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Background: Severe acute pancreatitis (SAP) can progress to lung and kidney dysfunction, and blood clotting within 48 hours of its 
onset, and is associated with a high mortality rate. The aim of this study was to establish a reliable diagnostic prediction model for the 
early stage of severe pancreatitis.
Methods: The clinical data of patients diagnosed with acute pancreatitis from October 2017 to June 2022 at the Shangluo Central 
Hospital were collected. The risk factors were screened by least absolute shrinkage and selection operator (LASSO) regression 
analysis. A novel nomogram model was then established by multivariable logistic regression analysis.
Results: The data of 436 patients with acute pancreatitis, 45 (10.3%) patients had progressed to SAP. Through univariate and LASSO 
regression analyses, the neutrophils (P <0.001), albumin (P < 0.001), blood glucose (P < 0.001), serum calcium (P < 0.001), serum 
creatinine (P < 0.001), blood urea nitrogen (P < 0.001) and procalcitonin (P = 0.005) were identified as independent predictive factors 
for SAP. The nomogram built on the basis of these factors predicted SAP with sensitivity of 0.733, specificity of 0.9, positive 
predictive value of 0.458 and negative predictive value of 0.967. Furthermore, the concordance index of the nomogram reached 0.889 
(95% CI, 0.837–0.941), and the area under the curve (AUC) in receiver operating characteristic curve (ROC) analysis was significantly 
higher than that of the APACHEII and ABISAP scoring systems. The established model was validated by plotting the clinical decision 
curve analysis (DCA) and clinical impact curve (CIC).
Conclusion: We established a nomogram to predict the progression of early acute pancreatitis to SAP with high discrimination and 
accuracy.
Keywords: acute pancreatitis, prediction model, risk factor, nomogram, decision curve analysis

Introduction
Acute pancreatitis (AP) is an abdominal inflammatory disease that is caused by various factors,1 such as biliary stones, 
alcoholic, hyperlipidemia, dietary, etc. It can potentially involve the tissues surrounding the pancreas or distant organs.2 

While most patients with mild acute pancreatitis (MAP) recover after treatment,3 approximately 20%1,4 of the patients 
can rapidly progress to pancreatic necrosis accompanied by varying degrees of organ failure,2 resulting in serious 
complications and high mortality. The prognosis and mortality rate of AP depend on its severity,4 treatment strategies5 

and complications. The first classification standard for the severity of AP was established in 1992,6 and according to the 
latest guidelines published in 2012,7 AP is classified into MAP, moderately severe acute pancreatitis (MSAP) and severe 
acute pancreatitis (SAP).

Studies show that 75%–80% of patients with AP can recover after intravenous infusion and symptomatic supportive 
therapy.5 The disease is self-limiting and usually resolves within 1 week.1,5 However, it may progress to varying degrees 
of complications and even multiple organ failure in some patients, resulting in mortality rates of up to 30%.5,8 Early 
diagnosis and determination of the severity of the disease are crucial for timely intervention. The Bedside Index of 
Severity in Acute Pancreatitis (BISAP) and the Acute Physiology and Chronic Health Evaluation II (APACHE II) scales 
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are most commonly used9,10 to evaluating the severity of AP. However, these scoring systems have disadvantages, such 
as numerous and complex indicators, lack of convenience, and inability to assess the severity of AP within 24 hours.9,11 

Moreover, many indicators lack specificity, which reduces the accuracy of the scoring system. In recent years, several 
studies12–14 have shown that C-reactive protein,15 serum procalcitonin,16 neutrophil and lymphocyte ratio,17 red blood 
cell distribution width,14 mean platelet volume, hemoglobin content, prothrombin time18 and D-dimer are potential 
predictors of SAP, although the thresholds of these single predictors are inconsistent across the studies. In addition, 
abdominal computed tomography (CT), based on imaging features of the pancreas and its surroundings, can be used as 
a diagnostic criterion for AP.19–21 But CT is expensive and the imaging features develop after 48 hours of onset. It is 
crucial to identify simple, inexpensive and easy-to-measure clinical indicators that can be used to diagnose AP and 
determine its severity within 24 hours of onset.

