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Abstract
Contrast media administration during diagnostic and invasive procedures in high risk patients for nephrotoxicity is a
common problem in clinical practice. The mechanisms involved in renal function impairment after contrast media administration are not precisely known but are intensively investigated, and new data have emerged in the literature lately.
We present the case of a 72-year old male patient with diabetic nephropathy to whom a new generation iso-osmolar
contrast medium (iodixanol) was administered during intravenous pyelography. Due to the contrast agent administration,
the patient developed irreversible acute renal failure and became dialysis-dependent. This case suggests that even new
generation contrast media (including iodixanol) may be severely nephrotoxic, when administered to high risk patients.
Additionally we review the complex mechanisms involved in pathogenesis of contrast media nephrotoxicity. Hippokratia 2008; 12 (2): 87-93
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Contrast media-induced nephropathy (CIN) is defined as the acute deterioration of renal function after
parenteral administration of contrast medium in the absence of any other cause1. Renal function deterioration
according to most authors is referred to an increase of
serum creatinine concentration of > 0.5 mg/dL (44 μmol/
L) or 25% above baseline, within 48 hours after contrast
medium administration.
The incidence of CIN in the general population has
been estimated to be less than 2%2. However in highrisk patients the incidence can rise to more than 50%.
CIN represents the third most frequent cause of hospital acquired acute renal failure. Pre-existing renal impairment and diabetes mellitus have been identified as
the main conditions predisposing to the development
of CIN. Other risk factors include advanced age (> 75
years), decreased effective blood volume (heart failure,
liver cirrhosis, nephrotic syndrome), use of diuretics,
non-steroid anti-inflammatory drugs (NSAIDs) and other
nephrotoxic medications, peripheral vasculopathy, anaemia, hypercholesterolemia, previous parenteral contrast
medium administration within 72 hours and large volume
of contrast medium3.
It is estimated that during 2003 approximately 80
million parenteral doses of iodinated contrast media
were administered worldwide, corresponding to approximately 8 million litres of contrast medium. During the last two decades the number of computed tomographies has increased by 800% and between 1979

and 2002 the number of percutaneous cardiac interventions in the USA has risen by 390%. As the number
of susceptible patients exposed to parenteral iodinated
contrast media expands, contrast-induced nephropathy
represents an ever-growing clinical problem. Meanwhile, the main predisposing factors for CIN, namely
diabetes mellitus and previous renal impairment are
currently augmented. Thus, the estimated increase in
renal insufficiency incidence by 2010 in the USA is
90% and the incidence of diabetes mellitus, currently
affecting 192 million people worldwide, is expected to
rise 75% by 20254.
An intravenous pyelography in 1919 was the first
reported parenteral application of an iodinated contrast
medium5, and acute renal failure following intravenous
pyelography in a patient with myelomatosis in 1954 was
the first reported case of CIN6. First generation contrast
agents were ionic monomers containing a benzene ring
with three iodine atoms, exhibiting high osmolarity in the
range of 1500 to 1800 mOm/kg (High Osmolar Contrast
Agents). Alleged nephrotoxicity related to high osmolarity led to the development of non-ionic monomers, reducing osmolarity by half (Low Osmolar Contrast Agents)
but still exhibiting more than double the osmolarity of
plasma. Third generation agents are dimers almost isoosmolar to plasma (Isoosmolar Contrast Agents) but with
increased viscosity, which results in complicated injection through small vascular catheters. Nevertheless even
third generation contrast agents have been implicated by
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Figure 1. Molecular structure of contrast media: First generation high osmolar ionic monomer iothalamate, second
generation low osmolar non-ionic monomer iohexol, third
generation iso-osmolar non-ionic dimmer iodixanol

