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Contrast-induced nephropathy related to cardiac and peripheral vascular procedures is 
a major problem in the United States and abroad. Measures to prevent and treat this 
complication have been hampered by the lack of clinical tools to detect acute kidney 
injury following contrast administration. Emerging novel serum and urinary biomarkers 
may provide sensitive detection of early kidney injury prior to creatinine elevation and 
allow for more precise risk stratification and management of patients. This article dis-
cusses the biologic and clinical data supporting the development and utility of several 
promising biomarkers in the management of patients undergoing cardiac catheteriza-
tion and percutaneous coronary intervention.
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of contrast material with tubular 
cells.2 In addition, the osmolarity 
of the contrast is important when 
discussing tubular damage. Studies 
have shown that iso-osmolar con-
trast induces less cytotoxic damage 
and vascular stress when compared 
with high- or low-osmolar agents.8,9 
Ultimately, these pathways con-
verge, leading to loss of normal 
renal microvasoreactivity and 
tubular damage. Accordingly, the 
majority of novel biomarkers that 
have been studied for the detec-
tion of AKI revolve around cellular 
responses to tubular damage. The 
relevant biomarkers studied in the 
context of AKI and their reported 
anatomic origins is summarized in 
Figure 1. 

Neutrophil Gelatinase-
associated Lipocalin 
Biology
Neutrophil gelatinase-associated 
lipocalin (NGAL) is a 25 kDa pro-
tein covalently bound to gelatin-
ase (matrix metallopeptidase 9) 

in neutrophils. The major ligands 
for NGAL are small iron-binding 
proteins known as siderophores.10 
Normally, NGAL is expressed at 
very low levels in the kidney, colon, 
stomach, and lungs, and markedly 
upregulated in response to epithe-
lial damage. In addition, NGAL 
has been found in atherosclerotic 
plaques, specifically in plaques 
that have ruptured and contain 
active thrombus.11 In this regard, 
the source of NGAL has been 
linked to activated neutrophils. 
Data have suggested that injury 
(ischemic or nephrotoxic) through-
out the nephron, including of the 

Contrast administration for 
coronary and peripheral angi-
ography is a major cause of 

acute kidney injury (AKI) world-
wide. Currently, contrast-induced 
AKI (CI-AKI) is the third leading 
cause of hospital-acquired AKI 
in the United States. Over 50% of 
these cases are the result of contrast 
exposure during cardiac catheter-
ization and/or percutaneous coro-
nary interventions (PCI).1,2 Despite 
these statistics, effective screening, 
preventive, and therapeutic strate-
gies for CI-AKI remain areas for 
improvement. 

CI-AKI has been defined by 
multiple criteria, most often an 
absolute rise in serum creatinine 
of $  0.5  mg/dL, or increase by at 
least 25% at 48 hours from precon-
trast levels is considered diagnostic 
of this complication.3 Elucidation 
of the true incidence of CI-AKI 
has been difficult as the serum 
creatinine levels may not reflect 
the underlying renal dysfunction 
until 72 to 120 hours after the ini-
tial insult.4 Given the progressively 
decreasing lengths of hospital stays 
for interventional procedures, 
detection of CI-AKI in this setting 
will continue to be challenging. 
Furthermore, increasing evidence 
is mounting that serum creatinine 
lacks the sensitivity to detect occult, 
but clinically relevant, AKI.5,6 In 
addition, serum creatinine levels 
provide no information as to the 
etiology or anatomic location of 
renal injury.6 For these reasons, 
discovery and validation of novel 
biomarkers that reflect early AKI is 
important. 

To provide clinical utility, novel 
AKI markers will have to fill specific 
niches. A given marker (or panel of 
markers) must provide one or more 
of the following characteristics: (1) 
pre-contrast AKI risk assessment 
to aid in primary prevention; (2) 
early detection of AKI to guide 
secondary prevention strategies; 

and/or (3) prognostic information 
to guide long-term therapy follow-
ing AKI and predict progression to 
chronic kidney disease (CKD). To 
date, most studies in this context 
have focused on goals 1 and 2, with 
few addressing goal 3. This article 
describes the biology and clinical 
data available for multiple novel 
biomarkers related to AKI with a 
particular focus on CI-AKI follow-
ing cardiac catheterization. 

Pathophysiology of CI-AKI
The relevance of specific biomark-
ers is inextricably linked to the 
pathophysiology of CI-AKI. Our 
current understanding of this 
process suggests that multiple fac-
tors play a role in the development 
of CI-AKI, including medullary 
hypoxia, direct cellular damage 
from contrast, and generation of 
reactive oxygen species.3 To allow 
for ion transport, the medulla 
requires a steep oxygen and blood 
flow gradient with normally per-
missive hypoxia in the outer med-

ullary tissue relative to the cortex. 
The administration of contrast 
disrupts this fine balance and leads 
to ischemia and cellular dam-
age. Compounding this process 
is the production of free radicals 
and reactive oxygen species dur-
ing reperfusion. It is this oxidative 
stress that underlies the rationale  
to use N-acetylcysteine (NAC) to 
prevent CI-AKI, albeit with less 
than uniform clinical success.7 
In addition, the direct cytotoxic 
impact of contrast has been dem-
onstrated in vitro and may be 
clinically important, particularly 
when there is prolonged contact 

To allow for ion transport, the medulla requires a steep oxygen 
and blood flow gradient with normally permissive hypoxia in the 
outer medullary tissue relative to the cortex. The administration 
of contrast disrupts this fine balance and leads to ischemia and 
cellular damage.
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for kidney injury in response to 
therapeutic interventions designed 
to reduce proteinuria such  
as angiotensin-converting enzyme 
inhibition.16

Relevance to CI-AKI
Hirsch and colleagues studied 91 
pediatric patients with normal 
baseline renal function undergoing 
cardiovascular angiography with 
ioversol (nonionic, low-osmolar) 
contrast.1 Urine and plasma sam-
ples were drawn at baseline and at 
2, 6, and 24 hours after catheter-
ization. A total of 12 patients (11%) 
developed CI-AKI (defined as 
. 50% increase in serum creatinine 
from baseline). At 2 and 6 hours, 
the urine and plasma NGAL levels 
were higher in the CI-AKI group 
versus the non–CI-AKI group. The 
authors noted that the NGAL level 
at 2 hours (plasma or urine) was an 
independent predictor of CI-AKI, 
irrespective of contrast dosage. 

