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Acute kidney injury (AKI) is closely associated with the mortality of hospitalized patients
and long-term development of chronic kidney disease, especially in children. The purpose
of our study was to assess the evidence of contrast-induced AKI after cardiac
catheterization in children with heart disease and evaluate the clinical usefulness of
candidate biomarkers in AKI. A total of 26 children undergoing cardiac catheterization due
to various heart diseases were selected and urine and blood samples were taken at 0 hr, 6
hr, 24 hr, and 48 hr after cardiac catheterization. Until 48 hr after cardiac catheterization,
there was no significant increase in serum creatinine level in all patients. Unlike urine
kidney injury molecule-1, IL-18 and neutrophil gelatinase-associated lipocalin, urine liver-
type fatty acid-binding protein (L-FABP) level showed biphasic pattern and the significant
difference in the levels of urine L-FABP between 24 and 48 hr. We suggest that urine
L-FABP can be one of the useful biomarkers to detect subclinical AKI developed by the
contrast before cardiac surgery.
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INTRODUCTION

Acute kidney injury (AKI) is closely associated with mortality of
hospitalized patients and long-term development of chronic
kidney disease (1). In pediatric patients, AKI is also regarded as
an important factor to decide long-term outcome. There are
two clinical guidelines for the definition of AKI in children; pRI-
FLE (the pediatric Risk, Injury, Failure, Loss, End-Stage Kidney
Disease) criteria and AKIN (the Acute Kidney Injury Network)
staging (2, 3). Although serum creatinine was used as a biomar-
ker to evaluate renal function in these guidelines, it has been
reported that serum creatinine is not adequate for the predic-
tion of precise outcome and the evidence of prophylactic treat-
ment because the level of serum creatinine usually increases
only after marked decrease of glomerular filtration rate (GFR)
(1). Moreover, the level of serum creatinine can vary due to var-
ious extra-renal factors such as the amount of muscle, diet and
drugs.

Recently, many novel biomarkers in AKJ, rather than serum
creatinine as a classical marker of GFR, have been developed to
directly detect tubular injury, as well as facilitate early interven-
tion. Candidate biomarkers in AKI include neutrophil gelatin-
ase-associated lipocalin (NGAL), kidney injury molecule-1 (KIM-
1), interleukin-18 (IL-18) and liver-type fatty acid-binding pro-
tein (L-FABP) (1).

In actual clinical circumstances, cardiopulmonary bypass for
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open heart surgery is well known as an AKI-inducible condition,
in particular subclinical AKI that cannot be detected by serum
creatinine. In addition, contrast-induced AKI, previously known
as contrast-induced nephropathy (CIN) is also another impor-
tant AKI-inducible condition (4-6).

The purpose of our study is to assess the evidence of contrast-
induced AKI after cardiac catheterization in children with heart
disease and evaluate the clinical usefulness of NGAL, KIM-1,
IL-18, and L-FABP as the candidate biomarkers in AKI.

MATERIALS AND METHODS

Subjects

A total of 26 children undergoing cardiac catheterization was
selected from January 2009 to February 2011 at Kyungpook Na-
tional University Hospital. All patients had various heart dis-
eases such as: ventricular septal defect, atrial septal defect, pat-
ent ductus arteriosus, tetralogy of Fallot, and pulmonary atresia.
In 26 children, only one patient with pulmonary atresia showed
cyanosis. Mean fractional shortening on echocardiogram was
37.8% (31.4%-49.4%) and none had symptoms and signs of heart
failure. In addition, none had underlying renal diseases. The
mean age of patients was 7.1 yr, and the male to female ratio
was 12:14. The children were admitted to the hospital one day
before cardiac catheterization. In 15 of the 26 children, urine
and blood samples were taken at 0 hr (before catheterization),
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Table 1. Patient characteristics

