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Purpose: This study aims to evaluate the predictive value of the renal resistive index (RRI) and β2-microglobulin (β2-MG) for acute 
kidney injury (AKI) in urosepsis patients and to develop a clinical prediction model for AKI risk.
Methods: Data from 108 urosepsis patients at Tongji Hospital were analyzed. Patients were divided into AKI (67 patients) and non- 
AKI (41 patients) groups based on KDIGO guidelines. Univariate analysis identified potential AKI risk factors, which were further 
assessed using multivariate logistic regression. A nomogram was constructed based on significant predictors, with internal validation 
via the bootstrap method. The model’s accuracy and clinical utility were evaluated using ROC curves and Decision Curve Analysis 
(DCA).
Results: Multivariate analysis identified RRI, β2-MG, procalcitonin (PCT), and serum creatinine (Scr) as independent AKI risk 
factors. The combined predictive indicators yielded an AUC of 0.879, outperforming individual markers (P < 0.05). The prediction 
model achieved an AUC of 0.949, with high sensitivity (92.5%) and specificity (82.9%). Further analysis revealed that RRI, β2-MG, 
PCT, and APACHE II scores were independent predictors of poor prognosis in urosepsis-related AKI, with combined RRI and β2-MG 
predictions showing superior performance.
Conclusion: Elevated RRI, β2-MG, PCT, and Scr levels are independent predictors of AKI in urosepsis. RRI, β2-MG, PCT, and 
APACHE II scores also predict poor prognosis in urosepsis-related AKI. The nomogram combining these factors demonstrates high 
predictive accuracy and clinical applicability.
Keywords: renal resistive index, β2-microglobulin, urosepsis, acute kidney injury

Introduction
Sepsis 3.0 defines sepsis as a syndrome characterized by life-threatening organ dysfunction caused by a dysregulated host 
response to infection.1 Previously, the diagnosis of urosepsis was primarily based on the presence of urinary tract 
infection (UTI) evidence combined with the fulfillment of at least two criteria of the systemic inflammatory response 
syndrome (SIRS).2 With the update of recent guidelines,3,4 the diagnostic criteria for urosepsis now require a Sequential 
Organ Failure Assessment (SOFA) score ≥ 2, in conjunction with a UTI. Urosepsis accounts for approximately 9–31% of 
sepsis cases and is caused by infections of the genitourinary system.5 Recent studies on septic shock indicate that the 
mortality rate of this condition may reach 28.3% to 41.1%. Among the various sources of infection leading to septic 
shock, urinary tract infections rank third, following pulmonary and abdominal infections.6 The incidence of septic shock 
is relatively higher in males, with Gram-negative bacteria being the primary infectious agents. In recent years, with the 
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widespread application and rapid development of endourological techniques, the associated complications have increas
ingly become a focal point in the medical community.7 For certain specific populations, the case fatality rate of urosepsis 
is approximately 25%-60%, highlighting the significant clinical importance of improving the early diagnosis and 
management of urosepsis. Sepsis-associated acute kidney injury (S-AKI) is a common and life-threatening complication 
among hospitalized and critically ill patients. S-AKI not only significantly increases in-hospital mortality by 6–8 times 
compared to patients without S-AKI, but it also substantially elevates the risk of chronic kidney disease (CKD), 
increasing it by threefold.8 Of greater concern, approximately one-quarter of S-AKI patients may require renal replace
ment therapy (RRT) to sustain life.9 The current diagnosis of acute kidney injury primarily relies on serum creatinine 
levels and urine output.10 However, this method of diagnosis based on serum creatinine and urine output has inherent 
delays and is influenced by multiple factors.11 For instance, individuals with normal renal function may exhibit elevated 
serum creatinine (SCR) levels due to factors such as high muscle mass or the use of specific medications (eg, 
trimethoprim and cimetidine).12 However, serum creatinine levels may show only minimal fluctuations within the first 
72 hours of onset, potentially delaying diagnosis. Urine output (UO) can also be unreliable, as it is influenced by diuretic 
use and fluid resuscitation. Notably, only persistent oliguria serves as a reliable indicator of acute kidney injury (AKI), 
limiting the utility of UO for timely diagnosis.13 Furthermore, the changes in SCR and UO lag significantly behind the 
critical structural alterations occurring in the kidneys during AKI. By the time these markers exhibit substantial 
deviations, renal function is often already severely compromised, reducing the likelihood of timely intervention and 
potentially missing the optimal window for treatment.14,15 Studies have shown that urinary sediment analysis can aid in 
the diagnosis of AKI severity.16 Microscopic examination of urine in S-AKI patients reveals higher scores, demonstrating 
higher specificity and aiding in the prognosis of AKI.

The renal resistive index (RRI) reflects intrarenal blood flow resistance and is obtained by Doppler ultrasound, which 
measures the peak systolic velocity (PSV) and end diastolic velocity (EDV) within the arcuate or interlobar arteries. The 
RRI is then calculated using the formula RRI = (PSV - EDV) / PSV. An RRI of less than 0.70 is generally considered 
normal, although the normal reference range of RRI may be age-related.17 Currently, it is believed that the normal 
reference range of the mean RRI in healthy individuals is (0.58 ± 0.05) to (0.64 ± 0.04).18 The Renal Resistive Index 
(RRI) has been extensively used for assessing renal perfusion and can predict Acute Kidney Injury (AKI) as well as the 
recovery from AKI in the ICU. In cases of sepsis and acute kidney injury, systemic inflammatory responses and 
inadequate effective circulating blood volume result in the kidneys being more sensitive to vasoconstrictive agents, 
leading to more pronounced renal vasoconstriction compared to peripheral vessels. Consequently, changes in RRI can 
reflect peripheral and renal microcirculation status at an early stage. Studies have shown that RRI may have better 
predictive value for various durations of AKI compared to cystatin C, and when combined with creatinine and SOFA 
scores, RRI’s value in predicting different stages of AKI increases.18,19 In septic shock patients, RRI within the first 
24 hours aids in predicting sepsis-induced AKI, especially when combined with central venous pressure (CVP) 
measurements.20 Furthermore, elevated RRI (RRI value >0.795) has been found to diagnose persistent AKI more 
effectively than urinary biomarkers, indicating that RRI can serve as a marker for renal function recovery in critically 
ill patients.21 Recent meta-analyses confirm the diagnostic performance of RRI in predicting the short-term reversibility 
of AKI, although significant heterogeneity exists among the included studies.22 In a study on fluid resuscitation requiring 
vasoactive drugs in septic shock patients, RRI was found to be indicative of the recovery of mean arterial pressure and 
helpful in hemodynamic management.23