some authors for potential nephrotoxicity7 (Figure 1).
Renal failure following exposure to radiocontrast
agents is usually nonoliguric. Creatinine rises within 48
hours, peaks 4 to 5 days after exposure and returns to
baseline in 7 to 10 days8. Complete recovery is expected
in more than 75% of patients, who develop this complication, but approximately 10% become dialysis dependent9.
Contrast-induced nephropathy leads to increased mortality, with an odds ratio of 5.510. Clinical experience over
the last two decades has noted that the introduction of
low- and iso-osmolar contrast media has resulted in decreased frequency of contrast-induced nephropathy11,12.
Especially iodixanol, a new generation iso-osmolar contrast medium, has proved to be adequately safe, even
when administered to high-risk patients13,14.
We herein present the case of an elderly patient with
diabetes mellitus and slight impairment of renal function who, after intravenous pyelography with iodixanol,
developed acute renal failure becoming permanently
dialysis dependent. The aim of this study is to emphasize that even the last generation contrast media when
administered in high risk patients could be detrimental.
On the other hand we review the currently available experimental and clinical data on the mechanisms involved
in pathogenesis of CIN, because we consider that these
mechanisms deserve significant interest for the development of new perspectives for the prevention of CIN in
the near future.
Case presentation
Our patient, 72 years old, complained of malaise,
nausea, vomiting, weakness, fatigue, urine volume reduction (about 600 ml/24 h) and deteriorating dyspnea.
He had been smoking for the last 40 years and had hypercholesterolemia treated with atorvastatin. He also
had type 2 diabetes mellitus, diagnosed before 15 years

and treated with insulin the last 4 years.
He had been hospitalized in another facility for 3
days before admission to our department, complaining of
weakness, nausea and fatigue. Laboratory investigation
revealed renal insufficiency (serum creatinine Cr:2 mg/
dl). An intravenous pyelography had been performed using an inexplicably large dose (320 mg) of iodixanol (Visipaque) as contrast medium. Intravenous pyelography
had shown no signs of lithiasis or obstruction. The patient
left the clinic two days after the pyelography. Renal function had not been reevaluated after administration of the
contrast medium.
On admission the patient had signs of pulmonary
edema (dyspnea, tachypnea, use of auxiliary respiratory
muscles, rales in the lower fields of both lungs). Clinical examination revealed hypertension (160/70 mmHg)
and tachycardia (96 beats per min). The patient had normal sinus rhythm. A loud systolic murmur was audible
in the auscultatory area of the aortic valve. Loud systolic
murmurs were also audible over the carotid arteries, the
abdominal aorta and the femoral arteries. Pulses in the
pes dorsalis and posterior tibial arteries were palpable.
Electrocardiogram showed left anterior hemiblock and
incomplete right bundle branch block. On rectal examination mild enlargement of the prostate gland without
tenderness was found. Examination of the ocular fundi
showed signs of diabetic retinopathy (microaneurysms,
retinal hemorrhages and exudates). Laboratory investigation showed the following: Hematocrit: 38.5%; Hemoglobin: 13.1 g/dL; White Blood Cell Count: 10200/μL
(Neutrophils: 74%; Lymphocytes: 15%; Monocytes: 7%;
Eosinophils: 4%); urea: 171 mg/dL; serum creatinin: 7.8
mg/dL; total protein: 5.3 g/dL; serum albumin: 2.3 g/dL;
fibrinogen: 314 mg/dL; ESR: 32 mm; CRP: 11 g/L; CPK:
154 IU/L; ALT: 22 IU/L; AST: 28 IU/L. Arterial blood
gass examination was consistent with metabolic acidosis and profound hypoxia (pH=7.34; pC02=26 mmHg;
pO2=70 mmHg; Oxygen saturation: 91%; HCO3=14
mmol/L). Chest X-ray was diagnostic of pulmonary edema. Urine examination showed: specific gravity: 1015;
pH=7; protein: > 300 mg/dL; red blood cells: 20-30 per
high power field. Urine culture was negative. Kidney size
was normal (11cm) on ultrasound examination. Finally
a renal scintigraphy scan revealed significant reduction
of radioactive drug uptake in both kidneys and oliguric
acute on chronic renal failure was diagnosed.
The patient remained oliguric after the first 6 hours.
Therefore, he had to be on dialysis for managing pulmonary edema, metabolic acidosis and uremia. Acute renal
failure did not regress after regular dialysis sessions and
the patient underwent detailed investigation of potential
underlying causes. Immunologic investigation, immunoelectrophoresis, protein immunofixation of serum and
urine specimens as well as bone imaging studies were
normal.
Kidney biopsy, performed after the 35th day of persisting acute renal failure, demonstrated diffuse and nodular
diabetic glomerulosclerosis with concomitant signs of
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Figure 2. Kidney biopsy: Diffuse and nodular glomerulosclerosis (Methenamin-silver)