thick ascending limb of the loop 
of Henle and the collecting ducts, 
can result in NGAL production.10 
In a mouse model, Paragas and col-
leagues12 have demonstrated that, 
in response to an ischemic insult, 

NGAL expression occurs in the 
distal tubular segments of injured 
nephrons. The plasma levels of 
NGAL appear related to the acute 
phase reactant role of this bio-
marker without necessary depen-
dence on the kidneys for direct 
production.11 

Clinical Background
In different contexts, NGAL pro-
duction appears related to both 
vascular wall and renal tubular 
inflammation and damage. In 
individuals with normal renal 

function but stable coronary dis-
ease and hypertension, levels of 
plasma NGAL are higher than 
control subjects.11 Systemic NGAL 
levels are also related to the angio-
graphic extent of coronary artery 

disease.13 Furthermore, in patients 
with ischemic cerebrovascular dis-
ease, serum NGAL levels appear 
related to mortality risk during 
follow-up.14,15 In patients without 
overt atherosclerotic disease or 
active plaque rupture (eg, intensive 
care unit, liver transplant, pediatric 
cardiopulmonary bypass, or kid-
ney transplant patients), early urine 
and serum NGAL levels appear to 
be predictive of AKI and elevated 
levels are related to poor progno-
sis.10 Urinary NGAL levels have also 
been used as a surrogate endpoint 

Figure 1. Biomarker action on the renal tubule.
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distal tubular segments of injured nephrons.
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In this study, the subjects were a 
nonatherosclerotic, nondiabetic, 
relatively homogenous population; 
therefore, the rise in NGAL lev-
els was likely a result of contrast-
induced renal toxicity rather than 
extrarenal neutrophil activation.

In contrast to this relatively 
healthy pediatric population, 
Malyszko and associates examined 
multiple AKI biomarkers in 140 
adult patients with stable angina 
(70 with and 70 without diabetes) 
and normal baseline renal func-
tion undergoing coronary angiog-
raphy (with or without PCI).17 Most 
patients received low-osmolar con-
trast (iopromide; n  5  116) rather 
than iso-osmolar contrast (n 5 24). 
Serum and urine NGAL levels were 
measured at baseline and 2, 4, 8, 24, 
and 48 hours after catheterization. 
At baseline and at each follow-up 
time point, serum NGAL levels 
were higher in those with diabe-
tes versus those without diabetes. 
The serum levels in both groups 
rose after 2 hours and remained 
elevated compared with baseline at 
24 hours. For urinary NGAL levels, 
there was less difference between 
diabetics and nondiabetics (with a 
small trend for lower levels in dia-
betics), and the rise in NGAL for 
both groups occurred at 4 hours, 
remaining elevated out to 24 hours. 
In multivariable analysis, estimated 
glomerular filtration rate (GFR; 
measured using the Modification 
of Diet in Renal Disease equation) 
was the only predictor of serum 
NGAL levels before catheteriza-
tion. The authors also found that 

the small (n  5  11) diabetic sub-
group receiving low-osmolar con-
trast had higher urinary NGAL 
levels compared with diabetic 

patients who received iso-osmolar 
contrast (n  5  59). Serum NGAL 
levels were also higher in patients 
who developed CI-AKI (defined 
as $ 25% rise in serum creatinine 
at 48 h) versus those who did not, 
beginning at 2  hours and remain-
ing significantly higher out to 
48 hours. Similarly, urinary NGAL 
levels were higher in the patients 
who developed CI-AKI beginning 
at 4 hours and continuing out to 
48 hours. The findings of this study, 
particularly the earlier serum ver-
sus urinary rise of NGAL, provide 
insights into the dual nature of this 
molecule as both an inflamma-
tory atherosclerotic marker and a 
marker of kidney injury. For fur-
ther studies regarding NGAL and 
its clinical relevance, please refer to 
Table 1.

Potential Clinical Utility of 
NGAL
The strongest evidence to date 
supports the role of NGAL as an 
early AKI detection tool based on 
the increased sensitivity of this 
biomarker for AKI in compari-
son with serum creatinine. From 
the data presented by Malyszko 
and colleagues, NGAL may also 
have a role in preselecting patients 
with propensity to develop AKI; 
therefore, this marker could guide  
primary prevention strategies.17 In 
the context of cardiac catheteriza-
tion, the role of NGAL as a plaque 
disruption marker makes it attrac-
tive for cardiovascular risk stratifi-
cation. Small analyses have found 
associations between the presence 

of coronary disease and elevated 
NGAL levels, as well as with ele-
vated blood pressure and NGAL 
levels.19,20 NGAL levels may also be 

elevated in conditions of cardiac 
injury or strain such as following 
an acute myocardial infarction 
or congestive heart failure exa-
cerbation.21-23 In both conditions, 
elevated NGAL levels have been 
linked to adverse outcomes, and, 
in the case of congestive heart fail-
ure, associated with increased risk 
of death at 2-year follow-up.24 The 
specific contributions of vascular 
inflammation, plaque rupture, and 
renal tubular damage to the NGAL 
elevation in the postangiography 
studies remain unclear. 

Key Points Regarding NGAL
(1) NGAL is both a marker of 
proximal tubular damage and of 
atherosclerotic plaque rupture; (2) 
both urinary and serum NGAL 
levels appear to rise earlier than 
serum creatinine in patients who 
develop CI-AKI; and (3) in patients 
undergoing PCI, the contribution 
of plaque disruption versus tubu-
lar secretion to NGAL levels may 
be difficult to separate. Serum rise 
appears to precede urinary rise of 
this marker suggesting, in part, a 
nonrenal origin of NGAL. 