In the clinical context of sepsis, acute kidney injury is a common complication, and timely prediction and proactive 
intervention are crucial. Researchers are striving to identify biomarkers for AKI to guide early sepsis treatment. Doppler 
ultrasound, with its convenience, speed, and repeatability, has been widely used in clinical settings, and its close 
association with AKI is well-recognized. However, early prediction of S-AKI with a single biomarker remains challen
ging. Traditional markers like creatinine, urine output, C-reactive protein, and procalcitonin have their respective 
limitations. Notably, β2-microglobulin (β2-MG) has shown significant advantages in diagnosing AKI. β2-MG is 
a small protein present on the cell membranes of all nucleated cells, including lymphocytes.24 Under normal physiolo
gical conditions, its production and release are stable, approximately 150 to 200 mg daily. In pathological states like 
inflammation or allergic reactions, β2-MG release increases. Normally functioning kidneys filter β2-MG through 
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glomeruli, and about 99% is reabsorbed and metabolized in renal tubules, resulting in minimal urinary excretion.25 Since 
β2-MG metabolism relies heavily on renal function, its process is impaired when kidney function declines. A 50% 
decrease in glomerular filtration rate (GFR) doubles the serum β2-MG level, whereas serum creatinine only increases 
when GFR falls to 70% of normal. Thus, elevated serum β2-MG may indicate glomerular filtration impairment or 
increased filtration load earlier and more prominently than serum creatinine.26,27

We propose investigating the predictive value of combining RRI with β2-MG, an emergency renal injury biomarker, 
for acute kidney injury associated with urosepsis. This approach aims to improve the diagnosis and prognosis assessment 
of urosepsis-related acute kidney injury, providing a theoretical basis for clinical treatment.

Methods
Clinical Data
This study is a prospective observational study. It includes patients with urosepsis who were consecutively admitted to 
the Department of Urology and the Intensive Care Unit (ICU) at Tongji Hospital, affiliated with Tongji University, 
between January 1, 2022, and December 30, 2023. The data were obtained from the hospital’s Case 360 Management 
System.

Inclusion Criteria and Exclusion Criteria
Inclusion Criteria
(1) The patient was hospitalized for more than 24 hours; (2) The patient met the diagnostic criteria for urosepsis; (3) 
Complete clinical data were provided; (4) The patient or their legal representative signed an informed consent form.

Exclusion Criteria
(1) Patients with chronic kidney injury; (2) Patients with specific cardiac diseases affecting hemodynamics; (3) Patients 
with long-term diuretic use; (4) Patients with a recent history of AKI; (5) Patients who have recently used contrast 
agents; (6) Patients with abdominal compartment syndrome; (7) Patients with immune-related diseases; (8) Patients 
undergoing short-term or long-term hemodialysis; (9) Patients who have undergone kidney transplantation; (10) Pregnant 
female patients; (11) Patients under 18 years of age.

Research Methods
All the Enrolled Patients Were Treated According to Relevant Diagnosis and Treatment Standards
The basic information of all patients, such as gender, age, and other relevant clinical data, including vital signs and 
comorbidities, were recorded. Blood parameters measured within 24 hours of admission included hemoglobin, white 
blood cell count, C-reactive protein, neutrophil percentage, procalcitonin (PCT), blood lactate, bilirubin, creatinine, blood 
urea nitrogen, blood glucose, potassium, prothrombin time (PT), activated partial thromboplastin time (APTT), inter
leukin-6, as well as leukocytes, erythrocytes, nitrites in urine, and urine culture results. Upon admission, detailed records 
were made regarding whether the patient received mechanical ventilation, renal replacement therapy, or vasopressor 
treatment. Additionally, the patient’s β2-MG level within 24 hours, urine output during the first 24 hours, APACHE II 
score, and SOFA score were also documented.

Measurement of Renal Artery Resistive Index (RRI)
Within the first 6 hours of patient admission, an intensivist trained in bedside ultrasound performed RRI measurements using 
an ultrasound device equipped with a convex array probe (frequency 2 to 5 MHz). To maintain consistency, the right kidney 
was selected for all measurements. The procedure began by capturing a two-dimensional ultrasound image of the kidney, 
clearly displaying the longitudinal section. Advanced color Doppler technology was then used to accurately identify the 
intrarenal vascular network, and the interlobar or arcuate arteries were selected for RRI measurement (Figure 1). Using 
pulsed Doppler mode, the peak systolic velocity (PSV) and end diastolic velocity (EDV) were measured within a sample 
volume of 2–5 mm, and the RRI was calculated. Each measurement was performed at least three times, with the average 
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value taken as the final result. The RRI was calculated using the formula: Renal Artery Resistive Index = (PSV - EDV) / PSV. 
If any measurement errors occurred, the process was repeated and recalculated.

