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Objective: This study aims to utilize clinical data from patients with acute pancreatitis (AP) recorded in the MIMIC-IV database to analyze the risk factors associated with acute kidney injury (AKI) and to develop a nomogram prediction model.

Methods: This study included clinical data from 754 patients diagnosed with AP sourced from the MIMIC-IV database. They were randomly divided into a training set and an internal validation set. Another 202 patients from the First Affiliated Hospital of Xi’an Jiaotong University were used as an external validation set. Univariate and multivariate logistic regression analyses were conducted to identify the independent influencing factors associated with AKI in these patients. A nomogram model was developed to predict the incidence of AKI, and its performance was evaluated using the area under the receiver operating characteristic curve (AUC), calibration curve, and decision curve analysis (DCA).

Results: Six independent risk factors were identified as predictors of AKI incidence in patients with AP and utilized to construct the nomogram model. The AUC values for the training set, internal validation set, and external validation set were 0.770 (95% CI, 0.719–0.821), 0.755 (95% CI, 0.676–0.834), and 0.628 (95% CI, 0.551–0.706), respectively. Furthermore, the calibration curve indicates that the predicted outcomes align well with the actual observations. Finally, the DCA demonstrates that the nomogram model possesses significant clinical applicability.

Conclusion: The nomogram developed in this study for predicting the incidence of AKI in patients with AP demonstrates strong predictive value and clinical applicability, thereby offering clinicians a more accurate and practical tool for prediction.
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1 Introduction

Acute pancreatitis (AP) is a prevalent condition characterized by acute abdominal pain within the digestive system. It arises from the abnormal activation of pancreatic enzymes, which can lead to autodigestion of the pancreas and surrounding organs (1). The condition is primarily marked by a localized inflammatory response in the pancreas, potentially resulting in organ damage. In recent years, the incidence of AP has been increasing (2). According to the revised Atlanta classification (RAC), AP is categorized into mild acute pancreatitis (MAP), moderately severe acute pancreatitis (MSAP), and severe acute pancreatitis (SAP) (3). Notably, SAP comprises 5 to 10% of all cases.

Acute kidney injury (AKI) is a common complication associated with AP, with an incidence rate of 10–42% (4). The mortality rate for patients with AP complicated by AKI can be as high as 80% (5). And research indicates that the AKI increases the mortality rate of patients with AP by approximately threefold (6). Patients with AP complicated by AKI have a higher mortality rate, longer hospital stays, and greater hospitalization costs compared to those without AKI (7, 8). Furthermore, among AP patients with concomitant AKI, the survival rates in the surgical intensive care unit and during hospitalization are only 23 and 21% of the rates in AP patients without AKI (9). Therefore, the early and accurate identification of AP complicated by AKI, along with timely intervention measures, is crucial for improving the prognosis of the disease.

Several previous studies have investigated the factors contributing to AKI in patients with AP and have developed predictive models (10–12). However, these studies are characterized by small sample sizes and limited accuracy in their predictive models. Consequently, in clinical practice, the early and accurate diagnosis of AKI in patients with AP continues to pose significant challenges.

This study aimed to identify the risk factors associated with AP concurrent with AKI using a large database. Furthermore, we developed and validated a predictive nomogram model, which is intended to assist clinicians in the early identification of high-risk groups.



2 Materials and methods


2.1 Data sources

The study data of training set and internal validation set were derived from MIMIC-IV (version 2.2), a large, single-center open critical care database. This database encompasses records of 73,181 patients who were admitted to various intensive care units at Beth Israel Deaconess Medical Center in Boston, Massachusetts, between 2008 and 2019 (13). It contains comprehensive patient records, including demographic indicators, vital sign readings, laboratory results, imaging findings, surgical procedures, medication records, and patient survival status. Additionally, the database includes International Classification of Diseases (ICD-9 and ICD-10) codes, which provide a standardized framework for systematic classification.

The Institutional Review Boards of Beth Israel Deaconess Medical Center and the Massachusetts Institute of Technology approved the utilization of data from the MIMIC-IV database. Informed consent was not necessarily due to the confidential nature of the data. To gain access to the database, we initially completed the mandated online courses and an examination (Record ID: 60630337).

A total of 202 patient records were utilized as the external validation set, sourced from the surgical ICU of the First Affiliated Hospital of Xi’an Jiaotong University. And informed consent was obtained from each patient included in the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008).



2.2 Patients and data variables

Data were extracted using Structured Query Language (SQL) programming in PostgreSQL (version 14.0). The SQL script used to extract patient information was obtained from the GitHub repository1 (14). Utilizing the International Classification of Diseases (ICD), Ninth Revision (ICD-9, code 577.0), and Tenth Revision (ICD-10, code K85%), we identified patients diagnosed with AP from the MIMIC-IV 2.2 database. Following the identification of eligible patients, we extracted information including demographic data, past medical history, laboratory indicators, interventions, disease severity scores, and survival status. Laboratory parameters were recorded as the first values within the first 24 h after ICU admission, while interventions and disease severity scores were assessed within the same 24-h period.

The assessment of AKI grade is conducted in accordance with the 2012 version of the Kidney Disease Improving Global Outcomes (KDIGO) guidelines (15). The diagnostic criteria were as follows: an increase in serum creatinine (SCr) levels by ≥26.5 μmol/L (0.3 mg/dL) within a 48 h period; an increase in SCr values by ≥50% compared to the baseline value (resulting in a 1.5-fold increase); or a urinary output less than 0.5 mL/kg/h for more than 6 h. Baseline SCr was defined as the lowest value of SCr recorded during prior physical examinations or the SCr measurement obtained 24 h prior to admission.

Inclusion criteria for this study were as follows: (1) patients aged 18 years or older; (2) adherence to the 2012 Atlanta criteria for AP (3); (3) diagnosis of AKI based on the Kidney Disease Improving Global Outcomes (KDIGO) guidelines; and (4) completeness of clinical data. Exclusion criteria included: (1) an intensive care unit (ICU) stay of less than 24 h; (2) serum creatinine measurements taken fewer than two times; (3) patients diagnosed with chronic pancreatitis or pancreatic tumors; (4) patients with pancreatic trauma; (5) pregnant patients; and (6) patients with a history of renal insufficiency. For individuals with multiple ICU admissions, data were collected solely from the first admission.



2.3 Development and validation of the nomogram model

The MIMIC database exhibits a significant amount of missing data. In this study, variables with missing values exceeding the 20% threshold were deliberately excluded. Appendix 1 provides a comprehensive overview of the variables and their corresponding proportions of missing values. The trimming method was employed to handle outliers, while multiple imputation techniques were utilized to fill in the missing data (16).

A total of 754 patients were included in the MIMIC database, which were randomly divided into a training set (n = 527) and an internal validation set (n = 227) in a 7:3 ratio. Additionally, 202 patients from our institution were included as an external validation set. Subsequently, a nomogram was established based on the training set and underwent both internal and external validation in the validation cohort. The screening process is illustrated in Figure 1.
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FIGURE 1
 Patients’ inclusion and exclusion flow chart. (A) MIMIC database patient screening flow chart; (B) The flow chart of patient screening in our hospital.




2.4 Statistical analysis

In this study, Excel 2019 was utilized for data organization, while SPSS 22.0 and R 4.1.1 were employed for statistical analysis. Logistic regression analysis was conducted to identify the independent factors influencing AP complicated by AKI. The odds ratio (OR) and corresponding 95% confidence interval (CI) for each variable were calculated. A p-value of less than 0.05 was deemed statistically significant.

