
178 J Contemp Med Sci | Vol. 3, No. 9, Winter 2017: 178–181

Research

Measurement of urinary kidney injury molecule-1 as a predictive 
biomarker of contrast-induced acute kidney injury 
Fadhil Jawad Al-Tu’ma,a Maha Hamood Dheyauldeen,a* and Ryiadh Mohi Al-Saeghb 

aDepartment of Biochemistry, College of Medicine, University of Kerbala, Iraq.
bDepartment of Nephrology, College of Medicine, University of Kerbala, Iraq.
*Correspondence to Maha Hamood Dheyauldeen (email: maha.diaaldeen12@gmail.com).
(Submitted: 18 December 2017 – Revised version received: 13 January 2017 – Accepted: 12 February 2017 – Published online: 26 March 2017 )

Objective  The aim of the present study is to evaluate the urinary KIM-1 level in the patients after 24 h angiography as a predictive biomarker 
of contrast-induced acute kidney injury.
Methods  This study included 80 selective patients attending in the cardiology unit (48 males, 32 females). The study was conducted in the 
cardiac catheterization unit at Al- Hussein Medical City/ Kerbala. Clinical examination and laboratory investigations were made before and 
24 h after angiography, these investigations include: serum creatinine, blood urea and estimated GFR. Urinary KIM-1 was measured before 
and after 24 h angiography.
Results  There was no significant difference in urinary KIM-1 when compared between CIN and non CIN group P > 0.05. The level of urinary 
KIM-1 increased in the patients after 24 h of angiography when compared with baseline level of P < 0.001.
Conclusion  Urinary KIM-1 was not useful for predicting or detecting CIN. But urinary KIM-1 level may be useful as a biomarker for tubular 
damage following intravascular administration of contrast media, 24 h. 
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Introduction 
The administration of radiographic contrast remains an 
important cause of acute kidney injury in hospital, which con-
tributes to mortality during hospitalization.1 One of the most 
common complications of percutaneous coronary interven-
tion (PCI) and other type such as diagnostic procedures of the 
heart is contrast-induced acute kidney injury (CI-AKI).2 
CI-AKI is defined as an increase in serum creatinine of  
0.5 mg/dL (44 μmol/L), or a relative 25% increase from the 
baseline value within 24–48 h following intravascular admin-
istration of contrast media.3 The incidence of CI-AKI varies 
widely depending on the type of angiographic procedures and 
the amount of contrast media.4 Using iodinated contrast also 
allows CI-AKI to be one of the few causes of acute kidney 
injury.5 The incidence of CI-AKI also depends on the baseline 
characteristics of the patient. Patients with normal renal func-
tion before the injection of contrast media are low (10%). 
However, the incidence may increase in the patients with risk 
factors, such as diabetes mellitus and impaired renal function 
are at particular risk for the development of CI-AKI.6 There 
are some biomarkers serum and urinary have been recently 
proposed to serve as early detection of acute kidney injury 
after cardiac catheterization such as cystatin C, kidney injury 
molecule-1.7 Kidney injury molecule-1 (KIM-1) is transmem-
brane protein type-1. It is noted that KIM-1 was undetectable 
in the normal kidney.8 But it abundantly expressed in proximal 
tubular cells after ischemic and nephrotoxic injury.9 While its 
role remains unclear, it consists in a transmembrane protein 
whose ectodomain is shed into the urine where it can be meas-
ured.10 It is increased in the urine in acute kidney injury and 
kidney transplant patients. Recently, systematic reviews had 
been reported that KIM-1 was an efficient novel biomarker 
urinary in diagnosis of acute kidney injury within period 24 h 
after a kidney injury. Urinary KIM-1 levels are associated with 
higher mortality risk in patients with overt kidney disease or 

heart failure, but there is limited evidence of an association 
between KIM-1 and cardiovascular mortality in the commu-
nity.11 The aim of the present study to evaluate the urinary 
KIM-1 level in patients after 24 h angiography as a predictive 
biomarker of CI-AKI.

Materials and Methods
The study was carried out on (80) patients attending in the 
catheterization unit for elective coronary interventions 
(CAG) (48 male, 32 female) between ranges (40–81). In 
which the same patients were included before angiography 
(CAG and PCI) and after 24 h of angiography was conducted 
at Department of Biochemistry, College of Medicine, Uni-
versity of Kerbala and coronary catheterization unit (CCAU) 
in Al- Hussein Teaching Hospital / Al-Hussein Medical City, 
Kerbala Health Directorate / Holly Kerbala-Iraq from (Nov. 
2015 to Oct 2016). The medical history of each patient was 
taken regarding age, gender, diabetes mellitus, type of treat-
ment, history of renal disease, history of any other diseases, 
and smoking status. Measurements of their height and weight 
were done to calculate their body mass index (BMI), blood 
pressure before and during angiography.