Statistical Methods
Statistical analyses were conducted using R Studio (integrated with R version 3.6.3). The mean and standard deviation were 
used to describe the central tendency and dispersion of continuous variables that followed or approximately followed 
a normal distribution. To assess differences between groups, independent samples t-tests were performed. For data that did 
not conform to a normal distribution, the median and interquartile range were used to describe the distribution characteristics, 
and non-parametric tests were applied to analyze differences between groups. Continuous variables that showed statistical 
significance in univariate analysis were further analyzed using ROC curve analysis. After determining cut-off values, these 
variables were included in the regression equation, with appropriate reference levels selected for categorical variables. The 
entry method for variables was the enter method, using the odds ratio (OR) as the risk assessment parameter, and 
a multivariate binary logistic regression model was established to identify independent predictors. A nomogram was 
developed for the predictive model, with internal validation conducted through Bootstrap resampling, repeated 1000 
times. The predictive ability of the model was evaluated by plotting ROC curves and calculating the area under the curve 
(AUC). The calibration curve, comparing predicted and actual values, was used to assess the predictive model for AKI risk in 
urosepsis patients. Decision curve analysis (DCA) was employed to evaluate the clinical value of the nomogram by 
analyzing net benefits across different threshold probabilities. Survival analysis was performed using Prism 9 software.

Results
Patient Enrollment and Grouping
A total of 121 urosepsis patients were initially screened for this study. Of these, 1 patient was under 18 years of age, 
10 had a hospital stay of less than 24 hours, 2 had specific cardiac diseases, and 1 had an autoimmune disease. 

Figure 1 Renal structures under ultrasound (A). Grading of the renal artery blood flow (B). Measurement method of systolic and diastolic flow rates (C). Method of 
measurement of normal RRI values (D).
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Ultimately, 108 urosepsis patients were included in the study. Among the enrolled patients, 67 (60.8%) developed 
AKI, while 41 (39.2%) did not. The AKI group was further divided into a deceased group and a survival group 
based on 28-day outcomes (Figure 2).

Baseline Characteristics of No-AKI Group and AKI Group
Statistical analysis revealed no significant differences between the two groups (P > 0.05) in the following aspects: age, 
gender distribution, comorbidities (including hypertension, cancer, diabetes, cerebral infarction, etc)., sources of infection 
(such as urinary stones, benign prostatic hyperplasia, renal abscess, urinary retention, scrotal gangrene, ureterostomy, 
etc)., length of hospital stay, use of vasopressors, systolic and diastolic blood pressure, mean arterial pressure levels, and 
the proportions of patients receiving mechanical ventilation and CRRT. Additionally, there was no statistically significant 
difference in urine output within the first 24 hours between the two groups.

However, significant differences were observed between the two groups in serum creatinine, RRI, PCT, β2-MG, 
APACHE II, and SOFA scores, all of which were statistically significant (P < 0.05). Specifically, the median serum 
creatinine value in the AKI group (132.00) was significantly higher than in the non-AKI group (74.70); the mean RRI in 
the AKI group (0.73) was significantly higher than in the non-AKI group (0.65); the median β2-MG value in the AKI 
group (6.50) was significantly higher than in the non-AKI group (2.10); the median PCT value in the AKI group (29.68) 
was significantly higher than in the non-AKI group (1.20); the mean APACHE II score in the AKI group (19.90) was 
significantly higher than in the non-AKI group (15.24); and the mean SOFA score in the AKI group (9.00) was 
significantly higher than in the non-AKI group (6.00). Additionally, a significant difference was observed in the 28- 
day prognosis between the two groups (Table 1).

Multivariate Logistic Regression Analysis of AKI Patients
To identify risk factors for the development of acute kidney injury (AKI) in patients with urosepsis, we conducted 
a multivariate logistic regression analysis. In this analysis, the occurrence of AKI was set as the dependent variable, and 

Figure 2 Flow chart of patient selection.
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Table 1 Baseline Characteristics of No-AKI Group and AKI Group

No-AKI Group (n=41) AKI Group (n=67) Statistic P

Age, years 67.93±9.24 69.84±9.76 −1.006 0.317
Sex, n (%) 0.011 0.918

Female 21(51.2%) 35(52.2%)

Male 20(48.8%) 32(47.8%)
Source of infection, n (%)

Urinary stones 27(65.9%) 45(67.2%) 0.020 0.888

Benign prostatic hyperplasia 5(12.2%) 4(5.97%) 1.290 0.256
Nephrapostasis 2(4.88%) 2(2.99%) 0.000 0.634

Urine retention 1(2.44%) 4(5.97%) 0.141 0.648
Gangrene of scrotum 1(2.44%) 1(1.49%) 0.000 1.000

Ureterostomy 0(0.00%) 3(4.48%) 0.594 0.441

Other 5(12.2%) 8(11.9%) 0.000 1.000
Combined with underlying diseases, n (%)

Hypertension 21(51.2%) 35(52.2%) 0.011 0.918

Cerebral infarction 4(9.76%) 11(16.4%) 0.944 0.331
Tumour 5(12.2%) 12(17.9%) 0.626 0.429

Diabetes mellitus 11(26.8%) 16(23.9%) 0.118 0.731

CRRT, n (%) 3(7.3%) 8(11.9%) 0.196 0.658
Mechanical ventilation, n (%) 12(29.3%) 22(32.8%) 0.150 0.698

Vasoactive agent, n (%) 12(29.3%) 23(34.3%) 0.297 0.586

Hospitalization days, d 7.00[4.00,10.00] 7.00[5.00,12.50] −1.108 0.268
SOFA 6.00[2.50,7.00] 9.00[7.00,10.00] −4.690 0.001