Cystatin C
Biology
Cystatin C is a ubiquitous 13 kDa 
protease inhibitor produced at a 
constant rate by nearly all nucle-
ated cells. Cystatin C belongs to a 
family of cysteine protease inhibi-
tors that have a role in a multitude 
of pathologic conditions, including 
neurodegeneration, cardiovascu-
lar disease, bone remodeling, and 
cancer.25 The serum level of cys-
tatin C is closely related to GFR, 
as this protein is freely filtered in 
the glomerulus and then reab-
sorbed completely in the proximal 
tubule.26 In addition, cystatin C 
does not undergo tubular secretion 
and appears in the urine only by fil-
tration.27 In contrast to serum cre-
atinine, serum levels of cystatin  C 

Serum NGAL levels were also higher in patients who developed 
CI-AKI (defined as $ 25% rise in serum creatinine at 48 h) versus 
those who did not…
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Author Biomarker AKI 
Definition Time Point Findings Statistical Model

Hirsch R  
et al1

NGAL 50% increase 
in Cr

2 and 6 h Higher NGAL in AKI group None in study

Malyszko 
J et al17

NGAL 25% rise in Cr 2, 4, 8, 24, and 
48 h

Serum NGAL levels high in 
AKI vs non-AKI group

None in study

Ling W  
et al5

NGAL 25% rise in Cr 
or increase by 
44.2 µmol/L

48-72 h  
postprocedure

Higher urinary NGAL levels 
in AKI vs control group

None in study

Tasan-
arong A 
et al18

NGAL 50% increase 
in Cr

3,6,12,18, and 
24 h postproce-
dure

Significant increase in 
urinary NGAL levels in AKI vs 
non-AKI group

Sensitivity of 94% 
and a specificity of 
78% for detection 
of AKI at 6 h after 
contrast exposure

Malyszko 
J et al17

Cystatin C 25% rise in Cr 2, 4, 8, 24, and 
48 h

Levels were higher at 8 and 
24 h in CI-AKI vs non-AKI 
group

None in study

Kato K  
et al37

Cystatin C 25% rise in Cr Baseline, 1, 2, 
and 3 d

CI-AKI group had higher 
levels vs non–CI-AKI group 

None in study

Briguori C  
et al26

Cystatin C 0.3 mg/dL 
increase 48 h 
after contrast 
use

24 h before and 
after contrast 
administration

Combining cystatin C level 
rise of .10% with creatinine 
rise, had the highest predic-
tor of a major adverse event

A cystatin C level 
rise of $10% had 
100% sensitivity and 
65.2% specificity in 
detecting CI-AKI

Yang Y  
et al41

Cystatin C 25% rise in Cr 12-m follow-up Rise in cystatin C as low as 
5% at 24 h was significant 
in predicting major adverse 
events

None in study

Kim GS  
et al42

Cystatin C 25% rise in  
Cr or rise of  
.5 mg/dL

24 and 48 h 
poststudy

Higher baseline cystatin C, 
more likely to develop CI-AKI

None in study

Malyszko 
J et al17

L-FABP 25% rise in Cr 2, 4, 8, 24, and 
48 h

24 h, L-FABP levels higher in 
CI-AKI vs non-AKI  
patients 

None in study

Kato K  
et al37

L-FABP 25% rise in Cr Baseline, 1, 2, 
and 3 d

Baseline levels were higher 
in patients with severe CKD 
versus mild or moderate dis-
ease, and no significant rise 
in levels following contrast 
administration

None in study

TABLe 1

Studies on Biomarkers in Acute Kidney Injury
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Author Biomarker AKI 
Definition Time Point Findings Statistical Model

Nakamura 
T et al54

L-FABP Undefined Levels before 
and after con-
trast

In patients that developed 
CI-AKI, L-FABP levels were 
higher as compared with 
non–CI-AKI group

None in study

Katoh H  
et al55

L-FABP 25% rise in Cr Prior to proce-
dure, 24 and  
48 h 
 postprocedure

L-FABP increased at baseline 
in patients who developed 
AKI as opposed to those who 
didn’t 

With a cutoff of 
19.0 µg/g Cr  
L-FABP had a 100% 
sensitivity and an 
81.8% specificity for 
predicting postpro-
cedural AKI 

Bulent 
Gul C  
et al63

IL-18 25% rise in Cr 
or rise of  
.5 mg/dL

Baseline, 24, 
and 72 h

No significant difference 
between levels in CI-AKI and 
non–CI-AKI patients 

None in study

Malyszko 
J et al17

IL-18 25% rise in Cr 2, 4, 8, 24, and 
48 h

IL-18 was significantly higher 
in patients with CI-AKI than 
those without at 8 and 24 h 
postcatheterization

None in study

Ling W  
et al5

IL-18 25% rise in Cr 
or increase by 
44.2 µmol/L

Baseline and 
24 h

At 24 h IL-18 was sig-
nificantly higher in CI-AKI vs 
non–CI-AKI patients

None in study

Liu Y et al64 IL-18 Meta-analysis Sensitivity (58.2%) 
and specificity 
(75.1%) in defining 
AKI with an AUC 
ROC of 0.70

Malyszko 
J et al17

Kim-1 25% rise in Cr 2, 4, 8, 24, and 
48 h

KIM-1 levels significantly 
higher at 24-48 h postpro-
cedure

None in study

Torregrosa 
I et al70

Kim-1 50% increase 
in Cr

Every 12 h Significant rise in KIM-1 
values was found in AKI vs 
non-AKI group

ROC analysis show-
ing the AUC of 
KIM-1 as moderately 
predictive (0.713) of 
an AKI

Malyszko 
J et al17

Midkine 25% rise in Cr 2, 4, 8, 24, and 
48 h

Values significantly increased 
at 2 h, peak concentration 
at 4 h

None in study

AKI, acute kidney injury; AUC, area under the curve; CI-AKI, contrast-induced acute kidney injury; Cr, creatinine; IL, interleukin; KIM-1, kidney injury molecule-1; 
L-FABP, liver-type fatty acid-binding protein; NGAL, neutrophil gelatinase-associated lipocalin; ROC, receiver operative curve.

