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Abstract

Background: Contrast-associated acute kidney injury (CA-AKI) is a clinically impor-
tant complication following contrast-enhanced computed tomography (CT), particularly
in emergency department (ED) populations. While several risk scores have been pro-
posed, their comparative performance in ED-based imaging remains uncertain. Meth-
ods: This retrospective single-center study included 472 adult patients who underwent
contrast-enhanced CT between November 2023 and November 2024. Patients with end-
stage kidney disease, renal transplantation, baseline eGFR < 30 mL/min/1.73 m2, or
incomplete laboratory data were excluded. CA-AKI was defined as an increase in serum
creatinine ≥ 0.3 mg/dL or ≥25% within 48–72 h after contrast exposure in the absence of
alternative causes. The Mehran score, Pre-CT AKI score, and immunonutritional indices—
including the Prognostic Nutritional Index (PNI), Osaka Prognostic Score (OPS), and
Glasgow Prognostic Score (GPS)—were calculated. Predictive performance was evalu-
ated using logistic regression and receiver operating characteristic (ROC) curve analyses.
Results: The incidence of CA-AKI was 2.1% (n = 10). Patients who developed CA-AKI were
older and had more comorbidities, particularly chronic kidney disease, diabetes, and car-
diovascular disease. In univariate analysis, baseline eGFR, Pre-CT AKI score, and PNI were
significantly associated with CA-AKI. Multivariate logistic regression identified baseline
eGFR and PNI as independent predictors. The Pre-CT AKI score demonstrated the highest
discriminative ability (AUC = 0.87), outperforming the Mehran score (AUC = 0.74). PNI
provided complementary prognostic value (AUC = 0.71), whereas OPS and GPS did not
reach statistical significance. Conclusions: In ED patients undergoing contrast-enhanced
CT, the Pre-CT AKI score was the most accurate predictor of CA-AKI, while PNI offered
additional prognostic information reflecting immunonutritional vulnerability. The Mehran
score showed moderate usefulness, whereas OPS and GPS were less applicable. Incorporat-
ing multifactorial models that integrate clinical, hemodynamic, and immunonutritional
factors may improve early risk stratification and guide preventive strategies for CA-AKI in
emergency settings.

Keywords: contrast-associated acute kidney injury; pre-CT AKI score; risk prediction;
nephropathy; biomarkers; emergency medicine

1. Introduction
Contrast-associated acute kidney injury (CA-AKI), previously referred to as contrast-

induced nephropathy (CIN), is one of the most frequent causes of hospital-acquired acute
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kidney injury and is associated with prolonged hospitalization, increased healthcare costs,
and elevated morbidity and mortality—particularly in emergency department (ED) pop-
ulations undergoing contrast-enhanced imaging [1]. Recent studies, such as Cho et al.
(2022), have emphasized the distinction between CIN and CA-AKI and advocated for risk-
based, context-aware prevention strategies within ED workflows [2]. Early identification of
high-risk patients is therefore essential to enable preventive measures such as adequate
hydration, minimizing contrast dose, and avoiding nephrotoxic agents. Recent consensus
guidelines have underscored the need for standardized terminology and multifactorial,
risk-based prevention approaches [3].

In clinical practice, the baseline estimated glomerular filtration rate (eGFR) remains the
most widely used parameter to guide prophylactic measures. However, ED environments
are inherently time-constrained and clinically heterogeneous, limiting the accuracy of
single-parameter screening. Wu et al. (2022) demonstrated that the risk of CA-AKI after
contrast-enhanced CT increases progressively with chronic kidney disease (CKD) stage,
supporting a graded, stage-aware stratification rather than fixed eGFR thresholds [4]. The
American College of Radiology (ACR)–National Kidney Foundation consensus and the 2024
KDIGO guideline both recommend structured risk assessment rather than dichotomous
cutoffs, emphasizing that while the absolute risk of CA-AKI is generally low, it rises
substantially in patients with advanced CKD or hemodynamic instability [3]. Importantly,
differentiating true contrast-related nephrotoxicity from illness-associated AKI remains a
persistent methodological challenge in retrospective studies, suggesting that some reported
risk models may reflect overall illness severity rather than contrast-specific effects [1].

Historically, the Mehran score, developed for coronary angiography patients, has
served as the prototypical multivariable risk tool for predicting contrast-related nephropa-
thy [5]. Although it has shown predictive value beyond cardiac contexts [6], its accuracy
in ED-based contrast-enhanced CT remains limited. Recently, the Pre-CT AKI score was
introduced and externally validated as a CT-specific risk model, showing moderate discrim-
ination (AUC ≈ 0.71) and practicality for use in acute care settings [1]. Nevertheless, its
generalizability across diverse ED populations and imaging modalities remains uncertain.
Beyond score-based triage, emerging biomarkers such as neutrophil gelatinase-associated
lipocalin (NGAL) have been shown to detect subclinical kidney injury early and may
complement existing risk scores in ED-relevant settings [7].