APACHE II 15.24±4.91 19.90±4.81 −4.839 0.001

SBP, mmHg 125.73±21.06 120.01±20.72 1.383 0.170
DBP, mmHg 67.61±10.34 68.36±8.74 −0.403 0.688

MAP, mmHg 86.90±10.85 86.12±10.34 0.373 0.710

The first 24-h urine volume, mL 1795.0[1200.0,2100.0] 1700.0[1000.0,2300.0] −0.608 0.543
RRI 0.65±0.07 0.73±0.05 −6.627 0.001

β2-MG, mg/L 2.10[1.40,5.20] 6.50[4.50,9.40] −5.030 0.001

uWBC, ul 257.00[28.00,1022.00] 136.00[38.50,610.00] −0.557 0.577
uRBC, ul 92.00[16.00,1620.00] 134.00[29.00,2064.00] −0.336 0.737

HB, g/L 119.39±20.21 113.04±20.03 1.593 0.114

WBC, ×10^9/L 17.20[13.20,30.00] 15.90[11.50,22.70] −1.102 0.271
NEUT, % 87.76±8.26 85.36±16.64 0.860 0.392

PLT, 10^9/L 190.00[150.00,217.00] 160.00[107.00,226.00] −1.804 0.071

CRP, mg/l 138.00[67.30,185.00] 157.00[83.30,233.00] −1.459 0.145
TnI, ng/mL 0.02[0.01,0.08] 0.04[0.01,0.07] −1.415 0.157

GLU, mmol/l 7.32[6.32,9.88] 7.84[5.90,10.68] −0.646 0.518

TBil, umol/l 15.60[11.20,21.30] 17.1[10.90,30.10] −1.067 0.286
BUN, mmol/l 6.60[5.30,10.60] 9.30[7.70,13.10] −1.732 0.083

Scr, umol/l 74.70[59.35,88.25] 132.00[108.40,179.30] −4.688 0.001

K, mmol/L 3.66±0.40 3.62±0.61 0.382 0.703
Lac, mmol/l 2.10[1.60,2.70] 2.30[1.60,3.20] −1.112 0.266

PT, s 12.97±1.81 13.49±1.82 −1.448 0.151

PCT, ng/mL 1.20[0.26,18.17] 13.9[1.27,53.7] −4.137 0.001
IL-6 256.00[97.48, 567.00] 376.00[134.00,1234.00] −1.782 0.075

Urine culture was positive, n% 15(36.6%) 35(52.2%) 2.507 0.113

NIT, n% 13(31.7%) 25(37.3%) 0.351 0.554
28-days death, n% 7(17.1%) 27(40.3%) 5.329 0.021

Abbreviations: AKI, acute kidney injury; SOFA, sequential organ failure; APACHE II, Acute Physiology and Chronic Health Evaluation II; CRRT, 
Continuous Renal Replacement Therapy; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; RRI, Renal Resistive 
Index; β2-MG, β2-microglobulin; uWBC, urinary white blood cell; uRBC, urinary Red blood cell; HB, hemoglobin; WBC, white blood cell; NEUT, 
Neutrophil Granulocyte, PLT, Platelet; CRP, C-reactive protein; TnI, troponin I; GLU, glucose; TBil, total bilirubin; BUN, blood urea nitrogen; Scr, serum 
creatinine; Lac, lactic acid; PT, Prothrombin time; PCT, procalcitonin; IL-6, Interleukin 6; NIT, nitrite;
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the variables found to be significant in the prior univariate analysis were selected as independent variables. These 
variables included RRI, β2-MG, SOFA, APACHE II, PCT, and serum creatinine levels. The multivariate logistic 
regression analysis revealed that RRI, β2-MG, PCT, and serum creatinine levels were independent predictors of AKI 
in urosepsis patients, with all factors showing P-values less than 0.05, indicating significant statistical relevance 
(Table 2).

The Predictive Value of RRI, β2-MG, PCT, SCr, and the Combined Use of RRI and 
β2-MG for AKI Occurrence in Urosepsis
To evaluate the predictive ability of RRI, β2-MG, PCT, serum creatinine, and the combined use of RRI and β2-MG in 
determining the occurrence of AKI in patients with urosepsis, we plotted ROC curves. A larger area under the ROC 
curve (AUC) indicates a stronger predictive capability of the variable in forecasting poor AKI outcomes in urosepsis 
patients. The AUC values for RRI, β2-MG, PCT, and serum creatinine in predicting AKI were 0.771, 0.789, 0.745, and 
0.770, respectively, with all P-values < 0.05. When RRI and β2-MG were combined for AKI prediction, the AUC 
increased to 0.879 (P < 0.05), indicating that the combined use of RRI and β2-MG offers a higher predictive value for 
AKI in urosepsis patients (Table 3 and Figure 3).

Development of a Clinical Prediction Model for AKI in Urosepsis
Based on the results of multivariate logistic regression analysis, RRI, β2-MG, PCT, and serum creatinine were identified 
as independent predictors of AKI in urosepsis patients. These variables were incorporated into a clinical prediction model 
for AKI in urosepsis, and a nomogram was generated. The model’s goodness-of-fit was confirmed by the Hosmer- 
Lemeshow test (χ² = 5.388, P = 0.495 > 0.05), indicating a good fit (Figure 4).