are not significantly affected by 
age, sex, race, or muscle mass.28

Clinical Background
Cystatin C has been extensively 
evaluated as a cardiorenal bio-
marker. Elevation of this marker 

predicts incident cardiovascular 
death, myocardial infarction, and 
heart failure in patients with and 
without coronary artery disease, 
and in individuals with and with-
out CKD.29-33 The pathophysiology 
responsible for the association of 

cystatin C and increased cardiac 
risk remains unclear. Potential 
explanations have included the 
possibility that cystatin C detects 
occult renal dysfunction, reflects 
generalized inflammation and pro-
pensity to develop atherosclerosis, 

Vol. 17 No. 3/4 • 2016 • Reviews in Cardiovascular Medicine • 105

Novel Cardiorenal Biomarkers for the Detection of Acute Kidney Injury

4170004_RiCM0838.indd   105 24/01/17   11:04 am



levels were assessed at baseline 
and again at 1, 2, and 3 days after 
administration of contrast. CI-AKI 
was defined as an increase of more 
than 25% from the baseline value 
of serum creatinine, or an abso-
lute increase of at least 0.5  mg/dL 
within 48 hours after the adminis-
tration of contrast medium. In the 

overall cohort, cystatin C levels did 
not rise following contrast admin-
istration. However, patients with 
CI-AKI (n 5 13) had higher levels 
versus matched patients without 
CI-AKI (n 5 18); this finding was 
true across all time points, even at 
baseline pre-contrast. Cystatin C 
was the only independent deter-
minant of CI-AKI development. 
These data suggest that cystatin C 
may detect baseline renal insuffi-
ciency and predict the occurrence 
of CI-AKI. In one of the largest 
studies to date, Briguori and asso-
ciates examined cystatin C levels 
in 410 consecutive patients with 
CKD undergoing either coronary 
and/or peripheral angiography 
(with or without angioplasty).26 
Cystatin C levels were measured 
24 hours before and 24 hours after 
contrast administration (non-
ionic, iso-osmolar). Patients were 
prospectively followed for 1  year 
with capture of clinical event data. 
CI-AKI, was defined as an increase 
in serum creatinine concentration 
of 0.3 mg/dL from the baseline 
value at 48 hours after administra-
tion of the contrast or the need for 
dialysis. A significant increase in 
cystatin C levels was defined as a 
$ 10% elevation over baseline val-
ues. Using these metrics, 34 (8.2%) 
patients had a rise in creatinine of 
$ 0.3 mg/dL and 87 (21.2%) had a 
rise of $ 10% in cystatin C levels. 

or that elevation of cystatin C is an 
attempt at counterbalancing elas-
tolytic activity associated with the 
progression and rupture of athero-
sclerotic plaques.31,34-36 In reality, 
these pathways are interrelated, 
and, as a global cardiovascular risk 
biomarker, cystatin C likely reflects 
a contribution of multiple pro-

cesses. As an AKI biomarker, the 
kinetics of cystatin C in relation to 
glomerular filtration and urinary 
detection make the acute or sub-
acute changes in this marker help-
ful in tracking dynamic alterations 
in renal function.

Relevance to CI-AKI
With regard to CI-AKI, cystatin C 
remains the most extensively stud-
ied biomarker. The earlier rise of 
this marker versus serum creati-
nine following contrast exposure 
lends its use to detect AKI in this 
setting. In the previously discussed 
study, Malyszko and colleagues 
examined serum cystatin C levels 
2, 4, 8, 24, and 48 hours, after car-
diac catheterization as part of their 
multimarker approach to postcon-
trast AKI evaluation.17 Serum cys-
tatin C levels rose at 8 hours and 
peaked at 24 hours, and decreased 
by 48 hours. At 48 hours, cystatin C 
levels were higher in diabetic versus 
nondiabetic patients. Furthermore, 
cystatin C levels were higher at 8 
and 24 hours in patients who devel-
oped CI-AKI, versus those who did 
not. Kato and coworkers also exam-
ined serum cystatin C levels in 87 
patients undergoing elective coro-
nary angiography with or without 
PCI (with nonionic, low-osmolar 
contrast).37 The majority of patients 
had mild to moderate renal insuf-
ficiency (48 patients). Cystatin  C 

A cystatin C level rise of $  10% 
had 100% sensitivity and 65.2% 
specificity in detecting CI-AKI. In 
a multivariable model, the com-
bination of a serum creatinine 
rise of $  0.3  mg/ dL and increase 
in cystatin C level $  10% was the 
highest predictor of major adverse 
event (cardiac death or dialysis) at 
follow-up (odds ratio [OR] 4.45, 
95% confidence interval [CI], 1.72-
11.54; P  5  .002). Notably, the OR 
for the group without a significant 
creatinine rise but elevated ($ 10%) 
cystatin C levels was still signifi-
cant (OR 2.52, 95% CI, 1.17-5.41; 
P 5 .02), suggesting that even sub-
clinical AKI may be relevant and 
portend adverse outcomes. 

The ability of cystatin C to detect 
subtle changes in GFR has made it 
an attractive alternative to serum 
creatinine values as an endpoint of 
studies designed to test strategies to 
reduce the incidence of CI-AKI. For 
example, Kimmel and associates 
enrolled patients with moderately 
impaired kidney function under-
going coronary angiography (with 
low-osmolar, nonionic contrast 
media) into a randomized study to 
evaluate two different CI-AKI pre-
vention medications (NAC vs zinc 
vs placebo).38 The authors noted 
that CI-AKI was prevented in all 
the groups. However, although the 
creatinine levels did not increase, 
the cystatin C levels in the placebo 
and zinc groups rose significantly, 
whereas levels in the NAC group 
remained unchanged. Though 
alternative measurements of renal 
function were not directly assessed, 
the authors concluded that cys-
tatin C was able to detect subclinical 
renal dysfunction in the non–NAC-
treated groups. Concordant with 
these data, Merkle and cowork-
ers studied the impact of NAC on 
serum cystatin C and serum creati-
nine at baseline and at 24 hours in 
31 patients with CKD undergoing 
elective coronary angiography with 

