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Definition  

 

 

 Not yet well defined 

 Commonly used definition: 

    Increase in serum creatinine of  0.5 mg/dl or  

     increase of   25% above baseline  

     within 48-72 hr after exposure of contrast media 



Clinical Courses 

 

 In almost all cases, the decline in renal function is mild and 

transient and of little clinical importance.  

 Increase in serum Cr within 24-48 hr 

 Peak in serum Cr within 48-72 hr 

 Recovery in serum Cr within 7-10 days 

 



Pathogenesis for Contrast-induced AKI 

 The two major theories: 

1. Vasoconstriction-induced renal medullary ischemia 

2. Direct toxic damage to renal tubular epithelial cells 



Contrast Media 

 ↑ Endothelin 

 ↑ Vaopressin 

 ↑ Adenosine 

Systemic 

Hypoxemia 

↑ Blood Viscosity 

↓ PGE2 

↓ ANP 

Blood Flow ↓ 

Direct Cellular Toxicity 

O2 Delivery ↓ 

Renal Medullary Hypoxia 

O2 Consumption  ↑  

 ↑ Osmotic Load 

Distal Tubule 

Contrast Medial Nephrotoxicity 

Heyman S et al. Exp Nephrol 1994;2:153 



Incidence of Contrast-Induced Nephropathy Depending on 

Additional Risk Factors 

Previously unimpaired renal function and no risk  

 factor:      ≤1% 

Diabetes and serum creatinine > 1.7 mg/dl; 

 LOCM/HOCM  (Parfrey et al)      9% 

Diabetes and creatinine ≥1.35mg/dl ; LOCM (Barrett et al) 13% 

Serum creatinine ≥1.5 mg/dl; LOCM (Lautin et al)  18% 

Serum creatinine ≥1.2 mg/dl, 75ml of LOCM (Tepel et al)  21% 

Diabetes and mean serum creatinine of 2.6 mg/dl 

 HOCM (Weisberg et al)    43% 

Diabetes and mean serum creatinine of 5.9 mg/dl 

 LOCM (Manske et al)     51% 

Huber W et al,  Invest Radiol 2002; 37:471-481 



 Chronic Kidney Disease 

  Diabetes + CKD 

  Multiple myeloma 

  Volume depletion 

  Hypotension 

  Anemia 

  Low cardiac output 

  Class IV CHF 

  Concomitant nephrotoxins 

 Multiple contrast 

     injections within 72 hrs 

  Intra-arterial injection site 

  Volume of contrast media 

  Type of contrast media 

    (Osmolality) 

  Prophylactic strategies 

 

Risk Factors for Contrast-induced AKI 

Patient related Procedure related 

Murphy SW et al, JASN 2000;11:177-182 
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Radiocontrast Agents 

1.  First-generation high-osmolar ionic contrast agents: 

   -   such as metrizamide, diatrizoate, iothalamate  

       meglumine (Conray® )   

   -   1500 – 1800 mOsm / kg 



Radiocontrast Agents 

2. Second-generation low-osmolar agents: 

       nonionic monomers: 

      -   such as  

          iohexol (Omnipaque® , Omnihexol® , Iobrix® ),  

          iopamidol, iopromide (Ultravisit® ),  

          ioversol (Optiray® ), gadodiamide, gadoteoridol 

       ionic dimer: -   ioxaglate meglumine 

     -   600 – 850 mOsm / kg 



iohexol (Omnihexol® )  iohexol (Iobrix® )   iohexol (Omnipaque® )  

2. Second-generation low-osmolar agents: 



iopromide (Ultravisit® )  ioversol (Optiray® )  

2. Second-generation low-osmolar agents: 



Radiocontrast Agents 

3.  Third-generation iso-osmolar nonionic dimer: 

   -  such as iodixanol (Visipaque® )  

   -  290 mOsm / kg 

   -  Lower osmolality than "low osmolal" second generation drugs 

 

iodixanol (Visipaque® )  



Persson PB et al. Kidney Int 2005;68: 14-21 

Mechanisms linking fluid osmolality to renal damage 



Nephrotoxicity is defined as increase in serum creatinine of  1.0 mg/dl from baseline 

(0 hour) within 48 to 72 hours after contrast administration. 

