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Aim: The aim of this study was to investigate whether urinary
neutrophil gelatinase-associated lipocalin (NGAL) and serum
ischemia-modified albumin (IMA) levels could serve as early
biomarkers of contrastinduced acute kidney injury (CI-AKI)
in patients with normal serum creatinine values who undergo
coronary angiography (CAG).

Methods: This study was conducted in 78 patients undergoing
CAG. Urinary NGAL and serum IMA values which measured prior
to and 6 hours after CAG were compared with creatinine values
that measured prior to and 48 hours after CAG.

Results: IMA and NGAL values obtained 6 hours after CAG
differed significantly from those obtained at baseline. Statistically
significant differences were found between the baseline and
6th-hour values of urinary NGAL and serum IMA (p<0.001).
There was no significant difference between baseline and 48th
hour serum creatinine levels (p=0.081). In addition, a statistically
significant positive correlation was found between pre-processing
and 6th-hour NGAL and IMA levels, (r=0.277, p=0.014; r=0.407
and p<0.001, respectively).

Conclusion: An increase in urinary NGAL and serum IMA levels
were detected without an increase in serum creatinine values
which is routinely used in determining CI-AKI. When compared

Amag: Serum iskemi modifiye alblimin (IMA) ve idrar nétrofil
jelatinaz iliskili lipokalin (NGAL) gibi biyobelirtecler kontrastla
iliskili bébrek hasarinin erken tanisinda umut vadetmektedirler.
Bu calismanin amaci serum kreatinin dizeyleri normal olup
koroner anjiyografi yapilan hastalarda idrar NGAL ve serum IMA
duzeylerinin kontrastla iliskili bobrek hasarinin erken teshisinde

kullanilabilecekleri hipotezini arastirmaktir.

Yontemler: Calismaya elektif koroner anjiyografi (KAG)
uygulanan 78 hasta alindi. KAG'den 6nce ve 6 saat sonra 6l¢llen
idrar NGAL ve serum IMA degerleri, KAG'den 6nce ve 48 saat
sonra Olcllen kreatinin degerleri ile karsilastirildi.

Bulgular: idrar NGAL ve serum IMA degerlerinin baslangic ve
6. saat deg@erleri arasinda istatistiksel olarak anlamli fark izlendi
(p<0,001). Baslangic ve 48. saat serum kreatinin degerleri
arasinda anlamli fark izlenmedi (p=0,081). Ek olarak, islem
dncesi ve 6. saat NGAL ve IMA dizeyleri arasinda pozitif
korelasyon izlendi (sirasiyla r=0,277, p=0,014; r=0,407 ve
p<0,001).

Sonuc: Calismamizda, kontrastla iliskili bobrek hasarinin
teshisinde kullanilan serum kreatinin degerlerinde bir artis
olmadan uriner NGAL ve serum IMA duzeylerinde anlamli artis
izlendi. Serum kreatinin ile karsilastinldiginda, idrar NGAL ve
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to serum creatinine, urinary NGAL and serum IMA may be early
and sensitive biomarkers for predicting Cl-AKI.

Keywords: Neutrophil gelatinase-associated lipocalin, ischemia
modified albumin, contrast-induced acute kidney injury

serum IMA, kontrastla iliskili bobrek hasarini tahmin etmek icin
erken ve hassas bir biyobelirte¢ olarak kullanilabilir.

Anahtar Sozcikler: Notrofil jelatinaz iliskili lipokalin, iskemi
modifiye albimin, kontrastla iliskili bobrek hasari

