect in pathogenesis
of CIN. Contrast agents were found
to reduce the activity of the antiox-
idant enzymes catalase and superox-
ide dismutase in the renal cortex of
volume-depleted rats.7

Lipid peroxidation of biologic
membranes is also implicated in tis-
sue injury. Significant morphologic
alterations in proximal tubules,

along with elevated renal levels of
malondialdehyde, a marker of lipid
peroxidation, were found in rats
after exposure to contrast media.8

There is much debate over whether
contrast agents with lower osmolar-
ity are of any benefit in diminishing
the risk of CIN. Several studies in
animals showed that high-osmolar
contrast agents cause more promi-
nent cytotoxic effects,9,10 enzy-
muria,11 and reductions in creati-
nine clearance12 compared with low-
osmolar contrast media. However,

the study by Niu2 using contrast
media with various osmolarities
failed to find significant histologic
differences in degree of renal dam-
age.

The Role of Apoptosis 
There is increasing evidence that
apoptosis is involved in CIN as a
result of cell injury. Fragmentation

of DNA, a hallmark of apoptosis, and
other morphologic characteristics of
programmed cell death have been
documented in cardiac myocytes
and renal tubular, glomerular, vas-
cular endothelial, and smooth mus-
cle cells of the heart and kidneys 
in the rat model of CIN.13 Using 
the MDCK model of CIN, it was
demonstrated that hypertonicity-
induced cell death was accompanied
by pronounced increase in activity
of 3rd, 8th, and 9th caspases. These
cysteine proteases are considered
today to be among the main execu-
tioners of programmed cell death.

One study provided evidence that
apoptosis is related to the hyper-
tonicity of radiocontrast material.14

In this study, a highly hyperosmolar
ionic radiocontrast agent, diatrizoate,
caused DNA fragmentation in renal
epithelial cells in a similar way 
to other hyperosmolar solutions
(mannitol and sodium chloride),
albeit more pronounced. The less
hyperosmolar, nonionic agent,
iopamidol, however, caused no
detectable DNA breakdown. Based
on the assumption that a hyperos-
molar extracellular environment
induces oxidative stress via reactive
oxygen species, the same group
investigated whether antioxidants

(N-acetylcysteine and taurine) are
able to decrease hypertonicity-
induced apoptosis of renal epithelial
cells.14 The results showed that 
N-acetylcysteine failed to reduce
DNA fragmentation in vitro, whereas
taurine attenuated it. Based on this,
the authors concluded that antioxi-
dant properties are not sufficient 
for cytoprotective renal effect 

Repeated administration of contrast media compared with first exposure
was shown to induce more severe damage of proximal tubular epithelia
with prominent vacuolization, appearance of intracytoplasmic granular
structure, and occasional cell necrosis, along with retarded recovery of the
normal structure.

Several studies in animals showed that high-osmolar contrast agents
cause more prominent cytotoxic effect, enzymuria, and creatinine clear-
ance compared with low-osmolar contrast media.
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and that taurine, a semiessential
amino acid, may have cytoprotec-
tive effect through properties other
than antioxidation, presumably as
osmoregulator and/or intracellular
Ca2+ flux regulator.14

Renal Hemodynamics
Hemodynamic changes resulting
from administration of contrast
media have been suggested as a con-
tributory mechanism for the develop-
ment of CIN. However, the data on
this issue are scant and inconclusive. 

Most animal studies have docu-
mented decrease in renal blood flow
(RBF) and glomerular filtration rate
(GFR) after the exposure to contrast
media compared with baseline.15–17

Rats exposed to contrast material were
shown to have reduction in renal

medullary blood flow along with
decrease in red blood cell velocity
and oxygen tension.16,17 Importantly,
the decrease in GFR and renal plas-
ma flow after contrast media injec-
tion has been found to be more pro-
nounced in dehydrated rats com-
pared with animals with euvolemic
fluid condition, indicating that
dehydration enhances the adverse
effect of contrast media on renal
hemodynamics.18 In dogs, radiocon-
trast media induced a transient
increase in RBF, followed by 
prolonged vasoconstriction.19 The
vasoconstrictor phase was accom-
panied by a decrease in GFR.
Notably, it was possible to reduce
GFR further through the  use of a
dopamine-1 receptor antagonist,
and to improve it by the use of 
the selective dopamine-1 receptor

agonist fenoldopam. 
Sunnegardh and colleagues20 inves-

tigated the systemic, pulmonary,
and renal hemodynamic effects of
two contrast media with various
osmolarity intravenously infused in
pigs. Both contrast agents induced a
significant increase in mean arterial,
right atrial, pulmonary arterial, and
pulmonary wedge pressure, along
with an increase in cardiac output
and a decrease in systemic vascular
and pulmonary vascular resistance.
However, no significant changes 
in renal blood flow and renal vascu-
lar resistance have been observed.

