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Abstract: Acute kidney injury (AKI) is a common serious condition among patients in
intensive care units (ICU). Currently AKI diagnosis is based on the accumulation of nitrogen
metabolism end products such as serum creatinine which is late and unreliable marker for
AKI detection affected by multiple extrarenal variables. In recent years, several urinary
markers of tubular damage have been proposed as more accurate alternatives to serum
creatinine for the early detection of AKI. The objective of this study was to assess the
diagnostic performance characteristics of kidney injury molecule-1 (KIM-1) and normalized
KIM-1 levels measured 2 hours post ICU admission. ROC (receiver operator characteristics)
analysis revealed 2 hours post admission KIM-1 AUC (area under the curve) 0.93 (p<0.001)
and improved performance of KIM-1/urinary creatinine ratio- AUC 0.93 (0.001).
Normalized values demonstrated a higher predictive value for early detection of AKI
compensating some of the shortcomings of absolute values related to effective modifiers of
the results in the course of treatment.
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INTRODUCTION
Acute kidney injury (AKI) is an abrupt decline in renal filtration function followed by a clinical syndrome
characterized by rapid decrease of kidney excretory function with accumulation of nitrogen metabolism end
products1. AKI is still associated with considerable morbidity and mortality especially among hospitalized
patients2. The underlying mechanisms include impaired ability of the kidney to excrete nitrogen-containing
waste products, troubled electrolyte transport, inadequate maintenance of intravascular volume, and inability
of acid-base balance maintenance3. The absolute risk assessment in Intensive Care Units (ICU) is almost
impossible due to the broad heterogeneity of patients developing AKI with an associated mortality of 60% 4.
Progression is more or less dependent on the particular clinical situation but routine approaches for AKI
diagnosis based on serum creatinine and BUN concentration measurement lead to a critical delay in its
detection predetermining a poor outcome. The risk of missed therapeutic window has inspired intensive
studies on a variety of novel biomarkers for early detection of AKI, much more sensitive and specific at the
onset than the markers of kidney function. In critical care settings they provide earlier diagnosis and hope for
renal prevention.
KIM-1, namely kidney injury molecule 1, is a promising proximal tubular injury biomarker for early
detection of AKI. It is a transmembrane protein which structure suggests adhesive function 5. It has been
identified as a phosphatidylserine receptor that transforms epithelial cells into phagocytes by recognizing cell
surface-specific epitopes expressed by apoptotic tubular epithelia6. Normally KIM-1 is not expressed in a
healthy kidney but is markedly upregulated in experimental AKI settings7, and the proteolytically processed
domain is easily detected in urine samples usually followed by the appearance of casts. KIM-1 urinary levels
are not significantly affected by chronic kidney disease (CKD) or urinary tract infections (UTI).
Neutrophil gelatinase-associated lipocalin (NGAL) is the most studied novel biomarker for AKI detection
with an excellent diagnostic performance at the earliest time point and KIM-1 is the one to add considerable
specificity at a slightly later but not delayed time point.
The objective of this study was to assess the performance characteristics of KIM-1 absolute and normalized
KIM-1 to urinary creatinine levels measured 2 hours after ICU admission.
MATERIAL AND METHODS
An ancillary prospective study was conducted in the period between January and July 2015 in which two
Bulgarian hospitals participated. The study was a part of a scientific research evaluating early urinary
markers for AKI detection in a heterogeneous patient’s cohort at ICU admission. Exclusion criteria were age
under 18, pregnancy, major surgery 30 days prior admission, patients already diagnosed with CKD, renal
replacement therapy or contrast media exposure exigency, inability or unwillingness of the patient to sign an
informed consent. The study protocol was approved by Medical University-Sofia research Ethics
Commission and the study was conducted in accordance with the ethical standards laid down in the
Declaration of Helsinki of 1975, as revised in 1983.
DATA AND SAMPLE COLLECTION
Medical records were reviewed prospectively to retrieve hospitalization data. Urine samples for measurement
of KIM-1 and urinary creatinine were collected 2 hours post ICU admission, centrifuged 20 min at 1000g
and the supernatant stored in aliquots at -20°C until assayed. Blood was taken and serum obtained 48 hours
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post ICU admission for routine measurement of serum creatinine. Baseline creatinine levels were determined
at admission.
METHODS
Urinary KIM-1 was measured using sandwich ELISA. The wells coated with specific antibodies were
incubated with 50 μL of dilution buffer and 25 μL of urine at room temperature for 120 min. After 4 washes
with 300 μL of washing buffer 100 μL of biotinylated anti-KIM-1 conjugate was added to each well
followed by 60 min of incubation at room temperature, 4 washes, and 100 μL of tetramethyl benzidine
substrate was added for a final incubation for 20 min. Immediately after adding 100 μL of Stop-solution
absorbance was read at 405 nm with 490 nm filter. Concentrations were calculated by a standard curve in
pg/mL.
Urinary creatinine was routinely measured with automatic biochemical analyzer using an enzymatic
method.GFR (glomerular filtration rate) was calculated using MDRD (Modification of Diet in Renal
Disease) formula8.Measurement data was protocolled strictly. In addition, the results for urinary KIM-1 were
normalized to urinary creatinine and expressed in ng/mL. The statistical analysis was performed using SPSS
19.0 (IBM Corporation).