R software version 4.1.1 was employed for simple random sampling, resulting in the random allocation of patients into training and validation sets. In this study, the ‘rms’, ‘pROC’, and ‘foreign’ software packages were utilized to construct a nomogram, while generating the receiver operating characteristic (ROC) curve to evaluate the discriminative ability of the model. The ‘rms’ package was employed to draw calibration curves to assess the calibration of the model; decision curve analysis (DCA) was conducted using the ‘rmda’ and ‘ggplot2’ package to evaluate its clinical utility. The Bootstrap method, with self-sampling set to B = 1,000, was applied for both internal and external validation in the training and validation sets, respectively. The area under the ROC curve (AUC) was used to evaluate the predictive value of the nomogram, with a minimum value of 0.5 and a maximum value of 1.0; a larger AUC indicates a higher predictive value.




3 Results


3.1 Patient characteristics

This study included a total of 956 patients who met the inclusion and exclusion criteria. There were three cohorts, including training set (n = 527), internal validation set (n = 227), and external validation set (n = 202). Among the participants, 580 (60.67%) were male, with an average age of 57.29 years. The patients were categorized into two groups based on the development of AKI within 7 days of admission to the ICU: the AKI group and the non-AKI group. The overall incidence of AKI was 77.09% (737/956). Within this cohort, 129 patients (13.49%) were classified as stage 1 AKI, 280 patients (29.29%) as stage 2, and 328 patients (34.31%) as stage 3. The characteristics of the training and validation sets are presented in Table 1. The analysis of the differences between the variables of the included training set and the external validation set is shown in Appendix 2.


TABLE 1 Baseline characteristics of the training and validation sets.


	Variables
	Total (n = 956)
	Training set (n = 527)
	Internal validation set (n = 227)
	External validation set (n = 202)

 

 	Age (years) 	57.29 ± 17.56 	59.35 ± 17.19 	59.55 ± 18.23 	49.35 ± 15.43


 	Male, n (%) 	580 (60.67) 	308 (58.44) 	141 (62.11) 	131 (64.85)


 	Hyperlipidemia, n (%) 	316 (33.05) 	163 (30.93) 	59 (25.99) 	94 (46.53)


 	Hypertension, n (%) 	424 (44.35) 	248 (47.06) 	103 (45.37) 	73 (36.14)


 	Diabetes, n (%) 	284 (29.71) 	168 (31.88) 	72 (31.72) 	44 (21.78)


 	Obesity, n (%) 	156 (16.32) 	65 (12.33) 	36 (15.86) 	55 (27.23)


 	Smoking, n (%) 	160 (16.74) 	70 (13.28) 	28 (12.33) 	62 (30.69)


 	Drinking, n (%) 	142 (14.85) 	63 (11.95) 	33 (14.54) 	46 (22.77)


 	Antibiotics, n (%) 	842 (88.08) 	455 (86.34) 	197 (86.78) 	190 (94.06)


 	Vasoactive drugs, n 	803 (84.00) 	493 (93.55) 	216 (95.15) 	94 (46.53)


 	CKD, n (%) 	135 (14.12) 	87 (16.51) 	39 (17.18) 	9 (4.46)


 	SIRS, n (%) 	584 (61.09) 	399 (75.71) 	168 (74.01) 	17 (8.42)


 	Sepsis, n (%) 	546 (57.11) 	351 (66.60) 	164 (72.25) 	31 (15.35)


 	ACS, n (%) 	46 (4.81) 	18 (3.42) 	6 (2.64) 	22 (10.89)


 	Shock, n (%) 	276 (28.87) 	174 (33.02) 	70 (30.84) 	32 (15.84)


 	Ventilation, n (%) 	492 (51.46) 	270 (51.23) 	107 (47.14) 	115 (56.93)


 	RRT, n (%) 	187 (19.56) 	79 (14.99) 	36 (15.86) 	72 (35.64)


 	SOFA score 	2.47 ± 2.99 	2.00 ± 2.40 	2.06 ± 2.75 	4.16 ± 3.90


 	CCI score 	3.39 ± 2.78 	3.89 ± 2.76 	4.11 ± 2.88 	1.26 ± 1.31


 	WBC (x109/L) 	13.86 ± 7.90 	13.67 ± 7.86 	14.75 ± 8.73 	13.34 ± 6.92


 	HCT (%) 	34.66 ± 7.97 	34.16 ± 7.31 	34.01 ± 7.47 	36.66 ± 9.71


 	PLT (x109/L) 	208.08 ± 124.97 	215.67 ± 131.35 	216.09 ± 132.41 	179.29 ± 91.03


 	Blood glucose (mg/dL) 	172.31 ± 169.80 	160.61 ± 118.75 	161.86 ± 126.97 	214.59 ± 282.26


 	Total bilirubin (mg/dL) 	2.64 ± 4.63 	2.45 ± 4.05 	3.22 ± 6.63 	2.48 ± 3.01


 	PT(s) 	16.57 ± 9.42 	16.91 ± 11.27 	16.22 ± 7.34 	16.10 ± 5.30


 	APTT(s) 	36.37 ± 17.36 	35.82 ± 20.02 	34.17 ± 12.73 	40.28 ± 13.42


 	SCr (mg/dL) 	1.74 ± 1.83 	1.73 ± 1.85 	1.73 ± 1.88 	1.80 ± 1.74


 	BUN (mg/dL) 	30.62 ± 26.27 	30.33 ± 27.55 	27.84 ± 23.67 	34.51 ± 25.29


 	Calcium (mg/dL) 	7.87 ± 1.27 	7.90 ± 1.12 	7.91 ± 1.08 	7.74 ± 1.76


 	Sodium (mmol/L) 	138.11 ± 6.07 	138.35 ± 6.25 	137.83 ± 5.27 	137.78 ± 6.41


 	Potassium (mmol/L) 	4.19 ± 0.83 	4.17 ± 0.87 	4.23 ± 0.86 	4.18 ± 0.71


 	Chlorine (mmol/L) 	103.45 ± 7.34 	104.24 ± 7.87 	103.55 ± 6.43 	101.25 ± 6.39


 	Length of ICU (days) 	8.42 ± 11.60 	7.53 ± 10.85 	6.62 ± 7.98 	12.74 ± 15.34


 	Length of hospital 	18.70 ± 19.08 	18.22 ± 19.05 	19.28 ± 19.13 	21.61 ± 22.62


 	AKI stage, n (%)


 	0 	219 (22.91) 	91 (17.27) 	47 (20.70) 	81 (40.10)


 	1 	129 (13.49) 	76 (14.42) 	24 (10.57) 	29 (14.36)


 	2 	280 (29.29) 	172 (32.64) 	75 (33.04) 	33 (16.34)


 	3 	328 (34.31) 	188 (35.67) 	81 (35.68) 	59 (29.21)





ACS, abdominal compartment syndrome; CKD, chronic kidney disease; RRT, renal replacement therapy; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index.
 

The clinical data of patients in the AKI group were compared with those of patients in the non-AKI group. The results indicated that, in comparison to the non-AKI group, patients in the AKI group were older and experienced longer hospital stays. Furthermore, patients in the AKI group had a greater prevalence of hyperlipidemia, sepsis, systemic inflammatory response syndrome (SIRS), and shock, along with elevated Sequential Organ Failure Assessment (SOFA) and Charlson Comorbidity Index (CCI) scores, as well as increased blood urea nitrogen (BUN) levels. Additionally, patients in the AKI group were more likely to require mechanical ventilation and renal replacement therapy, utilize antibiotic medications, and experience a longer length of stay in the ICU compared to their non-AKI counterparts. The differences between the AKI and non-AKI groups were statistically significant (p < 0.05; Table 2).