In isolated human renal arterial
segments obtained from tumor
nephrectomy specimens, contrast
media caused relaxation and not
constriction of the renal arterial

rings. Based on these data, it has
been assumed that contrast agents
probably have no direct vasocon-
strictive effect on vascular smooth
muscle and that vasoconstriction is
hormone mediated.21

As for human studies, the data 
are few and also conflicting. 
Using the thermodilution method,
Weisberg and associates22 assessed
the effect of contrast media on 
RBF in a group of 12 patients.
Overall, the mean RBF in the whole
group tended to increase. However,
case-by-case analysis showed that 
in 4 of 12 patients, RBF primarily
decreased below baseline, with fur-
ther restoration in three cases. In 
a study by Russo and coworkers,23

contrast media caused an immedi-
ate and progressive decline in 
renal plasma flow and GFR that 

was proportional to osmolarity of
contrast material. 

Vasoactive Substances
Believed to Be Involved 
in the Pathogenesis of CIN
Endothelin
An increased serum level of
endothelin, a strong endogenous
vasoconstrictor, has been found
after exposure to contrast material
both in animal models and in
humans, and the level is especially
high in patients with diabetes melli-
tus or impaired renal function.24–26

Pollock and colleagues27 studied 
the effect of endothelin receptor
blockade in a rat model of CIN. 
When indomethacin, N(varpi)-nitro-
L-arginine methyl ester (L-NAME),
or the contrast agent diatrizoate was
administered without A-127722, an
endothelin receptor antagonist, rats
displayed typical signs of nephro-
toxicity. On the contrary, A-127722
has been shown to prevent, in a
dose-dependent manner, the rise 
in protein excretion and plasma
serum creatinine.

Prostaglandins and Nitric Oxide
There is some evidence of a protec-
tive role of prostaglandins and nitric
oxide (NO) in the genesis of CIN.
Inhibition of NO production result-
ing from the direct effect of nonion-
ic contrast media on the endotheli-
um has been demonstrated in 
the isolated arterial preparations  in
rabbits and dogs.28 Administration
of indomethacin or L-NAME before
contrast exposure has been shown
to cause vasoconstriction with a
prolonged significant reduction 
in medullary blood flow in rats.29

A decreased level of medullary 
oxygenation in rats as a result of
inhibition of prostaglandins and
NO, as well as after intravenous
administration of contrast media,
also has been reported.30,31

The decrease in GFR and renal plasma flow after contrast media injection
has been found to be more pronounced in dehydrated rats compared with
animals with normal fluid condition, indicating that dehydration
enhances the adverse effect of contrast media on renal hemodynamics.
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Adenosine
Increased release of renal adenosine
and stimulation of renal adenosine
receptors have been proposed to be
important mechanisms in the devel-
opment of CIN.32,33 Some authors
attribute the higher incidence of CIN
in diabetic patients following con-
trast exposure to the higher sensitiv-

ity of the renal vasculature to
adenosine because experimental
studies showed increased adenosine-
induced vasoconstriction in the 
kidneys of diabetic animals.33 The
decrease in RBF and GFR following
contrast administration has been
shown to be prevented by an adeno-
sine A1 receptor antagonist.15

Immune Mechanisms
Several studies have raised the ques-
tion of possible immune mechanisms
in the genesis of CIN.34–37 Based on
data showing that C5a of the com-
plement system is unchanged, where-
as C3a is increased after contrast
exposure, Gyoten37 suggested that
contrast agents activate complement
through the alternative pathway by
directly stimulating vascular endo-
thelial cells. It is of note that various
radiocontrast agents have been
shown to cause different comple-
ment activity.35

Epidemiology of CIN
Based on the definition of CIN as an
increase of ≥ 25% or an absolute
increase of ≥ 0.5 mg/dL in serum 
creatinine from baseline value at 
48–72 hours after exposure to con-
trast media, the overall incidence 
of CIN in the general population 
is estimated to be 1.2%–1.6%.38,39