Although AP is one of the most common acute peritonitis,22 MAP and MSAP are also highly prevalent,23,24 with 
reported incidence of more than 70%.25 SAP is characterized by disseminated intravascular coagulation (DIC), multi- 
organ failure, severe metabolic disorders, pancreatic necrosis, pancreatic abscess and pseudocysts, and develops in 
approximately 20% of the AP patients, with a high fatality rate.1 The cure rate of SAP has improved in recent years with 
advances in surgical treatment,26 monitoring methods, antibiotics and inhibitory drugs. Currently, non-surgical treatment 
is recommended in the early stage of the lesions, whereas surgical intervention is required for secondary infections in the 
later stage. According to the current definition and classification of SAP,27–29 it can only be accurately diagnosed after 
a long period of monitoring. The aim of this study was to identify early risk factors of SAP and establish a diagnostic 
model through retrospective analysis of patients with AP. We constructed a predictive nomogram, which performed better 
compared to the APACHEII and BISAP scoring systems. The predictive performance of the model was verified through 
consistency index (C-index), calibration curve, decision curve analysis (DCA), clinical impact curve (CIC), and bootstrap 
internal validation.

Materials and Methods
Patients
The data of 436 inpatients diagnosed with AP from October 2017 to June 2022 at the Shangluo Central Hospital was 
retrospectively analyzed. All enrolled patients agreed to participate in this study, and signed the informed consent form. 
The included patients met at least two out of the following inclusion criteria: (1) typical clinical symptoms of AP with 
persistent abdominal pain, (2) serum amylase and/or lipase levels greater than three times the upper limit of normal, and 
(3) abdominal ultrasound and/or CT images showing characteristic changes in pancreatitis. The other inclusion criteria 
were as follows: (1) availability of complete laboratory parameters and clinical data obtained within 24 hours of 
admission, (2) the first onset of AP, and (3) age ≥ 18 years. The criteria for exclusion was any of the following: (1) 
course of disease at the time of admission longer than 48 hour, (2) history of abdominal trauma, (3) history of combined 
pancreatic surgery, (4) hematological diseases, (5) malignant tumors or radiotherapy and chemotherapy, and (6) 
pregnancy. This study was approved by the Ethics Committee of Shangluo Central Hospital. The patients were divided 
into SAP (n=45) and non-SAP (n=391) groups according to the revised 2012 Atlanta Acute Pancreatitis Classification 
Criteria7 and the 36th International Symposium on Intensive Care and Emergency Medicine.27

Data Collection
The data were collected retrospectively from the electronic medical record archives of Shangluo Central Hospital, and 
included demographic features (gender, age), body mass index (BMI), etiology (biliary, alcoholic, dietary, hyperlipemia, 
and others), past history (hypertension, diabetes), hospitalization days (HD) and hospitalization expenses (HE). The 
laboratory indices, including white blood cells (WBC), neutrophils (Neut), red blood cells (RBC), D-dimers, total 
bilirubin (TBil), hemoglobin (Hb), fibrinogen (Fib), platelet distribution width (PDW), alanine aminotransferase 
(ALT), aspartate transaminase (AST), platelet (PLT), blood glucose (BG), serum calcium (Ca2+), serum amylase 
(AMY), serum lipase (LIP), serum creatinine (sCr), blood urea nitrogen (BUN), prothrombin time (PT), international 
standardized ratio (INR), platelet (PLT), erythrocyte volume distribution width (RDW), albumin (ALB), triglycerides 
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(TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), total cholesterol (TC), 
C-reactive protein (CRP), procalcitonin (PCT), were recorded within 24 hours of admission and the highest or lowest 
values were extracted for analysis. The APACHE II and BISAP scores were also recorded. Excluding HD, HE, 
APACHEII and BISAP scoring systems, there were a total of 33 predictors.

Statistical Analysis
Continuous variables conforming to normal distribution are described using mean and standard deviation, and Student’s t-test 
was used for intergroup comparisons. The variables with skewed distribution are presented as median and interquartile range, 
and compared using the Mann–Whitney U-test. Categorical variables are decreased as ratios and compared using Chi-square 
test or Fisher’s exact test. The risk factors were screened through univariate logistic regression analysis, and the independent 
predictors of SAP were filtered using the least absolute shrinkage and selection operator (LASSO) regression model and 
analyzed in a step-by-step backward manner. The diagnostic prediction model of SAP was established by multivariate logistic 
regression analysis, and the nomogram was constructed using R software. The receiver operating characteristic (ROC) curves 
for the nomogram, APACHEII and BISAP scoring systems were plotted, and the optimal cut-off values, sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (PLR) and negative likelihood ratio 
(NLR) were calculated. P<0.05 was considered statistically significant. The accuracy of the models was validated using 
calibration curves and Hosmer–Lemeshow tests. The clinical utility of the model was evaluated by plotting DCA and CIC, and 
internal validation was performed by 1000 times repeated sampling using the Bootstrap method. The SPSS 26.0 software 
(SPSS Inc., Chicago, IL, USA) and R 4.1.2 software (http://www.r-project.org/) were used for all statistical analyses.