 CI-AKI was defined as an increase in serum creatinine of 
0.5 mg/dl or > 25% increase from the baseline values, assessed 
at 24 h after the procedure.

The amount of contrast medium used in each patient was 
recorded after the procedure. All patients involved in the study 
were given low-osmolar non-ionic contrast media Omnipaque 
(Iohexol) 350 mg (1/ml), 844 Osmality (mOsm/l). Serum creati-
nine, serum urea and eGFR were assessed before and at 24 h after 
administration of contrast medium. Urinary KIM-1 was meas-
ured before and after 24 h angiography. Estimated GFR was cal-
culated according to the modification of diet in renal disease 
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(MDRD) equation: eGFR (ml/min/1.73 m2) = 186 × (SCr−1.154) × 
(age−0.203) × (0.742 if female) × (1.21 if black).12 Urine sample was 
collected before and after 24 h operation and centrifuge 4000 
(rpm), stored at −70 °C until assayed. The urinary KIM-1 meas-
urements were performed using sandwich enzyme-linked immu-
nosorbent (ELISA) assays (Human KIM-1 ELISA kit, Cosabio, 
China). The Ethical Committees approved this study protocol are: 
Committees of College of Medicine, University of Karbala and 
Department of Medicine and committee of cardiac angiographic 
unit in Al- Hussein Teaching Hospital / Al-Hussein Medical City, 
Karbala Health Directorate / Holly Kerbela-Iraq .

Statistical Analysis

Statistical analyses were performed by using the statistical 
package for social sciences (SPSS) software for windows, ver-
sion 21, IBM, USA, data of 80 patients entered and analyzed. 
Descriptive statistics were presented as mean ± standard 
deviation for continuous variables. Categorical variables 
were expressed as frequency (No.), and percentages (%). Stu-
dent’s t-test was used to compare and assess the significance 
of differences between continuous variables. Paired t-test 
used to compare urinary KIM-1 levels between before and 
after operation. Chi square or Fisher exact test as appropriate 
test was used to assess the significance of the association 
between categorical variables. Receiver–operating character-
istic (ROC) curves and the area under the curve (AUC) were 
constructed to describe the performance of serum creatinine 
and urinary KIM-1 at 24 h post-contrast media exposure. 
The sensitivity and specificity were calculated. The best cutoff 
values for biomarkers were chosen on the basis of maximum 
sensitivity and specificity. Probability (P) value was consid-
ered significant when it is less than 0.05%, and highly signifi-
cant if it is less than 0.01%.

Results
The study subjects included 80 patients, 48 of them were 
male (60%) and 32 were female (40%) With a mean age of 
59.85 ± 9.976 and age range of 41–80 years. All patients 
underwent elective CAG or PCI. According to the presented 
data and to the definition CI-AKI, CI-AKI occurred in 19 
patients 23.8%. Fifty three patients have past history systemic 
hypertension whereas 27 were not hypertensive. Seventeen 
patients were Current smokers; and 63 patients were not. 
Patient’s characteristics are shown in tables 1 and 2; there was 
significant in the type of angiography CAG/PCI in the inci-
dence of CI-AKI. There were no significant effects for age, 
gender, smoking, diabetes mellitus, hypertension, statin 
medication and others, volume of contrast and ejection frac-
tion in the incidence of CI-AKI. 

Table 3 shows the changes in the concentrations of dif-
ferent biomarkers in both CIN and non CIN groups. There 
were significant increments in levels of SCr and eGFR after 24 
h of angiography/angioplasty procedures P < 0.001, 0.01 
respectively. There was no significant in urinary KIM-1 when 
compared between in both CIN and non CIN group P > 0.05.
Table 4 shows significant rise in urinary KIM-1 level when 
compared between before and after 24 h angiography P < 0.001.