According to the information on

contrast media use made available
to the U.S. Food and Drug
Administration, the incidence of
renal failure from 1990 through
1994 ranged from 0.6%–2.3%.40

Still, it is important to recognize
that in selected subsets, (especially
in patients with cardiovascular
pathology) the incidence of CIN is

much higher. Based on the data of
the Mayo Clinic registry, including
7586 patients treated with percuta-
neous coronary interventions (PCI),
the incidence of CIN was 3.3%.41 In 
a smaller study of 1826 patients
undergoing PCI, CIN occurred 
in 14.5% of the cases.42 Dialysis as 
a result of CIN in these two series
was required in 0.7% and 0.3%,
respectively. 

Risk Factors for CIN
A listing of risk factors for CIN 
can be found on page S6 in the 
previous article by Dr. McCullough.
The most important of these factors
include preexistent renal insuffi-

ciency, older age, diabetes mellitus,
reduced left ventricular systolic func-
tion, advanced heart failure, acute
myocardial infarction, and shock.

Preexisting renal disease with ele-
vated creatinine is the most impor-
tant risk factor in the development
of CIN. In patients with underlying
renal disorders, CIN rates are
extremely high, ranging from

14.8%–55%.41,42 Importantly, the risk
of CIN is directly proportional to
the baseline creatinine value. If
baseline serum creatinine level 
is 1.2 mg/dL or less, the risk of CIN
is only 2%.43 In patients with serum
creatinine in the range of 1.4–
1.9 mg/dL, the risk of CIN compared
with the previous group increases
fivefold (10.4%). As for patients
with a baseline creatinine level of
2.0 mg/dL or greater, over half
(62%) subsequently develop CIN.
Our data showed that despite pre-
procedure hydration and the use of
nonionic contrast media, CIN
occurred in one third of 439 consec-
utive patients who underwent PCI
and had baseline serum creatinine
of 1.8 mg/dL or more.44 Using multi-
variate analysis, baseline serum 
creatinine was identified as an inde-
pendent predictor of CIN.41

Diabetes mellitus is another well-
recognized risk factor for CIN. 
The incidence of CIN in diabetic 
patients varies from 5.7%–29.4%.38,45,46

Importantly, in diabetics with pre-
served renal function and absence
of other risk factors, the rates of CIN
are similar to those in healthy indi-
viduals,38 whereas clinically signifi-
cant CIN usually occurs in the sub-

set of diabetics with underlying
renal insufficiency.40,41,43 This is well
demonstrated in the study by
Lautin and associates,43 reporting
that the incidence of CIN was rather
low (2%) in patients with neither
diabetes nor azotemia, significantly
higher (16%) in individuals with
diabetes but preserved renal func-
tion, and much higher (38%) in

It is of note that various radiocontrast agents have been shown to cause
different complement activity.

In diabetics with preserved renal function and absence of other risk fac-
tors, the rates of CIN are similar to those in healthy individuals, whereas
clinically significant CIN usually occurs in the subset of diabetics with
underlying renal insufficiency.
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patients who had both diabetes and
azotemia. The study by Berns47 con-
firmed the correlation between the
degree of renal impairment and the
incidence of CIN in the diabetic pop-
ulation: 27% in patients with base-
line serum creatinine of 2.0–4.0 mg/dL
and 81% in those with serum creati-
nine > 4.0 mg/dL. 

We further analyzed the impact of
diabetes, chronic renal insufficiency
(CRI), or both in 7445 consecutive
patients treated with PCI by stratify-
ing the patients into four groups
(Figure 1): low-risk patients who
had neither CRI nor diabetes had
very low rates of hospitalization and
1-year mortality after PCI (0.7% and
3.4%, respectively); patients with
diabetes but without CRI had in-
hospital and 1-year death rates 
similar to the previous group (1.0%
and 6.7%, respectively); patients
with CRI but without diabetes had
significantly increased rates of mor-
tality compared with the previous
groups (2.3% and 17.5%, respective-

ly); and patients with both diabetes
and CRI had further increases of 
in-hospital and 1-year mortality
(3.7% and 25.9%, respectively)
[unpublished data].

The elderly are at increased risk 
of CIN, with reported incidence of
11%.39,48–50 The reasons for this higher
risk have not been studied specifi-
cally but are probably multifactorial,
including age-related changes in renal
function, the presence of multivessel
disease, and more difficult vascular
access due to tortuosity and calcifi-
cation of the vessels requiring rela-
tively larger amounts of contrast. 