Variables

No. of patients

Total No. of patients
Age (Mean % SD) (yr)
Gender, male: female
Initial level of serum creatinine (Mean £ SD)
Number of patients with CHF or CKD
Fractional shortening (%), mean (range)
Number of patients who presented AKI
Timing of sample collection
Urine KIM-1 (n = 26)
Urine NGAL, IL-18 & L-FABP (n = 11)
Type of heart diseases
Pulmonary atresia (with cyanosis)
Partial anomalous pulmonary venous return
Pulmonary stenosis
Pulmonary regurgitation
Aortic stenosis
Paroxysmal supraventricular tachycardia
Atrial septal defect+Patent ductus arteriosus
Atrial septal defect+Ventricular septal defect
Patent ductus arteriosus
Atrial septal defect
Ventricular septal defect
Tetrology of Fallot
Coronary cameral fistula

26
7T1E7yr
12:14
0.4 £ 0.19 mg/dL
0
37.8 (31.4-49.4)
0

0 hr (baseline), 6 hr, 24 hr, and 48 hr (n = 11)
0 hr (baseline), 6 hr, 24 hr, and 48 hr

_ a4 WO = 2 NN A

CHF, congestive heart failure; CKD, chronic kidney disease; KIM-1, kidney injury molecule-1; NGAL, neutrophil gelatinase-associated lipocalin; IL-18, interleukin-18; L-FABP,

liver-type fatty acid-binding protein.

then 6 hr and 24 hr after the procedure; the change of KIM-1
level of the urine samples were analyzed. In the other 11 of 26
children, urine and blood samples were taken at 0 hr, 6 hr, 24 hr,
and 48 hr after cardiac catheterization, and the change of IL-18,
L-FABP and NGAL level as well as KIM-1 of the urine samples
were analyzed (Table 1). All urine samples were collected via
urine bags (only in young infants) or taken during mid-stream
by the time appointed.

The process of cardiac catheterization was as follows: each
patient’s femoral artery and vein were punctured, and the con-
trast was injected with a speed of 10 mL per second. After the
injection, we observed the vessels and each chamber of heart
by fluoroscopy. The contrast used was Ultravist®, produced by
Bayer Healthcare and composed of iopromide; it is a low osmo-
lar, non-ionic contrast agent for intravascular use. The average
contrast dose was 2.5 mL per kilogram.

Sample collection and storage

Urine samples were collected using a sterile container. Particu-
lates were removed by centrifugation for 15 min at 1,000 g, and
the samples stored at -80°C until use.

ELISA for Kim-1, NGAL, IL-18 and L-FABP quantitation

The ELISA was performed according to the manufacturer’s in-
structions. Briefly, microtiter plates pre-coated with a monoclo-
nal antibody against human KIM-1 (#CSB-E08807H, Cusabio,
China), NGAL (#KIT036, Bioporto, Denmark), IL-18 (E90064Hu,
USCN Life Science, Houston, TX, USA) or L-FABP (E91566Hu,
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USCN Life Science) were added with 100 uL of urine samples
or standards for 1 hr at 37°C. After removed the liquid, each
well was incubated with a 100 pL biotinylated monoclonal anti-
body for 1 hr at 37°C. The solution was aspirated and washed 3
times, followed by 100 pL avidin-conjugated HRP treatments
for 1 hr at 37°C. After aspirate and washing 5 times, 100 L tet-
ramethylbenzidine substrate was added for color development
in the dark room, which was read after 10-30 min at 450 nm with
ELISA reader (Benchmark Plus, BioRad, Hercules, CA, USA).
All measurements were made in triplicate.

Statistical analysis

Statistical analysis was performed with SPSS version 19 software
(SPSS, Chicago, IL, USA). Changes of variable markers by time
flow, including IL-18, KIM-1, L-FABP and NGAL were compared
by Linear Mixed Model using R project. P values less than 0.05
were considered significant.

Ethics statement

The institutional review board at Kyungpook National University
Hospital, Daegu, Korea reviewed and approved this study and
informed consent documents (IRB No. 2011-04-022). Informed
consents were obtained from all patients or their parents.

RESULTS

The mean levels of serum creatinine (mg/dL) at 0 hr, 6 hr, 24 hr,
and 48 hr after cardiac catheterization were 0.4, 0.41, 0.41, and
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0.40, respectively. Until 48 hr after cardiac catheterization, there
was no significant increase in serum creatinine level in all pa-
tients.