In the provided nomogram, the first row lists the reference values for each variable’s score. For each patient, the 
corresponding score (Points) is assigned based on the specific values of these variables. The total score (Total Points) is 
then calculated by summing these individual scores. In the penultimate row of the chart, a corresponding mapped value 

Table 2 Multivariate Logistic Regression Analysis of AKI Patients

Variables β SE Wald X2 OR 95% CI P

PCT 1.913 0.924 4.284 6.772 1.107–41.441 0.038
β2-MG 2.597 0.846 9.414 13.419 2.555–70.493 0.002

SOFA 0.205 0.885 0.054 1.227 0.216–6.962 0.817

APACHE II 1.207 0.866 1.943 3.342 0.613–18.232 0.163
RRI 1.707 0.803 4.521 5.511 1.143–26.581 0.033

Scr 2.523 0.784 10.35 12.462 2.680–57.947 0.001

Abbreviations: PCT, procalcitonin; β2-MG, β2-microglobulin; SOFA, sequential organ fail
ure; APACHE II, Acute Physiology and Chronic Health Evaluation II; RRI, Renal Resistive 
Index; Scr, serum creatinine;

Table 3 The Predictive Value of RRI, β2-MG, PCT, SCr, and the 
Combined Use of RRI and β2-MG for AKI Occurrence in Urosepsis

Variables AUC SE P 95% CI

PCT 0.745 0.05 0.001 0.652–0.824

Scr 0.770 0.049 0.001 0.679–0.845

β-MG 0.789 0.053 0.001 0.700–0.862
RRI 0.771 0.054 0.001 0.680–0.846

RRI combined with β2-MG 0.879 0.035 0.001 0.802–0.934

Abbreviations: PCT, procalcitonin; β2-MG, β2-microglobulin; RRI, Renal Resistive 
Index; Scr, serum creatinine;
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for the total score can be found. Finally, by matching this mapped value with the probability in the Risk row, the 
likelihood of the patient developing AKI based on their variables can be determined.

Validation of the Clinical Prediction Model for AKI in Urosepsis
ROC curve analysis (Figure 5) demonstrated that the nomogram model had an AUC of 0.949, with a 95% confidence 
interval (CI) of 0.867–1.000. At the optimal cutoff value of 0.148, the sensitivity was 92.5% and the specificity was 
82.9%, indicating that the model possesses strong predictive ability. The model’s C-index was 0.949, with a standard 
deviation (SD) of 0.042, a Z-score of 21.150, and a P-value less than 0.05, confirming the statistical significance of the 
concordance test and the model’s high predictive value.

Calibration curve analysis (Figure 6) revealed that internal validation of the model’s predictive capability was 
conducted using the Bootstrap resampling technique with 1000 iterations. The results showed that the actual curve 
closely aligned with the corrected curve, demonstrating high consistency. Additionally, the fit of the actual model results 
closely matched the expected model results and the bias-corrected outcomes, with the data points uniformly distributed 

Figure 3 ROC curve of RRI, β 2-MG, PCT, Scr, and RRI combined with β 2-MG for the AKI development in urosepsis.

Figure 4 Nomogram of the clinical prediction model for the development of AKI in urosepsis.
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Figure 5 Area under the ROC curve of the clinical prediction model for AKI in urosepsis.

Figure 6 Calibration curve of clinical prediction model for AKI occurrence of urosepsis.
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near the diagonal line. This indicates the model’s high robustness and reliability. The nomogram model shows good 
agreement between the predicted probability and the actual probability of AKI occurrence in urosepsis patients.

Evaluation of the Clinical Decision Curve for Predicting AKI in Urosepsis Patients
To further assess the predictive risk model for AKI in urosepsis patients, we constructed a Decision Curve Analysis (DCA) 
aimed at providing clinicians with a more precise and practical decision-support tool (Figure 7). The DCA results indicate 
that within the threshold probability range of 0.02 to 0.80, utilizing this AKI risk assessment tool significantly enhances net 
benefit compared to intervening in all patients or not intervening at all, thereby optimizing clinical decision-making. The 
predictive risk model demonstrates considerable clinical utility in assessing AKI occurrence in urosepsis patients.

28-Day Survival Analysis of the AKI and No-AKI Groups
This study further analyzed the 28-day survival outcomes of patients with urosepsis. (Figure 8) Among the 67 patients in 
the AKI group, 27 patients died, resulting in a mortality rate of 40.3%. In contrast, in the non-AKI group of 41 patients, 7 

Figure 7 Clinical decision curve (DCA curve for AKI).

Figure 8 28-day survival analysis of the AKI and no-AKI groups.
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patients died, yielding a mortality rate of 17.1%. The difference between the two groups was statistically significant 
(P = 0.02). Kaplan-Meier survival curves were constructed for both groups.

Comparison of Relevant Indicators Between Different Prognosis Groups in Urosepsis 
Patients with AKI
Significant differences were observed between the two prognosis groups regarding RRI, PCT, β2-MG, APACHE II score, SOFA 
score, lactate, IL-6, and PT levels (P < 0.05) (Table 4). The median RRI in the deceased group (0.76) was notably higher than that 
in the survival group (0.72). The median β2-MG level in the survival group (5.40) was significantly lower than that in the 
deceased group (9.50). The median SOFA score in the survival group (8.00) was also significantly lower than that in the deceased 
group (9.00). Additionally, the survival group had a lower median APACHE II score (19.00) compared to the deceased group 
(21.00). Lactate levels were lower in the survival group (median 2.10) compared to the deceased group (median 3.10). The 
median PT in the deceased group (14.8) was higher than that in the survival group (13.20). Similarly, the median PCT level in the 
deceased group (31.80) exceeded that in the survival group (6.93), and the median IL-6 level in the deceased group (1009.00) was 
substantially higher than in the survival group (251.00).