The volume of contrast media
administered during the procedure
is of primary importance in the
development of CIN, and it is the
main modifiable risk factor. The 
correlation between amount of con-
trast and risk of CIN has been docu-
mented in several studies. According
to McCullough and colleagues,42 the
risk of CIN is minimal in patients
receiving less than 100 mL of con-

trast. However, according to differ-
ent sources, the relatively safe cutoff
amount for contrast may be as high
as 220 mL.49,51,52

As mentioned previously, there is
much uncertainty over whether the
use of contrast agents with a 
different osmolarity, ie, different
concentration of osmotically active
particles, is of any benefit in dimin-
ishing the risk of CIN. In a meta-
analysis of 45 trials, the greater
increase in serum creatinine after
administration of high- compared
with low-osmolar contrast media
was seen only in patients with pre-
existing renal failure.53

The controversy also exists over
whether the use of nonionic versus
ionic contrast agents is of any bene-
fit in diminishing the risk of CIN.
The incidence of nephrotoxicity
occurring with the nonionic contrast
agent iohexol and the ionic contrast
agent diatrizoate was compared in
1196 patients undergoing angiogra-
phy in a prospective, randomized,
double-blind multicenter trial by
Rudnick and associates.54 CIN was
observed in 7% of patients receiving
diatrizoate compared with 3% of
patients receiving iohexol (P < .002).
However, the differences in nephro-
toxicity between the two groups
were confined to patients with pre-
existing impaired renal function.
These results were corroborated in 
a randomized study by Taliercio and
coworkers55 showing that the degree
of renal function deterioration in
high-risk patients (serum creatinine
≥ 1.5 mg/dL) was less pronounced in
the group exposed to nonionic
(iopamidol) versus ionic (diatri-
zoate) contrast. On the other hand,
a randomized study by Schwab and
colleagues56 failed to show a signifi-
cant difference in rates of CIN in the
group exposed to iopamidol versus
nonionic diatrizoate, either in low-
or high-risk patients. 
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Figure 1. In-hospital and 1-year mortality after percutaneous coronary intervention in patients with (+) or 
without (–) chronic renal insufficiency (CRI) and diabetes mellitus (DM). 
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The recent randomized, double-
blind, prospective, multicenter
Nephrotoxicity in High-Risk Patients
Study of Iso-osmolar and Low-
Osmolar Non-Ionic Contrast Media
(NEPHRIC) trial57 provided evidence
that CIN may be less likely to devel-
op in high-risk patients when the
iso-osmolar contrast medium (IOCM)
iodixanol is used rather than the low-
osmolar contrast medium (LOCM)
iohexol. In this study, the mean rise
in creatinine from day 0 to 3 was
significantly lower in the IOCM ver-
sus the LOCM group (0.13 mg/dL
versus 0.47 mg/dL, respectively; 
P = .001). The same was true regard-
ing the proportion of patients with
increased serum creatinine > 0.5
mg/dL (3% and 25%, respectively; 
P = .003).

Several pharmacologic agents 
(eg, nonsteroidal anti-inflammatory
drugs, cyclosporines, and cisplatin)
have been shown to exacerbate 
the nephrotoxic effects of contrast
media.58–60

Implications of CIN
Today, CIN is one of the most com-
mon causes of acute renal failure
among hospitalized patients. Several
studies demonstrated the close rela-
tionship between contrast-induced
renal failure and prognosis after
PCI.61–62 It is associated with  increased
morbidity, mortality, hospitaliza-
tion, and cost. In a retrospective
analysis of 16,248 patients exposed
to contrast media, in-hospital mor-
tality rates were almost fivefold
higher in patients who developed
CIN (34%) compared with those
without renal failure (7%).63 Similarly,
in our study, patients with CIN versus
those without CIN had significantly
elevated rates of hospitalization
(4.7% vs 0.9%, respectively) and 
1-year mortality (32.3% vs 13.9%)
(Table 1).64

The prognosis is especially unfa-

vorable in patients with preexisting
renal disease, in whom contrast
material causes further deterioration
of renal function, and those on dial-
ysis.45,63 In-hospital mortality in
these subsets was 14.9% and 27.5%,
respectively, versus 4.9% in patients
with preserved renal function.45,61

In a study from the Mayo Clinic, 
in-hospital mortality in patients
undergoing PCI and developing CIN
was 22% versus only 1.4% in
patients without CIN.41 According 
to the data of McCullough and
coworkers,42 in-hospital mortality in
patients requiring dialysis after the
radiocontrast procedure was as high
as 36%.