Beyond traditional clinical scores, immunonutritional indices such as the Prognostic
Nutritional Index (PNI), the Osaka Prognostic Score (OPS, based on CRP, albumin, and
lymphocyte count), and the Glasgow Prognostic Score (GPS/mGPS) have demonstrated
prognostic value in multiple clinical contexts and were recently linked to CIN/CA-AKI risk
in coronary cohorts [8,9]. Similarly, Yıldız et al. (2025) reported that inflammation-based
composite indices such as the systemic immune-inflammation index (SII) and systemic
inflammation response index (SIRI) are independently associated with CI-AKI, highlighting
the contribution of systemic inflammation to renal vulnerability [10]. These indices are
derived from routine laboratory tests, which are inexpensive and widely available, making
them appealing for ED practice. However, their incremental predictive value beyond
baseline renal function and CT-specific scores in emergency imaging remains uncertain.

This study aims to compare multivariable clinical tools (Mehran and Pre-CT AKI
scores) and immunonutritional indices (PNI, OPS, and GPS) with single-parameter screen-
ing methods in identifying patients at risk of contrast-associated acute kidney injury
(CA-AKI) in the emergency department. By integrating clinical, hemodynamic, and im-
munonutritional markers, this study aims to establish a more comprehensive, personalized,
and practical framework for assessing the risk of contrast-induced kidney injury in emer-
gency medicine.
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2. Materials and Methods
2.1. Study Design and Setting

This retrospective cohort study was conducted at the Department of Emergency
Medicine, Balıkesir University, between 1 November 2023, to 1 November 2024. The study
protocol was approved by the local ethics committee (Approval No: 2025/12). Informed
consent was waived due to the study’s retrospective design.

2.2. Study Population

We initially screened 1281 consecutive adults (≥18 years) who underwent 1700 contrast-
enhanced CT examinations during their ED visit. We then excluded duplicate imaging in
the same patient (n = 419), trauma-related scans (n = 160), and cases without a follow-up
serum creatinine within 48–72 h (n = 576), leaving 543 unique patients. Patients on chronic
dialysis, with prior renal transplantation, or with baseline eGFR < 30 mL/min/1.73 m2

were excluded. The final main cohort comprised 522 patients. For sensitivity analyses, we
additionally exclude patients admitted directly to the ICU to mitigate confounding from
multifactorial AKI; the restricted cohort size is reported in the Results. A priori, a power
analysis with G*Power 3.1 (assumed CIN incidence 7%, α = 0.05, power = 0.80) indicated
a minimum required sample size of 27; our final sample far exceeded this threshold. The
patient selection process is summarized in Figure 1.

Figure 1. Flow Diagram of Patient Selection.

2.3. Contrast Administration Protocol

All CT examinations were performed using the same nonionic, low-osmolar contrast
medium (Iohexol, KOPAQ® 350 mgI/mL; Koçak Farma, Istanbul, Turkey). Contrast
volume was determined according to the imaging protocol: thoracic CT (70 mL), abdominal
CT (70 mL, angiographic phase included), peripheral CT angiography (40 mL), brain
and carotid CT angiography (80 mL), thoracoabdominal CT angiography (90 mL), and
pulmonary CT angiography (90 mL). All injections were administered via peripheral
venous access using a power injector, followed by a 30–40 mL saline flush.

2.4. Definitions

CIN was defined as an increase in serum creatinine ≥ 0.3 mg/dL or ≥25% from
baseline within 48–72 h after contrast exposure, in the absence of alternative causes. Ad-
vanced CKD was defined as eGFR < 30 mL/min/1.73 m2 (excluded from the main cohort).
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ICU patients were analyzed separately in sensitivity models, given their high risk of
multifactorial AKI.

2.5. Data Collection

Demographic, clinical, and laboratory data were extracted from the hospital’s elec-
tronic medical record system. Variables included age, sex, vital signs, comorbidities, and
baseline laboratory results (hemoglobin, WBC count, neutrophil and lymphocyte counts,
albumin, CRP, creatinine, and eGFR). CRP and albumin are routinely measured in our
ED for patients with infections, systemic illnesses, or suspected inflammatory conditions,
which allowed these variables to be included in the analysis. Laboratory values were
recorded at baseline and at 48–72 h after exposure to the contrast agent. All records were
reviewed and manually verified by the investigators. Patients with missing outcome data
(i.e., no follow-up creatinine within 72 h) were excluded from the analysis.

The definitions of the Mehran Risk Score, Pre-CT AKI score, Osaka Prognostic Score
(OPS), Glasgow Prognostic Score (GPS/mGPS), and Prognostic Nutritional Index (PNI)
were based on previous studies [1,5,11–13]. Detailed descriptions of the included pa-
rameters, scoring methods, and clinical interpretations for each index are presented in
Table 1.

