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Abstract 
Background: Acute kidney injury (AKI) is a frequent and serious complication among critically ill patients, 
associated with increased morbidity, mortality, and healthcare costs. Early identification of patients at high risk 
for AKI using reliable biomarkers may allow timely preventive strategies and improve clinical outcomes. 
Objectives: To evaluate the role of selected serum and urinary biomarkers in risk stratification for acute kidney 
injury in critically ill patients admitted to the intensive care unit (ICU). 
Materials and Methods: This prospective observational study was conducted in adult critically ill patients 
admitted to a tertiary-care ICU over 18 months. Patients with pre-existing end-stage renal disease were 
excluded. Serum creatinine, serum cystatin C, urinary neutrophil gelatinase-associated lipocalin (uNGAL), and 
urinary kidney injury molecule-1 (KIM-1) were measured within 24 hours of ICU admission. AKI was 
diagnosed and staged according to KDIGO criteria during the first 7 days of ICU stay. Assuming an expected 
AKI incidence of 30%, precision 7%, confidence level 95%, and power 80%, the minimum required sample size 
was 165. Accounting for 10% attrition, 180 patients were enrolled. Predictive performance was assessed using 
ROC curve analysis and multivariate logistic regression. 
Results: AKI developed in 56 (31.1%) patients. Baseline serum cystatin C, uNGAL, and KIM-1 were 
significantly elevated in patients who developed AKI (p < 0.001). The combined biomarker model demonstrated 
superior predictive accuracy (AUC 0.90) compared to serum creatinine alone (AUC 0.69). 
Conclusion: Biomarker-based risk stratification using serum and urinary biomarkers enables early identification 
of critically ill patients at high risk for AKI. Multimarker models significantly enhance predictive performance 
compared to conventional creatinine-based assessment. 
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Introduction 

Acute kidney injury (AKI) is a major clinical 
problem in critically ill patients, with reported 
incidence ranging between 25% and 40% in 
intensive care units [1-3]. AKI is independently 
associated with increased in-hospital mortality, 
prolonged ICU stay, higher need for renal 
replacement therapy, and long-term risk of chronic 
kidney disease. Despite improvements in 
supportive care, outcomes remain poor, largely 
because diagnosis often occurs late in the course of 
injury [4-7]. 

The diagnosis of AKI currently relies on serum 
creatinine elevation and reduced urine output as 
defined by KDIGO criteria [8]. However, serum 
creatinine is a functional marker that reflects 
reduced glomerular filtration rather than structural 
injury [9]. It may not rise until 48–72 hours after 
the initial insult, thereby missing a critical window 
for intervention. Furthermore, creatinine is 

influenced by age, muscle mass, volume status, and 
critical illness–related catabolism [10]. Over the 
past two decades, several biomarkers of structural 
kidney injury have emerged. Serum cystatin C 
reflects glomerular filtration and rises earlier than 
creatinine11. Urinary neutrophil gelatinase-
associated lipocalin (uNGAL) is released from 
injured tubular epithelial cells within hours of 
ischemic or septic insult. Kidney injury molecule-1 
(KIM-1) is a transmembrane protein expressed in 
proximal tubules following injury [12,13]. 
Individually, these biomarkers have shown 
promise; however, their combined role in risk 
stratification among heterogeneous ICU 
populations requires further investigation [14-16]. 

This study aimed to evaluate the predictive value of 
serum cystatin C, uNGAL, and KIM-1 in early 
identification of AKI in critically ill patients and to 
assess whether a combined biomarker approach 
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improves risk stratification compared with serum 
creatinine alone. 

Materials and Methods 

This prospective observational study was 
conducted in a tertiary-care multidisciplinary ICU 
over 18 months. Adult patients aged ≥18 years 
admitted with an anticipated ICU stay of more than 
48 hours were eligible. Patients with pre-existing 
end-stage renal disease, chronic dialysis 
dependence, renal transplantation, or pregnancy 
were excluded.  

The sample size was calculated using the formula n 
= Z²p(1−p)/d², assuming AKI incidence of 30%, 
precision of 7%, 95% confidence interval, and 80% 
power. The minimum required sample size was 
165. After accounting for a 10% attrition rate, 180 
patients were enrolled consecutively. Within 24 
hours of ICU admission, blood and urine samples 

were collected. Serum creatinine was measured by 
the Jaffe method. Serum cystatin C was measured 
using immunonephelometric assay.  

Urinary NGAL and urinary KIM-1 were quantified 
using ELISA. Samples were centrifuged and stored 
at −80°C until analysis. Patients were monitored 
daily for 7 days for development of AKI using 
KDIGO criteria. Demographic data, comorbidities, 
APACHE II score, presence of sepsis, need for 
vasopressors, and mechanical ventilation were 
recorded. Statistical analysis was performed using 
SPSS version 25. ROC curves were constructed to 
determine area under the curve (AUC). 
Multivariate logistic regression identified 
independent predictors. A p-value <0.05 was 
considered statistically significant. 

Results 

AKI developed in 56 of 180 patients (31.1%).