TABLE 2 A comparison of the baseline characteristics between the AKI and non-AKI groups.


	Variables
	Training set (n = 527)
	Non-AKI group (n = 91)
	AKI group (n = 436)
	Statistics
	p

 

 	Age (years) 	59.35 ± 17.19 	55.21 ± 17.43 	60.22 ± 17.03 	t = −2.54 	0.011


 	Male, n (%) 	308 (58.44) 	51 (56.04) 	257 (58.94) 	χ2 = 0.26 	0.61


 	Hyperlipidemia, n (%) 	163 (30.93) 	20 (21.98) 	143 (32.80) 	χ2 = 4.13 	0.042


 	Hypertension, n (%) 	248 (47.06) 	45 (49.45) 	203 (46.56) 	χ2 = 0.25 	0.615


 	Diabetes, n (%) 	168 (31.88) 	25 (27.47) 	143 (32.80) 	χ2 = 0.98 	0.321


 	Obesity, n (%) 	65 (12.33) 	8 (8.79) 	57 (13.07) 	χ2 = 1.28 	0.258


 	Smoking, n (%) 	70 (13.28) 	20 (21.98) 	50 (11.47) 	χ2 = 7.22 	0.007


 	Drinking, n (%) 	63 (11.95) 	14 (15.38) 	49 (11.24) 	χ2 = 1.23 	0.267


 	Antibiotics, n (%) 	455 (86.34) 	68 (74.73) 	387 (88.76) 	χ2 = 12.57 	<0.001


 	Vasoactive drugs 	493 (93.55) 	83 (91.21) 	410 (94.04) 	χ2 = 1.00 	0.318


 	CKD, n (%) 	87 (16.51) 	6 (6.59) 	81 (18.58) 	χ2 = 7.85 	0.005


 	SIRS, n (%) 	399 (75.71) 	59 (64.84) 	340 (77.98) 	χ2 = 7.08 	0.008


 	Sepsis, n (%) 	351 (66.60) 	43 (47.25) 	308 (70.64) 	χ2 = 18.52 	<0.001


 	ACS, n (%) 	18 (3.42) 	0 (0.00) 	18 (4.13) 	χ2 = 2.74 	0.098


 	Shock, n (%) 	174 (33.02) 	9 (9.89) 	165 (37.84) 	χ2 = 26.60 	<0.001


 	Ventilation, n (%) 	270 (51.23) 	27 (29.67) 	243 (55.73) 	χ2 = 20.47 	<0.001


 	RRT, n (%) 	79 (14.99) 	0 (0.00) 	79 (18.12) 	χ2 = 19.40 	<0.001


 	SOFA score 	2.00 ± 2.40 	1.25 ± 1.90 	2.15 ± 2.46 	t = −3.88 	<0.001


 	CCI score 	3.89 ± 2.76 	2.96 ± 2.52 	4.09 ± 2.77 	t = −3.60 	<0.001


 	WBC (x109/L) 	13.67 ± 7.86 	12.67 ± 5.82 	13.88 ± 8.21 	t = −1.66 	0.098


 	HCT (%) 	34.16 ± 7.31 	33.91 ± 5.14 	34.22 ± 7.70 	t = −0.48 	0.632


 	PLT (x109/L) 	215.67 ± 131.35 	212.59 ± 130.81 	216.31 ± 131.60 	t = −0.25 	0.806


 	Blood glucose (mg/dL) 	160.61 ± 118.75 	150.24 ± 86.40 	162.77 ± 124.42 	t = −0.92 	0.36


 	Total bilirubin (mg/dL) 	2.45 ± 4.05 	1.86 ± 2.05 	2.57 ± 4.34 	t = −1.53 	0.126


 	PT(s) 	16.91 ± 11.27 	13.98 ± 5.83 	17.52 ± 12.01 	t = −2.74 	0.006


 	APTT(s) 	35.82 ± 20.02 	32.49 ± 10.04 	36.52 ± 21.47 	t = −1.75 	0.081


 	SCr (mg/dL) 	1.73 ± 1.85 	1.36 ± 1.98 	1.81 ± 1.82 	t = −2.10 	0.036


 	BUN (mg/dL) 	30.33 ± 27.55 	22.45 ± 26.42 	31.98 ± 27.52 	t = −3.02 	0.003


 	Calcium (mg/dL) 	7.90 ± 1.12 	7.87 ± 0.90 	7.91 ± 1.16 	t = −0.26 	0.798


 	Sodium (mmol/L) 	138.35 ± 6.25 	138.24 ± 6.32 	138.37 ± 6.24 	t = −0.18 	0.857


 	Potassium (mmol/L) 	4.17 ± 0.87 	3.98 ± 0.79 	4.21 ± 0.88 	t = −2.33 	0.02


 	Chlorine (mmol/L) 	104.24 ± 7.87 	104.70 ± 8.10 	104.15 ± 7.83 	t = 0.61 	0.542


 	Length of ICU (days) 	7.53 ± 10.85 	2.46 ± 1.35 	8.59 ± 11.64 	t = −10.66 	<0.001


 	Length of hospital 	18.22 ± 19.05 	10.08 ± 11.40 	19.92 ± 19.88 	t = −6.45 	<0.001


 	AKI stage, n (%) 	 	 	 	χ2 = 527 	<0.001


 	0 	91 (17.27) 	91 (100.00) 	0 (0.00) 	 	


 	1 	76 (14.42) 	0 (0.00) 	76 (17.43) 	 	


 	2 	172 (32.64) 	0 (0.00) 	172 (39.45) 	 	


 	3 	188 (35.67) 	0 (0.00) 	188 (43.12) 	 	





ACS, abdominal compartment syndrome; AKI, acute kidney injury; CKD, chronic kidney disease; RRT, renal replacement therapy; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index.
 



3.2 Analysis of risk factors of AP complicated by AKI

Among the 527 patients in the training set, 436 were complicated by AKI. For the continuous variables in this study, we performed linear analyses and plotted restricted cubic spline (RCS) curves, the results of which are shown in Appendix 3. For the continuous variable PT in this study, the Box-Tidwell test was performed, and its p value was 0.7319, indicating that the relationship between this variable and logit (P) was linear. At the same time, we plot the scatter plot for observation, as shown in Appendix 4. At the same time, Pearson correlation analysis was used to evaluate the collinearity between variables, and the results are shown in Appendix 5.

Univariate analysis was conducted on the patients in the training set, revealing that age, hyperlipidemia, smoking, antibiotic use, coexisting chronic kidney disease (CKD), systemic inflammatory response syndrome (SIRS), sepsis, shock, mechanical ventilation, the Sequential Organ Failure Assessment (SOFA) score, the Charlson Comorbidity Index (CCI) score, prothrombin time (PT), serum creatinine (SCr), blood urea nitrogen (BUN), and high serum potassium are all significant influencing factors for AP patients with AKI (p < 0.05). Refer to Table 3. To exclude multicollinearity in logistic regression, we performed variance inflation factor (VIF) analysis, and the results are shown in Appendix 6.


TABLE 3 Results of the univariate analysis showing the risk factors of AP complicated by AKI.