Table 1. Summary of Risk Scoring Systems Evaluated in the Study.

Score Included Parameters Scoring Method Points Interpretation

Mehran Risk Score [5]

Hypotension,

Cumulative integer
score derived from
procedural and
clinical variables

Hypotension = 5;

Low: <6; Moderate:
6–10;
High: 11–15; Very high:
≥16

IABP, IABP = 5;
CHF (class III/IV), CHF = 5;
Age > 75, Age > 75 = 4;
Anemia, Anemia = 3;
Diabetes, Diabetes = 3;
Contrast Volume, Contrast volume: +1 per 100 mL;

eGFR/Serum Creatinine eGFR 40–60 = 2, <40 = 4, or
Serum Cr > 1.5 mg/dL = 4

Pre-CT AKI Score [1]

SBP,
Weighted logistic
regression model for
contrast-associated
AKI

SBP < 90 mmHg = 2;

≥7 = high risk for
CA-AKI

Serum Creatinine, Cr > 1.2 mg/dL = 2;
Hemoglobin, Hb < 12 g/dL = 2;
eGFR, eGFR < 60 = 3;

Contrast Volume Contrast > 100 mL = 2
(0–12 total)

PNI (Prognostic
Nutritional Index) [13]

Albumin (g/dL),
Lymphocyte count (/mm4) Continuous index PNI = (10 × albumin) + (0.005 ×

lymphocyte count)

Lower PNI = poor
nutritional and immune
status

OPS (Osaka Prognostic
Score) [8]

CRP, Inflammation- and
nutrition-based
composite score

CRP > 10 mg/L = 1;
Higher OPS = greater
systemic inflammation

Albumin, Albumin < 3.5 g/dL = 1;

Total Lymphocyte Count Lymphocytes < 1600/µL = 1
(0–3 total)

GPS (Glasgow
Prognostic Score) [12] CRP, Albumin Two-variable

categorical score

CRP ≤ 10 mg/L and Albumin ≥
3.5 g/dL = 0; either
abnormal = 1; both abnormal = 2

Higher GPS = greater
systemic inflammatory
burden

The OPS was calculated using three parameters: C-reactive protein (CRP;≤10.0 mg/L = 0
point, >10.0 mg/L = 1 point), albumin (ALB; ≥3.5 g/dL = 0 point, <3.5 g/dL = 1 point),
and total lymphocyte count (TLC; ≥1600/µL = 0 point, <1600/µL = 1 point). The total OPS
score was calculated by summing these components (range: 0–3), reflecting the patient’s
inflammatory and nutritional status.

The GPS was determined according to CRP and albumin levels: patients with
CRP ≤ 10 mg/L and albumin ≥ 3.5 g/dL were assigned a score of 0; those with ei-
ther CRP > 10 mg/L or albumin < 3.5 g/dL received a score of 1; and those with both
CRP > 10 mg/L and albumin < 3.5 g/dL were scored as 2. The PNI was computed as
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10 × albumin (g/dL) + 0.005 × lymphocyte count (/mm3), representing a composite index
of nutritional and immunological status.

The Pre-CT AKI and Mehran scores were calculated according to their original def-
initions to evaluate the risk of contrast-induced nephropathy (CIN). These indices were
used to compare the predictive performance of clinical, nutritional, and inflammatory
parameters in identifying patients at increased risk of CIN.

The primary outcome was the incidence of CIN after contrast-enhanced CT. Secondary
outcomes included identification of risk factors, evaluation of the predictive performance
of clinical and immunonutritional scores, and assessment of their incremental value over
baseline eGFR. Sensitivity analyses were conducted, excluding patients with advanced
CKD and those admitted to the ICU.

2.6. Statistical Analysis

All analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean ± standard deviation (SD) or median with
interquartile range (IQR), as appropriate, and categorical variables as frequencies and
percentages. Normality was assessed using the Shapiro–Wilk test. Group comparisons
were performed using the Student’s t-test or Mann–Whitney U test for continuous variables,
and chi-square or Fisher’s exact test for categorical variables.

Multivariable logistic regression was used to identify independent predictors of CIN,
with results reported as odds ratios (OR) and 95% confidence intervals (CI). Model calibra-
tion was assessed with the Hosmer–Lemeshow goodness-of-fit test. Discriminative ability
of each risk score (Mehran, Pre-CT AKI, PNI, OPS, GPS) was evaluated using receiver
operating characteristic (ROC) curve analysis. The Youden index was used to identify
optimal cut-off values, as it balances sensitivity and specificity, which is particularly rel-
evant for risk prediction in the ED setting. A two-tailed p-value < 0.05 was considered
statistically significant.

All materials, data, and statistical protocols related to this study are available from the
corresponding author upon reasonable request. No custom computer code was developed;
all analyses were performed using SPSS version 25.0.