Results
Demographic and Clinical Characteristics
A total of 436 patients were included in this study, of which 45 had SAP, corresponding to a prevalence rate of 10.3%. 
The mean age of the cohort was 50.2 ± 17 years, the male-to-female ratio was 1.58:1 (267/169), and the mean BMI was 
25.3 ± 3.4 kg/m2. Comorbidities included hypertension (89 cases) and diabetes mellitus (73 cases). Ninety-four cases of 
AP involved the biliary tract, alcoholism, diet and hyperlipidemia were responsible for 37, 94 and 44 cases respectively, 
and 167 cases had other etiologies. The average HD was 10.8 days and average HE was 17228 RMB. There was no 
significant difference between the SAP and non-SAP groups in terms of sex (P=0.25), diabetes (P=0.14), etiology 
(P=0.074) and composition (P<0.05). In the non-SAP group, the HD was 9 days (IQR: 6–12), HE was 9119 RMB (IQR: 
6383–13800), BMI was 25.2±3.4 kg/m2 and prevalence of hypertension was 18.9% (n=74). Patients with SAP were 
hospitalized for a longer duration, with average HD of 19 days (IQR: 12–23.5), which corresponded to greater HE of 
40759 RMB (IQR: 22781–64788). The average BMI in this group was also higher at 26.6±3.2 kg/m2, although the 
prevalence of hypertension was lower at 33.3% (n=15). The above differences were all statistically significant (P<0.05). 
The data are summarized in Table 1.

Table 1 Demographic and Clinical Characteristics of Patients with AP

Variables Non-SAP (n=391) SAP (n=45) P value

General parameters

Male, n (%) 243 (62.1) 24 (53.3) 0.250
Age (years), mean (SD) 49.0 (17.0) 55.1 (16.6) 0.043
BMI, mean (SD) 25.2 (3.4) 26.6 (3.2) 0.007
Hypertension, n (%) 74 (18.9) 15 (33.3) 0.023
Diabetes, n (%) 62 (15.9) 11 (24.4) 0.144

(Continued)
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Correlation Between SAP and Clinical Parameters
After excluding parameters that were obtained following hospitalization for more than 24 hours, and the HD, HE, and 
APACHE II and BISAP scores, age (P=0.034), BMI (P = 0.007), hypertension (P = 0.023), WBC (P < 0.001), neutrophils 

Table 1 (Continued). 

Variables Non-SAP (n=391) SAP (n=45) P value

Etiology, n (%) 0.074

Biliary 83 (21.2) 11 (24.4)
Alcoholic 31 (7.9) 6 (13.3)

Dietary 84 (21.5) 10 (22.2)

Hyperlipemia 36 (9.2) 8 (17.8)
Others 157 (40.2) 10 (22.2)

HD (days), median (IQR) 9.0 (6.0, 12.0) 19.0 (12.0, 23.5) <0.001
HE (yuan), median (IQR) 9119.0 (6383.0, 13,800.0) 40,759.0 (22,781.0, 64,388.0) <0.001

Laboratory indexes

WBC*109, median (IQR) 10.47 (7.11, 13.94) 15.77 (10.99, 19.89) <0.001
Neut*109, median (IQR) 8.57 (5.33, 12.32) 13.20 (9.64, 18.35) <0.001
RBC*1012, median (IQR) 4.38 (4.01, 4.74) 4.69 (3.87, 5.25) 0.047
D-dimer, median (IQR) 0.79 (0.36, 1.68) 2.01 (1.11, 4.55) <0.001
TBil, median (IQR) 17.1 (12.1, 26.4) 20.0 (14.0, 29.9) 0.168

Hb, median (IQR) 136 (125, 149) 151 (118, 172) 0.005
Fib, median (IQR) 3.4 (2.6, 4.4) 4.2 (2.5, 5.6) 0.114

PDW, median (IQR) 13.3 (11.9, 15.2) 14.1 (11.8, 17.2) 0.207
ALT, median (IQR) 27 (16, 59) 32 (16, 67) 0.791