	Variables
	Univariate analysis



	β
	S. E
	Z
	p
	OR (95%CI)

 

 	Age (years) 	0.02 	0.01 	2.51 	0.012 	1.02 (1.01–1.03)


 	Gender (Male) 	0.12 	0.23 	0.51 	0.61 	1.13 (0.71–1.78)


 	Hyperlipidemia (Yes) 	0.55 	0.27 	2.01 	0.044 	1.73 (1.01–2.96)


 	Hypertension (Yes) 	−0.12 	0.23 	−0.5 	0.615 	0.89 (0.57–1.40)


 	Diabetes (Yes) 	0.25 	0.26 	0.99 	0.322 	1.29 (0.78–2.13)


 	Obesity (Yes) 	0.44 	0.4 	1.12 	0.262 	1.56 (0.72–3.39)


 	Smoking (No) 	−0.78 	0.29 	−2.64 	0.008 	0.46 (0.26–0.82)


 	Drinking alcohol (Yes) 	−0.36 	0.33 	−1.1 	0.27 	0.70 (0.37–1.32)


 	Antibiotics (Yes) 	0.98 	0.28 	3.45 	<0.001 	2.67 (1.53–4.67)


 	Vasoactive drugs (Yes) 	0.42 	0.42 	0.99 	0.321 	1.52 (0.66–3.47)


 	CKD (Yes) 	1.17 	0.44 	2.67 	0.008 	3.23 (1.36–7.66)


 	SIRS (Yes) 	0.65 	0.25 	2.63 	0.009 	1.92 (1.18–3.12)


 	Sepsis (Yes) 	0.99 	0.23 	4.21 	<0.001 	2.69 (1.70–4.26)


 	ACS (Yes) 	15.04 	565.58 	0.03 	0.979 	3407353.66 (0.00–Inf)


 	Shock (Yes) 	1.71 	0.36 	4.7 	<0.001 	5.55 (2.71–11.34)


 	Ventilation (Yes) 	1.09 	0.25 	4.39 	<0.001 	2.98 (1.83–4.86)


 	RRT (Yes) 	17.2 	733.85 	0.02 	0.981 	29479104.16 (0.00–Inf)


 	SOFA score 	0.2 	0.06 	3.18 	0.001 	1.22 (1.08–1.38)


 	CCI score 	0.17 	0.05 	3.52 	<0.001 	1.19 (1.08–1.30)


 	WBC (x109/L) 	0.02 	0.02 	1.33 	0.183 	1.02 (0.99–1.05)


 	HCT (%) 	0.01 	0.02 	0.37 	0.71 	1.01 (0.98–1.04)


 	PLT (x109/L) 	0 	0 	0.25 	0.806 	1.00 (1.00–1.00)


 	Blood glucose (mg/dL) 	0 	0 	0.91 	0.361 	1.00 (1.00–1.00)


 	Total bilirubin (mg/dL) 	0.07 	0.04 	1.51 	0.132 	1.07 (0.98–1.17)


 	PT(s) 	0.1 	0.03 	3.12 	0.002 	1.11 (1.04–1.18)


 	APTT(s) 	0.02 	0.01 	1.68 	0.093 	1.02 (1.00–1.03)


 	SCr (mg/dL) 	0.19 	0.09 	2.05 	0.041 	1.21 (1.01–1.45)


 	BUN (mg/dL) 	0.02 	0.01 	2.93 	0.003 	1.02 (1.01–1.03)


 	Serum Calcium (mg/dL) 	0.03 	0.1 	0.26 	0.798 	1.03 (0.84–1.26)


 	Serum Sodium (mmol/L) 	0 	0.02 	0.18 	0.857 	1.00 (0.97–1.04)


 	Serum Potassium (mmol/L) 	0.37 	0.16 	2.32 	0.02 	1.45 (1.06–1.99)


 	Serum Chlorine (mmol/L) 	−0.01 	0.01 	−0.61 	0.541 	0.99 (0.96–1.02)





ACS, abdominal compartment syndrome; CKD, chronic kidney disease; RRT, renal replacement therapy; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index.
 

Based on the results of the univariate analysis, a multivariate logistic regression analysis was subsequently conducted. The factors included in this analysis were age, hyperlipidemia, smoking, antibiotic use, CKD, SIRS, sepsis, shock, mechanical ventilation, SOFA score, CCI score, PT, SCr, BUN and serum potassium. The results are presented in Table 4 and Figure 2. Among these factors, hyperlipidemia (OR = 1.93, 95% CI = 1.09–3.40, p = 0.024), smoking (OR = 0.47, 95% CI = 0.25–0.88, p = 0.019), CKD (OR = 2.79, 95% CI = 1.14–6.81, p = 0.024), shock (OR = 3.68, 95% CI = 1.73–7.83, p < 0.001), mechanical ventilation (OR = 2.12, 95% CI = 1.25–3.59, p = 0.005), and PT (OR = 1.08, 95% CI = 1.01–1.14, p = 0.015) were identified as significant factors influencing AKI in patients with AP (p < 0.05). To exclude potential interactions between variables, we performed a simultaneous subgroup analysis, as shown in Appendix 7, suggesting that hyperlipidemia, smoking, CKD, shock, mechanical ventilation, and PT are independent risk factors affecting the occurrence of AKI in AP patients.


TABLE 4 Results of the multivariate analysis showing the risk factors of AP complicated by AKI.


	Variables
	Multivariate analysis



	β
	S. E
	Z
	p
	OR (95%CI)

 

 	Age (years) 	−0.01 	0.01 	−0.54 	0.592 	0.99 (0.97–1.02)


 	Hyperlipidemia (Yes) 	0.66 	0.29 	2.26 	0.024 	1.93 (1.09–3.40)


 	Smoking (No) 	−0.76 	0.32 	−2.34 	0.019 	0.47 (0.25–0.88)


 	Antibiotics (Yes) 	−0.15 	0.38 	−0.39 	0.693 	0.86 (0.41–1.81)


 	CKD (Yes) 	1.03 	0.46 	2.26 	0.024 	2.79 (1.14–6.81)


 	SIRS (Yes) 	0.44 	0.28 	1.59 	0.112 	1.56 (0.90–2.69)


 	Sepsis (Yes) 	0.24 	0.33 	0.74 	0.458 	1.27 (0.67–2.41)


 	Shock (Yes) 	1.3 	0.39 	3.38 	<0.001 	3.68 (1.73–7.83)


 	Ventilation (Yes) 	0.75 	0.27 	2.78 	0.005 	2.12 (1.25–3.59)


 	SOFA score 	0.01 	0.07 	0.2 	0.838 	1.02 (0.88–1.17)


 	CCI score 	0.04 	0.06 	0.64 	0.52 	1.04 (0.93–1.16)


 	PT(s) 	0.07 	0.03 	2.42 	0.015 	1.08 (1.01–1.14)


 	SCr (mg/dL) 	−0.02 	0.11 	−0.21 	0.831 	0.98 (0.79–1.20)


 	BUN (mg/dL) 	0 	0.01 	0.32 	0.751 	1.00 (0.99–1.02)


 	Serum Potassium (mmol/L) 	0.22 	0.16 	1.35 	0.177 	1.25 (0.90–1.72)





CKD, chronic kidney disease; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index.
 

[image: Forest plot showing hazard ratios for various variables with 95% confidence intervals. Significant factors include hyperlipidemia, smoking, CKD, shock, ventilation, and PT(s), with p-values less than 0.05.]

FIGURE 2
 Multivariate regression analysis of forest plots.


As shown in Table 4, the OR values for hyperlipidemia, CKD, shock, mechanical ventilation, and PT are all greater than 1. This indicates that these factors are associated with an increased risk of AKI in patients with AP. Consequently, patients presenting with hyperlipidemia, CKD, shock, the need for mechanical ventilation, and elevated PT values exhibit a higher OR and, therefore, an elevated risk of developing AKI.



