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administration is referred to as contrast-induced acute 
kidney injury (CI-AKI). CI-AKI is a subset of CA-AKI and 
suggests a causal relationship between intravenous 
contrast administration and the development of AKI. 
Only studies with a well-matched control group can 
demonstrate a possible causal relationship of iodinated 
contrast administration with the development of acute 
kidney injury [4]. While there is much evidence for the 
existence of CA-AKI, studies related to CI-AKI are only few.

Presumed pathogenesis of contrast induced AKI
Following intravascular administration, iodinated 

contrast agents cause immediate and short-term renal 
vasodilation which is very soon followed by vasocon-
triction [5]. In some animal models, the intravascular 
administration of iodinated contrast results in decreased 
renal blood flow and a reduction in the partial pressure 
of oxygen of the outer renal medulla [6]. This adverse 
hemodynamic effect of contrast is also observed in 
studies of healthy human subjects [7]. Moreover, iodine 
contrast drugs can induce osmotic diuresis which in turn 
promote tubular flow, O2 consumption and enhance 
tubular epithelial cell injury [8].

contrast-associated AKI
The risk of CA-AKI (AKI of any etiology after iodinated 

contrast administration) increases with each increase 
in chronic kidney disease (CKD) stage. Using the KDIGO 
stage I based on serum creatinine criteria, the risk of CA-
AKI is approximately 5% greater for estimated glomerular 
filtration rate (eGFR) of 60– 90 mL/min/1.73 m2, 10% for 
eGFR 45–59 mL/ min/1.73 m2, 15% for eGFR 30–44 mL/
min/1.73 m2, and 30% for eGFR less than 30 mL/min/1.73 
m2 [9]. This risk is much higher than the risk of CI-AKI 
because it includes any AKI that coincides with contrast 
media administration [4]. Multiple patient-related risk 
factors have been associated with CA-AKI. The primary 
risk factor is low eGFR. Some studies find diabetes mel-
litus to be an additional risk of CA-AKI. Additional risk 
factors include administration of nephrotoxic agents, 

hypotension and hypovolemia, albuminuria, and re-
duced renal perfusion (e.g., congestive heart failure) [10].

Effect of contrast medium osmolality
The initial contrast media used in clinical practice 

were ‘high osmolal’ with osmolalities much greater 
than blood (i.e., 1500–2000 mOsm/kg). Following the 
introduction of  ‘low-osmolal’ contrast media (osmolality 
~ 600–850 mOsm/kg), clinical trials and meta-analyses 
demonstrated lower risk for CA-AKI with these agents 
compared with ‘high-osmolal’ media [11]. Despite their 
name, low-osmotic contrast media (LOCM) are hyper-
osmotic (approximately 600 mOsm/kg) relative to both 
isoosmotic (IOCM) (approximately 290 mOsm/kg) and 
blood (approximately 290 mOsm/kg). Nevertheless, the 
chemical structure of IOCMs makes them more viscous 
than LOCMs and most currently used iodinated contrast 
media are classified as LOCMs. There are no clinically 
confirmed differences in the risk of CA-AKI between 
LOCM and IOCM contrast media. Indirect evidence sug-
gests that iohexol, which is a LOCM, may have a higher 
risk compared with other LOCMs, but this potential risk 
difference has not been confirmed [12].

Contrast Induced AKI
In general, the risk of CI-AKI is lower than the risk of 

CA-AKI, but the risk in those with established severe kid-
ney disease (either high grade CKD or AKI) is not known. 
Some observational studies have shown no evidence 
of CI-AKI, irrespective of CKD stage, while others have 
found evidence of CI-AKI only in patients with severely 
reduced kidney function [13, 14]. In such studies, the risk 
of CI-AKI has been estimated to be almost 0% for eGFR 
greater than or equal to 45, 0%–2% for eGFR 30–44, and 
0%– 17% for eGFR less than 30 mL/min/1.73 m2 [14].

In a study of 12,508 patients the incidence of AKI 
increased significantly with decreasing baseline eGFR. 
However, this incidence was not significantly different 
between the contrast-enhanced and non-contrast-
enhanced groups for any eGFR subgroup [9]. Further-

Table 1. AKI stages according to baseline serum creatinine values and urine output.

Stage Serum Creatinine Urine output

1 1.5-1.9 times baseline or ≥ 0.3 mg/dl increase < 0.5 ml/kg/h for 6-12 hours

2 2-2.9 times baseline < 0.5 ml/kg/h for ≥ 6-12 hours

3 3 times baseline or increase in serum creatinine ≥ 4 
mg/dl or initiation of renal replacement therapy

< 0.3 ml/kg/h for ≥ 24 hours or anuria for ≥ 12 hours