AST, median (IQR) 26 (18, 46) 42 (25, 97) 0.001
BG, median (IQR) 6.81 (5.75, 9.25) 11.2 (7.9, 14.1) <0.001
Ca2+, median (IQR) 1.75 (1.17, 2.09) 26.0 (18.5, 35.5) <0.001
AMY, median (IQR) 560 (327, 876) 779 (419, 1289) 0.006
LIP, median (IQR) 629 (365, 1013) 800 (480, 1257) 0.028
sCr, median (IQR) 60 (48, 72) 77 (60, 96) <0.001
BUN, median (IQR) 4.75 (3.74, 6.25) 6.43 (4.88, 9.86) <0.001
PT, mean (SD) 11.8 (2.1) 12.8 (1.96) 0.002
INR, mean (SD) 0.99 (0.18) 1.08 (0.18) 0.005
PLT*109, mean (SD) 216 (70) 188 (83) 0.013
RDW, mean (SD) 13.1 (1.5) 13.9 (1.05) 0.001
ALB, mean (SD) 40.2 (7.2) 34.5 (6.7) <0.001
TG, mean (SD) 3.87 (3.64) 4.80 (3.57) 0.105

HDL, mean (SD) 1.88 (1.37) 1.99 (1.39) 0.612
LDL, mean (SD) 2.82 (0.98) 2.66 (1.14) 0.296

TC, mean (SD) 4.84 (1.88) 4.96 (1.74) 0.679

CRP, mean (SD) 51.95 (312.80) 65.31 (60.74) 0.775
PCT, mean (SD) 1.82 (2.21) 6.62 (10.97) 0.005

Clinical scoring

APACHEII, median (IQR) 3 (2, 4) 8 (5, 10) <0.001
BISAP, median (IQR) 1 (1, 2) 2 (1, 3) <0.001

Note: The bold values mean the P value<0.05. 
Abbreviations: HD, hospitalization days; HE, hospitalization expenses; WBC, white blood cells; Neut, neutrophil; RBC, red blood cells; 
RDW, erythrocyte volume distribution width; Hb, hemoglobin; PLT, platelet; PDW, platelet distribution width; PT, prothrombin time; Fib, 
fibrinogen; TBil, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; BG, blood glucose; AMY, serum amylase; LIP, serum lipase; sCr, 
serum creatinine; BUN, blood urea nitrogen; Ca2+, serum calcium; TG, triglycerides; HDL, high density lipoprotein cholesterol; LDL, low 
density lipoprotein cholesterol; TC, total cholesterol; CRP, C-reactive protein; PCT, procalcitonin; AST, aspartate transaminase; INR, 
International standard ratio; BMI, Body Mass Index; BISAP, bedside index for severity in acute pancreatitis; APACHEII, acute physiology and 
chronic health evaluation II.
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(P < 0.001), RBC (P = 0.047), D-dimer (P < 0.001), Hb (P = 0.005), AST (P = 0.001), BG (P < 0.001), Ca2+ (P < 0.001), 
AMY (P = 0.006), LIP (P = 0.028), sCr (P < 0.001), BUN (P < 0.001), PT (P = 0.002), INR (P = 0.005), PLT (P = 0.013), 
RDW (P = 0.001), ALB (P < 0.001) and PCT (P = 0.005) were found to show significant positive correlation with SAP.

Construction of a Predictive Nomogram for SAP
The variables identified above were further screened by LASSO binary logistic regression based on 1 standard error 
criteria of lambda (Figure 1A and B). A total of seven independent risk factors associated with SAP were obtained, 
including neutrophils, ALB, BG, Ca, sCr, BUN and PCT. Indeed, the SAP patients had significantly higher neutrophil 
counts (Figure 2A), along with higher levels of BG (Figure 2B), ALB (Figure 2C), Ca2+ (Figure 2D), sCr (Figure 2E), 
BUN (Figure 2F) and PCT (Figure 2G) within 24 hours of admission for AP compared to patients that did not progress to 
SAP. Therefore, these variables can be used to predict progression to SAP within 24 hours of admission. Multivariate 
logistic regression analysis was then performed on these seven variables, and a multi-factor risk model was constructed 
according to the stepwise backward method (Table 2). Neutrophils, ALB, BG (Figure 1B), Ca2+, sCr, BUN and PCT were 
integrated to build a novel predictive nomogram (Figure 3). The C-index of the formulated nomogram was 0.889 (95% 
CI, 0.837–0.941), which was significantly higher than that of each indicator alone [neutrophils: 0.730 (95% CI, 0.647– 
0.814); ALB: 0.747 (95% CI, 0.667–0.826); BG: 0.741 (95% CI, 0.664–0.818); Ca2+: 0.728 (95% CI, 0.643 −0.813); 
sCr: 0.711 (95% CI, 0.626–0.797); BUN: 0.705 (95% CI, 0.616–0.795); PCT: 0.743 (95% CI, 0.664–0.822)].