3.3 Nomogram of AKI in patients with AP

Based on the results of a multivariate logistic regression analysis, statistically significant independent predictive factors were integrated to construct a nomogram model. The predictive factors included hyperlipidemia, smoking, CKD, shock, mechanical ventilation, and PT. The prediction results for patients with concurrent AKI are presented in Figure 3.

[image: Nomogram for assessing risks of acute kidney injury (AKI) based on hyperlipidemia, smoking, chronic kidney disease (CKD), shock, and ventilation. Points are assigned for each factor, summed to predict AKI risk, shown on the lowest scale.]

FIGURE 3
 Nomogram of AKI in patients with AP. AP, acute pancreatitis; AKI, acute kidney injury.


The line segment associated with each variable in the figure is marked with a scale that indicates the range of values the variable can assume. The length of each line segment reflects the contribution of the factor to the final event. Based on the scores (Points) corresponding to each variable at various values, the individual scores for all variables are summed to yield the total score (Total Points). The incidence rate of AKI can then be determined by projecting this total score downward.



3.4 Verification of the nomogram

This study employed the ROC curve to assess the discriminative ability of the model. Figures 4A–C illustrate the ROC curves and the AUC values predicted by the nomogram model for the incidence of AKI in patients with AP. In the training and validation sets, the relevant metrics of the ROC curve are shown in Table 5. In the training set, the model achieved an AUC of 0.770 (95% CI, 0.719–0.821), whereas in the internal validation set, the AUC was 0.755 (95% CI, 0.676–0.834). And in the external validation set, the AUC value was 0.628 (95% CI, 0.551–0.706). The nomogram model developed in this study demonstrated good predictive value in both the training and validation sets.

[image: Three ROC curve graphs labeled A, B, and C compare sensitivity and 1-specificity. Graph A shows an AUC of 0.770 (95% CI: 0.719-0.821), Graph B shows an AUC of 0.755 (95% CI: 0.676-0.834), and Graph C shows an AUC of 0.628 (95% CI: 0.551-0.706). A diagonal line represents random chance.]

FIGURE 4
 The ROC curves of nomogram predicting AKI in patients of AP. (A–C) ROC curves of the nomogram for predicting the likelihood of developing AKI in AP patients in the training set, internal validation set and external validation set. ROC, receiver operating characteristic; AP, acute pancreatitis; AKI, acute kidney injury.



TABLE 5 Information of ROC curves in Figure 4.


	Data
	AUC (95%CI)
	Accuracy (95%CI)
	Sensitivity (95%CI)
	Specificity (95%CI)
	PPV (95%CI)
	NPV (95%CI)

 

 	Training set 	0.770 (0.719–0.821) 	0.731 (0.690–0.768) 	0.670 (0.574–0.767) 	0.743 (0.702–0.784) 	0.353 (0.281–0.424) 	0.915 (0.886–0.944)


 	Internal validation set 	0.755 (0.676–0.834) 	0.722 (0.659–0.780) 	0.745 (0.620–0.869) 	0.717 (0.651–0.782) 	0.407 (0.303–0.511) 	0.915 (0.869–0.961)


 	External validation set 	0.628 (0.551–0.706) 	0.525 (0.453–0.595) 	0.889 (0.820–0.957) 	0.281 (0.201–0.361) 	0.453 (0.375–0.530) 	0.791 (0.669–0.912)





ROC, receiver operating characteristic; PPV, positive predictive value; NPV, negative predictive value.
 

The calibration curve of the nomogram model for predicting the incidence of AKI in patients is presented in Figure 5. As shown in the figure, the Brier scores of the model calibration curves are 0.124, 0.142, and 0.272 in the training set, internal and external validation sets, respectively. The calibration curves for the training set and the validation sets closely align with the ideal 45° dotted line, indicating a strong consistency between the predicted values and the actual observed values.

[image: Six calibration plots assess the predicted versus actual probabilities for different models. Each plot includes apparent, bias-corrected, and ideal lines. Panels A, C, and E present detailed predictions with accompanying statistics, while Panels B, D, and F provide Hosmer-Lemeshow test P-values (0.406, 0.215, 0.465), indicating goodness of fit.]

FIGURE 5
 The calibration curves of nomogram predicting AKI in patients of AP. (A,B) The calibration curves of nomogram predicting AKI in patients of AP in the training set; (C,D) The calibration curves of nomogram predicting AKI in patients of AP in the internal validation set; (E,F) The calibration curves of nomogram predicting AKI in patients of AP in the external validation set.


The DCA curve of the Nomogram model for predicting the overall survival rate of patients with AP complicated by AKI is presented in Figure 6. The figure illustrates that when the threshold probability for the incidence of AKI in patients ranges from 0.55 to 0.95, the net benefit associated with the application of the nomogram is significantly higher than that of both the “none intervention” and “all intervention” strategies. The clinical scenario corresponding to the threshold probability range of 0.55–0.95 is that when clinicians believe that the probability of AKI in patients exceeds 55%, preventive interventions based on model predictions (such as enhanced surveillance, early kidney protection measures) will bring net benefits. This finding suggests that the nomogram demonstrates strong clinical applicability in predicting the incidence of AKI in patients with AP.

[image: Three decision curve analysis graphs labeled A, B, and C compare the net benefit of a model against high-risk thresholds ranging from 0 to 1. Each graph has three lines: "Model" in blue, "All" in gray, and "None" in black, showing variations in net benefit. Graph A shows a steep decline, graph B displays a smoother decline, and graph C illustrates a more variable trajectory. Each graph demonstrates how different high-risk thresholds affect the net benefit of using the model compared to intervening for all or none.]

FIGURE 6
 The DCA curves of nomogram predicting AKI in patients of AP. (A–C) The DCA curves of nomogram predicting AKI in patients of AP in the training set, internal validation set and external validation set. DCA, decision analysis curve; AP, acute pancreatitis; AKI, acute kidney injury.





4 Discussion

AP is primarily caused by common factors such as biliary tract disease, hyperlipidemia, and excessive alcohol consumption. This condition activates pancreatic enzymes, leading to an acute inflammatory response in pancreatic tissue. As the disease progresses, pancreatic tissue gradually becomes necrotic, with the extent of necrosis progressively increasing. In severe cases, infection of the necrotic pancreatic tissue may occur, often accompanied by failure of other organs. AKI is a frequent complication of AP and is typically associated with a poor prognosis for patients. Clinical practice has demonstrated that AKI is a significant contributor to mortality in patients with AP (9). Currently, apart from renal replacement therapy, there are no effective pharmacological interventions available to mitigate renal damage in patients with acute pancreatitis complicated by AKI (17). Therefore, implementing proactive measures to early identify AP complicated by AKI and to execute effective interventions is critically important for improving patient outcomes.

In our study, both univariate and multivariate logistic regression analyses were employed to thoroughly investigate the risk factors for AKI in patients with AP. The findings indicate that combined hyperlipidemia, CKD, shock, smoking, mechanical ventilation, and PT are independent risk factors for AKI in this patient population, aligning with the results of previous studies.

Patients with hyperlipidemia-related pancreatitis exhibit a higher incidence of AKI, with hypertriglyceridemia identified as an independent risk factor during the early stages of AP. Relevant studies indicate that patients with triglyceride levels exceeding 200 mg/dL have an AKI incidence as high as 87%, in contrast to only 35% among patients with normal triglyceride levels (18). This association may be linked to the pathophysiological mechanisms underlying AP. During an acute pancreatitis episode, the inflammatory response within pancreatic tissue can trigger SIRS, subsequently impairing kidney function. Hypertriglyceridemia may exacerbate this inflammatory response, thereby heightening the risk of AKI (19). Consequently, clinical management is crucial for patients with hypertriglyceridemia-related AP. Early identification and intervention for elevated triglyceride levels can mitigate the incidence of AKI.