Urine KIM-1 levels showed a tendency to increase as time
elapsed until 48 hr after the cardiac catheterization. The level of
urine KIM-1 at 48 hr (133.2 + 136.9 pg/mL) after procedure was
significantly higher than that at 0 hr (70.9 + 80.8 pg/mL) and 6
hr (78.3 + 52.5 pg/mL) after procedure (0 vs. 48 hr, P=0.017; 6
vs. 48 hr, P = 0.011) (Table 2 and Fig. 1). However, the pattern of
the results was changed when urine KIM-1 was expressed as
ng/mg creatinine. The level of urine KIM-1 (ng/mg creatinine)
at 6 hr was higher than that at other times, but did not show the
statistical significance.

Urine NGAL levels also showed a tendency to increase as
time elapsed until 48 hr after the cardiac catheterization. How-
ever, because urine NGAL level at 6 hr after the procedure de-
creased to the baseline level (0 hr) of urine NGAL and there was
no significant difference in the level of NGAL between 0 hr and

24 or 48 hr after the procedure, we regarded that there was no
significant change with time in urine NGAL level; likewise urine
IL-18 did not show any significant changes (Table 2).

However, urine L-FABP level showed biphasic patterns, in-
creasing at 6 hr (9,599.4 + 7,771.6 pg/mL) after the procedure
compared to the baseline level (0 hr, 5,276.6 + 6,474.6 pg/mL)
and then the decreasing until 48 hr (24 and 48 hr after the pro-
cedure). There was a significant difference in the levels of urine
L-FABP between 24 hr (8,953.6 + 9,577.8 pg/mL) and 48 hr
(4,480.6 + 8,326.2 pg/mL) (P = 0.019) (Table 2, Fig. 2). When the
values of urine IL-18, NGAL and L-FABP except for urine KIM-1
were adjusted using urine creatinine (from pg/mL to ng/mg
creatinine), the pattern of results was unchanged.

DISCUSSION

CIN is a complex syndrome of acute renal failure developed af-
ter the infusion of iodinated contrast media. There are various

Table 2. Comparison of the change of serum creatinine and urine biomarkers at time after cardiac catheterization using contrast

Concentration after

Biomarkers

0hr 6 hr 24 hr 48 hr
Serum Cr (mg/dL) 04102 0.41 +0.19 0.41 +0.22 0.4 +0.16
Urine KIM-1 (pg/mL) 70.9 £ 80.8 78.3 £ 52.5 112.3 £ 935 133.2 £ 136.9
KIM-1/UCr (ng/mg) 03+£04 05+08 0304 02+03
Urine NGAL (pg/mL) 1,419.5 + 168.3 1,368.4 + 133.4 1,493.3 £ 65.8 1,450.8 £ 115.0
NGAL/UCr (ng/mg) 57 £ 101 34+28 3.3+ 36 29+ 138
Urine IL-18 (pg/mL) 137.7 £192.5 49.6 + 63.9 251.6 + 421.3 1748 £ 217.8
IL-18/UCr (ng/mg) 02103 01+ 041 02103 02+04
Urine L-FABP (pg/mL) 5,276.6 £ 6,474.6 9,599.4 £ 7,771.6 8,953.6 £ 9,577.8 4,480.6 £ 8,326.2
L-FABP/UCr (ng/mg) 134 £17.9 317 £51.2 13.8 £ 129 44+ 47