We compared the predictive performance of the nomogram with that of APACHEII and BISAP by plotting ROC 
curves. As shown in Figure 4A, the nomogram had the highest area under the curve (AUC) of 0.889 (95% CI, 0.837– 
0.941), followed by APACHEII (0.853; 95% CI, 0.794–0.911) and BISAP (0.752; 95% CI, 0.767–0.828). Furthermore, 
the nomogram had the best predictive performance with sensitivity 0.733, specificity 0.9, PPV 0.458, NPV 0.967, PLR 
7.352 and NLR 0.296 (Table 3). The parameters of the ROC curves at the nomogram cut-off point are shown in Table 2. 
The bootstrap method of self-sampling 1000 times was used for internal verification, and calibration curves showed good 
consistency between the actual and nomogram-predicted SAP (Figure 4B–D).

DCA curves were plotted to further verify the predictive accuracy of the nomogram. As shown in Figure 5A, the 
nomogram model had greater net benefits and a wider range of high-risk thresholds compared to the other two scoring 
systems. The CIC was also plotted for the nomogram and the seven predictors, which indicated superior net benefits of 
the combined nomogram compared to each individual indicator, along with a wider range of high-risk thresholds 
(Figure 5B–I). In conclusion, the nomogram model based on routine clinical parameters can accurately predict SAP 
early during onset.

Figure 1 Identification of the risk factors of SAP by LASSO regression. (A) Least absolute shrinkage and selection operator coefficient profiles of the 21 candidate variables. 
For the optimal lambda, 7 variables with a non-0 coefficient were selected. (B) Following verification of the optimal parameter (lambda) in the least absolute shrinkage and 
selection operator model, dashed vertical line was plotted according to 1 standard error criterion Likelihood deviance (binomial) curve and log (lambda).
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Discussion
SAP is characterized by acute onset, rapid progression, and severe complications. It not only prolongs the hospital stay and 
increases the financial burden on patients, but can also be fatal due to the complications. Therefore, it is crucial to identify 

Figure 2 Quantification of (A) neutrophils, (B) BG, (C) ALB, (D) Ca2+, (E) sCr, (F) BUN and (G) PCT distinguishing patients with SAP from those without SAP. The error 
bars represent median ± standard deviation. Neut, neutrophil; ALB, albumin; Ca2+, serum calcium; BG, blood glucose; sCr, serum creatinine; BUN, blood urea nitrogen; PCT, 
procalcitonin; SAP, severe acute pancreatitis. **P < 0.01; ***P < 0.001.

Table 2 Multivariate Logistic Regression Analysis of the Predictors of SAP

Intercept and Variables β SE Z value Prediction Model

P value OR 95% CI

Intercept −3.199 1.357 −2.357 0.018 0.041 0.003–0.583
Neut 0.180 0.044 4.057 <0.001 1.197 1.098–1.304

ALB −0.077 0.024 −3.258 0.001 0.926 0.883–0.970

BG 0.065 0.040 1.651 0.099 1.068 0.987–1.155
Ca2+ −0.990 0.448 −2.208 0.027 0.372 0.154–0.894

sCr 0.018 0.009 1.950 0.051 1.018 1.000–1.036

BUN 0.164 0.078 2.095 0.036 1.178 1.011–1.373
PCT 0.165 0.060 2.737 0.006 1.179 1.048–1.326

Abbreviations: β, regression coefficient; OR, odds ratio; CI, confidence interval; SE, standard error.
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SAP in its early stages in order to start the treatment a timely manner and prevent complications. Early identification of SAP 
patients can help with risk stratification and management to promote rapid recovery, thereby shortening hospital stay and 
reducing hospital costs. The APACHE II and BISAP scoring systems are commonly used to assess disease severity. 
However, the APACHE II score is designed for critically ill patients in intensive care units, and is based on multiple 
laboratory indicators, some of which cannot be measured within 24 hours of admission. Therefore, it is complicated and 
cumbersome to use, and has a high false positive rate. In this study, we screened 7 predictors of SAP, including neutrophils, 
ALB, BG, Ca2+, sCr, BUN and PCT, was established and verified, which had good predictive value.

