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Introduction

• A lack of consensus on how to define CI-AKI, which hampers 
comparisons across studies.

Definition of CI-AKI

Can J Cardiol, 2016. 32(2): p. 247-55.
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Introduction

• Based upon the clinical presentation with 3 necessary
components

Definition of CI-AKI

Serum Cr 
≥ 0.5 mg/dl or  
≥ 25% of baseline

CI-AKI (AKIN)
Serum Cr ≥ 0.3 mg/dl or  
≥ 50% of baseline

Within 48-72 hrs
following the 
exposure

Exclusion of other 
causes
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Introduction

• Reversible

Definition of CI-AKI

Nat Rev Nephrol, 2017. 13(3): p. 169-180.
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Introduction

Pathophysiology

Nat Rev Nephrol, 2017. 13(3): p. 169-180.

Vasoconstriction

Decreased renal 
perfusion & regional 
ischemia

Direct tubular damage

Tubular apoptosis

Rheologic properties

Viscosity ↑➙ renal toxicity ↑

Direct effect 
of 

contrast

ROS production
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Introduction

Patients at risk

Nat Rev Nephrol, 2017. 13(3): p. 169-180.
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Introduction

Patients at risk (Mehran Score)

J Am Coll Cardiol, 2004. 44(7): p. 1393-1399.
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Epidemiology

Epidemiology

Major risk factors
1. Chronic kidney disease
2. DKD with reduced GFR
3. Elderly patients
4. Dose and type of contrast agent
5. Specific radiologic procedure
6. Others
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Epidemiology

• The threshold GFR at which a clinically significant risk is 
incurred is not well defined. 

Chronic Kidney Disease

eGFR < 30
ml/min/1.73m2

30 ≤ eGFR > 60 
ml/min/1.73m2

eGFR ≥ 60
ml/min/1.73m2

31% ~ 55% 4.2 % ~ 15% 0 ~ 2%

Proteinuria ≥ 1g/day (62%) 
vs.

Proteinuria < 1g/day (21%) 

J Sug Res 1992;53:317-320, Catheter Cardiovasc Interv 2001;52:409-416,
Circulation 2002;105(19):2259, Ren Fail 2013;35(1):62
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Epidemiology

• Diabetes + normal renal function = non DM

• Diabetes with reduced renal function

Diabetes with reduced eGFR

Am J Med, 1997. 103(5): p. 368-75, Kidney Int 1989;36:730-740
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Epidemiology

• Multifactorial age-related changes
– Diminished eGFR, tubular secretion, and concentration abilities

– Other risk factors

Elderly patients

Arch Intern Med, 1990. 150(6): p. 1237-42.
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Epidemiology

• Dose
– Volume

• Types
– Osmolality

– Viscosity

Dose and type of iodinated contrast agent

Ann Intern Med, 2009. 150(3): p. 170-7.
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Epidemiology

1515

Sub-classification of iodinated contrast media

Biomed Res Int, 2014. 2014: p. 934947.

Iodine/particles

3/2 = 1.5

3/1 = 3

6/2 = 3

6/1 = 6



Epidemiology

Dose and type of iodinated contrast agent

Can J Cardiol, 2016. 32(2): p. 247-55.
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Epidemiology

Dose and type of iodinated contrast agent

Nat Rev Nephrol, 2017. 13(3): p. 169-180.
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Epidemiology

• Route of administration
– Intra-arterial

– Intravenous

• Level
– Renal artery

– Peripheral vessels

• Procedure
– Diagnostic

– Intervention

Specific radiologic procedures

Eur Radiol, 2011. 21(12): p. 2527-41.
18



Preventive Strategies

Preventive strategies

Major modifiable factors
1. Selection of contrast agents
2. Volume supplementation
3. Pharmacological prophylaxis
4. Dialysis
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Preventive Strategies

Preventive strategies

Nat Rev Nephrol, 2017. 13(3): p. 169-180.

Vasoconstriction

Decreased renal 
perfusion & regional 
ischemia

Direct tubular damage

Tubular apoptosis

Rheologic properties

Viscosity ↑➙ renal toxicity ↑

Direct effect 
of 

contrast

ROS production

Non-ionic,
iso-osmolar

Volume
replacement

Anti-
oxidant

Concurrent 
Drugs
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Preventive Strategies

Selection of contrast agents

NEPHRIC trial

N Engl J Med, 2003. 348(6): p. 491-9.