RESULTS AND DISCUSSION
A total of 74 patients were enrolled in the study and their demographic and clinical characteristics
are displayed in Table 1.
Table 1: Demographic and clinical characteristics of patients
Patients number
(%)

AKI

no AKI

Total number
Males

74
49 (66.2%)

15 (20.3%)
9 (12.2%)

59 (79.7%)
40 (87.8%)

Females
Average age

25 (33.8%)
59.5

6 (8.1%)
58.6

19 (91.9%)
60.4

AMI*
Stroke
Sepsis
Trauma
Decompensated diabetes

5 (6.8%)
3 (4.1%)
4 (5.4%)
19 (25.7%)
2 (2.7%)

1/15 (6.7%)
1/15 (6.7%)
4/15 (26.7%)
6/15 (40%)
1/15 (6.7%)

4/74 (5.4%)
2/74 (2.7%)
0
13/74 (17.6%)
1/74 (1.4%)

Severe dehydration

1 (1.4%)

1/15 (6.7%)

0

CKD**

6 (8.2%)

1/15 (6.7%)

5/74 (6.8%)

Others

34 (45.9%)

0

34/74 (45.9%)

*AMI: acute myocardial infarction, **CKD: chronic kidney disease
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An expert medical assessment confirmed AKI in 15 patients (20.3%) with serum creatinine levels elevated
>50% 48 hours post admission, and at ICU admission time point only 4 patients were diagnosed with AKI
based on elevated serum creatinine according to RIFLE criteria and confirmed as a final diagnosis. The other
11 patients’ routine laboratory results did not suggest AKI at admission time point.
KIM-1 concentrations in patients with definitive diagnosis AKI were significantly elevated compared to
those whose condition did not progress to AKI. ROC (receiver operator characteristics) analysis revealed
excellent predictive value of absolute KIM-1 concentration levels with AUC (area under the curve) 0.92
(p<0.001) and enhanced presentation of KIM-1 to urinary creatinine ratio with AUC 0.93 (p<0.001). –
Figure 1.

Figure 1: Diagnostic specificity and sensitivity of KIM-1 and KIM-1/urinary creatinine to AKI
development, measured 2 hours after ICU admission
Pearson correlation analysis (Table 2) revealed no significant correlation between KIM-1 concentrations
measured 2 hours post ICU admission, age and AKI stage of the patients with definitive diagnosis AKI.
Table 2: Pearson correlation between age, AKI stage and KIM-1 concentration 2 hours post
ICU admission

KIM-1 (T=2)
Age (years)

AKI Stage

Pearson Correlation

,380

Sig. (2-tailed)

,162

N
Pearson Correlation

15
,339

Sig. (2-tailed)

,217

N
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The study demonstrated the role of KIM-1 for early detection of AKI in a relatively small patients group. Its
measurement 2 hours post ICU admission allows identification of AKI approximately 48 hours earlier than
using serum creatinine as a diagnostic tool. Early diagnosis and AKI progression risk stratification are
critical to the adequate therapy. One of the main clinical problems among the patients admitted to ICU is the
differentiation of kidney impairment; moreover their baseline renal function is unclear.
Usually frequent measurements of serum and urinary markers in the first 12 – 24 hours post ICU admission
have better predictive performance, but we focused on a single-point KIM-1 measurement during a very
early post-admission period considered to be relevant, since potentially successful therapeutic strategies for
AKI can be applied in this very early point.
AUC-ROC analysis demonstrated excellent predictive values of KIM-1 and normalized KIM-1 levels for
AKI detection in a heterogeneous patients group 2 hours post ICU admission- AUC 0.92 (p<0.001) and AUC
0.93 (p<0.001), respectively. Slightly improved performance of KIM-1/urinary creatinine ratio is probably
due to minimizing the influence of some effective modifiers of absolute values in the course of treatment. On
the order of Cystatin C which concentrations are dependent on inflammation or thyroid function KIM-1 also
has some disadvantages related to volume infusions in particular patients’ situations along with the influence
of the main disease in heterogeneous patients groups. AKI progression is related to additional therapeutic
measures, prolonged hospitalization and increased mortality and financial burdening of healthcare in global
aspect. This suggests further investigations of optimal biomarker combinations (diagnostic panels) for most
accurate prediction of AKI development risk.
CONCLUSION
This study was the first to compare the diagnostic performance of absolute and normalized single-point KIM1 levels for early detection of AKI in Bulgarian adult patients’ cohort post ICU admission. It is also the first
one to suggest using normalized values as optimal allowing better comparability of results and minimizing
the effect of extrarenal variables. A larger multi-center study of critically ill patients is required to confirm
both the predictive value of early post-admission levels of KIM-1 and the enhanced diagnostic performance
of KIM-1/urinary creatinine ratio in AKI settings.
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