Figure 3. Kidney biopsy: Acute tubular necrosis (Hematoxylin - Eosin)

acute tubular necrosis (Figures 2,3). Acute renal failure
finally progressed to end-stage chronic renal failure and
the patient maintained on chronic hemodialysis.
Discussion
First generation, high-osmolar contrast media are
more nephrotoxic than new generation, low- and iso-osmolar ones11,15-18. Consequently, it is currently believed that
these new generation contrast agents should be preferred
for high risk11,15-18. Two of the most widely used new contrast media, iodixanol (a non-ionic, iso-osmolar dimer)
and iohexol (a non-ionic low-osmolar monomer) 16,17 have
consistently been found adequately safe, both in intraarterial19-21 and in intravenous22,23 administration to highrisk patients. Chalmers and Jackson found that iodixanol
was less nephrotoxic than iohexol, when administered
intra-arterially to patients with renal impairment13. This
superior safety of iodixanol as compared to iohexol was
confirmed in the NEPHRIC study14.
In the case described, acute renal failure within the
first 3 days of high-dose contrast medium administration in a patient with diabetes mellitus and pre-existing
renal disease renders the diagnosis of radiocontrast-induced nephropathy very probable11,15-17. However, further
causes of renal impairment had to be excluded. Indeed,
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the differential diagnosis of acute renal failure in our patient would include prerenal acute tubular necrosis, concomitant nephrotoxic drugs, rhabdomyolysis due to statin
administration, obstructive nephropathy and underlying
systemic disease. Nevertheless, the patient had not received any other nephrotoxic medication before the onset
of acute renal failure and no pre-renal cause of acute tubular necrosis could be demonstrated. Furthermore, there
was no obstruction, and detailed laboratory investigation
(including CPK, serologic investigation and detection of
paraproteinemia) was negative. Hence, no other cause of
acute renal failure could be identified. Histological diagnosis was consistent with advanced long-standing diabetic nephropathy and acute tubular necrosis. The latter was
attributable to administration of contrast medium12,17,18.
Acute renal failure was irreversible and so the patient had to start hemodialysis. This is not in accordance
with the prevailing notion that permanent renal failure
is associated with first-generation24 rather than secondgeneration contrast agents12,17,18. Indeed, in the Iohexol
Cooperative Study acute dialysis was warranted in 5
patients with intra-arterial iohexol administration, most
of whom suffered from diabetes mellitus19. Similarly, in
the NEPHRIC study only one diabetic patient developed
persistent renal failure owing to intra-arterial iohexol
administration, while no case of irreversible renal failure occurred among patients who received intra-arterial
iodixanol14. To our knowledge, irreversible renal failure
that could be ascribed to iodixanol has not been reported
in the literature.
Pathogenesis of CIN
Many different pathogenetic mechanisms of nephrotoxicity have been proposed, still none fully explaining
the pathogenesis of CIN, which is likely to involve the
interplay of several factors including alterations in renal
microcirculation and medullary oxygenation, as well as
direct cytotoxicity related to physicochemical and immunological properties of contrast media. Research is
hampered by the fact that experimental models do not
develop CIN unless renal circulation or function are already compromised, and by the unavailability of simple
techniques, which would allow evaluation of renal parenchymal hypoxia and tubular damage detection25.
It seems that the kidney area mainly affected by the
administration of contrast media is the already hypoxic
renal medulla and especially the deeper portion of the
outer medulla, corresponding to the thick ascending limbs
of the loop of Henle26. This area is highly susceptible to
hypoxic injuries e.g. when the kidney is perfused with
erythrocyte-free medium27. It is the area where the countercurrent mechanism of urine excretion control is maintained at the expense of hypoxia, with pO2 levels falling
as low as 20 mmHg. This is the result of a distinct parallel
disposition of tubules and vasa recta, which maximizes