Superiority of IOCA
Iodixanol (Visipaque®) vs. Iohexol (Omnipaque®)

CARE trial

Similar
Iodixanol (Visipaque®) vs. Iobitridol (Xenetrix®) 

Similar CIN incidence
Peak increase in sCr ≥ 0.5 mg/dl

Iodixanol+NAC (3/100 pt)

2.7% vs. 3.5%

Iobitridol+NAC (4/115)

Kidney Int, 2005. 68(5): p. 2250-5.
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Preventive Strategies

• Volume supplementation seems to be effective

Volume supplementation (cornerstone)

Kidney Int Suppl, 2006(100): p. S16-9.
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Preventive Strategies

Volume supplementation

Nat Rev Nephrol, 2017. 13(3): p. 169-180.

Oral hydration IV hydration
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Preventive Strategies

• Inpatient hydration protocol

– 0.45% NS IV at a rate of 75 mL/h for 12 h before and 12 h after 

cardiac catheterization. 

• Outpatient hydration protocol

– began with 1,000 mL of water taken orally over the 10 h before 

the scheduled cardiac catheterization. 

– Following this , IV 0.45% NS at a rate of 300 mL/h was started 

"on call" to the cardiac catheterization laboratory (30 to 60 min 

before exposure to radiocontrast material ) and continued for a 

total of 6 h. 

Volume supplementation

Chest, 1998. 114(6): p. 1570-4.

PREPARED: Preparation for Angiography in Renal Dysfunction (RCT)
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Preventive Strategies

Volume supplementation

US National Library of Medicine. ClinicalTrials.gov https://clinicaltrials.gov/ct2/show/NCT02084771 (2016). 
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Preventive Strategies

• Saline is better than half saline

– N=1620, CAG, RCT

– 0.7% vs. 2.0% (P=0.04)

Volume supplementation

Arch Intern Med, 2002. 162(3): p. 329-36.
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Preventive Strategies

• NaHCO3 would be alternative

– N=137, RCT
• NS (154 mEq/L) vs. NaHCO3 (154 mEq/L)

• as a bolus of 3 mL/kg/hr for 1 hour before procedure, 

• Followed by an infusion of 1 mL/kg/hr for 6 hours after the procedure.

Volume supplementation

JAMA, 2004. 291(19): p. 2328-34

Alkalization may reduced 
the level of pH-

dependent oxygen free 
radical
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Preventive Strategies

• POSEIDON trial

– N=396, RCT.

Volume supplementation

Lancet, 2014. 383(9931): p. 1814-23.

LVEDP-guided group Control group

LVEDP<13:         5 ml/kg/hr
13 ≤LVEDP<18:   3 ml/kg/hr
LVEDP ≥18:      1.5 ml/kg/hr

1.5 ml/kg/hr
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Preventive Strategies

1. Normal saline at a rate of 1 ml/kg/hr ~ 5 ml/kg/hr

(LVEDP)

• 12 hrs before till 12 hrs after exposure

2. NaHCO3 at a rate of 3 mg/kg/hr

• 1 hr before till 6 hrs after exposure

3. Oral hydration 1000 ml + On call IV hydration with NS 

300 ml/hr

• PO 12 hrs before + IV hydration 6 hrs after exposure

Volume supplementation (summary)

29



Preventive Strategies

1. Anti-oxidant

– N-acetylcysteine (NAC)

– Ascorbic acid

2. Inhibition of renal vasoconstriction

– Calcium channel blockers

– Adenosine antagonists (theophylline)

– Dopamine and fenoldopam

3. Reduced viscosity

– Diuretics (mannitol and furosemide)

Pharmacologic prophylaxis
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Preventive Strategies

• Classically known as mucolytic agent

• Plausible mechanism

• Scavenge oxygen free radicals

• Improving renal hemodynamics

• Prevent direct toxic tissue damage

• Little adverse effects (e.g. nausea)

Antioxidant: N-acetylcysteine
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Preventive Strategies

• Hydration + NAC (600 mg bid) vs. Hydration alone, RCT

Antioxidant: N-acetylcysteine

Kidney Int Suppl, 2006(100): p. S30-8.
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Preventive Strategies

• RCT, 274 pts (Cr ≥ 1.5 mg/dl or Ccr ≤ 60 ml/min/1.73m2)

Standard dose (600mg bid)+0.45% Saline vs. Double dose (1200 mg 

bid)+0.45% Saline

Antioxidant: N-acetylcysteine

Eur Heart J, 2004. 25(3): p. 206-11.
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Preventive Strategies

• Bioavailability of oral NAC is low, ranging from 4% to 10%, as a result of first-pass hepatic metabolism, suggests that only a small 
proportion of the administered dose is available for renal protection

• IV N-acetylcysteine and the incidence of CIN is too inconsistent at present to warrant a conclusion 
on efficacy.