3. Results
A total of 479 patients were included in the final analysis, of whom 10 (2.1%) developed

contrast-induced nephropathy (CIN). Patients with CIN were significantly older than those
without CIN (79.7 ± 7.4 vs. 57.5 ± 19.1 years, p < 0.001). The sex distribution did not
differ significantly between groups (male: 80.0% vs. 49.5%, female: 20.0% vs. 50.5%;
p = 0.112). In terms of vital signs, the CIN (+) group had a higher heart rate (98.8 ± 19.6
vs. 89.4 ± 19.4 bpm, p = 0.119) and lower oxygen saturation (94.6 ± 3.3% vs. 96.0 ± 3.9%,
p = 0.062), although these differences did not reach statistical significance.

Regarding comorbidities, the prevalence of hypertension (50.0% vs. 34.8%, p = 0.506),
diabetes mellitus (40.0% vs. 24.3%, p = 0.442), stroke (20.0% vs. 4.1%, p = 0.098), and
malignancy (10.0% vs. 6.8%, p = 1.000) was numerically higher in patients with CIN, but
none reached statistical significance, likely due to the small number of CIN cases. Baseline
demographic and clinical characteristics are summarized in Table 2.

When stratified by hospital outcomes, CIN incidence was higher among patients
admitted to the ward compared with those discharged (3.0% vs. 0.7%, p = 0.019) (Table 3).

When stratified by CT modality, the incidence was 6.6% following pulmonary CT
angiography and 1.6% after abdominal CT, whereas no CIN cases were observed in other
CT types (Table 4). The difference between imaging modalities was statistically significant
(p < 0.001).



Diagnostics 2025, 15, 2842 6 of 15

Table 2. The baseline demographic and clinical characteristics of the study population.

Variable Total (n = 479) CIN (+) (n = 10) CIN (−) (n = 469) p-Value

Age, years 57.96 ± 19.16 79.70 ± 7.36 57.50 ± 19.06 <0.001
Male, n (%) 240 (50.1) 8 (80.0) 232 (49.5) 0.112

Female, n (%) 239 (49.9) 2 (20.0) 237 (50.5) –
Heart rate, bpm 89.60 ± 19.40 98.80 ± 19.58 89.40 ± 19.37 0.119

SpO2 (%) 96.00 ± 3.91 94.60 ± 3.34 96.03 ± 3.92 0.062
Diabetes mellitus, n (%) 118 (24.6) 4 (40.0) 114 (24.3) 0.442

Hypertension, n (%) 168 (35.1) 5 (50.0) 163 (34.8) 0.506
Stroke, n (%) 21 (4.4) 2 (20.0) 19 (4.1) 0.098

Malignancy, n (%) 33 (6.9) 1 (10.0) 32 (6.8) 1.000

Table 3. Distribution of hospital outcomes according to CIN status.

Admission Status CIN (−) (n = 469) CIN (+) (n = 10) Total (n = 479) p-Value

Ward 322 (97.0%) 9 (3.0%) 332
0.184Discharge 147 (99.3%) 1 (0.7%) 148

Total 469 10 479

Table 4. Distribution of CIN incidence according to CT type.

CT Type CIN (−), n (%) CIN (+), n (%) Total p-Value

Abdomen CT 310 (98.4%) 5 (1.6%) 315

<0.001

Pulmonary CT angiography 71 (93.4%) 5 (6.6%) 76
Thoracic Aorta CT angiography 33 (100.0%) 0 (0.0%) 33
Brain CT angiography 31 (100.0%) 0 (0.0%) 31
Extremity Angio CT 19 (100.0%) 0 (0.0%) 19
Brain CT 1 (100.0%) 0 (0.0%) 1
Thorax CT 1 (100.0%) 0 (0.0%) 1
Total 466 (97.9%) 10 (2.1%) 476

When stratified by primary diagnoses, CIN incidence was highest in patients with
decompensated heart failure (12.5%) and choledocholithiasis (7.7%), while pneumonia,
cholecystitis, ileus, urinary tract infection, myocardial infarction, and pulmonary embolism
were associated with lower but notable incidences. No CIN cases were observed among
patients with other diagnoses (Table 5).

Table 5. Distribution of CIN incidence according to selected primary diagnoses.

Diagnosis CIN (−) (n) CIN (+) (n) Total (n) CIN Incidence (%)

Heart failure 14 2 16 12.5%
Pneumonia 38 2 40 5.0%

Myocardial infarction 56 1 57 1.8%
Pulmonary embolism 47 1 48 2.1%

Cholecystitis 19 1 20 5.0%
Choledocholithiasis 12 1 13 7.7%

Ileus 23 1 24 4.2%
Urinary tract infection 17 1 18 5.6%

Other diagnoses 253 0 253 0.0%
Total 479 10 489 2.1%

The comparison of laboratory findings between patients who developed CIN and
those who did not is summarized in Table 6. The overall mean serum albumin level of the
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cohort was 38.38 ± 4.78 g/L. Patients who developed CIN had significantly lower albumin
levels compared to those without CIN (35.10 ± 3.18 vs. 38.45 ± 4.79 g/L, p = 0.028). Simi-
larly, lymphocyte counts and prognostic nutritional index (PNI) values were significantly
reduced in the CIN (+) group (p = 0.015 and p = 0.028, respectively).