As an AKI biomarker, the kinetics of cystatin C in relation to glo-
merular filtration and urinary detection make the acute or  subacute 
changes in this marker helpful in tracking dynamic  alterations in 
renal function.
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nonionic, iso-osmolar contrast.39 
There was no rise in serum cre-
atinine or cystatin C levels in these 
subjects, suggesting a protective 
benefit of NAC. Kim and coworkers 
performed a randomized controlled 
trial to assess the efficacy of NAC 
on the prevention of CI-AKI using 
cystatin C as an endpoint of AKI.40 
The authors defined CI-AKI by cys-
tatin C level as an increase in the 
serum cystatin C concentration of 
at least 0.5 mg/dL or . 25% within 
48 hours of contrast exposure. The 
authors randomized 166 patients 
(80 patients in the NAC group and 
86  patients in the control group) 
with normal baseline renal func-
tion, undergoing coronary angi-
ography (with low- or iso-osmolar 
contrast), to NAC or placebo. Serum 
cystatin C and creatinine concen-
trations were measured at baseline 
and again at 24 and 48 hours after 
contrast exposure. The rate of cys-
tatin C–defined CI-AKI was higher 
than serum creatinine-defined 
CI-AKI (10.2% vs 6.0%, respec-
tively). Although the incidence of 
CI-AKI defined by serum creati-
nine was lower in the NAC group, 
this finding did not reach statistical 
significance. In contrast, cystatin 
C-defined CI-AKI was significantly 
lower in the NAC group.

With the increase in endovas-
cular procedures for peripheral 
arterial disease in the cardiac 
catheterization laboratory, two 
studies relevant to CI-AKI war-
rant mention. Yang and colleagues 
prospectively measured serum cre-
atinine and cystatin C levels in 350 
consecutive patients undergoing 
peripheral angiography.41 CI-AKI 
was defined as a 25% increase of 
creatinine concentration from 
baseline. The patients were fol-
lowed for 12 months for any major 
adverse events, defined as either 
death or a decline in renal function 
necessitating dialysis. Cystatin C 
was found to correlate poorly with 

CI-AKI in this study; however, a 
rise in cystatin C as low as 5% at 24 
hours was significant in predict-
ing major adverse events in these 
patients, whereas having CI-AKI 
was not significant in predicting 
major adverse events at 1 year.  

The body of literature regard-
ing the role of serum cystatin C 
to detect early occult AKI demon-
strates the ability of this marker 
to provide more timely detection 

of CI-AKI and additive prognos-
tic information to serum creati-
nine assessment. Furthermore, 
perhaps pointing to its role as a 
systemic cardiovascular marker, 
the longitudinal findings of the 
study by Briguori and colleagues 
reinforce the concept of cys-
tatin C as a  potential predictor of 
adverse events following CI-AKI.26 
Similarly, in a small population, 
Ishibashi and colleagues have dem-
onstrated that baseline cystatin 
C is a modest predictor of short-
term mortality and morbidity in 
patients who develop CI-AKI fol-
lowing coronary angiography.43 
The data presented in this discus-
sion, when taken together, sug-
gest that the true incidence of 
CI-AKI needs to be readdressed, 
as defined by the use of more 
 sensitive biomarkers, and that the 
prospective significance of cystatin  
C–defined AKI after contrast use 
will have to be further defined.

L-type Fatty Acid-binding 
Protein 
Biology
Fatty acid-binding proteins 
(FABPs) are intracellular pro-
teins that bind and transport free 
fatty acids to mitochondria or 

peroxisomes. The family of FABPs 
contains at least nine distinct types 
of proteins, which are named for 
the first tissue in which they were 
isolated.44 The primary func-
tion of FABP is the facilitation of 
intracellular long-chain fatty acid 
transport, but mounting evidence 
points to the role of these proteins 
as endogenous antioxidants.45 Two 
types of FABPs are found in human 
renal tubular cells: liver-type FABP 

(L-FABP) is isolated in proximal 
tubules, and heart-type FABP 
(H-FABP) is localized in the distal 
tubules.46

L-FABP is expressed in the human 
proximal tubules of the kidney and 
binds fatty acids prior to transport 
to mitochondria or peroxisomes for 
oxidation. Experimental studies of 
animal models of tubulointerstitial 
damage have revealed that renal 
L-FABP is upregulated in response 
to acute injury with increased uri-
nary excretion.47 Elevated urinary 
L-FABP levels may also repre-
sent a compensatory response to 
increased filtered albumin-bound 
fatty acids associated with diabetic 
proteinuria.48 Meanwhile, there has 
yet to be significant research on 
the use of H-FABP as a marker for 
kidney damage. For further studies 
regarding cystatin C and its clinical 
relevance please refer to Table 1.

Clinical Background
In a series of studies, Kamijo and 
colleagues have documented that 
in patients with nondiabetic CKD, 
urinary excretion of L-FABP 
increases with worsening of renal 
function.49-52 In patients with vari-
ous renal diseases, urinary L-FABP 
appears to be more sensitive in pre-
dicting progression of CKD than 

The body of literature regarding the role of serum cystatin C to 
detect early occult AKI demonstrates the ability of this marker to 
provide more timely detection of CI-AKI and additive prognostic 
information to serum creatinine assessment.
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without PCI.37 They found a rise in 
L-FABP at 24 hours after elective 
PCI in 41 patients with mild CKD, 
which decreased by 48 hours. In 

patients with moderate CKD, lev-
els rose at 24 hours but remained 
elevated out to 48 hours. Baseline 

levels were higher in patients 
with severe CKD compared with 
patients with mild or moderate 
disease, and there was no signifi-
cant rise in levels following con-
trast administration; however, 
there were only six patients in this 
group. In patients undergoing PCI 
with severe CKD at baseline, fur-
ther risk stratification currently 
is challenging. In this regard, 
Katoh and associates studied uri-
nary L-FABP in 25 patients with 
severe renal disease (defined as a 
GFR ,  45  mL/min) undergoing 
PCI with right atrium hemodia-
filtration.55 In the study, patients 
received hemodiafiltration with 
blood suction in their right atrium 
starting 30 minutes before the pro-
cedure and lasting until 30 minutes 
after the procedure. The objec-
tive was to remove the contrast 
from the blood before it reached 
the kidney. Removing contrast 
had been previously shown to be 
effective using an absorbing col-
umn placed in the coronary sinus. 
Right atrium hemodiafiltration 
was shown to reduce the incidence 
of AKI in PCI patients compared 
with control subjects (12% vs 27%; 
P  5  .26) by filtering the contrast 
media before it reached the kid-
ney. In addition, the authors mea-
sured urinary L-FABP prior to the 

proteinuria.50,52 Data suggest that 
L-FABP levels may be elevated before 
actual structural tubular damage 
occurs, in response to  cellular oxi-

dative stress.45 Therefore, L-FABP 
could be an early sign of tubular 
stress and its urine excretion may 
increase before other markers do, 
making it an attractive molecule for 
study in the context of early detec-
tion of CI-AKI.