The result of receiver-operating characteristics (ROC) 
analysis (n = 80, CIN = 19) shown in the (Fig. 1) showed a 
higher area under the curve (AUC) for serum creatinine 0.805 

(95% CI = 0.688, 0.921). P = 0.000), 78.9% sensitivity and 
60.7% specificity, cut off value >1.06 mg/dl. AUC of eGFR 
0.739 (95% CI = 0.595, 0.882), sensitivity = 73.7 % and speci-
ficity = 62.3%, cut-off value < 63 ml/kg/1.73 m2. AUC of urea 
0.670 (95% CI = 0.525, 0.816) sensitivity 63.2% and specificity 
63.9 % and cut-off value > 39 mg/dl. AUC of urinary KIM-1 
0.572 (95% CI = 0.429, 0.714) P = 0.348, cut- off value > 0.46 
ng/ml, sensitivity 52.6%, specificity 50.8%

Discussion 
In the present study, the incidence of CIN occurred in 19 (2, 
diagnostic; 17 therapeutic) from 80 patients with 23.8% 
although all of patients have normal kidney function. The 

Table 1.  �Characteristics in (percentages and numbers) of the 
patients, groups: with and without CIN

Characteristics
CIN

P-value
Negative Positive

Gender  
(male/female )

Number 35/26 13/6 0.391

% 72.9/81.2 27.1/18.8

Non-smoker/ current 
smoker

No. 50/11 13/6 0.208

% 79.4/64.7 20.6/35.3

Non-statins/statins No. 14/47 6/13 0.448

% 70/78.3 30/21.7

Non-β-blocker/-  
β–blocker

No. 23/38 11/8 0.120

% 67.6/82.6 32.4/17.4

Non-ACE/ACE  
inhibitors 

No 49/12 14/5 0.536

% 77.8/70.6 22.2/29.4

Angiography  
(diagnostic/therapeutic)

No. 25/36 2/17 0.014*

% 92.6/67.9 7.4/32.1

No, number; CIN: contrast-induced nephropathy; *significant P value at 0.05.

Table 2.  �Characteristics of the patients groups: with and 
without CIN

Characteristics
CIN + (n = 19) CIN − (n = 61) 

P-value
Mean ± SD Mean ± SD

Age (years) 62.58 ± 10.62 59.0 ± 9.69 0.174

BMI (kg/m2) 27.10 ± 3.59 28.41 ± 5.23 0.421

SBP (mmHg) 136.23 ± 22.65 132.79 ± 16.84 0.466

DBP (mmHg) 81.05 ± 11.49 80.66 ± 11.56 0.896

FBS (mg/dl) 197.54 ± 68.46 164.23 ± 76.42 0.094

T C (mg/dl) 175.64 ± 35.09 170.92 ± 43.44 0.668

TG (mg/dl) 165.58 ± 56.69 170.61 ± 81.80 0.804

VLDL-C (mg/dl) 37.56 ± 16.79 35.43 ± 17.09 0.635

LDL-C (mg/dl) 102.72 ± 41.95 101.02 ± 38.60 0.870

HDL-C (mg/dl) 33.96 ± 6.56 35.94 ± 8.46 0.354

Volume of contrast 265.78 ± 111.86 220.08 ± 125.73 0.160

EF 53.47 ± 8.07 57.52 ± 10.35 0.122

CIN +, CIN positive; CIN −, CIN negative index; SBP, systolic blood pressure;  
DBP, diastolic blood pressure; FBS, fasting blood sugar; EF, Ejection Fraction.
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results in the present study showed even patients with normal 
kidney function have the development of CI-AKI after expo-
sure to contrast media; this finding is agreed with Assareh et 
al.13 Recent study carried by Sato et al., showed that CIN was 
an independent predictor of subsequent renal events in the 
patients who underwent cardiac catheterization.14 The risk of 
CI-AKI due to coronary angiography increases dramatically 
with low kidney function.15 

 The present study shows that urinary KIM-1 level was 
elevated at the 24 h of cardiac catheterization. There was a sta-
tistically significant rise in the urinary level KIM-1 P < 0.001 
in patients when compared level concentration between pre- 
and post-operation. This result may be referred to proximal 
tubular injury by contrast medium, although the classical 
marker KIM-1 was not significant when compared between 
positive and negative CIN P > 0.05. Therefore, urinary KIM-1 
was not useful for predicting or detecting CIN.

These results are due to tubular kidney damage, where 
very high concentrations appeared in some patients of dif-
ferent conditions may cause tubular damage including dia-
betes, infections, surgery, heart failure and treatments with 
nephrotoxic agents of contrast media.16 Measurement of uri-
nary biomarkers has the potential to determine the risk of 
renal damage that may raise the level of urinary at 24 h after 
exposure contrast media. This could provide a basis for using 
urinary KIM-1 level in clinical practice. There are some studies 
used urinary KIM-1 level for early diagnosis CIN as Akdeniz 
et al. found that at 6th and 48th hour of contrast exposure 
found that KIM-1 levels increased in the patients with CIN (P 
< 0.01; median levels, 0.27 and 0.70 mg/dl).17 Another report 
by Malyszko et al. found no data in the literature on such time 
course changes of KIM-1in contrast nephropathy as in our 
study.18 Another work carried by Kooiman et al. urinary 
KIM-1 excretion was unaffected by CE-CT both in patients 
with and without CI-AKI, suggesting that CI-AKI was not 
accompanied by tubular injury.19 