urine concentration by countercurrent exchange but also
allows for oxygen diffusion from arterial to venous vasa
recta. Impaired oxygen supply in combination with in-
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creased oxygen requirements by the active reabsorption
of sodium, render this area extremely vulnerable to hypoxic injuries26.
The main proposed pathogenetic mechanisms of CIN
involve a) the exacerbation of medullary hypoxia due to
altered haemodynamics, which in the presence of impaired adaptive responses leads to tubular damage and
b) a direct cytotoxic effect of the radiocontrast agents on
tubular cells.
Microcirculation / Oxygenation
Experimental models of animals predisposed to ischemic injury have demonstrated that after parenteral administration of contrast media they exhibit short-term
renal vasodilatation, which is followed by prolonged vasoconstriction, resulting in a decrease in total renal blood
flow (RBF) and a reduction of glomerular filtration rate
(GFR)8.
There are regional differences in blood flow alterations between renal cortex and medulla, which are further affected by the availability of vasodilators such as
nitric oxide (NO) and prostaglandins. In their presence
the infusion of contrast media leads to an increased blood
flow in the outer medulla. Pharmacologic inhibition of
prostaglandin and NO synthesis by indomethacin (cyclooxygenase inhibitor) and L-NAME (N-nitro-L-arginine
methyl ester, NO synthase inhibitor) decreases blood
flow in the aforementioned area28,29. The blood flow reduction results in increased hypoxia, which is further
exacerbated by the increased energy requirements in the
ascending loop, induced by an osmotic diuresis effect of
contrast media27.
Among many other agents, endothelin-1 (ET-1) and
adenosine seem to play an important role in the alteration
of blood flow in the renal microcirculation after contrast
media administration1,8,25,27.
Endothelin-1 and contrast media
Gurbanov et al30 have demonstrated that ET-1 decreases cortex renal blood flow in normal rats while
increasing the blood flow into the medulla. Unselective
inhibition of ETA and ETB receptors by bosentan blocked
the medullary vasodilatation caused by ET-1, which was
in turn induced by a specific ETB-receptor agonist (IRL1620), indicating that medullary vasodilatation by ET-1
may be mediated by activation of ETB receptors. In the
same experiment medullary vasodilatation by ET-1 was
completely or partially inhibited by NO synthase or cyclooxygenase inhibition respectively, pointing out the dependence of ET-1 vasodilatory effect on the availability
of NO and to a lesser extent of prostaglandins.
Administration of radiocontrast agents in normal rats
induces endothelin release, as has been indicated by the
experiments of Heyman et al31, both in vivo (rats) and
in vitro (bovine endothelial cells). Infusion of hypertonic
solutions of mannitol, NaCl or glucose did not have that
effect. Renal medullary hypoxia seems to be ameliorated
by ETA-receptor inhibition, even though the effect may

involve tubular transport mechanisms rather than haemodynamic alterations32,33.
In a radiocontrast nephropathy model induced in rats
by the injection of indomethacin, L-NAME and iothalamate, Bird et al34 demonstrated that unselective ETA/
ETB-receptor inhibition and selective ETA-receptor inhibition attenuated the fall in RPF and GFR as well as tubular cell necrosis, caused by the contrast agent.
However in humans with chronic renal insufficiency
exposed to radiocontrast agents for coronary angiography, unselective endothelin receptor antagonism actually exacerbated radiocontrast nephrotoxicity, irrespective of systemic blood pressure drop, probably because
of altered intrarenal haemodynamic responses caused by
renal failure, or due to loss of the potential renoprotective effect of medullar vasodilatation, induced by ETB
receptor activation35,36. To our knowledge there are no
data evaluating potential nephroprotection offered by selective ETA-receptor inhibition in patients predisposed to
develop contrast-induced nephropathy.
In conclusion, parenteral administration of contrast
media induces endothelin release, which in the presence
of already compromised renal haemodynamics (e.g. lack
of NO or prostaglandins) leads to tubular necrosis, probably by exacerbating hypoxia in the outer medulla (Figure 4).