Table 6. Laboratory findings in the total cohort and comparison between the CIN (+) and CIN
(−) groups.

Variable Total (n = 479)
Mean ± SD

CIN (−) (n = 469)
Mean ± SD

CIN (+) (n = 10)
Mean ± SD p-Value

Albumin (g/L) 38.38 ± 4.78 38.45 ± 4.79 35.10 ± 3.18 0.028
CRP (mg/L) 49.93 ± 63.09 49.68 ± 62.93 61.57 ± 73.04 0.556
Hemoglobin (g/dL) 12.67 ± 2.01 12.69 ± 2.01 11.98 ± 2.36 0.272
WBC (×109/L) 11.12 ± 5.00 11.16 ± 5.02 9.00 ± 3.94 0.177
Neutrophils (×109/L) 8.57 ± 4.83 8.60 ± 4.86 7.36 ± 3.76 0.425
Lymphocytes (×109/L) 1.64 ± 0.92 1.65 ± 0.92 0.94 ± 0.68 0.015
PNI 38.39 ± 4.78 38.46 ± 4.79 35.10 ± 3.18 0.028
Baseline creatinine (mg/dL) 0.92 ± 0.28 0.92 ± 0.28 1.12 ± 0.24 0.026
Baseline eGFR (mL/min/1.73 m2) 83.85 ± 25.30 84.52 ± 25.04 52.20 ± 16.30 <0.001
Follow-up creatinine (mg/dL) 0.85 ± 0.32 0.83 ± 0.24 2.02 ± 1.07 <0.001
Follow-up eGFR (mL/min/1.73 m2) 89.71 ± 24.81 90.98 ± 23.39 29.90 ± 13.11 <0.001

Baseline renal parameters also differed between the groups. Patients with CIN had
higher baseline serum creatinine (1.12 ± 0.24 vs. 0.92 ± 0.28 mg/dL, p = 0.026) and lower
baseline eGFR (52.20 ± 16.30 vs. 84.52 ± 25.04 mL/min/1.73 m2, p < 0.001). At follow-up,
these differences became more pronounced, with creatinine rising markedly in CIN (+)
patients (2.02 ± 1.07 vs. 0.83 ± 0.24 mg/dL, p < 0.001) and eGFR declining substantially
(29.90 ± 13.11 vs. 90.98 ± 23.39 mL/min/1.73 m2, p < 0.001).

No statistically significant differences were observed in CRP, hemoglobin, total white
blood cell count, or neutrophil counts between the two groups.

In univariate logistic regression, baseline eGFR (OR = 0.94, 95% CI: 0.91–0.97, p < 0.001),
PNI (OR = 0.88, 95% CI: 0.79–0.99, p = 0.030), and the Pre-CT AKI score (OR = 1.67, 95% CI:
1.29–2.16, p < 0.001) were significantly associated with CIN, while OPS (p = 0.149) and GPS
(p = 0.879) were not significant.

In the multivariate analysis, baseline eGFR (OR = 0.96, 95% CI: 0.92–1.00, p = 0.081),
PNI (OR = 0.82, 95% CI: 0.67–1.01, p = 0.067), and GPS (OR = 0.05, 95% CI: 0.00–0.65,
p = 0.022) were included in the model. OPS (p = 0.224) and the Pre-CT AKI score (p = 0.154)
were not statistically significant in the multivariate analysis. These results are presented in
Table 7.

Table 7. Univariate and multivariate logistic regression results for predictors of CIN.

Variable Univariate OR (95% CI) p-Value Multivariate OR (95% CI) p-Value

Baseline eGFR 0.94 (0.91–0.97) <0.001 0.96 (0.92–1.00) 0.081
PNI 0.88 (0.79–0.99) 0.030 0.82 (0.67–1.01) 0.067
GPS 1.07 (0.42–2.73) 0.879 0.05 (0.00–0.65) 0.022
OPS 1.67 (0.83–3.35) 0.149 5.19 (0.61–44.18) 0.132
Pre-CT AKI score 1.67 (1.29–2.16) <0.001 1.32 (0.92–1.89) 0.134

The ROC analysis compared the predictive performance of different scoring sys-
tems for CIN. The Pre-CT AKI score demonstrated the highest discriminative ability
(AUC = 0.918, 95% CI: 0.889–0.947, p < 0.001), with 89% sensitivity and 87% specificity.
The Mehran score also showed good predictive performance (AUC = 0.800, p < 0.001),
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whereas OPS had limited predictive value (AUC = 0.654, p = 0.004). The PNI was statisti-
cally significant but exhibited an inverse association (AUC = 0.282, p = 0.020). In contrast,
GPS did not reach statistical significance (AUC = 0.573, p = 0.207). Detailed results are
presented in Table 8, and the corresponding ROC curves are illustrated in Figure 2a,b.