CKD is recognized as an independent risk factor for AKI during the early stages of AP. Epidemiological studies have demonstrated that patients with CKD face a significantly heightened risk of developing AKI. Numerous studies have indicated that CKD is prevalent among patients experiencing AKI events, thereby suggesting a strong association between the two conditions. Patients with CKD may exhibit increased sensitivity to AKI due to impaired renal tubular function, a sensitivity that is particularly pronounced in acute illnesses such as AP (20, 21). Furthermore, individuals with CKD often present with renal tubular dysfunction and a reduced glomerular filtration rate (GFR), which further predisposes them to kidney injury during acute episodes. Additionally, increased proteinuria is a notable characteristic of CKD patients and is significantly correlated with the incidence of AKI (22).

Shock is recognized as an independent risk factor for AP complicated by AKI. Research indicates that, in patients with SAP, the occurrence of shock significantly heightens the risk of developing AKI. Various studies have examined multiple factors, including fluid imbalance, inflammatory response, and organ dysfunction, underscoring the critical role of shock in the pathogenesis of AKI (23). In addition to being an independent risk factor, shock interacts with other variables, such as age and underlying health conditions, further exacerbating the risk of AKI (24, 25). The systemic inflammatory response associated with AP may intensify renal damage through the release of cytokines and the activation of immune cells (24). Moreover, the presence of shock may lead to elevated levels of specific biomarkers, such as cytokines, which are strongly correlated with renal dysfunction (26).

In patients with AP, smoking is significantly associated with the occurrence of AKI. Ishigami et al. found that the incidence of AKI in current smokers was notably higher than that in non-smokers. Specifically, data indicate that the risk of AKI in current smokers is twice that of non-smokers, underscoring the critical role of smoking in the development of AKI (27). Furthermore, another study reported that both smokers and former smokers exhibited a significantly higher incidence of AKI during hospitalization for AP compared to never smokers, reinforcing the notion of smoking as a risk factor for AKI (28, 29).

Mechanical ventilation can serve as a predictive factor for AKI in patients with AP, aligning with findings from previous studies (9). Research indicates that acute respiratory failure resulting from AP necessitates mechanical ventilation for patients admitted to the ICU. However, the use of mechanical ventilation may lead to acute lung injury, which can exacerbate hypoxia, induce vasoconstriction, decrease renal perfusion, and diminish the glomerular filtration rate. Furthermore, coagulation dysfunction emerges as an independent risk factor for AKI, with prolonged PT closely associated with the onset of AKI, thus serving as a significant prognostic indicator (24, 30).

Wu et al. found that age is an independent risk factor for the occurrence of AKI in patients with AP. This is due to the correlation between increasing age and declining renal function. As age increases, the incidence of AKI related to the deterioration of physiological functions is higher in patients with AP (31). Furthermore, age is a known predictive factor for the severity and mortality of AP (32). However, the results of the univariate analysis in this study indicate that age is a risk factor influencing the incidence of AKI in patients, while the multifactorial results show that age is not an independent risk factor. This may be due to the collinearity between age and included variables such as CKD and shock. Although age is not an independent predictive factor, caution should still be exercised with elderly patients, as they are more likely to have a synergistic effect from multiple risk factors.

The pathogenesis of AP-related AKI has not yet been fully elucidated. Current studies suggest that it is primarily associated with factors such as insufficient effective circulating blood volume, abnormal hemodynamics, microcirculation disorders, and inflammatory mediators (26, 33). Research has demonstrated that serum procalcitonin can predict the development of AKI in patients with AP and can also be utilized for the dynamic evaluation of AKI prognosis. Its predictive value surpasses that of C-reactive protein (CRP), interleukin-6 (IL-6), and serum amyloid A. Additionally, the ratio of neutrophils to lymphocytes is closely linked to the severity of AP and the impairment of kidney function throughout the disease course, exhibiting high diagnostic efficiency for SAP-related AKI (34). Furthermore, CT-based imaging evaluation holds significant value in diagnosing SAP-related AKI. One study revealed that among various CT indices, the Extra pancreatic Inflammation on CT score (EPIC) demonstrates a strong correlation with the Acute Physiology and Chronic Health Evaluation II score and the Ranson score, thereby providing a better prediction of SAP-related AKI (35).

This study developed a prediction model to forecast the incidence of AKI in patients with AP, utilizing multivariate logistic regression analysis. The nomogram model constructed in this study quantitatively predicts the risk of AKI in patients with AP, holding significant clinical value. By identifying high-risk patients through individualized scoring, it guides enhanced monitoring and preventive interventions. It assists clinicians in formulating differentiated treatment plans, optimizing the allocation of medical resources. Furthermore, it provides an intuitive visualization tool, facilitating the explanation of risks and achieving consensus in diagnosis and treatment. This model is expected to be translated into preventive clinical practice, improving patient outcomes, and can potentially achieve real-time risk assessment through integration with electronic medical record systems in the future.

This study has several limitations. First, as a retrospective cohort analysis, this study indeed has inherent limitations of selection bias and measurement bias. We particularly note that due to the lack of randomization design, the established predictive model can only reflect statistical associations between variables and cannot infer causal relationships. This limitation is consistent with other similar predictive model studies (36). Additionally, due to the missing variables within the MIMIC database itself, some risk factors cannot be included in the study. Therefore, the predictive model developed needs to be validated through prospective studies. Second, the limited number of patients in the database may introduce bias in the results, as data from the single-center MIMIC database could lead to selection bias or other limitations affecting the generalizability of the study findings. Lastly, although the established predictive model demonstrates good discrimination and validation, the AUC is not particularly high. Furthermore, this study lacks multi-center external validation, which may fail to fully capture the heterogeneity of AP patients in other settings. Most importantly, the MIMIC database lacks records for APACHE scores, and the application value of these scores in predicting the incidence of AKI in patients cannot be further verified, so more studies are needed to explore them. MIMIC-IV did not routinely record the core indicators of the Atlanta standard, such as the extent of pancreatic necrosis, so this study did not conduct a further stratified analysis of the severity of AP patients. Failure to perform precise stratification may lead to the model’s prediction bias for patients with severe AP.

In future studies, we will conduct prospective validation studies in different AP patient populations, evaluate the cost-effectiveness of nomograms, and explore the underlying mechanisms by which identified relevant risk factors lead to AKI.



5 Conclusion

The nomogram developed in this study for predicting the incidence of AKI in patients with AP demonstrates strong predictive value and clinical applicability, thereby offering clinicians a more accurate and practical tool for prediction.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

This study has been approved by the Medical Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. The manuscript presents research on animals that do not require ethical approval for their study.



Author contributions

FCh: Data curation, Visualization, Writing – original draft, Writing – review & editing. KX: Investigation, Writing – review & editing. YH: Software, Writing – review & editing. JD: Methodology, Writing – review & editing. JR: Software, Validation, Writing – review & editing. FCa: Methodology, Writing – review & editing. YW: Funding acquisition, Writing – review & editing. WQ: Methodology, Writing – review & editing. ZWa: Funding acquisition, Writing – review & editing. ZWu: Methodology, Writing – review & editing. ZM: Methodology, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by the National Natural Science Foundation of China (No. 82173365), the Fundamental Research Funds for the Central Universities (No. xtr052022008), the Key Research and Development Program of Shaanxi (Nos. 2024SF2-GJHX-03 and 2025SF-YBXM-207), the Youth Star of Science and Technology Program of Shaanxi (No. 2025ZC-KJXX-126) and the Innovative Team Foundation of Shaanxi Health Commission (No. 2024TD-16).