Data are presented as mean + SD. Cr, creatinine; KIM-1, kidney injury molecule-1; NGAL, neutrophil gelatinase-associated lipocalin; IL-18, interleukin-18; L-FABP, liver-type

fatty acid-binding protein; UCr, urine creatinine.
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Fig. 1. Change of urine KIM-1 at time after cardiac catheterization using contrast.
KIM-1, kidney injury molecule-1. 0 vs. 48 hr, P=0.017; 6 vs. 48 hr, P=0.011.
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Fig. 2. Change of urine L-FABP at time after cardiac catheterization using contrast.
L-FABP, liver-type fatty acid-binding protein. 24 vs. 48 hr, P=0.019.
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risk factors of CIN including intra-arterial administration, ionic
high-osmolality agents, chronic kidney disease and diabetes
mellitus (4). In particular, the osmolality of contrast medium
seems to play an important role in the development of CIN. Thus,
to prevent AKI, low-osmolar contrast agents are more desirable
than high-osmolar agents due to rapid iodine clearance (4, 7).
The pathophysiologic mechanism of CIN is poorly understood.
However, it has been suggested that the development of CIN is
associated with the vasoconstriction effects on renal blood flow,
which may be triggered by an influx of calcium ion, release of
endothelin, impaired nitric oxide production, as well as direct
tubular toxicity by contrast medium. And these pathophysio-
logic mechanisms tend to be more intensely and persistently
caused by ionic high-osmolality agents (4). The most common
definition of CIN is a relative rise in serum creatinine > 25%
from the baseline value or an absolute increase > 0.5 mg/dL
within 48 hr after the administration of contrast medium (5). In
this study, there was no such significant elevation of serum cre-
atinine to meet that criterion of definite CIN. This result suggest
that a low osmolar, non-ionic contrast agent for intravascular
use such as Ultravist® seldom produces the definite AKI, thus
we need more sensitive biomarkers to detect subclinical AKI
developed from the contrast than serum creatinine.

Recently, it was reported that renal tubular damage without
the rise of serum creatinine is also associated with a worse renal
outcome, this condition is called as ‘subclinical AKT' (8). Ronco
et al. suggested new conceptual framework for contrast-induc-
ed AKI (CI-AKI) based on the functional criteria such as RIFLE
and AKIN, and structural criteria such as novel biomarkers in-
cluding KIM-1, IL-18, NGAL, and L-FABP (6). For example, if
functional criteria are not met, but structural criteria are met,
this condition would be described as CI-AKI with only structural
damage and compatible with subclinical AKI. If functional cri-
teria are met, but structural criteria are not met, this condition
would be described as CI-AKI with only renal dysfunction (6).

Cardiac surgery using cardio-pulmonary bypass has been re-
garded as most useful clinical situation of the induction to AKI
(9, 10), so the detection of AKI is very important for patients
with congenital heart diseases who need open heart surgery in
the future. Because cardiac catheterization using contrast is es-
sential for the accurate diagnosis with congenital heart disease
before cardiac surgery, the early detection of subclinical AKI is
more important in these patients than other clinical situations,
in order to prevent clinical AKI (11).

New potential candidate biomarkers for AKI include: NGAL,
KIM-1, IL-18, and L-FABP (1, 12).

NGAL is a 25 kDa-lipocalin secreted from the activated neu-
trophils, and increases when there are conditions such as: in-
fection, malignancy and renal tubular injury. In the kidney, NG-
AL is usually expressed in the Henle loop and distal tubules and
can be expressed in the proximal tubules reabsorbed after glo-
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merular filtration (13, 14). For children underwent a cardiopul-
monary bypass, it has been reported that patients with promi-
nent elevations of NGAL in serum and urine over 2 hr after op-
eration tend to develop AKI later (15). Hirsch et al. reported that
elevation of NGAL in serum and urine of children who under-
went a cardiac catheterization using contrast medium can be
the predictive factors to CI-AKI (16). However, in this study, there
was no significant elevation of urine NGAL levels after cardiac
catheterization. We speculate that this difference originated from
the lack of patients presenting the definite CIN, because we used
a low-osmolar, non-ionic contrast agent, less amount of con-
trast, and had a smaller numbers of patients with cyanotic heart
diseases, compared to the previous report (16). Therefore, we
suggest that urine NGAL has some limitations to diagnose the
subclinical AKI developed from use of contrast in children.