The neutrophil count showed the strongest discriminatory power for SAP at the cut-off value of 8.98, and predicted 
SAP with 84.4% sensitivity and 52.4% specificity. Elevated neutrophil count was significantly associated with longer 
hospital stays and more complications, and was identified as an independent predictor of SAP severity. However, 
exercise, emotional stimulation, childbirth, smoking, chronic inflammation, such as ulcerative colitis, gout, etc., and 
other factors can also increase the neutrophil count. Therefore, elevated neutrophil count by itself has low predictive 
specificity for SAP and a high false positive rate. Furthermore, we and others11,17,30 have found that the increase in 
neutrophils is not only an early predictor of SAP, but also an indicator of organ failure. Some studies13,31,32 have shown 
that the neutrophil to lymphocyte ratio (NLR) is a reliable parameter of the systemic inflammatory response, and is 
routinely tested in critically ill patients with systemic multi-organ failure. However, the ability of NLR and the neutrophil 
count to predict SAP within 24 hours of onset needs to be validated through multicenter studies.

AP is often accompanied by gastrointestinal symptoms, and inadequate fluid intake and loss results in hypovolemia. 
In addition, increased protein breakdown and the persistent negative nitrogen balance during AP can also lead to 
hypoproteinemia.33–35 In this study, ALB predicted the severity of AP with an AUC of 0.747, PLR of 2.505 and NLR 
of 0.403. Patients in the early stage of AP with ALB < 37.25 g/L may progress to SAP. The incidence of organ failure 
and pancreatic necrosis in AP patients complicated by hypoproteinemia is significantly higher than that of patients 
without hypoproteinemia,23,35–37 which is consistent with our findings. In summary, ALB is correlates negatively with 
the severity of AP,14,38 and can be used to predict the same.

Pancreatitis affects the endocrine and exocrine functions of the organ, which on turn influences eating behavior and 
metabolism.39,40 Inadequate insulin secretion and collective hypermetabolism lead to a rapid increase41–43 in BG levels, 
especially in patients with necrotizing pancreatitis,44–46 which may even progress to pancreatic diabetes.25 Therefore, BG 
can also be used as a marker for the severity of pancreatitis,47 and was identified as such in our study as well. However, 
BG can be elevated by other pathological factors, which lowers its predictive performance for SAP. Consistent with this, 
BG was integrated into the nomogram along with other predictive factors to improve the predictive ability.

Figure 3 Predictive nomogram for the probability of SAP.
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Studies show that Ca2+ level is a determinant of the exocrine functions of the pancreas, as well as the pathological 
progression of AP.33,48 In the past decade, various strategies have been developed to simultaneously monitor the changes 
in Ca2+ levels in the acinar environment.33,49 Furthermore, SAP is often associated with lower serum calcium levels,30 

and hypocalcemia can in fact predict SAP15,50 across all age groups.48,51,52 In our study as well, Ca2+ was identified as an 
independent predictor of SAP at the cut-off level of 1.13 and with specificity of 0.89. Thus, low calcium levels in the 
blood can predict the severity of AP with high accuracy.

There are reports2,8,53 indicating that sCr is a prognostic marker for SAP and can be used to determine the risk of 
SAP-induced multi-organ failure.18 We found that sCr levels in the first 24 hours of admission predicted SAP fairly 
accurately with an AUC of 0.711 (95% CI, 0.626–0.797), which is higher than that reported by other studies.26,29 

Although previous studies have shown that sCr is associated with the death outcomes of SAP,10 it was not identified an 
independent risk factor in our study.

Patients with AP often experience hypovolemia and hemoconcentration on admission are caused by rapid changes of 
vascular permeability and other factors, and prerenal azotemia that increases BUN levels. Studies54,55 show that high 

Figure 4 The (A) ROC and (B) calibration curves of the nomogram. The calibration curves of (C) APACHEII and (D) BISAP.
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levels of BUN on admission portend an increased risk of death from AP. Brigham et al56 found that BUN level can 
predict persistent circulatory failure in the early stage of AP, as well as organ failure and pancreatic necrosis in SAP. An 
increase in BUN within 24 hours of admission predicts SAP with greater accuracy compared to high sCr levels.57 We 
also found a positive correlation between high levels of BUN at 24 hours of admission and the occurrence of SAP, and 
also identified it is an independent predictor for SAP.