Acknowledgments

The authors gratefully acknowledge the study participants who have been involved and contributed to the procedure of data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1626664/full#supplementary-material



Footnotes

1   https://github.com/MIT-LCP/mimic-code/tree/main/mimic-iv


References
	 1. Mederos,MA, Reber,HA, and Girgis,MD. Acute pancreatitis: a review. JAMA. (2021) 325:382–90. doi: 10.1001/jama.2020.20317 
	 2. Iannuzzi,JP, King,JA, Leong,JH, Quan,J, Windsor,JW, Tanyingoh,D , et al. Global incidence of acute pancreatitis is increasing over time: a systematic review and Meta-analysis. Gastroenterology. (2022) 162:122–34. doi: 10.1053/j.gastro.2021.09.043 
	 3. Banks,PA, Bollen,TL, Dervenis,C, Gooszen,HG, Johnson,CD, Sarr,MG , et al. Classification of acute pancreatitis--2012: revision of the Atlanta classification and definitions by international consensus. Gut. (2013) 62:102–11. doi: 10.1136/gutjnl-2012-302779 
	 4. Hamada,S, Masamune,A, and Shimosegawa,T. Management of acute pancreatitis in Japan: analysis of nationwide epidemiological survey. World J Gastroenterol. (2016) 22:6335–44. doi: 10.3748/wjg.v22.i28.6335 
	 5. Robin-Lersundi,A, Abella Alvarez,A, San Miguel Mendez,C, Moreno Elalo-Olaso,A, Cruz Cidoncha,A, Aguilera Velardo,A , et al. Multidisciplinary approach to treating severe acute pancreatitis in a low-volume hospital. World J Surg. (2019) 43:2994–3002. doi: 10.1007/s00268-019-05114-8 
	 6. Devani,K, Charilaou,P, Radadiya,D, Brahmbhatt,B, Young,M, and Reddy,C. Acute pancreatitis: trends in outcomes and the role of acute kidney injury in mortality-a propensity-matched analysis. Pancreatology. (2018) 18:870–7. doi: 10.1016/j.pan.2018.10.002 
	 7. Lin,HY, Lai,JI, Lai,YC, Lin,PC, Chang,SC, and Tang,GJ. Acute renal failure in severe pancreatitis: a population-based study. Ups J Med Sci. (2011) 116:155–9. doi: 10.3109/03009734.2010.547636 
	 8. Li,H, Qian,Z, Liu,Z, Liu,X, Han,X, and Kang,H. Risk factors and outcome of acute renal failure in patients with severe acute pancreatitis. J Crit Care. (2010) 25:225–9. doi: 10.1016/j.jcrc.2009.07.009 
	 9. Shi,N, Sun,GD, Ji,YY, Wang,Y, Zhu,YC, Xie,WQ , et al. Effects of acute kidney injury on acute pancreatitis patients' survival rate in intensive care unit: a retrospective study. World J Gastroenterol. (2021) 27:6453–64. doi: 10.3748/wjg.v27.i38.6453 
	 10. Yang,D, Zhao,L, Kang,J, Wen,C, Li,Y, Ren,Y , et al. Development and validation of a predictive model for acute kidney injury in patients with moderately severe and severe acute pancreatitis. Clin Exp Nephrol. (2022) 26:770–87. doi: 10.1007/s10157-022-02219-8 
	 11. Lu,L, Feng,Y, Liu,YH, Tan,HY, Dai,GH, Liu,SQ , et al. The systemic immune-inflammation index may be a novel and strong marker for the accurate early prediction of acute kidney injury in severe acute pancreatitis patients. J Investig Surg. (2022) 35:962–6. doi: 10.1080/08941939.2021.1970864 
	 12. Wu,S, Zhou,Q, Cai,Y, and Duan,X. Development and validation of a prediction model for the early occurrence of acute kidney injury in patients with acute pancreatitis. Ren Fail. (2023) 45:2194436. doi: 10.1080/0886022X.2023.2194436 
	 13. Johnson,AEW, Bulgarelli,L, Shen,L, Gayles,A, Shammout,A, Horng,S , et al. MIMIC-IV, a freely accessible electronic health record dataset. Sci Data. (2023) 10:1. doi: 10.1038/s41597-022-01899-x 
	 14. Johnson,AE, Stone,DJ, Celi,LA, and Pollard,TJ. The MIMIC code repository: enabling reproducibility in critical care research. J Am Med Inform Assoc. (2018) 25:32–9. doi: 10.1093/jamia/ocx084 
	 15. Khwaja,A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract. (2012) 120:c179–84. doi: 10.1159/000339789 
	 16. van Buuren,S, and Groothuis-Oudshoorn,K. Mice: multivariate imputation by chained equations in R. J Stat Softw. (2011) 45:1–67. doi: 10.18637/jss.v045.i03
	 17. Zarbock,A, Kellum,JA, Schmidt,C, Van Aken,H, Wempe,C, Pavenstadt,H , et al. Effect of early vs delayed initiation of renal replacement therapy on mortality in critically ill patients with acute kidney injury: the ELAIN randomized clinical trial. JAMA. (2016) 315:2190–9. doi: 10.1001/jama.2016.5828 
	 18. Wu,C, Ke,L, Tong,Z, Li,B, Zou,L, Li,W , et al. Hypertriglyceridemia is a risk factor for acute kidney injury in the early phase of acute pancreatitis. Pancreas. (2014) 43:1312–6. doi: 10.1097/MPA.0000000000000180 
	 19. Wu,C, Zou,L, Shi,S, Tong,Z, Shen,X, Yang,D , et al. The role of hypertriglyceridemia for acute kidney injury in the course of acute pancreatitis and an animal model. Pancreatology. (2017) 17:561–6. doi: 10.1016/j.pan.2017.06.006 
	 20. Singh,P, Rifkin,DE, and Blantz,RC. Chronic kidney disease: an inherent risk factor for acute kidney injury? Clin J Am Soc Nephrol. (2010) 5:1690–5. doi: 10.2215/CJN.00830110 
	 21. Kurzhagen,JT, Dellepiane,S, Cantaluppi,V, and Rabb,H. AKI: an increasingly recognized risk factor for CKD development and progression. J Nephrol. (2020) 33:1171–87. doi: 10.1007/s40620-020-00793-2 
	 22. Hsu,RK, and Hsu,CY. The role of acute kidney injury in chronic kidney disease. Semin Nephrol. (2016) 36:283–92. doi: 10.1016/j.semnephrol.2016.05.005 
	 23. Lin,S, Lu,W, Wang,T, Wang,Y, Leng,X, Chi,L , et al. Predictive model of acute kidney injury in critically ill patients with acute pancreatitis: a machine learning approach using the MIMIC-IV database. Ren Fail. (2024) 46:2303395. doi: 10.1080/0886022X.2024.2303395 
	 24. Selvanathan,DK, Johnson,PG, Thanikachalam,DK, Rajendran,P, and Gopalakrishnan,N. Acute kidney injury complicating severe acute pancreatitis: clinical profile and factors predicting mortality. Indian J Nephrol. (2022) 32:460–6. doi: 10.4103/ijn.IJN_476_20 
	 25. Prasada,R, Muktesh,G, Samanta,J, Sarma,P, Singh,S, Arora,SK , et al. Natural history and profile of selective cytokines in patients of acute pancreatitis with acute kidney injury. Cytokine. (2020) 133:155177. doi: 10.1016/j.cyto.2020.155177 
	 26. Nassar,TI, and Qunibi,WY. AKI associated with acute pancreatitis. Clin J Am Soc Nephrol. (2019) 14:1106–15. doi: 10.2215/CJN.13191118 
	 27. Chen,M, Ding,N, Grams,ME, Matsushita,K, and Ishigami,J. Cigarette smoking and risk of hospitalization with acute kidney injury: the atherosclerosis risk in communities (ARIC) study. Am J Kidney Dis. (2024) 83:794–802.e1. doi: 10.1053/j.ajkd.2023.10.008 
	 28. Yang,J, Lee,JY, Na,YJ, Lim,SY, Kim,MG, Jo,SK , et al. Risk factors and outcomes of acute renal infarction. Kidney Res Clin Pract. (2016) 35:90–5. doi: 10.1016/j.krcp.2016.04.001 
	 29. Chen,JJ, Kuo,G, Hung,CC, Lin,YF, Chen,YC, Wu,MJ , et al. Risk factors and prognosis assessment for acute kidney injury: the 2020 consensus of the Taiwan AKI task force. J Formos Med Assoc. (2021) 120:1424–33. doi: 10.1016/j.jfma.2021.02.013 
	 30. Cuthbertson,CM, and Christophi,C. Disturbances of the microcirculation in acute pancreatitis. Br J Surg. (2006) 93:518–30. doi: 10.1002/bjs.5316 
	 31. Lankisch,PG, Burchard-Reckert,S, Petersen,M, Lehnick,D, Schirren,CA, Stockmann,F , et al. Etiology and age have only a limited influence on the course of acute pancreatitis. Pancreas. (1996) 13:344–9.
	 32. Trikudanathan,G, Yazici,C, Evans Phillips,A, and Forsmark,CE. Diagnosis and Management of Acute Pancreatitis. Gastroenterology. (2024) 167:673–88. doi: 10.1053/j.gastro.2024.02.052 
	 33. Zhang,XP, Wang,L, and Zhou,YF. The pathogenic mechanism of severe acute pancreatitis complicated with renal injury: a review of current knowledge. Dig Dis Sci. (2008) 53:297–306. doi: 10.1007/s10620-007-9866-5 
	 34. Wajda,J, Dumnicka,P, Maraj,M, Ceranowicz,P, Kuzniewski,M, and Kusnierz-Cabala,B. Potential prognostic markers of acute kidney injury in the early phase of acute pancreatitis. Int J Mol Sci. (2019) 20:3714. doi: 10.3390/ijms20153714 
	 35. Choi,HW, Park,HJ, Choi,SY, Do,JH, Yoon,NY, Ko,A , et al. Early prediction of the severity of acute pancreatitis using radiologic and clinical scoring systems with classification tree analysis. AJR Am J Roentgenol. (2018) 211:1035–43. doi: 10.2214/AJR.18.19545 
	 36. Chi,C, Song,X, Ma,Y, Wang,C, and Zhu,J. Establishment and diagnostic value of an early prediction model for acute pancreatitis complicated with acute kidney injury. Pancreas. (2024) 53:e547–52. doi: 10.1097/MPA.0000000000002325 