Figure 4. Proposed role of endothelin 1 in the development
of CIN. (ET1: Endothelin 1, ETA: Endothelin A receptor,
ETB: Endothelin B receptor, RCBF: renal cortical blood
flow, RMBF: renal medullary blood flow, NO: nitric oxide,
PG: prostaglandins, DM: diabetes mellitus, CIN: contrastinduced nephropathy

Adenosine
Adenosine effect on renal haemodynamics is complex
and still not fully understood. Adenosine is formed mainly from dephosphorylation of 5’-adenosine monophosphate (5’-AMP) by 5’-nucleotidase, which is activated
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by intracellular energy depletion, caused by conditions
such as hypoxia and ischemia37. Through activation of the
high affinity A1 adenosine receptors (A1AR) in the afferent glomerular arteriole, adenosine induces vasoconstriction and reduction in GFR, thus being considered as the
mediator of the tubuloglomerular feedback mechanisms
(TGF). Supranormal levels of adenosine also activate
the widely distributed low affinity A2b adenosine receptors (A2bAR), causing renal vasodilatation38. Increased
adenosine-induced renal vasoconstriction in combination with attenuated renal NO-dependent vasodilatation,
may account for the predisposition of diabetic patients
to CIN37.
In an experimental model Arakawa et al39 examined
the effects of radiocontrast media on dog renal function
with and without renal insufficiency. They found that the
administration of the non-ionic contrast medium iohexol
increased effective renal plasma flow (ERPF) and GFR
in dogs with intact renal function, mainly through A2AR
stimulation, while in subtotally nephrectomized animals
it induced a marked decrease in ERPF and GFR, mainly
through A1AR activation. In a more recent study Lee et
al report that A1AR knock out mice as well as mice pretreated with a selective A1AR antagonist were protected
against radiocontrast nephropathy40.
Studies involving unselective adenosine receptor antagonism with theophylline for the prevention of
nephropathy in susceptible patients receiving contrast
agents have yielded conflicting results, failing to provide
evidence of superiority over the use of low osmolar contrast agents and hydration. Lack of conclusive evidence
supporting the nephroprotective properties of theophylline, combined with its potential side effects (arrhythmias, convulsions) and its narrow therapeutic range, still
prohibit its use for routine prophylaxis against CIN2.
ROS
Reactive oxygen species (ROS) and endothelial dysfunction due to oxygen free-radical generation during
post-ischemic reperfusion, leading to medullary vasoconstriction, have also been implicated in the pathogenesis of CIN33,41. Free radicals react with NO to produce
peroxynitrite, and are responsible for the deactivation of
NO, which results in haemodynamic alterations in the
outer medulla and exacerbates ischemic cellular damage
after contrast media administration33 (Figure 5). Increased
production of 3-nitrotyrosine, a marker for peroxynitrite
generation, has been documented following the infusion
of radiocontrast agents in humans33,42. N-acetylcysteine,
a free radical scavenger with negligible side effects, is
under investigation as a promising agent for the prevention of CIN, even though the results of many currently
available trials are not totally conclusive31-33.
Cytotoxicity
Apart from haemodynamic alterations, the direct toxicity of contrast media on proximal tubular cell is still
under investigation as a major contributor to the devel-
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Figure 5. Proposed mechanism of ROS mediated contrast
media-induced nephropathy. ROS: reactive oxygen species,
NO: nitric oxide, CIN: contrast-induced nephropathy