Introduction

Contrast-induced acute kidney injury (CI-AKI) is one
of the more common serious complications of cardiac
catheterization and coronary angiography (CAG) (1). CI-
AKI occurs in 10-20% of patients after contrast media
exposure in CAG (2). A lot of studies have shown that
CI-AKl is linked to many worst outcomes and prolonged
hospitalization (3). CI-AKI is the third leading cause
of hospital-acquired renal failure (11.3%) (4). For this
reason, after contrast media exposure, serum creatinine
(sCr) and other renal function tests should be monitored
with serial measurements in all patients who have risk
factors for CI-AKI (1). CI-AKI has been defined as an
increase in sCr levels more than 25% within three days
after intravascular contrast administration (4). SCr,
known as the classical biomarker of renal function,
has low sensitivity and it is affected by many variables
such as race, gender, age, total body volume, changes
in muscle mass and tubular secretion (5). SCr is not
a useful marker for early diagnosis of CI-AKI since
increases in SCr levels are usually observed 48-72 hours
after contrast medium administration. Therefore, we
need new kidney biomarkers for early detections of ClI-
AKI and to estimate prognosis in patients with kidney
injury.

Recent studies have shown that novel and more
sensitive biomarkers such as neutrophil gelatinase-
associated lipocalin (NGAL) can be used for early diagnosis
of CI-AKI (4-6). NGAL, known as kidney troponin, is a 25-
kDa protein covalently bound to gelatinase from human
neutrophils (5). It might be one of the earliest potential
markers of renal tubular injury.

Ischemia-modified albumin (IMA) is a variation of
albumin which is the most abundant plasma protein in
human plasma. The task of the albumin is to transport
divalent ions such as cobalt with the N-terminal end of
albumin. Depending on the ischemia and reactive oxygen
molecules formed secondary to ischemia, changes occur
at the N-terminal end of albumin. As a result, the ability
of albumin to bind cobalt is disrupted. IMA has been
associated with acute ischemia before necrosis. IMA could
be used as an early biomarker for CI-AKI (7).
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In this study, we investigated the use of urinary NGAL
and serum IMA in early diagnosis of CI-AKI in patients
undergoing CAG and receiving contrast media.

Methods

Study Population

This research was planned as prospective
observational cohort study and we included 93
consecutive individuals. Characteristic features of the
patient group (78 patients) were as follows: 1) patients
with stable angina pectoris, 2) patients with ischemic
electrocardiogram changes, positive treadmill test, or
positive myocardial perfusion scintigraphy (MPS), 3)
patients who received contrast media for CAG eGFR value
>60 mL/min/1.73 m2 calculated using the modification
of diet in renal disease-MDRD equation). In order to
compare the baseline values of the patient group, 15
individuals with demographic and clinical characteristics
compatible with the patient group who did not undergo
CAG and did not receive contrast media were included
in the study (control group). Thus, we ensured that there
were no independent factors affecting the baseline
measurements and that the contrast agent volume was
the only factor that would affect the markers of renal
function and cause nephrotoxicity 6 hours after contrast
agent administration.

The study was approved by Ufuk University Faculty of
Medicine, Dr. Ridvan Ege Hospital Noninvasive Evaluation
Committee (decision no: 311020131, date: 31.10.2013)
and all patients gave written informed consent.
Cardiomyopathy, permanent pacemaker, presence of
severe atrioventricular conduction defect, left ventricular
hypertrophy, left ventricular systolic dysfunction (ejection
fraction <40%), moderate to severe valvular heart disease,
hypertensive heart disease, acute pericarditis, myocarditis,
congenital heart disease, acute coronary syndrome,
skeletal muscle disease, G3-5 stage renal function
impairment (according to the MDRD formula eGFR value <
60 mL/min/1.73 m2), severe electrolyte imbalance, history
of contrast media exposure within one week, and known
nephrotoxic drug exposure comprised the exclusion
criteria.
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All patients were given 1 cc/kg/hour isotonic NaCl 4
hours before the procedure and intravenous isotonic NaCl
infusion was continued for 12 hours after the procedure.
Diuretics and metformin were routinely withheld 24 h
before the procedure.