During the first year after expo-
sure to contrast, mortality rates 
in patients with underlying renal 
disease remain very high at 45.2% 
in patients dependent on dialysis
and 35.4% in patients with deterio-
ration of renal function not requir-
ing dialysis, compared with 19.4%
in patients with no further exacer-
bation of renal function.45 The study
by Rihal and colleagues41 analyzing
data from 7586 consecutive patients
further showed that even 5 years
after PCI, the adjusted combined

risk of death or myocardial infarc-
tion was significantly higher in
patients who developed acute renal
failure after PCI compared with
those who did not (P < .0001).

According to the Mayo Clinic PCI
registry, 1-year mortality correlates
directly with creatinine clearance
and is 1.5% in individuals with cre-
atinine clearance ≥ 70 mL/min and
18.3% in patients with creatinine
clearance ≤ 30 mL/min.62 The study
of Gruberg and associates45 analyzed
independent predictors of poor out-
comes after PCI and showed that
newly instituted dialysis was the
strongest predictor of 1-year mortal-
ity, with an odds ratio of 4.15.

Regardless of revascularization
method, the management of patients
developing acute renal failure is
associated with high resource uti-
lization. In a Multicenter Study of
Perioperative Ischemia Research
Group on 2222 patients who under-
went coronary artery bypass grafting,
the length of hospitalization was
dramatically longer in patients who
developed acute renal failure com-
pared with those with intact renal
function.65 The presence of acute
renal failure more than doubled the

Table 1
Contrast-Induced Nephropathy (CIN): 
Outcomes and Resource Utilization

Patients

Outcomes With CIN Without CIN P value

In-hospital death, % 4.7 0.9 .0003

In-hospital cardiac death, % 2.4 0.7 .07

In-hospital other death, % 2.4 0.2 .004

In-hospital length of stay, days 9.6 ± 7.2 4.9 ± 6.4 <.0001

ICU length of stay, days 2.3 ± 4.4 0.6 ± 1.8 <.0001

Need for hemodialysis, % 12 0 <.0001

1-year death, % 32.3 13.9 <.0001

Adapted from Iakovou et al.64
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length of stay in the intensive care
unit in patients undergoing coro-
nary artery bypass surgery (6.8 and
3.1 days in patients with and with-
out acute renal failure, respectively).
As expected, patients requiring dial-
ysis had especially prolonged periods
of hospitalization in the intensive
care unit (mean 15.4 days). Similar
relationships were observed when
the length of hospitalization in the
general medical ward was analyzed.
Similarly, in patients treated with
PCI, the development of CIN was
associated with markedly increased
length of hospitalization (9.6 vs 4.9
days in patients with vs without
CIN) (Table 1).64

Integral Prediction of CIN:
Risk Score 
It is important to recognize that
apart from the known unfavorable
combination of diabetes and renal
insufficiency, the presence of two or
more other risk factors for CIN fur-
ther influences rates of CIN. In the
study by Rich and Crecelius,39 CIN
occurred in 1.2% of patients with-
out risk factors, 11.2% of those with
one risk factor (contrast volume 
> 200 mL, serum albumin level 
< 35 g/L, diabetes mellitus, serum
sodium level < 135 mmol/L, baseline

creatinine level > 133 �mol/L), and
in more than 20% of those with two
or more risk factors.

This dictates the integral assess-
ment of the impact of these variables
on the development of CIN. We
therefore developed a simple risk
score that can be readily applied by
clinicians to identify patients with
different responses to contrast expo-
sure.66 Using our database of patients
treated with PCI, the following vari-
ables were chosen by a stepwise
logistic regression as predictors of
postprocedure CRI: age, gender, dia-
betes mellitus, acute coronary syn-
drome as an indication for PCI,
intervention on more than one ves-
sel and/or on saphenous vein graft,

creatinine clearance < 50 mL/min,
and use of an intra-aortic balloon
pump. After assigning each of the
multivariate predictors a risk score,
we found that the incidence of 
CIN increased in a linear fashion 
(P < .0001) as the risk score
increased (Figure 2). The proposed
risk score model is currently being
validated on other databases.        
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