Relevance to CI-AKI
In the previously discussed study, 
Malyszko and associates also 
examined urinary L-FABP levels 2, 
4, 8, 24, and 48 hours after cardiac 
catheterization as part of their mul-
timarker approach to postcontrast 
AKI evaluation.17 L-FABP  levels 
were first significantly elevated 
at 24 hours and then decreased at 
48 hours, but were still elevated 
when compared with baseline. 
At 24  hours, L-FABP levels were 
higher in patients with CI-AKI ver-
sus those without. Bachorzewska-
Gajewska and associates studied 25 
consecutive nondiabetic patients 
without CKD undergoing PCI due 
to unstable angina.53 Iso-osmolar 
contrast was used in all subjects. 
Urinary L-FABP levels rose at 
4  hours, peaked at 12 hours, and 
remained elevated out to 48 hours. 

Several lines of data suggest 
that the degree of renal dysfunc-
tion may directly impact the per-
sistence of L-FABP in the urine 
following contrast exposure. For 
example, Kato and coworkers 
studied changes in serum creati-
nine, serum cystatin C, and uri-
nary L-FABP levels in 87 patients 
(with variable degrees of renal 
insufficiency) undergoing elective 
cardiac catheterization with or 

procedure and at 24 and 48 hours 
after intervention. They found 
that urinary L-FABP was signifi-
cantly increased at baseline in 
those patients who developed AKI 
as opposed to those who did not. 
In addition, they found that uri-
nary L-FABP could be used as an 
independent predictor of postpro-
cedural AKI, and that when using 
a cutoff of 19.0 μg/gCr, L-FABP 
had a 100% sensitivity and an 
81.8% specificity for predicting 

postprocedural AKI. For further 
studies regarding L-FABP and its 
clinical relevance please refer to 
Table 1.

IL-18
Biology
Interleukin (IL)-18 is a proinflam-
matory cytokine that has been 
demonstrated to be an important 
mediator in the injury response to 
acute tubular necrosis from either 
renal ischemia or nephrotoxic 
agents.4 This cytokine is elevated 
in a variety of inflammatory con-
ditions, including acute coro-
nary syndromes, congestive heart 
failure, and sepsis.56 Anti–IL-18 
interventions have been shown 
to reduce mortality and disease 
severity in lung injury, colonic 
inflammation, and arthritis.57 
Evidence exists to support the role 
of urinary IL-18 in mediating the 
inflammatory response to renal 
 ischemic injury.58-60 Based pri-
marily on mouse models75 proxi-
mal tubular injury appears closely 
related to increased urinary IL-18 
production. 

Clinical Background
With respect to AKI, IL-18 has been 
evaluated in multiple clinical set-
tings, including cardiopulmonary 

… L-FABP could be an early sign of tubular stress and its urine 
excretion may increase before other markers do, making it an 
attractive molecule for study in the context of early detection of 
CI-AKI.

L-FABP had a 100% sensitivity and an 81.8% specificity for pre-
dicting postprocedural AKI.
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bypass, allograft rejection, nephro-
toxic agents, and critical care. IL-18 
appears to provide early detection 
of AKI, particularly when coupled 
with NGAL.61 In addition, early 
urinary IL-18 levels may predict 
mortality in cardiac patients and 
critically ill patients with acute 
respiratory distress syndrome.4,56,60 
The data for the accuracy of IL-18 
to independently predict AKI 
occurrence and severity are mixed, 
with several studies suggesting 
poor receiver operating character-
istics in this context.56,60,62 The total 
patient sample size for these stud-
ies is relatively modest and larger 
data sets are needed for this specific 
biomarker.

Relevance to CI-AKI
Similarly, the ability of urinary 
IL-18 to detect CI-AKI is still 
unclear. Bulent Gul and associ-
ates evaluated the utility of uri-
nary IL-18 levels to detect CI-AKI 
in a nested case-control cohort of 
patients (n 5 157) undergoing elec-
tive PCI for stable angina.63 Patients 
had normal renal function at base-
line and iopamidol (nonionic, low-
osmolar contrast medium) was 
used in all patients. Urinary IL-18 
levels were measured at baseline, 
24 hours, and 72 hours; 15 patients 
(9.5%) met the criteria for creati-
nine-defined CI-AKI (defined as 
an absolute rise in serum creatinine 
.  0.5 mg/dL and/or a rise .  25% 
from baseline). These 15 patients 
were compared with a matched 
group of 36 control patients who did 
not develop CI-AKI. The authors 
found no statistically significant 
differences in IL-18 levels among 
patients and control subjects or 
before and after PCI in either the 
control subjects or the CI-AKI 
patients. Despite the small sample 
size, the authors suggested that 
IL-18 may not be a sensitive marker 
of early AKI following contrast 
administration. In the multimarker 

study by Malyszko and colleagues, 

the authors also examined urinary 
IL-18 levels in the study popula-

tion.17 In both diabetic and nondia-
betic subjects, IL-18 levels rose at 2 
hours and remained elevated out to 
48 hours, peaking at 24 hours. IL-18 
levels were significantly higher 
in patients with CI-AKI (vs those 
without CI-AKI) at 8 and 24 hours 
after cardiac catheterization. Ling 
and associates also examined uri-
nary IL-18 levels in their study 
population.5 At 24 hours after PCI, 
urinary IL-18 levels were signifi-
cantly higher in the CI-AKI group 
as compared with baseline, and 
significantly higher in the CI-AKI 
group as compared with the non–
CI-AKI group. Levels were no dif-
ferent in the non–CI-AKI group at 
24 hours versus baseline. The time 
of AKI onset determined by IL-18 
level was 24 hours earlier than that 

determined by serum creatinine 
level. Potentially highlighting the 
role of this cytokine in atheroscle-
rosis and cardiac disease, urinary 
IL-18 levels had the highest OR for 
cardiac events at follow-up when 
compared with urine NGAL and 
serum creatinine levels. For fur-
ther studies regarding IL-18 and 
its clinical relevance, please refer to 
Table 1.