opment of CIN33,43,44. Studies are mainly in vitro and involve cell cultures and isolated tubular segments25. Cell
vacuolization is the most commonly encountered finding,
suggesting cytoplasmic injury, although is seems to be
reversible and a correlation between the extent of tubular
vacuolisation and the reduction of renal function has not
been proven yet33.
Rapid loss of cellular proteins, such as sodium-potassium ATPase pump, and mitochondrial proteins, such
as cytochrome C, as well as increased susceptibility of
the cell membrane to phospholipase A2, has been documented as a result of direct contact of tubular cells with
contrast media33. Direct cytotoxicity is also suggested by
the reduction in transepithelial resistance, permeability to
inulin and displacement of membrane proteins after the
administration of radiocontrast agents33.
Enzymuria involving N-acetyl-beta-D-glucosaminidase (NAG), alanine aminopeptidase (AAP), and microproteinuria involving alpha1-and beta2- microglobulin,
both reflecting tubular damage, has been documented
after contrast media administration in humans8,33.
Activation of the complement system though the alternative pathway by direct stimulation of endothelial cells
after contrast media administration has been observed in
vitro31,45. Mesangial infiltration of neutrophils and macrophages leading to mesangial contraction and reduction
in GFR, may suggest another pathogenetic mechanism
leading to CIN33.
The association between contrast media hyperosmolarity and toxicity has not been fully established yet, but
is suggested by the ability of other hyperosmolar substances, such as mannitol and hypertonic saline, to induce
similar morphological, structural and enzymatic alterations33. There are several studies supporting the superi-
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ority of low- and iso-osmolar radiocontrast agents over
high osmolar ones, regarding safety and the prevention
of CIN1,14,19.
Conclusions
Contrast-induced nephropathy is an ever growing
clinical problem, the pathogenesis of which still remains
to be fully elucidated. Haemodynamic alterations exacerbating renal medullary hypoxia, as well as direct cellular toxicity, seem to account for the main pathogenetic
mechanisms leading to acute renal failure in predisposed
patients (Figure 6).

Figure 6. Summary of proposed mechanisms of contrast
media-induced nephropathy. RBF: renal blood flow, NO:
nitric oxide, PG: prostaglandins

Even new generation contrast media are dangerous
when administered to patients at high risk for nephrotoxicity. This holds true for iodixanol, which is generally regarded as the safest contrast medium. Therefore,
standard precautions to reduce frequency and severity of
acute renal failure should not be neglected.
As long the interplaying pathways orchestrating the
development of CIN are not precisely elucitaded, and
etiologic preventive measures could not be applied, the
current recommendations for avoiding CIN should only
include patients selection, hydration and administration
of the lowest possible quantity of a low- or iso-osmolar
radiocontrast agent.
References

1. Tepel M, Aspelin P, Lameire N. Contrast-induced nephropathy: a clinical and evidence-based approach. Circulation 2006;
113:1799-1806
2. Gleeson TG, Bulugahapitiya S. Contrast-induced nephropathy.
AJR Am J Roentgenol 2004; 183:1673-1689
3. Mehran R, Aymong ED, Nikolsky E, et al. A simple risk score
for prediction of contrast-induced nephropathy after percutaneous coronary intervention: development and initial validation. J
Am Coll Cardiol 2004; 44:1393-1399
4. Katzberg RW, Haller C. Contrast-induced nephrotoxicity: clinical landscape. Kidney Int Suppl 2006; 100:S3-7
5. Heuser C. Pieloradiographia con iodure potascio y las injectio-