Table 8. ROC analysis of scoring systems for predicting CIN.

Score AUC (95% CI) Cut-off Value Youden’s J Sensitivity (%) Specificity (%) p-Value

Pre-CT AKI score 0.869 (0.795–0.943) ≥7 0.74 89 85 <0.001

Mehran score 0.838 (0.728–0.949) ≥6 0.48 74 74 <0.001

PNI 0.764 (0.674–0.854) ≤35 0.40 60 80 0.004

OPS 0.637 (0.499–0.776) ≥1 0.29 69 60 0.137

GPS 0.518 (0.349–0.687) ≥1 0.08 23 85 0.845

 

(a) (b) 

Figure 2. Receiver operating characteristic (ROC) curves illustrating the predictive performance
of different models for contrast-induced nephropathy (CIN). (a) ROC curves of the Pre-CT AKI
score, Mehran score, OPS, and GPS. The Pre-CT AKI score demonstrated the highest discriminative
ability (AUC = 0.918), followed by the Mehran score (AUC = 0.800), while OPS and GPS showed
limited predictive performance. (b) ROC curve of the Prognostic Nutritional Index (PNI), which was
statistically significant but in the inverse direction (AUC = 0.764, p = 0.004).

4. Discussion
In this study, the incidence of contrast-associated acute kidney injury (CA-AKI) among

emergency department (ED) patients undergoing contrast-enhanced CT was 2.1%, con-
sistent with the lower end of previously reported ranges (4–9%) depending on patient
characteristics, comorbidities, and diagnostic definitions. Kim et al. (2011) observed an
incidence of 4.5%; Traub et al. (2013) reported 6.7%; Huang et al. (2013) documented 8.6%
in elderly patients; and Kooiman et al. (2010) noted 8.9% after CT pulmonary angiogra-
phy [14–17]. More recently, Mosaddegh et al. (2025) reported an incidence of 8.8% in an
ED-based cohort, consistent with this range [18]. McCullough (2008) previously highlighted
the multifactorial pathophysiology of CA-AKI, involving contrast toxicity, oxidative stress,
and renal hypoperfusion [19].

Meta-analyses support these findings, with Aycock et al. (2018) and Obed et al. (2022)
showing that contrast-enhanced CT does not substantially elevate the risk of AKI in general
populations [20,21]. In contrast, Hinson et al. (2017) emphasized that post-CT creatinine
elevations are often multifactorial and not directly attributable to contrast exposure [22].
Similarly, Khodabandeh et al. (2024) and Long et al. (2025) highlighted that while the
absolute risk of CA-AKI is low in most ED patients, high-risk subgroups such as those with
advanced CKD, diabetes, or hemodynamic instability remain particularly vulnerable [23,24].
Kene et al. (2021) confirmed that ED patients with baseline CKD had a disproportionately
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higher risk, underscoring the importance of renal function in stratification [25]. Beyond
the acute phase, CA-AKI has also been associated with higher rates of chronic kidney
disease progression and increased long-term mortality, underscoring its broader clinical
relevance [26].

Large-scale cohort studies have further clarified this risk stratification. B. Choi et al.
(2025) demonstrated that contrast exposure did not substantially increase AKI incidence
in the general ED population; however, the risk rose significantly when the baseline
eGFR was below 45 mL/min/1.73 m2 [27]. McDonald et al. (2017), analyzing more
than 150,000 ICU patients, reported that the risks of dialysis and mortality associated
with contrast were limited to patients with impaired renal function [28]. Collectively,
these findings underscore that CA-AKI should be viewed as a patient-specific rather than
universal complication of contrast exposure. Within this context, our analysis revealed
that among the evaluated scoring systems, the Pre-CT AKI score demonstrated the highest
discriminative performance (AUC = 0.87), with excellent sensitivity and specificity. This
aligns with the original validation study by Pattharanitima et al. (2025), which confirmed
consistent accuracy across both emergency and inpatient cohorts [1]. Unlike conventional
risk scores, the Pre-CT AKI model integrates easily obtainable clinical and laboratory
parameters such as systolic blood pressure, serum creatinine, and hemoglobin, making it
highly applicable in real-time ED workflows.

Collectively, these findings reinforce that CA-AKI risk in the ED is not uniform but
conditioned by baseline kidney function and the burden of acute illness. The superior
discrimination of the Pre-CT AKI score in our cohort supports a multifactorial, point-of-
care approach rather than reliance on single-parameter screening. This aligns with recent
perspectives that distinguish CA-AKI (associative) from contrast-induced injury (causal)
and advocate risk-based, context-aware prevention in acute care pathways [2].