Multivariate Logistic Regression Analysis of Prognostic Factors Affecting AKI 
Outcomes in Urosepsis Patients
To further explore the risk factors influencing the prognosis of urosepsis patients who develop AKI, we conducted 
a multivariate logistic regression analysis (Table 5). In this analysis, patient mortality, an essential indicator of prognosis, 
was used as the dependent variable. The independent variables were selected from those that had shown statistical 
significance in the univariate analysis, including RRI, PCT, β2-MG, APACHE II score, SOFA score, lactate levels, IL-6, 
and PT. These variables have been identified as closely related to the occurrence and prognosis of AKI in urosepsis 
patients. The multivariate logistic regression analysis aimed to understand the relationships between these independent 
variables and the dependent variable, determining which factors significantly impact patient prognosis. The results 
indicated that RRI, β2-MG, PCT, and APACHE II score are independent predictors of AKI outcomes in urosepsis 
patients, with all P-values being less than 0.05.

Table 4 Comparison of Correlation Indicators Between Different Outcomes of AKI in Urosepsis

Variables Death Group (n=27) Survival Group (n=40) Statistic P

Age, years 74.0[65.0,78.0] 70.0[62.8,72.0] 2.948 0.105

Sex, n (%) 1.687 0.194
Female 11(40.7%) 24(60.0%)

Male 16(59.3% 16(40.0%)

Urine culture was positive, n% 12(44.4%) 23(57.5%) 0.640 0.424
NIT, n% 10(37.0%) 14(35.0%) 0.000 1

RRI 0.76[0.74,0.79] 0.72[0.70,0.74] 2.524 <0.001

β2-MG, mg/L 9.50[5.92,9.85] 5.40[4.30,6.90] 2.683 <0.001
SOFA 9.00[8.00,10.0] 8.00[6.00,9.00] 1.702 0.012

APACHE II 21.0[19.0,25.0] 19.0[15.0,23.0] 1.833 0.03

uWBC, ul 129[11.5,314] 167[57.0,837] 4.423 0.162
uRBC, ul 105[38.0,2064] 136[14.2,1696] 3.514 0.645

HB, g/L 114±23.3 112±17.8 0.267 0.791

WBC, ×10^9/L 14.5[10.1,23.7] 17.3[12.5,21.9] 4.157 0.392
NE, % 90.0[84.1,91.7] 90.3[85.5,93.5] 4.195 0.351

PLT, 10^9/L 172[118,214] 150[105,246] 3.695 0.929

CRP, mg/l 157[100,255] 162[79.9,228] 3.276 0.344
TnI, ng/mL 0.04[0.020.10] 0.03[0.01,0.06] 2.970 0.116

GLU, mmol/l 9.36[6.01,11.0] 7.39[5.89,10.1] 3.133 0.215

(Continued)
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Predictive Value of RRI, β2-MG, PCT, APACHE II Score, and Combined RRI and 
β2-MG for Prognosis in Urosepsis-Associated AKI
To evaluate the predictive value of RRI, β2-MG, PCT, APACHE II score, and the combination of RRI and β2-MG for 
adverse outcomes in urosepsis patients with AKI, ROC curves were plotted with these five variables as predictors and 
adverse prognosis post-AKI as the outcome variable. The areas under the ROC curves (AUC) for each variable were 
compared to assess their predictive performance. The AUC values for RRI, β2-MG, APACHE II score, and PCT alone in 
predicting AKI were 0.802, 0.782, 0.656, and 0.671, respectively, all with P-values less than 0.05. When combined, RRI 
and β2-MG yielded an AUC of 0.811 for predicting adverse outcomes in AKI, with a P-value less than 0.05, indicating 
that the combination of RRI and β2-MG has a higher predictive value for adverse prognosis in urosepsis-associated AKI 
(Table 6 and Figure 9).

Discussion
Urosepsis is a life-threatening condition characterized by organ dysfunction resulting from a dysregulated host response 
to an infection originating from the urinary tract or male genital organs.28 It constitutes 9% to 31% of all sepsis cases, 
with many patients presenting with additional high-risk factors such as urinary stones, obstruction, or history of 
endoscopic procedures.29 The most common pathogen causing urosepsis is Escherichia coli, though other pathogens 
such as Proteus species, Enterobacter species, and Gram-positive bacteria are also prevalent. Common conditions 
associated with urosepsis include urinary stones and structural or functional abnormalities of the urogenital tract, such 
as benign prostatic hyperplasia and neurogenic bladder. Prolonged indwelling catheters are also significant risk factors 

Table 4 (Continued). 

Variables Death Group (n=27) Survival Group (n=40) Statistic P

TBil, umol/l 20.2[16.8,34.4] 18.2[8.47,21.5] 2.524 0.113

BUN, mmol/l 10.2[7.90,23.0] 9.40[7.85,13.6] 3.201 0.272
Scr, umol/l 144[108,226] 131[110,150] 3.267 0.334

K, mmol/L 3.53±0.46 3.69±0.69 −1.156 0.252

Lac, mmol/l 3.10[1.90,4.20] 2.10[1.50,2.82] 2.724 0.038
PT, s 14.8[13.5,15.8] 13.2[12.0,14.2] 2.277 0.003

PCT, ng/mL 31.8[6.25,98.0] 6.93[0.43,30.8] 2.439 0.008

IL-6 1009[245,1290] 251[113,1234] 2.764 0.046

Abbreviations: AKI, acute kidney injury; SOFA, sequential organ failure; APACHE II, Acute Physiology and Chronic Health 
Evaluation II; RRI, Renal Resistive Index; β2-MG, β2-microglobulin; uWBC, urinary white blood cell; uRBC, urinary Red blood cell; 
HB, hemoglobin; WBC, white blood cell; NEUT, Neutrophil Granulocyte, PLT, Platelet; CRP, C-reactive protein; TnI, troponin I; 
GLU, glucose; TBil, total bilirubin; BUN, blood urea nitrogen; Scr, serum creatinine; PCT, procalcitonin; IL-6, Interleukin 6.