3.2% 

7.1% 

0% 0% 
0.7% 0.6% 

4.1% 

7.4% 

11.8% 

27.0% 

Rudnick MR et al, Kidney Int 1995; 47: 254-261 

% of patients who developed nephrotoxicity  

following cardiac angiography 



Wessely R et al.Circ Cardiovasc Interv 2:430-437, 2009 

LOCM (iomeprol) vs. IOCM (iodixanol) 

rates of CIAKI were not different between the two groups  

(22.2% with iodixanol vs. 27.8% with iomeprol) 

randomized 324 patients with CKD undergoing coronary angiography 



 ICON study in high risk patients (CKD) 

• Randomized, multicenter trial 

• Comparing iodixanol to ioxaglate 

• 146 patients with moderate CKD undergoing CAG 

LOCM (ioxaglate) vs. IOCM (iodixanol) 

Mehran R et al. JACC Cardiovasc Interv 2:415-421, 2009 



 Randomized, double blind, prospective multicenter trial 

• Comparing iodixanol to iohexol 

• 129 patients with diabetes with moderate CKD undergoing angiography 

LOCM (iohexol) vs. IOCM (iodixanol) 

Aspelin P et al, NEJM 2003; 348:491-499 



Meta-analysis: LOCM  vs. IOCM (iodixanol)  

Reed M et al, JACC Cardiovasc Interv 2009; 2:645-654 

This meta-analysis including 2,763 subjects suggests that iodixanol, when compared with 

LOCM overall, is not associated with less CI-AKI. The relative renal safety of LOCM 

compared with iodixanol may vary based on the specific type of LOCM. 

 



  The primary benefit of nonionic (LOCM) contrast agents 

  Seen in high-risk patients (eg, serum Cr ≥1.5 mg/dL [132 µmol/L] or a 

GFR <60 mL/min per 1.73 m2), particularly if they are diabetic  

 

  The iso-osmolal nonionic contrast agent (iodixanol ) 

 Appears to reduce the risk of contrast nephropathy in high-risk 

patients such as diabetic patients with renal insufficiency 

 similar risk of CIAKI when compared to other low osmolal nonionic 

agents except ioxehol. 

HOCM vs. LOCM vs. IOCM 
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Most cost-effective & accepted preventive method 

 

 Optimal hydration solution : ?               

       0.45% vs. 0.9% NaCl vs. NaHCO3  

 Route of hydration : ?   iv vs. oral 

 Amount of hydration : ? 

 Duration of hydration : ? 

 

Hydration 



Mueller C, Arch Int Med 2002; 162:329–336. 

Hydration with isotonic saline may be superior to one-half isotonic saline  

 

  prospective randomized trial of 1620 patients  

  either isotonic or one-half isotonic saline at a rate of 1 mL/kg per hour 

  Contrast nephropathy: defined as an increase in serum creatinine of    

     at least 0.5 mg/dL within 48 hours 



Intravenous bicarbonate 

Isotonic sodium bicarbonate versus isotonic sodium chloride have noted 

either equivalent or better outcomes with sodium bicarbonate. 



 Prefer the administration of isotonic sodium bicarbonate 

• Bolus of 3 mL/kg of isotonic bicarbonate for 1 hour prior to the procedure 

• Continued at a rate of 1 mL/kg /hour for 6 hours after the procedure 

• Isotonic bicarbonate : 150 meq of sodium bicarbonate  

                                    + 850 mL of sterile water 

 

Intravenous bicarbonate 

Zoungas et al. Ann Intern Med 2009;151:631 



Oral vs. P/S hydration 

Trivedi et al. Nephron Clin Prac 2003;93:C29 

  unrestricted oral fluids (ie, no salt) found a much higher rate of acute  

      renal failure after contrast than those given isotonic saline.  

 

  In this trial, 53 patients, unrestricted oral fluids vs. normal saline at 1  

       mL/kg per hour beginning 12 hours prior to the scheduled catheterization.  



Diuretics 

Solomon et al.  NEJM 1994;331:1416 

 Half saline 1ml/kg/hr : half saline + mannitol : half saline + furosemide 12hrs  

 before procedure and after 12hrs 

 The incidence of AKI was lowest in the group treated with saline alone.   

 Mannitol was of no added benefit  

 Furosemide therapy slightly increased the risk.  

 



Summary — The following conclusions can be drawn from the current literature: 

 

 Prophylactic diuretics or mannitol do not appear to be beneficial for the  

 prevention of contrast-induced acute renal failure. 

 Intravenous hydration is superior to oral hydration.  

 Oral hydration with water alone should not be used. 

 Hydration with isotonic saline solution is superior to one-half normal saline, and   

 isotonic sodium bicarbonate may be superior to isotonic saline. 