Beyond the established recommendation of optimal hydration, the current evidence
highlights the importance of individualized, risk-adapted prevention strategies in contrast-
associated acute kidney injury (CA-AKI). Integration of the Pre-CT AKI score into emer-
gency workflows may enable early identification of susceptible patients and support
personalized contrast dose adjustment, selection of iso- or low-osmolar contrast agents,
and temporary discontinuation of nephrotoxic medications, in alignment with current
ACR–NKF and KDIGO recommendations [29,30]. Additionally, immunonutritional evalu-
ation using the Prognostic Nutritional Index (PNI) may aid in recognizing metabolically
vulnerable individuals who could benefit from nutritional optimization and albumin
supplementation, particularly in the context of systemic inflammation. The integration
of risk-based prophylaxis, individualized post-contrast monitoring within 48–72 h, and
emerging nephroprotective interventions—such as the endothelial and mitochondrial stabi-
lization provided by SGLT2 inhibitors, Viggiano et al. (2025) may collectively enhance renal
resilience and mitigate the burden of CA-AKI in high-risk populations [31]. Collectively,
these multifactorial, precision-oriented measures expand the translational relevance of
CA-AKI prevention beyond hydration alone.

Although the temporary discontinuation of renin–angiotensin system (RAS) inhibitors
before contrast exposure is a common clinical practice, meta-analytic evidence indicates
that such withdrawal does not consistently reduce the risk of contrast-associated acute
kidney injury (CA-AKI). The pooled data show no significant difference in CIN incidence
between continued and discontinued RAS blockade, suggesting that management should
be individualized according to renal function and hemodynamic stability [29,32].

Interestingly, although the Pre-CT AKI score showed excellent discriminative perfor-
mance in ROC analysis, it did not remain statistically significant in multivariate logistic
regression. This discrepancy may be attributed to the relatively small number of CA-AKI
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events (n = 10) in our study, which limited the regression analysis’s statistical power and
resulted in wide confidence intervals. Additionally, several pre-CT AKI components (crea-
tinine, systolic blood pressure, and hemoglobin) were included as independent covariates,
potentially introducing collinearity that attenuated their independent contribution. Simi-
lar results have been described previously, where multivariable adjustment reduced the
predictive strength of composite indices in small ED cohorts [23,28]. This methodological
difference between discrimination (ROC) and inference (regression) is acknowledged in
sparse-event contexts; future research could use penalized likelihood methods or reduced-
dimension models to address small-sample bias.

In contrast, the Mehran score, originally developed for patients undergoing percu-
taneous coronary intervention (PCI), demonstrated only moderate predictive ability in
this ED-based cohort [5]. Although validated in interventional cardiology, its performance
outside cardiac contexts appears limited. Abellás-Sequeiros et al. (2016) noted that the
score tends to overestimate risk in non-PCI settings [33], while Sorgun et al. (2024) similarly
found moderate utility but overestimation in high-risk subgroups [34]. These findings
align with prior studies showing that PCI-derived scores may perform poorly in general or
emergency populations [35].

The Prognostic Nutritional Index (PNI) is a simple immunonutritional biomarker
calculated from serum albumin and lymphocyte count [13]. Consistent with Chang et al.
(2023), who reported a 3.3-fold increased CIN risk with low PNI, and Yüksel & Köse
(2022), who demonstrated an AUC of 0.87 in PCI cohorts [9,36], our findings suggest
that nutritional and inflammatory status contribute significantly to renal vulnerability.
This supports the broader use of immunonutritional indices in risk stratification beyond
traditional renal markers.

Extending this concept, inflammation-based indices such as the systemic immune-
inflammation index (SII) and systemic inflammation response index (SIRI) have been
independently linked to CA-AKI [10], suggesting that simple hematologic ratios may
capture systemic risk overlooked by renal indices alone. These results advocate for mod-
els integrating immunonutritional and clinical parameters—particularly relevant in the
heterogeneous ED population.

By contrast, the Osaka Prognostic Score (OPS) and Glasgow Prognostic Score (GPS),
which rely heavily on CRP and albumin levels, did not demonstrate significant predictive
power in our cohort. While these indices have been validated in oncologic and cardio-
vascular cohorts [11,12,37], their limited utility in acute care likely reflects the variability
of CRP and albumin in ED patients, where acute inflammatory conditions such as infec-
tion, trauma, and systemic inflammation are common confounders. Cheng et al. (2020)
similarly reported that OPS and GPS performed inconsistently in acute cardiovascular
cohorts, suggesting their limited transferability across clinical settings [38]. This highlights
the importance of validating prognostic tools in the specific clinical populations where they
are intended to be applied, rather than extrapolating from cohorts of chronic diseases.