KIM-1, type I transmembrane glycoprotein of 104 kDa, is lit-
tle expressed in a normal kidney, whereas it increases promi-
nently in the proximal tubules after ischemic or toxic renal in-
jury (1). If renal tubular injury develops, the extracellular part of
KIM-1 is separated by proteolytic enzymes and secreted in the
urine (17, 18). In critically ill patients with various types of acute
tubular necrosis, elevation of urine KIM-1 is closely related to
the increase of the mortality, and necessitates renal replacement
therapies (19). Han et al. also reported that urine KIM-1 after 12
hr of cardiac surgery is a predictive factor of AKI in children (20).
In this study, urine KIM-1level presented a tendency to increase
in progress with time after injection of the contrast. The level of
urine KIM-1 at 48 hr after the procedure was the highest and
significantly higher than that at 0 and 6 hr after the procedure.
However, the pattern of the results was changed when urine
KIM-1 was expressed as ng/mg creatinine. The level of urine
KIM-1 (ng/mg creatinine) at 6 hr was higher than that at other
times, but did not show the statistical significance. Therefore,
we suggest that clinical usefulness of urine KIM-1 should be
confirmed by further larger, controlled trials.

IL-18, an 18 kDa pro-inflammatory cytokine, is activated by
caspase-1 and found in the tubular epithelial cells during AKI
(21). In animal models, it was reported that neutralizing anti-
body of IL-18 prevents ischemic renal injury, thus IL-18 appears
to play an important role on the development of ischemic renal
injury (22). Parikh et al. suggested that the change of serum cre-
atinine after renal transplantation can be anticipated based on
the concentration of urine IL-18 on the day of the renal trans-
plantation (23). We suggest that urine IL-18 would not be a mean-
ingful candidate for a contrast-induce AKI biomarker, because
in this study urine IL-18 did not show any significant change
due to the contrast.

L-FABP, a 14 kDa protein, is expressed in the proximal tubules
and related to the metabolism of urine free fatty acid. FABPs as
intracellular carrier proteins are classified into nine types ac-
cording to the distributed organs (24). Wang et al. (25) reported
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that L-FABP has the effect on the reduction of oxidative stress
originated from ischemic reperfusion injury in an in vitro study.
In animal studies of ischemic or toxic renal injury, L-FABP in-
creases within several minutes or hours after renal injury, and
correlates well with the degree of pathologic injury, thus L-FABP
is a valuable biomarker for the early detection of AKI (26, 27).
Portilla et al. (28) also reported that the elevation of urine L-FABP
4 and 12 hr after cardiac surgery in 40 children is significantly
correlated with the predicted AKI. In addition, it was reported
that urine L-FABP is an important biomarker of transient renal
tubular injury in CI-AKI (29). In this study, urine L-FABP level
showed biphasic patterns, increasing at 6 hr after the procedure
compared to the baseline level (0 hr) and then decreasing until
48 hr (24 and 48 hr after the procedure). There was a significant
difference in the levels of urine L-FABP between 24 hr and 48
hr. Therefore, we suggest that urine L-FABP can be a useful, ear-
ly biomarker of AKI developed by the contrast in children.

By the way, in the previous reports of novel AKI biomarkers,
we can easily find the differences of results according to various
clinical situations including cardiac surgery, contrast nephrop-
athy, sepsis and kidney transplant (9). For example, in patients
undergoing cardiac surgery, NGAL was an early AKI biomarker
and IL-18 was an intermediate AKI biomarker whereas, in con-
trast nephropathy, IL-18 was not a significant AKI biomarker 1
like our result. Although the precise mechanism about the dif-
ferences in the changes of each biomarker according to clinical
situations is poorly revealed yet, it has been suggested that the
specific AKI biomarker according to various clinical situations 1
should be confirmed to optimize the early detection and inter-
vention of subclinical AKI.

In summary, urine L-FABP levels showed the significant ele-
vation after cardiac catheterization, whereas urine NGAL and
IL-18 did not show any significant change in the levels after the
procedure and urine KIM-1 did not present the consistent results
according to adjustment of urine creatinine. Therefore, we sug-
gest that urine L-FABP can be one of the useful biomarkers to
detect subclinical AKI caused by contrast before cardiac surgery.
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