nes intravenosas de iodure potascio en radiografia. Sem Med
1919; 26:424-427
6. Bartels ED, Brun GV, Gammeltoft A, Gjorup PA. Acute anuria
following intravenous pyelography in a patient with myelomatosis. Acta Med Scand 1954; 150:297-302
7. Sandler CM. Contrast-agent-induced acute renal dysfunction--is
iodixanol the answer? N Engl J Med 2003; 348:551-553
8. Solomon R. Contrast-medium-induced acute renal failure. Kidney Int 1998; 53:230-242
9. Scanlon PJ, Faxon DP, Audet AM, et al. ACC/AHA guidelines
for coronary angiography. A report of the American College of
Cardiology/American Heart Association Task Force on practice
guidelines (Committee on Coronary Angiography). Developed
in collaboration with the Society for Cardiac Angiography and
Interventions. J Am Coll Cardiol 1999; 33:1756-1824
10. Levy EM, Viscoli CM, Horwitz RI. The effect of acute renal
failure on mortality. A cohort analysis. JAMA 1996; 275:14891494
11. Solomon R. Radiocontrast-induced nephropathy. Semin Nephrol
1998; 18:551-557
12. Rudnick MR, Goldfarb S. Pathogenesis of contrast-induced nephropathy: experimental and clinical observations with an emphasis on the role of osmolality. Rev Cardiovasc Med 2003; 4
Suppl 5:S28-S33
13. Chalmers N, Jackson RW. Comparison of iodixanol and iohexol
in renal impairment. Br J Radiol 1999; 72:701-703
14. Aspelin P, Aubry P, Fransson SG, et al. For the NEPHRIC Study
Investigators. Nephrotoxic effects in high-risk patients undergoing angiography. N Engl J Med 2003; 348:491-499
15. Krämer B, Kammer M, Schweda F, Schreiber M. A primer in
radiocontrast-induced nephropathy. Nephrol Dial Transplant
1999; 14:2830-2834
16. Cox CD, Tsikouris JP. Preventing contrast nephropathy: what is
the best strategy? A review of the literature. J Clin Pharmacol
2004; 44:327-337
17. Baralis G, Steffenino G, Dellavalle A, La Scala E, Uslenghi E.
Scelta del mezzo di contrasto per l’ emodinamica e limitazione
dei rischi connessi. [Selection of contrast media for hemodynamic studies and limitation of the associated risk] Ital Heart J
Suppl 2004; 5:142-150
18. Kolonko A, Kokot F, Wiecek A. Contrast-associated nephropathy--old clinical problem and new therapeutic perspectives.
Nephrol Dial Transplant 1998; 13:803-806
19. Rudnick MR, Goldfarb S, Wexler L, et al. Nephrotoxicity of
ionic and nonionic contrast media in 1196 patients: a randomized trial. The Iohexol Cooperative Study. Kidney Int 1995;
47:254-261
20. Baker CS, Wragg A, Kumar S, De Palma R, Baker LR, Knight
CJ. A rapid protocol for the prevention of contrast-induced renal dysfunction: the RAPPID study. J Am Coll Cardiol 2003;
41:2114-2118
21. Boccalandro F, Amhad M, Smalling RW, Sdringola S. Oral acetylcysteine does not protect renal function from moderate to
high doses of intravenous radiographic contrast. Catheter Cardiovasc Interv 2003; 58:336-341
22. Carraro M, Malalan F, Antonione R, et al. Effects of a dimeric vs
a monomeric nonionic contrast medium on renal function in patients with mild to moderate renal insufficiency: a double-blind,
randomized clinical trial. Eur Radiol 1998; 8:144-147
23. Kolehmainen H, Soiva M. Comparison of Xenetix 300 and Visipaque 320 in patients with renal failure. Eur Radiol 2003; 13:
B32-B33
24. Manske CL, Sprafka JM, Strony JT, Wang Y. Contrast nephropathy in azotemic diabetic patients undergoing coronary angiography. Am J Med 1990; 89:615-620
25. Heyman S, Rosenberger C, Rosen S. Regional alterations in
renal haemodynamics and oxygenation: a role in contrast medium-induced nephropathy. Nephrol Dial Transplant 2005; 20
Suppl 1:i6-11