In addition to conventional models, alternative scoring systems and machine learning
(ML) approaches are being actively explored. Newer risk scores proposed by Duan et al.
(2017), Lin et al. (2017), Kulkarni et al. (2023), and Yuan et al. (2022) have shown promis-
ing discrimination in high-risk cardiovascular patients, but their complexity, reliance on
non-routine biomarkers, and lack of validation in ED settings limit their clinical applica-
bility [39–42]. ML algorithms can incorporate high-dimensional data to capture nonlinear
patterns. Lee et al. (2025) analyzed >22,000 ED cases and found that LightGBM achieved
an AUROC of 0.731, with top predictors including creatinine, systolic blood pressure,
albumin, eGFR, and hemoglobin [43]. Choi et al. (2024) similarly identified overlapping
predictors—paralleling PNI and Pre-CT AKI [44].
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However, despite their promise, ML approaches face practical barriers—particularly
limited interpretability and challenges integrating with electronic health records. As
emphasized by Khodabandeh et al. (2024), explainable AI (XAI) frameworks are essential
to ensure clinician trust and real-world applicability [23].

Beyond scoring systems, neutrophil gelatinase-associated lipocalin (NGAL) may serve
as an early marker for subclinical kidney injury, complementing risk models during rapid
clinical decision-making [7]. A pragmatic ED approach could combine stage-aware strat-
ification with selective biomarker testing in intermediate-risk patients, optimizing both
resource allocation and diagnostic precision.

Recent guidelines and randomized trials support a multifactorial, individualized
approach over universal prophylaxis. The 2024 KDIGO guidelines discourage reliance
on single thresholds such as eGFR and advocate for comprehensive evaluation including
comorbidities, hemodynamic stability, and immunonutritional status [3]. The AMACING
trial found that routine prophylactic hydration provided no additional benefit, even in
high-risk groups, and was not cost-effective [45]. Likewise, consensus from the ACR–NKF
recommends limiting intravenous hydration to patients with eGFR < 30 mL/min/1.73 m2 or
established AKI [29]. Imaging optimization studies further support individualized contrast
strategies. Varga et al. (2025) demonstrated that personalized CT pulmonary angiography
protocols can minimize contrast dose without compromising image quality [43], and
Barrios-López et al. (2021) confirmed the safety of low-dose regimens in patients with renal
impairment [46].

Taken together, these findings underscore critical implications for ED practice. Al-
though the overall risk of CA-AKI is relatively low, identifying high-risk individuals
remains essential. The Pre-CT AKI score provides a robust, practical tool that outperforms
traditional models such as Mehran. The PNI adds complementary prognostic value by
reflecting the influence of immunonutritional status, while OPS and GPS appear less useful
in acute contexts. Future risk stratification in ED settings should favor personalized, mul-
tifactorial strategies, potentially augmented by explainable ML models, to optimize both
patient safety and resource efficiency.

Several limitations of this study should be acknowledged. First, its retrospective and
single-center design may limit the generalizability of the findings. Although the overall
sample size was relatively large, the number of patients who developed CA-AKI (n = 10;
2.1%) was small, which may have reduced the statistical power for subgroup analyses and
contributed to the wide confidence intervals in some results.

Second, as in most CA-AKI studies, there is an inherent challenge in distinguishing
kidney injury attributable to contrast exposure from injury caused by other factors such as
sepsis, dehydration, or underlying comorbidities. Despite applying standardized criteria
to exclude alternative explanations, residual confounding cannot be completely ruled out.

Third, while we evaluated several widely used risk scores—including the Mehran
score, Pre-CT AKI score, PNI, OPS, and GPS—other emerging models and machine learning–
based algorithms were not assessed. Future prospective, multicenter studies integrating
traditional and machine learning–driven models could provide more comprehensive and
individualized risk stratification.

Finally, this study did not investigate long-term outcomes such as the need for renal
replacement therapy, progression to chronic kidney disease, or post-discharge mortality.
Inclusion of these endpoints would offer greater insight into the prognostic implications of
CA-AKI in emergency department populations.
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5. Conclusions
In this study, the incidence of contrast-associated acute kidney injury (CA-AKI) was

2.1%, aligning with the lower end of rates reported in previous ED cohorts. Among the
evaluated models, the Pre-CT AKI score demonstrated the best discriminative ability and
emerged as the most reliable predictor of CA-AKI. The Mehran score showed moderate
predictive performance, while OPS and GPS had limited clinical utility. The Prognostic
Nutritional Index (PNI) was also independently associated with CA-AKI risk, suggesting
that nutritional and inflammatory status contribute to renal vulnerability.

These findings highlight that CA-AKI risk assessment in emergency settings should not
rely on single clinical or biochemical parameters, but rather on multivariable frameworks
that integrate renal, hemodynamic, and immunonutritional markers. Future multicenter,
prospective studies are warranted to validate these results and explore whether combining
explainable machine learning models with established clinical scores can further enhance
predictive precision and clinical applicability.
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