Serum procalcitonin levels usually peak around 24 hours of the onset of infection, and is also a useful predictive marker 
for SAP.16,58,59 We found that procalcitonin level within 24 hours of admission predicted SAP with sensitivity and specificity 
of 0.756 and 0.632, respectively, which is consistent with an earlier study.60 Co-existence of bacterial infection can exacerbate 
AP, especially if biliary pancreatitis is complicated by cholangitis or liver abscess. Since bacterial cultures do not yield rapid 
results and the positive rate is low, changes in procalcitonin levels can be used as a surrogate marker of bacterial infection and 
early inflammation,55,61 and can predict peripancreatic infection or inflammation caused by pancreatic tissue necrosis.

We constructed a nomogram for predicting the severity of AP by integrating multiple clinical indicators. The 
nomogram showed greater predictive accuracy compared to the APACHEII and BISAP scoring systems, and there 
was good agreement between the predicted and observed values. Furthermore, DCA of the nomogram model indicated 
a broader range of high-risk thresholds than APACHEII and BISAP. When the threshold probability is greater than 30%, 
the corresponding treatment measures can benefit AP patients overall, thus improving clinical decision-making. Other 
studies have shown19–21 that CT images can diagnose and grade the severity of SAP. However, the abdominal CT 
features in AP patients usually appear 48 hours after onset, and have little predictive value in the first 24 hours. 
Moreover, abdominal CT is inconvenient and expensive, and largely ineffective for early decision-making.

However, our study still has certain limitations. First, the sample size of this study was small, and some patients with SAP 
were not transferred to Shangluo Central Hospital within 24 hours of onset and therefore lacked the data for that time window. 
This might have introduced some selection bias. Second, the existence of many scoring systems62 itself indicated that they are all 
imperfect, and our research is no exception. This was a single-center retrospective study that was only validated internally and 
lacked external validation. Therefore, our findings will have to be validated through studies on large, multi-center cohorts, or 
related meta-analyses. Finally, some studies62–64 have shown that the 48-hour component is an inherent advantage that is 
supported by the Revised Atlanta Classification. But the pathophysiology of AP is an evolving disease that needs to be reassessed 
at any time. We only established a nomogram for predicting SAP, and it remains to be ascertained whether early clinical treatment 
can reduce the complications or severity of SAP.

In summary, we established a nomogram model integrating the clinical and laboratory parameters measured within 24 
hours of the onset of AP to accurately predict the probability of SAP. This is a promising tool that can help clinicians 
develop individualized treatment plans for AP patients, thereby improving patient outcomes, saving medical resources 
and costs, and promoting early recovery.

Table 3 Discriminatory Performance of Neutrophils, ALB, BG, Ca2+, sCr, BUN, PCT, APACHE II, BISAP and the 
Formulated Nomogram for Identifying Patients with SAP

AUC (95% CI) Cut-Off Level Sensitivity Specificity PPV NPV PLR NLR

Neut 0.730 (0.647–0.814) 8.98 0.844 0.524 0.170 0.967 1.775 0.297

ALB 0.747 (0.667–0.826) 37.25 0.711 0.716 0.224 0.956 2.505 0.403

BG 0.741 (0.664–0.818) 8.22 0.756 0.680 0.214 0.960 2.363 0.359
Ca2+ 0.728 (0.643–0.813) 1.13 0.489 0.890 0.338 0.938 4.445 0.574

sCr 0.711 (0.626–0.797) 81.5 0.467 0.859 0.276 0.933 3.318 0.621

BUN 0.705 (0.616–0.795) 5.57 0.711 0.668 0.198 0.953 2.139 0.433
PCT 0.743 (0.664–0.822) 1.45 0.756 0.632 0.191 0.957 2.052 0.387

Nomogram 0.889 (0.837–0.941) 83.3 0.733 0.900 0.458 0.967 7.352 0.296
APACHE II 0.853 (0.794–0.911) 4.5 0.800 0.760 0.277 0.971 3.328 0.263

BISAP 0.752 (0.676–0.828) 1.5 0.756 0.642 0.195 0.958 2.11 0.381

Abbreviations: AUC, area under the receiver-operating-characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative 
predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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