Table 1: Baseline Characteristics 
Variable AKI (n=56) No AKI (n=124) p-value 
Age (years) 58.9 ± 13.7 51.8 ± 14.1 0.004 
Male (%) 62.5 60.4 0.78 
Diabetes (%) 44.6 28.2 0.03 
Sepsis (%) 64.3 39.5 0.01 
APACHE II 22.4 ± 5.9 15.6 ± 4.8 <0.001 

Patients who developed AKI were significantly older and had higher APACHE II scores, reflecting greater 
illness severity. Sepsis and diabetes were more prevalent in the AKI group, both recognized risk factors for renal 
injury in ICU settings (Table 1). 

Table 2: Baseline Biomarker Levels 
Biomarker AKI No AKI p-value 
Serum Creatinine (mg/dL) 1.28 ± 0.42 1.01 ± 0.31 0.02 
Serum Cystatin C (mg/L) 1.84 ± 0.53 1.12 ± 0.36 <0.001 
uNGAL (ng/mL) 218 ± 81 96 ± 38 <0.001 
KIM-1 (ng/mL) 4.5 ± 1.6 2.2 ± 0.9 <0.001 

Structural injury biomarkers (cystatin C, uNGAL, KIM-1) were markedly elevated in patients who later 
developed AKI. Creatinine differences were modest, highlighting its limited sensitivity in early detection (Table 
2). 

Table 3: ROC Curve Analysis 
Biomarker AUC 
Serum Creatinine 0.69 
Serum Cystatin C 0.83 
uNGAL 0.86 
KIM-1 0.78 
Combined Model 0.90 

uNGAL demonstrated the highest predictive accuracy among individual biomarkers. However, the combined 
biomarker model achieved excellent discrimination (AUC 0.90), confirming the additive value of multimarker 
strategies (Table 3). 

Table 4: Multivariate Logistic Regression 
Variable Adjusted OR p-value 
Serum Cystatin C 2.9 <0.001 
uNGAL 3.6 <0.001 
KIM-1 1.8 0.02 
APACHE II 1.5 <0.001 
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After adjusting for illness severity, serum cystatin 
C and uNGAL remained strong independent 
predictors of AKI. This confirms their specific 
association with renal injury beyond systemic 
severity (Table 4). 

Discussion  

This study demonstrates that biomarker-based risk 
stratification significantly improves early 
prediction of AKI in critically ill patients. The 
incidence of AKI (31.1%) aligns with global ICU 
data, reinforcing the burden of renal complications 
in critically ill populations. 

Traditional creatinine-based diagnosis is limited 
because creatinine reflects functional decline rather 
than structural damage. In critical illness, dilutional 
effects from fluid resuscitation and reduced muscle 
mass further delay detectable changes [17,18]. In 
contrast, serum cystatin C rises earlier and is less 
influenced by extrarenal factors, explaining its 
superior predictive performance in our study (AUC 
0.83 vs 0.69). 

uNGAL demonstrated the highest individual 
predictive value (AUC 0.86). NGAL is rapidly 
upregulated in tubular epithelial cells in response to 
ischemia, inflammation, and nephrotoxicity. Its 
rapid release into urine makes it a highly sensitive 
early marker. Our findings are consistent with prior 
meta-analyses demonstrating NGAL as a reliable 
early AKI biomarker across various clinical 
settings including sepsis and cardiac surgery [19]. 

KIM-1 also showed significant predictive ability. 
As a marker of proximal tubular epithelial injury, 
KIM-1 complements NGAL by reflecting structural 
damage rather than filtration decline. Although its 
AUC was slightly lower than NGAL, it remained 
independently associated with AKI in multivariate 
analysis [20]. 

The most important finding of this study is the 
superior performance of the combined biomarker 
model (AUC 0.90). AKI is a heterogeneous 
condition involving glomerular dysfunction, 
tubular injury, inflammation, and hemodynamic 
instability. A single biomarker cannot capture all 
these pathophysiological pathways. A multimarker 
approach integrates glomerular (cystatin C), tubular 
stress (NGAL), and structural injury (KIM-1) 
markers, thereby enhancing predictive accuracy 
[21,22]. 

Early identification of high-risk patients provides 
an opportunity for preventive interventions, 
including optimized hemodynamic management, 
avoidance of nephrotoxins, and early nephrology 
consultation. Implementation of biomarker panels 
into ICU protocols could potentially reduce 
progression to severe AKI and the need for renal 
replacement therapy [23-25]. 

However, widespread adoption requires 
consideration of cost-effectiveness, assay 
standardization, and external validation in 
multicenter cohorts. Future research should also 
evaluate long-term renal outcomes and integration 
into clinical decision-support systems. 

Conclusion 

Biomarker-based risk stratification using serum 
cystatin C, uNGAL, and urinary KIM-1 
significantly improves early prediction of AKI in 
critically ill patients compared to serum creatinine 
alone. Multimarker models provide superior 
discriminative ability and may enhance early 
preventive strategies in ICU practice. 
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