Laboratory Values

Urinary NGAL and serum IMA were measured before
and 6 hours after the procedure. SCr and blood urea
nitrogen (BUN) levels were measured before and 48 hours
after the procedure and all measurements were compared.
Thyroid-stimulating hormone (TSH), pro-brain natriuretic
peptide (pro-BNP), and urinary NGAL levels were assessed
by chemiluminescent microparticle immunoassay tests
using an Abbott Architect i2000 (Abbott INC., USA) device.
Serum-urine creatinine, BUN, low-density lipoprotein (LDL),
high-density lipoprotein (HDL) and triglyceride levels were
assessed by the calorimetric method using an Abbott
Architect C8000 (Abbott INC., USA) device. Complete
blood count was studied usng the ABBOTT CELL DYN
3700 (Abbott INC, USA) with 22-parameter impedance-
laser technology. HbATc was measured by Agilent 1100
series (Agilent Technologies, Germany) with the high-
performance liquid chromatography method. Serum
IMA level was assessed spectrophotometrically by the
Humalayz 2000 (HUMAN INC, Germany).

Definitions

CI-AKI has been defined as an increase of more
than 25% in sCr levels within three days of intravascular
contrast administration (4). Hypertension was defined as a
blood pressure (BP) of >140/90 mmHg or 24-h ambulatory
BP >130/80 mmHg according to the European Society
of Cardiology guidelines. Hyperlipidemia was defined as
a total cholesterol level of >240 mg/dL or lipid-lowering
drug use. Current smoking was defined as smoking one
or more cigarettes per day for at least 1 year. Type 2
Diabetes Mellitus was defined according to the American
Diabetes Association guidelines as previous diagnosis and/
or a fasting blood glucose level of >126 mg/dL or use
of antidiabetic medications. Body Mass index (BMI) was

calculated according to the following formula: weight
(kg)/height (m)2. eGFR was calculated using the MDRD
equation [((186.3 x sCr-1.154) x (age-0203) x (0.742 if
female)] (8).

Statistical Analysis

The data were analyzed using the PASW Statistics
version 18 program. Descriptive statistics were shown as
mean + standard deviation for continuous variables, and
nominal variables were shown as number and percentage
(%). The normality assumption of the data was evaluated
with the Kolmogorov-Smirnov test. A chi-square test was
used to compare the nominal data. Correlation between
continuous data was analyzed by Spearman correlation
coefficient. The significance of the statistical difference
between independent groups (control group vs patient
group) was investigated by the Mann-Whitney U test. Two
or more related groups were evaluated by the Wilcoxon
matched-pairs signed rank test. A p value of <0.05 was
considered statistically significant.

Results

There was no statistically significant difference in
renal function and nephrotoxicity markers (sCr, BUN,
urine creatinine, NGAL, IMA) before the CAG procedure
between the two groups. Thus, we found that there were
no independent factors that would affect the baseline
measurements and the only factor that would affect
the change in renal function and nephrotoxicity markers
was the contrast agent to be given in the measurements
performed 6 hours after contrast agent administration.
Table 1 shows the main characteristics of the patient
and control groups. As shown in Table 1, no statistically
significant difference was found between control and
patient groups in terms of age, gender, BMI, hypertension,
hyperlipidemia, smoking history and eGFR. Laboratory
data of the patient and control groups are compared in
Table 2. As shown in Table 2, there was no statistically
significant difference in haemoglobin (Hgb), platelets,
LDL, HDL, triglycerides, TSH, HgbA1C, pro-Brain natriuretic

Table 1. Baseline clinical characteristics in groups

Characteristics Patient group (n=78) Control group (n=15) p

Age (years) 61.79+£11.58 62.46+15.78 0.758
Gender, (male/female), n 52/26 9/6 0.768
BMI, kg/m?2 28.61+3.74 28.40+4.33 0.963
HT, (%) 74.4 66.7 0.537
HL, (%) 60.3 46.7 0.397
DM, (%) 28.2 40.0 0.371
Current smoking, (%) 34.6 34.1 0.587
GFR (mean + SD) 88.35+14.74 91.33+£15.17 0.392