Table 5 Multivariate Logistic Regression Analysis Affecting the 
Outcome of AKI in Urosepsis

Variables β SE Wald X2 OR 95% CI P

RRI −16.049 7.788 4.247 0.001 0.000–0.456 0.039

β2-MG −0.412 0.147 7.902 0.662 0.497–0.883 0.005

SOFA 0.071 0.168 0.176 1.073 0.772–1.492 0.675
APACHE II −0.250 0.114 4.800 0.779 0.623–0.974 0.028

Lac 0.008 0.026 0.084 1.008 0.957–1.061 0.772

PCT −0.022 0.011 4.023 0.978 0.957–0.999 0.045
IL-6 −0.001 0.001 2.253 0.999 0.998–1.000 0.133

PT −0.350 0.200 3.056 0.705 0.476–1.043 0.080

Abbreviations: PCT, procalcitonin; β2-MG, β2-microglobulin; SOFA, sequential organ fail
ure; APACHE II, Acute Physiology and Chronic Health Evaluation II; RRI, Renal Resistive 
Index; Scr, serum creatinine; Lac, lactic acid; IL-6, Interleukin 6; PT, Prothrombin time.
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for infection, which leads to a higher incidence and mortality.30 Urosepsis is more severe than simple urinary tract 
infections, necessitating early diagnosis and prompt treatment to prevent progression to septic shock and multiple organ 
dysfunction.31 Sepsis and AKI have a bidirectional relationship, with sepsis being a leading cause of AKI in intensive 
care units (ICU). AKI in sepsis is associated with poorer outcomes, longer hospital stays, and higher mortality rates.32 

Increasing evidence suggests that sepsis is a key precipitating factor for AKI, with a higher risk of infection or sepsis 
following AKI. Some researchers propose that AKI should be considered an early sign of sepsis.33

Currently, the clinical diagnosis of AKI largely relies on urine output and serum creatinine levels, which have certain 
limitations and can lead to delays in diagnosis. Early identification of sepsis-associated AKI (S-AKI) remains challenging 
for clinicians, highlighting the need for early identification systems to improve early diagnosis rates and predict adverse 
outcomes. This study primarily investigates the predictive value of the renal resistive index (RRI) combined with 
β2-microglobulin (β2-MG) for emergency renal injury associated with urosepsis. Additionally, it constructs and validates 
a clinical prediction model using RRI and β2-MG as key risk factors.

The study results indicate that RRI, β2-MG, PCT, and serum creatinine levels are independent risk factors for AKI in 
urosepsis patients. Furthermore, RRI, β2-MG, PCT, and APACHE II scores are identified as independent risk factors for 
poor prognosis following AKI in urosepsis. Analysis reveals that the combined use of RRI and β2-MG exhibits superior 
predictive capability for AKI compared to individual indicators. The combination also shows a higher predictive value 
for adverse outcomes following AKI. Based on these findings, a clinical prediction model for AKI in urosepsis patients 

Table 6 Predictive Value of RRI, β 2-MG, PCT, APACHE II Score, 
and RRI Combined with β 2-MG for AKI Outcome in Urosepsis

Variables AUC SE P 95% CI

RRI 0.802 0.067 0.001 0.670–0.934

β2-MG 0.782 0.066 0.001 0.654–0.911

APACHE II 0.656 0.066 0.031 0.527–0.786
PCT 0.671 0.066 0.018 0.541–0.802

RRI combined with β2-MG 0.811 0.053 0.000 0.707–0.916

Abbreviations: PCT, procalcitonin; β2-MG, β2-microglobulin; RRI, Renal Resistive 
Index; APACHE II, Acute Physiology and Chronic Health Evaluation II.

Figure 9 ROC curve analysis of RRI, β2-MG, PCT, APACHE II score, and RRI combined with β2-MG to affect the outcome of AKI in urosepsis.
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was developed. This model demonstrates high discrimination and calibration, indicating its substantial clinical applic
ability and potential for use in practice.

In this study, 108 patients were included and categorized into AKI and non-AKI groups. Univariate analysis of 
baseline data and test results showed that over 60% of patients in both groups had urinary stones, consistent with 
previous literature indicating that urinary obstruction is a primary cause of urosepsis.34 Due to anatomical features of the 
urinary tract, stones can cause obstruction and hydronephrosis, creating conditions conducive to bacterial biofilm 
formation and subsequent infection. Additionally, the use of irrigation fluids during stone-related procedures 
(eg, ureteroscopy and percutaneous nephrolithotomy) can increase renal pelvic pressure and exacerbate infection, leading 
to sepsis.35 In this study, the rates of positive urine cultures were 52.2% in the AKI group and 36.6% in the non-AKI 
group. The relatively low positivity rates may be due to the choice of culture media and early use of antibiotics. 
Therefore, negative cultures do not completely rule out urinary infections, and positive cultures alone cannot predict poor 
prognosis.36

Among the included urosepsis patients, high SOFA and APACHE II scores were observed, consistent with the 
diagnosis of sepsis. Relevant studies37,38 also indicate that SOFA and APACHE II scores are valuable for diagnosing and 
predicting sepsis outcomes. Multivariate logistic regression analysis identified APACHE II score as an independent 
predictor of poor prognosis in urosepsis with AKI. The APACHE II score, developed by Knaus et al, ranges from 0 to 71 
and includes age, comorbid conditions, and acute physiological parameters. It has demonstrated good calibration and 
discrimination across various disease processes and remains widely used in ICU prognosis assessment.39