Kidney Injury Molecule-1
Biology
Kidney injury molecule-1 (KIM- 1) 
is a type-I membrane protein that 
is markedly upregulated in the 
proximal tubule epithelial cell 

after ischemia.65,66 Although the 
chemical structure of KIM-1 has 
been well described, the function 

of this transmembrane protein 
remains unclear. Current evidence 
suggests that KIM-1 may be a sig-
naling molecule that mediates 
renal injury and repair.67 KIM-1 
protein and gene expression is 
absent in the normal kidney. In 
response to ischemic injury, there 
is rapid transcription and collec-
tion of KIM-1 protein in the proxi-
mal tubule without expression in 
the glomerulus. Increased KIM-1 
expression has been demonstrated 
in a variety of animal models. 
Sohotnik and associates studied 
KIM-1 in a uninephric rat model of 
renal is chemia.68 Following clamp-
induced impairment of renal blood 
flow, urinary KIM-1 levels (as well 
as NGAL) were measured over time 
during reperfusion. Both biomark-

ers rose rapidly in response to renal 
injury in a control arm treated with 
a standard renal artery clamp. The 
study featured a treatment arm that 
received  pretreatment tadalafil (a 
 phosphodiesterase-5 inhibitor); 
in this group, there was a blunt-
ing of biomarker release, suggest-
ing attenuation of kidney injury. 
Perhaps more relevant to cardiac 
catheterization, Jost and colleagues 
examined KIM-1 protein tran-
scription levels in rats after admin-
istration of nonionic, low-osmolar, 
low-visous contrast (iopromide) 
and nonionic, iso-ismolar, high-
viscous contrast (iodixanol).69 
Iodixanol contrast was associated 
with greater retention of contrast 

… urinary IL-18 levels had the highest OR for cardiac events at 
follow-up when compared with urine NGAL and serum creatinine 
levels.

Current evidence suggests that KIM-1 may be a signaling 
 molecule that mediates renal injury and repair.
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material in the kidney and sig-
nificantly higher in KIM-1 mRNA 
levels as compared with iopro-
mide. The data point to a potential 
relationship between contrast as a 
nephrotoxin and increased KIM-1 
expression.

Clinical Background
Human data on KIM-1 have sup-
ported the concept that this marker 
is related to clinical ischemic renal 
injury. Han and colleagues exam-
ined KIM-1 levels in patients with 
AKI, normal control subjects, CKD 
patients, and individuals with uri-
nary tract infections.66 The AKI 
patients consisted of a small but 
diverse group: 12 individuals with 
sepsis, 9 patients with cardiac 
arrest or cardiogenic shock, 2 with 
hypovolemia (bleeding), 1 due to 
rhabdomyolysis, 1 due to nephro-
toxin administration, and 4 due 
to CI-AKI.66 Urinary KIM-1 levels 
were significantly higher in the 
AKI group versus the healthy con-
trol subjects, CKD patients, or the 
group with urinary tract infection. 
In the same article, the authors also 
examined the time course and rise 
of KIM-1 in 40 children undergoing 
cardiopulmonary bypass and noted 
that KIM-1 levels demonstrated a 
rise at 6 hours after cardiopulmo-
nary bypass and remained elevated 
out to 48 hours. The rise in KIM-1 
levels preceded a rise in creatinine 
concentration. A level of KIM-1 of 
. 2.0  ng/mg Ucreatinine at 12 hours 
after cardiopulmonary bypass 
provided 74% sensitivity and 90% 
specificity (positive likelihood ratio 
of 7.37) to diagnose AKI.

Relevance to CI-AKI
Malyszko and colleagues examined 
KIM-1 levels as part of their multi-
marker analysis at 2, 4, 8, 24, and 
48 hours after cardiac catheteriza-
tion.17 In diabetic and nondiabetic 
subjects, KIM-1 levels remained 
stable until 24 hours postprocedure, 

and at 24 and 48 hours, the levels 
were significantly elevated as com-
pared with baseline. There was a 
trend toward higher KIM-1 levels 
in patients with CI-AKI (vs those 
without CI-AKI), but this finding 
did not reach statistical signifi-
cance. Torregrosa and coworkers 
studied KIM-1 levels in 193 patients 
after PCI.70 They measured KIM-1 
and serum creatinine values every 
12 hours and defined an AKI as a 
50% increase in creatinine from 
baseline. A significant rise in 
KIM-1 values was found in the AKI 
group compared with the non-AKI 
group. In addition, they performed 
a receiver operating characteristic 
(ROC) analysis showing the area 
under the curve of KIM-1 as mod-
erately predictive (.713) of an AKI.70 
The data for KIM-1 in relevance to 
CI-AKI remain preliminary and 
there is a paucity of data available; 
however, the biologic characteris-
tics of this molecule are intriguing 
and warrant further study.

Midkine
Biology
Midkine is 13kDa cytokine com-
posed of 143 amino acids that 
signal along the protein-tyrosine 
phosphatase pathway. It is a hep-
arin-bound growth factor that is 
highly expressed during the mid-

gestational period of embryogen-
esis, but is found in very small 
levels in normal healthy adult tis-
sue.71 Small residual levels of mid-
kine expression have been found 
in adult lung, gastrointestinal, 
kidney, spleen, and thyroid tissue. 
However, midkine is rapidly upreg-
ulated during most inflammatory 
processes.72 Midkine is a heparin-
bound growth factor expressed in 

the proximal tubular cells as well as 
the distal tubular cells in the kid-
ney. It has been shown to regulate 
kidney tissue cell growth, survival, 
and migration, and has been shown 
to have some antiapoptotic activity. 