BMI: Body mass index, HT: Hypertension, DM: Diabetes Mellitus; HL: Hyperlipidemia, GFR: Glomeruler filtration rate, SD: Standard deviation, n: Number
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peptide (0. hour), BUN (0. hour) sCr (0. hour), urine
creatinine (0. hour), NGAL (0. hour), and IMA (0. hour)
between the groups. As shown in Table 3, we found that
Oh IMA and 6h IMA were significantly different in the
patient’s group. Similarly, 0-6 h NGAL and 0-48 h BUN was
significantly different in the patient’s group. There was no
significant difference between baseline and 48t hour sCr
level in the patient group. In addition, Oth h and 6th hour
urinary NGAL/urinary creatinine ratio was significantly
different in the patient’s group. We found a significant
positive correlation between baseline IMA-NGAL values
and 6th hour IMA-NGAL (r=0.277, p=0.014 and r=0.407,
p<0.001, respectively)

Discussion

Cl-AKl is a frequent complication that can be observed
after some radiologic and angiographic examinations.
Several studies have shown that CI-AKI was associated
with higher morbidity and mortality rates and longer
hospital stay (9). Therefore, early detection of CI-AKI
might reduce morbidity and mortality rate and length of
hospital stay. Early detection of CI-AKI can prevent clinical

adverse events. In addition, early diagnosis is challenging
since the patients for whom the decision of medical
treatment was taken were discharged on the same day
or 24 hours later. In our study, there was no statistically
significant difference between baseline and 48t hour
SCr levels in patient group. Maybe the results would have
been different if the creatine levels could be checked at 72
hours. However, glomerular function impairment began
before the increase in sCR levels. However, sCR, which is
the traditional marker of CI-AKl, is not a reliable biomarker
for early detection of CI-AKI, because it generally increases
48-72 hours after contrast media exposure. When the
increase in sCR levels is detected, a significant loss in
kidney function might have been started (10). The aim of
this study was to investigate the diagnostic value of urine
NGAL and serum IMA levels for early detection of CI-AKI.
To the best of our knowledge, there is no research about
the use of urine NGAL and serum IMA for early detection
of CI-AKI.

IMA, known as a marker of ischemia, increases in many
clinical conditions such as acute coronary syndrome, end-
stage renal disease, liver failure, cerebrovascular diseases,

Table 2. Comparations of baseline laboratory data between groups

Variables Patient group (n=78) Control group (n=15) p

Hb g/dL 13.95+1.41 13.8+1.59 0.474
Pt (x103/mm3 + SD) 243.65+59.50 248.8+46.25 0.638
LDL mg/dL 128.03+32.70 129.46+28.83 0.635
HDL mg/dL 38.21+7.89 40.06+9.75 0.558
TG mg/dL 153.21+70.20 177.13+67.11 0.157
Pro Bnp pikogram/mL 27.11+£24.64 27.86+£24.18 0.464
TSH mg/dL 1.58+0.97 1.90+1.09 0.303
HbA1c (%) 5.61£1.20 5.46+1.27 0.497
Oth Serum Creatinine mg/dL 0.87+0.15 0.83+0.13 0.232
0th BUN mg/dL 15.17+4.42 15.80+4.63 0.582
0Oth Urinary Creatinine mg/dL 76.99+71.86 55.36+41.91 0.230
0th IMA abs/u 0.89+0.21 0.92+0.12 0.203
0th Urinary NGAL nanog/mL 14.12+20.40 12.35+17.11 0.383

Hb: Haemoglobin, IMA: Ischemic modified alblimin, NGAL: Neutrophil gelatinase-associated lipocalin, SD: Standard deviation, LDL: Low density lipoprotein, HDL: High
density lipoprotein, TG: Triglycerides, TSH: Thyroid stimulating hormone, HbA1c: Haemoglobin A1c, BUN: Blood urea nitrogen, Plt: Platelet

Table 3. Changes in serum creatinine, BUN, Urinary creatinine, NGAL and IMA after iodine contrast exposure