 

Diuretics and Hydration 
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              Period of  Elimination 

Reference              dialysis         (% of contrast-medium) 

Matzkies 99     3h 58% (high-flux-membrane) 

      3hr 62% (low-flux-membrane) 

Matzkies 2000 2h                    2h 57% (Cuprophane membrane) 

      2h 66% (Polysulfone membrane) 

       68% (Polysulfone membrane + 

        ultrafiltraion) 

Lorusso 2001     2h 70% 

Sterner 2000     4h 79% 

Ueda 96                     4h 81% 

Moon 95                     6h 77% 

Lehnert 98     3h 32% 

Waaler 90     4h 36% 

Baars 84                     4.4h 50% 

Kierdorf 89     3h 60% 

Bahlmann 73     12h 85%  

 

Huber W et al,  Invest Radiol 2002; 37:471-481 

Contrast-Medium Elimination 



Treatment group Incidence of RCN Incidence of RCN Diabetes mellitus 

HD  n=15      n=8 (53%)           Present   n=7      n=4 (57%) 

                         Absent   n=8      n=4 (50%) 

No HD  n=15     n=6 (40%)            Present  n=6      n=3 (50%) 

                      Absent   n=9      n=3 (33%) 

Lehnert T et al, NDT 1998;13: 358-361 

Prevention of CIN with Hemodialysis 

HD eliminates contrast medium effectively, but it may not influence 

the incidence or outcome of contrast induced nephropathy. 



Holscher B et al. Can J Cardiol 2008; 24:845–850. 

412 patients with baseline SCr values of 1.3–3.5 mg/dl undergoing elective coronary angiography 

Prevention of CIN with Hemodialysis 



Summary  

 

 do NOT recommend routine hemofiltration or hemodialysis for the  

prevention of contrast nephropathy in patients with stage 3 and 4 CKD.  

 More data are needed in stage 5 CKD, as in the last trial, before any firm  

recommendation can be made.  

 consider the prophylactic use of hemodialysis in patients with stage 5  

CKD, provided that a functioning access is already available.  

 We would not place a temporary access for prophylactic hemodialysis in  

these patients. 

Hemodialysis and Hemofiltration 
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 N-Acetylcysteine 

Pharmacological Interventions 

 Scavenge reactive oxygen species (ROS) 

 Reduce the depletion of glutathione 

 Stimulate the production of vasodilatory mediators(nitric oxide) 

 Well tolerated and relatively inexpensive 

 Accompanied by isotonic fluid hydration and use of a low or iso- 

osmolal contrast agent 

 



 N-Acetylcysteine 

Pharmacological Interventions 



 There is great heterogeneity and conflicting results in the available clinical 

trials and meta-analyses examining the effectiveness of acetylcysteine in the 

prevention of contrast nephropathy.  

 The overall direction of the data is toward benefit and the agent is well 

tolerated and relatively inexpensive. 

 We recommend administration of acetylcysteine to patients at high risk.  

 This must be accompanied by isotonic fluid hydration and use of a low or 

iso-osmolal contrast agent.  

 N-Acetylcysteine 

Pharmacological Interventions 

Kshirsagar et al. J Am Soc Nephrol 2004;15:761 

Fishbane S. Clin J Am Soc Nephrol 2008;3:281 



 600 mg orally twice daily (m/c) 

 600 mg and 1200 mg twice daily suggested slightly better  

outcomes with the higher dose 

 Preferred dose  

 1200 mg administered orally twice daily on the day before and 

the day of the procedure to patients at risk for contrast 

nephropathy 

Pharmacological Interventions 

Marenzi et al. NEJM  2006;354:2773 

Briguori et al. Eur Heart J 2004;25:206 

 N-Acetylcysteine (Muteran) 



 Patients at increased risk of contrast nephropathy 

 

 NOT using high osmolal agents (1400 to 1800 mosmol/kg) 

 Iodixanol or nonionic low osmolal agents such as iopamidol or  

ioversol rather than iohexol  

 Lower doses of contrast and avoid repetitive, closely spaced  

studies (eg, < 48 hours apart) 

 Avoid volume depletion and NSAIDs. 

Summary (1)  



  Patients at increased risk of contrast nephropathy 

 

 Bolus of 3 mL/kg of isotonic bicarbonate for 1 hour prior to the  

procedure, and continued at a rate of 1 mL/kg /hour for 6 hours after  

the procedure.  

 Isotonic saline at a rate of 1 mL/kg/hour, begun at least 2 and  

preferably 6 to 12 hours prior to the procedure, and continuing for 6 to  

12 hours after contrast administration 

Summary (2)  



 Patients at increased risk of contrast nephropathy 

 

 Acetylcysteine be administered the day before and the day of the  

procedure, based upon its potential for benefit and low toxicity and 

cost 

 1200 mg orally twice daily rather than 600 mg twice daily the day  

before and the day of the procedure.  

 NOT using mannitol or other diuretics prophylactically.  

 NOT performing prophylactic hemofiltration or hemodialysis after  

contrast exposure.  

Summary (3)  



Thank your for your 

attention ! 