Copyright
 © 2025 Chen, Xu, Han, Ding, Ren, Cao, Wang, Qian, Wang, Wu and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1626664-g005.jpg
Acust Provanity

prr—

0

segapp[Eeeage

08

05

04

H

04

03

T
P

soparet
— Bavconecod
ool
0 05 a6 o7 a8 o
Prodced PAKI=)
Ly T
o I i
&
o a
2
= o
- e
- o

03 04 05 06

o7

¥ ~ ppparnt
3 B ectoa
o3 -
o
o s o5 ) o T
W W 0 e w T
Je— [—— Fradetod rvasity
o oo -] D -
oo
H oo emeion 7 = 0218
H o
o
=
o
H






OPS/images/fmed-12-1626664-g006.jpg





OPS/images/fmed-12-1626664-g003.jpg
Points
Hyperlipidemnia
Smoking

CKD

Shock
Ventilation
PT(s)

Total Points

Risks of AKI

30

40

50

60 70 80 90

100

L L L

80

100 120 140
L L I L L

160

60

70 80 920 100 110

120





OPS/images/fmed-12-1626664-g004.jpg
o3

UG @541 0770 0719-0821)

AUC 85%C1y 0785 (06760834

o7

o
%

%

\-Specificty

3

LR L S B
-Specificty.

L U
Speciichy’






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Risk factors for acute kidney injury in patients with acute pancreatitis and construction of nomogram model: a single-center study and external validation



		1 Introduction



		2 Materials and methods



		2.1 Data sources



		2.2 Patients and data variables



		2.3 Development and validation of the nomogram model



		2.4 Statistical analysis









		3 Results



		3.1 Patient characteristics



		3.2 Analysis of risk factors of AP complicated by AKI



		3.3 Nomogram of AKI in patients with AP



		3.4 Verification of the nomogram









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fmed-12-1626664-g001.jpg
A ICU inpatients in the MIMIC database (n=73181)

Patients with acute pancreatitis (ICD9: 577.0, ICD10:K85%, n=1271)

Exclusion:

(1) Age < 18years (n=0);

(2) Multiple ICU records (n=202);

(3) Length of ICU <24h (n=178);

(4) Patients with chronic pancreatitis or
pancreatic tumors (n=98);

(5) Patients with pancreatic trauma (n=2);

(6) Pregnant patients (n=2);

(7) History of chronic renal failure (n=35).

Patients who were eventually included in the study (n=754)

I

AKI(n=616) and non-AKI (n=138)

—

Training set Validation set
(n =527) (n =227)
B Patients diagnosed with AP in the First Affiliated Hospital of

Xi'an Jiaotong University from 2012 to 2022 (n=265)

Exclusion:

(1) Age < 18years (n=2);

(2) Multiple ICU records(n=33);

(3) Length of ICU < 24h(n=0);

(4) Patients with chronic pancreatitis or
pancreatic tumors(n=15);

(5) Patients with pancreatic trauma(n=3);

(6) Pregnant patients(n=3);

(7) History of chronic renal failure (n=7)

Identified with AP included in this study (n=202)

AKI(n=121) and non-AKI (n=81)

External validation set
(n=202)






OPS/images/fmed-12-1626664-g002.jpg
Variables

Age (years)
Hyperlipidemia (Yes)
Smoking (No)
Antibiotics (Yes)
CKD(Yes)

SIRS(Yes)

Sepsis (Yes)

Shock (Yes)
Ventilation (Yes)
SOFA score

CCl score

PT(s)

SCr(mg/dL)

BUN (mg/dL)

Serum Potassium(mg/dL)

Hazard ratio

¢

—e—i
toH]
o

1

HR (95%Cl)

099 (0.97 ~1.02)
1.93 (1.09 ~ 3.40)
0.47 (0.25~ 0.88)
0.86 (0.41~1.81)
279 (1.14~ 6.81)
1.56 (0.90 ~ 2.69)
1.27 (0.67 ~ 2.41)
3.68 (1.73~7.83)
2.12(1.25~ 3.59)
1.02 (0.8~ 1.17)
1.04 (0.93 ~ 1.16)
1.08 (1.01~1.14)
0.98 (0.79 ~ 1.20)
1.00 (0.99 ~ 1.02)
1.25(0.90 ~ 1.72)

P value

0.592
0.024
0.019
0.693
0.024
0412
0.458

<0.001
0.005
0.838
0.520
0.015
0.831
0.751
0477





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Risk factors for acute kidney
injury in patients with acute
pancreatitis and construction of
nomogram model: a
single-center study and external
validation












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