Variables Baseline 6th after procedure 48th after procedure p

Creatinine 0.87+0.15 Nm 0.96+0.35 0.081

BUN 15.17+4.42 Nm 18.67+8.52 <0.001

Urinary creatinine 76.99+71.86 49.19+32.08 140.84+78.52 B-6 h<0.001
B-48 h<0.001

Serum IMA 0.89+0.21 1.05+0.29 Nm <0.001

Urinary NGAL 14.12+20.40 32.48+52.95 Nm <0.001

Urinary NGAL/Urinary Creatinine 0.96+1.74 15.7£21.5 Nm <0.001

Nm: Not measured, IMA: Ischemic modified albiimin, NGAL: Neutrophil gelatinase-associated lipocali, BUN: Blood urea nitrogen
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severe trauma, some neoplastic diseases, pulmonary
embolism, deep vein thrombosis and infections, and
superior mesenteric artery occlusion (11). A two-phase
vascular response is observed after contrast media
administration, firstly short-term vasodilatation, secondly
long-term vasoconstriction in the renal artery. This
situation is the main pathophysiologic mechanism of CI-
AKI (12). Increased vascular resistance reduces intrarenal
blood flow and GFR (13). Compared to the renal cortex,
the renal medulla, which has lower perfusion and partial
oxygen pressure, is much more affected by the decrease
in intrarenal blood flow (14). As a result of opening the
shunt with contrast agent effect, intrarenal blood flow
direction changes from the medulla to the cortex (14).
Ultimately, hypoxia occurs in the medulla. According to
our hypothesis, IMA levels which are used as a predictor
of ischemic organ damage might be increased in CI-AKI.
To the best of our knowledge, there are no studies about
the relationship between serum IMA levels and CI-AKI in
the literature. We found that 6th hour serum IMA level
was increased compared to the baseline level in this
study.

NGAL is released from many tissues in the organism
such as the gastrointestinal tract, bronchus, and renal
tubule. It stimulates the transformation of renal progenitor
cells toward renal tubular epithelial cells. Increased serum
NGAL level may support regeneration and repair of the
renal tubule when renal tubular damage has occurred.
A lot of studies have demonstrated that serum NGAL,
known as renal troponin, is a sensitive biomarker for early
detection of CI-AKI (15-17). Hirsch et al. (18) determined
a cut-off value of 100 ng/mL for NGAL for the detection
of CI-AKI in paediatric patients with a sensitivity of 73%
and a specificity of 100%. In their meta-analysis including
19 studies involving 2,538 patients, Haase et al. (19)
have shown that measurement of 6th hour serum NGAL
level had a high sensitivity for early detection of CI-
AKI. In addition, a lot of studies have shown that urine
NGAL had a higher predictive value compared to serum
NGAL (16,20). Bachorzewska-Gajewska et al. (21) have
compared NGAL and Cystatin C levels for the risk of
developing CI-AKI in 26 adult patients who underwent
CAG. Although CI-AKI did not develop, they found that 4th-
8th hour urine NGAL levels and 2th-4th hour serum NGAL
levels significantly increased compared to baseline levels.
Bachorzewska et al. (22) reported a significant increase
in serum NGAL after 2 and 4 hours and in urinary NGAL
4 and 8 hours after CAG and they observed that these
values returned to baseline levels within 48 hours. Similar
to the literature, we found increased levels of urine NGAL
6 hours after CAG compared to the baseline level. In this
study, we investigated IMA, an important ischemia marker
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that was not previously investigated in the early diagnosis
of CI-AKI, and urinary NGAL, which is an important marker
for showing renal damage. Serum IMA and urinary NGAL
were compared with SCr which is the standard approach
in the diagnosis of CI-AKI.

Study Limitations

This study has several limitations: Its small sample size
was a significant limitation. Second, since prophylactic
treatments and precautions that are used to prevent the
development of CI-AKI are routinely applied in our clinic,
we predicted small number of CI-AKI cases. In the literature,
the incidence of CI-AKI development was reported to be
between 4% and 50%. The reason for the absence of ClI-
AKI may be prophylactic treatment routinely applied before
the procedure. Although routine prophylactic treatments
performed in our clinic during CAG are effective, it made
it difficult to evaluate the changes that we wanted to
examine in our study.

Conclusion

In the light of these data, we can say that urine NGAL
and serum IMA might be used as early markers for CI-AKI
in patients without an increase in the sCR level.
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