Antioxidant: N-acetylcysteine (IV)

34
PLoS One, 2013. 8(1): p. e55124.



Preventive Strategies

• RCT, 5177 pts (decreased eGFR [15 – 45] or decreased eGFR [45-60] with DM)

2 x 2 factorial design

PRESERVE trial: No added benefit of bicarbonate or NAC over saline

N Engl J Med, 2018. 378(7): p. 603-614.
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Preventive Strategies

PRESERVE trial: No added benefit of bicarbonate or NAC over saline

N Engl J Med, 2018. 378(7): p. 603-614.
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Preventive Strategies

• AMACING trial

– N=603, single center, eGFR: 30~59 ml/min/1.73m2

– No benefit of IV saline (2.6%) vs. no saline (2.7%)

Fact or Myth?

The Lancet, 2017. 389(10076): p. 1312-1322.
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Preventive Strategies

BASIC trial: balanced plasma solution vs. saline

Trials, 2017. 18(1): p. 461.
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Other Unproven Interventions

Other unproven interventions

1. Remote ischemic preconditioning
2. Prophylactic hemofiltration and hemodialysis
3. Withholding ACEis and/or ARBs
4. Statins
5. Control the concomitant drugs
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Other Unproven Interventions

• RCT, 100 pts (eGFR ≤ 60 ml/min/1.73m2) , Single center, PILOT 

study

• RIPC
– 4 cycles of alternating 5-minute inflation and 5-minute deflation of a standard upper-arm 

blood pressure cuff to the individual’s systolic blood pressure plus 50 mmHg.

Remote ischemic preconditioning

Circulation, 2012. 126(3): p. 296-303.
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Other Unproven Interventions

Prophylactic hemofiltration and hemodialysis

Am J Med, 2012. 125(1): p. 66-78.e3.
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Other Unproven Interventions

Withholding ACEis and/or ARBs

Am J Kidney Dis, 2012. 60(4): p. 576-82.
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Other Unproven Interventions

• CAPTAIN trial

– RCT

– N=106 pts (Cr ≥ 1.5 mg/dL)

Withholding ACEis and/or ARBs

Am Heart J, 2015. 170(1): p. 110-6.
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Other Unproven Interventions

• PRATO-ACS trial

– RCT, single center, N=543 pts (excluded patients with Cr ≥ 3 mg/dL)

– Rosuvastatin (40 mg on admission, followed by 20 mg/day) vs. 

No Tx.

Statins

J Am Coll Cardiol, 2014. 63(1): p. 71-9.
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Other Unproven Interventions

• Meta-analyses

Statins

Ann Intern Med, 2016. 164(6): p. 406-16.
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Other Unproven Interventions

• Vasoconstriction

– Involving variable vasoactive substance

– PGs, ANP, Adenosine, Endothelin, Vasopressin, Angiotensin

• Renal hemodynamics and tubular glomerular feedback

– NSAIDs, COX-2 inhibitors

– ACEi / ARB

– Renal dose dopamine

• Direct tubular toxicity

– Diuretics, mannitol, aminoglycosides, vancomycin, tacrolimus, CsA, 
Amphotericin B

• Drugs that might enhance their toxicity after exposure of 
contrast

– Metformin, Statin

Control the use of concomitant drugs

Am Heart J, 2015. 170(1): p. 110-6.
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Practical Recommendations

Practical recommendations
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Practical Recommendations
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Practical Recommendations

Am J Kidney Dis, 2010. 55(6): p. 1018-25.

Overall incidence: 2.5%

0%

2.9%

12.1%
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Summary

⚫ Patients with near-normal renal function are at low risk for CI-AKI. 

⚫ Procedures involving intra-arterial contrast are higher risk than those 

involving intravenous contrast. 

⚫ Patients at risk
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Summary

⚫ Preventive strategies for all at-risk patients

➢ IOCA or Non-ionic LOCA

➢ Lower dose of contrast and avoid repetitive (< 48 hrs apart)

➢ Avoid volume depletion and NSAIDs

➢ Volume supplementation (isotonic saline rather than bicarbonate)

▪ Outpatients: from 1hr before (3 ml/kg/hr) and during and for 4~6 hrs after 
(1~1.5 ml/kg/hr)

▪ Inpatients: from 6~12hrs before and after (1 ml/kg/hr) 

➢ NAC

▪ Not be given either PO or IV (inconsistent) 

51



Summary

⚫ Control the concurrent comorbidities and drugs

➢ ACEi/ARB: withholding (CCB is alternative for BP control)

➢ Diuretics: withholding in case of dehydration/hypotension

➢ Mannitol: withholding several hours before and after / risk-benefit

➢ Metformin/Statin: risk-benefit

➢ Aminoglycoside: dose-reduction

➢ Liposomal amphotericin B: risk-benefit

52



Take Home Messages

Automated 
Detect

Alert !
Preventive 
strategies
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