 Urinary KIM-1 is a more recently described type 1 cell 
membrane glycoprotein that is expressed in humans when 
the injured renal proximal tubule of the kidney, KIM-1 not 
detectable in the normal kidney but expresses in proximal 
tubular cells after ischemic and nephrotoxic injury.20 This 
may increase levels urinary after 24 h without any change 
before exposure of contrast media. Perhaps some of our 
patients had conducted two operations during a shorter 
time and take two doses of contrast media. Effects of con-
trast media on the kidney are known to induce damage of 
endothelial cells by direct cytotoxicity or the viscosity of 
the contrast media and perhaps lead to the development of 
renal hypoxia.21 This will expose their kidneys to a double 
risk that may explain the transient proximal tubular damage 
by contrast medium. The increase of the ectodomain sheds 
from cells into the urine shortly after proximal tubular 
kidney injury allows KIM-1 to serve as an early sensitive 
urinary biomarker in kidney injury detection.22 Therefore 
urinary excretion of KIM-1 may be clinically recognized as 
a useful biomarker of renal injury after angiography.

ROC analysis shows a higher AUC for SCr 0.805 (95% CI = 
0.688, 0.921) sensitivity = 78.9% and 60.7% = specificity, than 
urinary KIM 0.572 (95% CI = 0.429, 0.714) P = 0.348, cut-off 
value > 0.46 ng/ml, sensitivity 52.6%, specificity 50.8%. These 
findings refer to serum creatinine better than urinary KIM-1 in 
early detection of CI-AKI.

Table 3.  �Changes of serum and urinary biomarkers between 
CIN and non CIN groups

 Markers CIN + N = (19) 
Mean ± SD

CIN − N = (61) 
Mean ± SD

P-value

S. Urea (mg/dl)

At 0 h 36.54 ± 12.91 31.64 ± 7.03 0.036*

After 24 h 50.20 ± 25.06 39.20 ± 13.23 0.015*

S. Creatinine (mg/dl) 

At 0 h 0.77 ± 0.22 0.88 ± 0.18 0.037*

After 24 h 1.30 ± 0.29 0.98 ± 0.19 0.000***

eGFR

At 0 h 102.47 ± 43.04 82.52 ± 19.94 0.006**

After 24 h 56.57 ± 18.42 72.11 ± 15.89 0.001**

U. KIM-1 (ng/ml)

At 0 h 0.36 ± 0.42 0.36 ± 0.31 0.962

After 24 h 0.81 ± 0.71 0.72 ± 0.79 0.645

S, serum; eGFR, glomerular filtration rate; U, urinary; KIM-1, kidney injury 
molecule-1.

Table 4.  �Change in serum and urinary levels of biomarkers 
between pre-post angiography

Biomarkers Pre Post 1-day P-value 

S.Urea (mg/dl) 32.80 ± 8.94 41.81 ± 17.32 0.000***

S.Creatinine 
(mg/dl)

0.85 ± 0.19 1.06 ± 0.25 0.000***

eGFR 87.26 ± 28.23 68.42 ± 17.70 0.000***

U. KIM-1 (ng/ml) 0.36 ± 0.34 0.74 ± 0.77 0.000***

S, serum; U, urinary; KIM-1, kidney injury molecule-1; eGFR, glomerular 
filtration rate.

Fig. 1  ROC of serum and urinary biomarkers after 24 h 
angiography. AUC for serum creatinine 0.805 (95% CI = 0.688, 
0.921), 78.9% sensitivity and 60.7% specificity, cut off value >1.06 
mg/dl. AUC of urinary KIM-1 0.572, cut- off value > 0.46 ng/ml, 
sensitivity 52.6%, specificity 50.8%.
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 In the present study, serum creatinine is still the standard 
marker for detecting temporal changes of renal function in indi-
viduals with established renal disease. Creatinine is the use of a 
sign inexpensive to measure kidney function when compared 
with other recent marker, which is available in all laboratories 
and can be easily measured in comparison with other vital signs.

Conclusion 
Urinary KIM-1 was not useful for predicting early CI-AKI. 
Urinary KIM-1 was only useful biomarker of tubular damage 
caused by contrast medium after 24 h CAG and PCI. 
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