Clinical Background
In addition, midkine is involved 
in the inflammatory pathway and 
has been shown to be increased in 
many kidney inflammatory states, 
including ischemic renal injury and 
diabetic nephropathy. Sato and col-
leagues studied the role of midkine 
in inflammation in an ischemic 
injury model.76 In this study, the 
kidney of both midkine knockout 
and wild-type mice was clamped 
for 90 minutes to induce an isch-
emic response with reperfusion 
injury. They found that the tubu-
lointerstitial damage was less in 
the knockout mice compared with 
the wild-type mice. In addition, 
inflammatory chemokine expres-
sion, along with neutrophil and 
macrophage recruitment, was lower 
in the knockout mice. The human 
data for midkine have mainly been 
focused on its proangiogenic effects 
in inflammatory states. Weckbach 
and colleagues showed that mid-
kine is increased in human poly-
morphonuclear leukocytes, as well 
as vascular endothelial tissue dur-
ing  ischemia-induced injury.77 In 

 addition, they showed that exog-
enous midkine induced angiogen-
esis in test tissues  compared with 
control.

Relevance to CI-AKI
As midkine has been shown to 
be an ischemic cytokine, its role 
in CI-AKI is now being studied. 
Malyszko and colleagues exam-
ined the relevance of midkine 

Midkine is a heparin-bound growth factor expressed in the proxi-
mal tubular cells as well as the distal tubular cells in the kidney.
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levels to CI-AKI after PCI.17 The 
authors studied midkine levels in 
89 patients with normal renal fuc-
tion who were undergoing PCI. 
Serum midkine concentration 
was measured, along with serum 
and urinary NGAL and serum 
 cystatin  C, at 2, 4, 8, 24, and 48 
hours after PCI. Midkine level was 
significantly increased as early as 2 
hours after PCI, with a peak con-
centration at 4 hours. The values 
returned to baseline by 24 hours. 
Further studies are needed on 
midkine to determine if it is pre-
dictive of AKI.

Other Biomarkers
N-acetyl-β-glucosaminidase (NAG) 
and β2-microglobulin (β2m) are 
both promising markers for vari-
ous kidney injury states that have 
recently been studied in CI-AKI 
 models. NAG is a 130 kDA lysosomal 
enzyme that is normally excreted in 
the urine in small amounts. The 
urinary excretion of NAG has been 
shown to be increased in patients 
who are exposed to agents that are 
toxic to tubular cells, including 
contrast media. Ren and cowork-
ers studied NAG in adult patients 
after PCI or diagnostic angiog-
raphy who developed CI-AKI.73 
CI-AKI was defined as an increase 
in creatinine of . 25% from base-
line or an overall increase of creati-
nine . 0.5 mg/dL at 48 hours after 
exposure to contrast. It was shown 
that serum NAG levels were signifi-
cantly increased in the patients with 
CI-AKI 24 hours after exposure to 
contrast media.

β2m has also been shown to be an 
early indicator of renal damage. β2m 
is a normal component of major his-
tocompatibility complex class 1 mol-
ecules that, when cleaved, is filtered 
through the glomerulus and com-
pletely taken up and destroyed by 
the proximal tubule cells. However, 
when proximal tubule cells are 

damaged, as in CI-AKI, β2m leaks 
into the urine, making it a sensi-
tive marker in AKI. Rouse and col-
leagues studied β2m in a CI-AKI rat 
model.74 In one model, they defined 
 contrast-induced nephropathy as 
any histopathology change after 
administration of contrast media. 
Using this model, they found that 
β2m correlated strongly with the 
histopathology changes with an 
ROC of 0.89. However, this has yet 
to be correlated to the standard 
value of AKI of a 1.5-fold change in 
serum creatinine. β2m did not pro-
vide a good correspondence on ROC 
analysis when studied by Rouse and 
 colleagues in their rat models.74

Conclusions
Development and validation of bio-
markers for AKI in the setting of 
contrast exposure remains an active 
field. A summary of key points of 
novel biomarkers can be found in 
Table  2. Currently, the majority of 
data are derived from a handful of 
studies involving a modest number 
of patients. In addition, comparison 
and standardization of various assay 
methods remains unsettled. Further 
studies, including a variety of patients 
with differing levels of baseline renal 
function and cardiovascular disease, 
are required in this context. It is 
likely that no single biomarker will 
be applicable to all patient subsets—
rather, a multimarker panel approach 
will be needed to provide adequate 
ROCs  characteristics to detect early 
CI-AKI. 
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MAin PoinTs

• Contrast administration for coronary and peripheral angiography is a major cause of acute kidney injury (AKI), 
worldwide. Currently, contrast-induced AKI (CI-AKI) is the third leading cause of hospital-acquired AKI in the 
United States; more than 50% of these cases are the result of contrast exposure during cardiac catheterization 
and/or percutaneous coronary intervention (PCI).

• Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa protein covalently bound to gelatinase (matrix 
metallopeptidase 9) in neutrophils. The strongest evidence to date supports the role of NGAL as an early AKI 
detection tool based on the increased sensitivity of this biomarker for AKI in comparison with serum creatinine. 
NGAL may also have a role in preselecting patients with propensity to develop AKI; therefore, this marker could 
guide primary prevention strategies.

• Cystatin C has been extensively evaluated as a cardiorenal biomarker. In this regard, elevation of this marker 
predicts incident cardiovascular death, myocardial infarction, and heart failure in patients with and without 
coronary artery disease, and in individuals with and without chronic kidney disease.

• Interleukin-18 is a proinflammatory cytokine that has been demonstrated to be an important mediator in the 
injury response to acute tubular necrosis from either renal ischemia or nephrotoxic agents.

• Kidney injury molecule-1 (KIM-1) is a type-I membrane protein that is markedly upregulated in the proximal 
tubule epithelial cell after ischemia. Current evidence suggests that KIM-1 may be a signaling molecule that 
mediates renal injury and repair. KIM-1 protein and gene expression is absent in the normal kidney.
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