HIPPOKRATIA 2008, 12, 2
26. Brezis M, Rosen S. Hypoxia of the renal medulla--its implications for disease. N Engl J Med 1995; 332:647-655
27. Persson PB, Patzak A. Renal haemodynamic alterations in contrast medium-induced nephropathy and the benefit of hydration.
Nephrol Dial Transplant 2005;20 Suppl 1:i2-5
28. Prasad PV, Priatna A, Spokes K, Epstein FH. Changes in intrarenal oxygenation as evaluated by BOLD MRI in a rat kidney
model for radiocontrast nephropathy. J Magn Reson Imaging.
2001; 13: 744-747
29. Agmon Y, Peleg H, Greenfeld Z, Rosen S, Brezis M. Nitric
oxide and prostanoids protect the renal outer medulla from
radiocontrast toxicity in the rat. J Clin Invest 1994; 94:10691075
30. Gurbanov K, Rubinstein I, Hoffmann A, Abassi Z, Better OS,
Winaver J. Differential regulation of renal regional blood flow
by endothelin-1. Am J Physiol 1996; 271:F1166-1172
31. Heyman SN, Clark BA, Kaiser N, et al. Radiocontrast agents induce endothelin release in vivo and in vitro. J Am Soc Nephrol
1992; 3:58-65
32. Liss P, Carlsson PO, Nygren A, Palm F, Hansell P. Et-A receptor
antagonist BQ123 prevents radiocontrast media-induced renal
medullary hypoxia. Acta Radiol 2003; 44:111-117
33. Detrenis S, Meschi M, Musini S, Savazzi G. Lights and shadows
on the pathogenesis of contrast-induced nephropathy: state of
the art. Nephrol Dial Transplant 2005; 20:1542-1550
34. Bird JE, Giancarli MR, Megill JR, Durham SK. Effects of endothelin in radiocontrast-induced nephropathy in rats are mediated through endothelin-A receptors. J Am Soc Nephrol 1996;
7:1153-1157
35. Wang A, HolcslawT, Bashore TM, et al. Exacerbation of radiocontrast nephrotoxicity by endothelin receptor antagonism.
Kidney Int 2000; 57:1675-1680

93

36. Haylor JL, Morcos SK. An oral ET(A)-selective endothelin
receptor antagonist for contrast nephropathy? Nephrol Dial
Transplant 2001; 16:1336-1337
37. Pflueger A, Larson TS, Nath KA, King BF, Gross JM, Knox FG.
Role of adenosine in contrast media-induced acute renal failure
in diabetes mellitus. Mayo Clin Proc 2000; 75:1275-1283
38. Hansen PB, Schermann J. Vasoconstrictor and vasodilator effects of adenosine in the kidney. Am J Physiol Renal Physiol
2003; 285:F590-599
39. Arakawa K, Suzuki H, Naitoh M, et al. Role of adenosine in the
renal responses to contrast medium. Kidney Int 1996; 49:11991206
40. Lee HT, Jan M, Bae SC, et al. A1 adenosine receptor knockout
mice are protected against acute radiocontrast nephropathy in
vivo. Am J Physiol Renal Physiol 2006; 290:F1367-1375
41. Bakris GL, Lass N, Gaber AO, Jones JD, Burnett JC Jr. Radiocontrast medium-induced declines in renal function: a role for
oxygen free radicals. Am J Physiol 1990; 258:F115-120
42. Fiaccadori E, Maggiore U, Rotelli C, et al. Plasma and urinary
free 3-nitrotyrosine following cardiac angiography procedures
with non-ionic radiocontrast media. Nephrol Dial Transplant
2004; 19:865-869
43. Zager RA, Johnson ACM, Hanson SY. Radiographic contrast
media-induced tubular injury: evaluation of oxidant stress and
plasma membrane integrity. Kidney Int 2003; 64:128-139
44. Hardiek K, Katholi RE, Ramkumar V, Deitrick C. Proximal tubule cell response to radiographic contrast media. Am J Physiol
Renal Physiol 2001; 280:F61-70
45. Gyoten M. [Activation of the complement system and cytokine
production by radiographic contrast media in vascular endothelial cells in vitro]. Nippon Igaku Hoshasen Gakkai Zasshi 1998;
58:811-815