While there is substantial research on the predictive value of sepsis and AKI, studies specifically on urosepsis- 
associated AKI are less common, and few include ultrasonographic indicators. Bedside ultrasound technology is widely 
used for assessing renal function in hospitalized patients due to its non-invasive, safe, convenient, and repeatable nature. 
This study innovatively incorporates RRI into the predictive analysis of urosepsis-related AKI and constructs a prediction 
model. The findings indicate significant differences in RRI between AKI and non-AKI groups, consistent with numerous 
clinical studies.40–42 Notably, a study on 107 patients with septic shock also found that survivors had significantly lower 
RRI values than non-survivors, highlighting RRI’s high predictive value for acute kidney injury in sepsis. This finding 
corroborates the importance and accuracy of RRI in predicting AKI in urosepsis. Routine circulatory monitoring focuses 
primarily on systemic circulation, while ultrasound-measured RRI can assess renal microcirculation changes. When 
effective circulatory blood volume is insufficient, peripheral vessels constrict compensatorily, and renal vessels, having 
a higher density of vasoconstrictor receptors, show more pronounced constriction, leading to increased renal vascular 
resistance. Thus, changes in RRI reflect peripheral and renal perfusion status, with elevated RRI often indicating 
inadequate renal perfusion.43 During urosepsis with AKI, inflammatory factors are released, causing hemodynamic 
changes and altering renal microcirculation, resulting in increased vascular pressure and elevated RRI levels. Renal 
vascular constriction is considered an early sign of AKI, with RRI reflecting not only the resistance of the renal artery 
trunk but also changes in the flow curves of arcuate or interlobar arteries, including the relationship between systolic peak 
and end-diastolic flow velocity.44 Elevated renal vascular resistance is closely related to hemodynamic parameters such 
as systolic and diastolic blood pressure, pulse pressure, and pulse wave velocity, reflecting renal artery stiffness and 
serving as a key method for monitoring renal vascular conditions.45

β2-MG is a small protein in the blood that is freely filtered by the glomeruli, with only a small amount excreted in the 
urine. Under normal conditions, β2-MG levels in the blood and urine remain relatively stable Recent studies46 have 
shown that increased blood β2-MG is associated with decreased glomerular filtration rate (GFR). Therefore, β2-MG is 
a good marker for reflecting glomerular filtration function and is widely used in diagnosing AKI in diseases such as 
diabetes and primary hypertension. When GFR drops to 50% of normal, blood β2-MG levels increase by a factor of two, 
whereas serum creatinine levels only rise when GFR decreases to 70% of normal. β2-MG levels increase earlier and 
more significantly than creatinine and are less affected by dietary factors. Thus, measuring blood β2-MG provides 
a better representation of glomerular filtration function. This study found that β2-MG has good predictive capability for 
AKI in urosepsis, aligning with the mechanisms of AKI. The combination of RRI and β2-MG captures both macro-level 
renal perfusion reduction and micro-level pathophysiological changes during AKI, explaining the higher predictive value 
of their combined use. Although serum creatinine is the gold standard for diagnosing AKI, it is not an ideal biomarker 
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due to its sensitivity to non-renal factors such as age, sex, muscle mass, fluid balance, and medications affecting tubular 
secretion. Additionally, creatinine levels rise with a delay, only increasing after significant glomerular damage.47 The 
combined diagnostic prediction using the model in this study enhances the clinical value of serum creatinine and 
addresses its limitations to some extent. PCT is a recognized biomarker for diagnosing infections and guiding antibiotic 
treatment, with rapid increases in levels within the first 3–4 hours of infection or inflammation, peaking in 6–12 hours, 
and decreasing to normal levels within 5 days.48 It has been proposed for predicting AKI in clinical settings,49 but its 
predictive capability may be weakened due to the greater impact of infection on PCT levels compared to AKI. By 
comparing the diagnostic limitations of creatinine, PCT, and urine output, the study highlights the diagnostic value of 
β2-MG for urosepsis with AKI, and the combined use of RRI and β2-MG offers higher predictive value for diagnosis and 
prognosis, reflecting organ and systemic changes during disease onset. This provides a basis for better clinical guidance 
and reduced mortality rates in the future. To effectively apply our prediction model in clinical practice, it is essential to 
integrate it into electronic health record (EHR) systems for real-time risk assessment. Automated alerts based on key 
predictors, such as RRI and β2-microglobulin, could prompt early intervention. Training healthcare staff on how to 
interpret the nomogram and incorporate it into decision-making processes is equally important. Given that this study is 
based on single-center data, external validation through multi-center studies will be crucial to ensure the model’s 
reliability and generalizability. Collaboration across institutions can further enhance the model by promoting data sharing 
and continuous improvement. Additionally, monitoring the model’s performance and refining it with updated clinical data 
will ensure long-term effectiveness. This prediction model holds significant potential for early AKI detection, providing 
clinicians with actionable insights to improve patient outcomes, especially in cases of urosepsis.

This study has certain limitations: 1) It is a single-center study with a limited sample size, which may introduce 
selection bias. Subsequent research should involve multi-center collaborations and larger sample sizes to further explore 
the validity and generalizability of the results. 2) Although thorough internal validation was performed, additional 
external validation with a larger sample size is needed to enhance the evidence base for the predictive model.

Conclusion
In conclusion, this study identifies elevated levels of RRI, β2-MG, PCT, and Scr as independent predictors for the onset 
of AKI in urosepsis patients. Furthermore, RRI, β2-MG, PCT, and APACHE II scores are demonstrated to be 
independent indicators of poor prognosis in patients with urosepsis-induced AKI. Notably, the combined predictive 
value of RRI and β2-MG surpasses that of individual predictors. The nomogram incorporating RRI, β2-MG, PCT, and 
Scr exhibits high predictive value, with strong discrimination and calibration, highlighting its potential clinical applic
ability and efficiency in predicting AKI in urosepsis patients.
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