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Background: Acute cholangitis is a severe inflammatory disease associated with an infection of the biliary system, which can lead to 
complications and adverse outcomes. The existing nomogram-based risk assessment methods largely rely on a limited set of clinical 
features and laboratory indicators, and are mostly constructed using univariable models, which have limitations in predicting the severity. 
This study aims to develop a nomogram-based model that integrates multiple variables to improve risk prediction for acute cholangitis.
Methods: Data were retrospectively collected from 152 patients with acute cholangitis who attended the People’s Hospital of Jiangsu 
University between January 2019 and March 2022, and were graded as having mild to moderate versus severe cholangitis according to 
the 2018 Tokyo guidelines. Univariate and multivariate analyses were employed to discern independent risk factors associated with 
severe acute cholangitis, which were subsequently integrated into a nomogram model. The efficacy of the model was appraised by 
leveraging Receiver Operating Characteristic (ROC) curves, calibration curves, and Decision Curve Analysis (DCA).
Results: Aspartate to alanine transaminase ratio (Transaminase ratio or TR), Neutrophil-lymphocyte ratio (NLR), C-reactive protein 
(CRP), and D-dimer (DD) levels were independent risk factors for severe acute cholangitis. A nomogram model was constructed based on 
these 4 risk factors. ROC and calibration curves were well differentiated and calibrated. DCA had a high net gain in the range of 7% to 83%. 
The above model was tested internally. According to the nomogram model when patients using characteristic curve critical values were 
divided into a low-risk group and a high-risk group, the incidence in the high-risk group was significantly higher than in the low-risk group.
Conclusion: This nomogram model may provide clinicians with an effective tool to predict the potential risk of severe acute 
cholangitis in patients and guide informed intervention measures and treatment decisions.
Keywords: cholangitis, risk factors, prognosis, nomogram

Introduction
Acute cholangitis is one of the common clinical abdominal conditions, which frequently presents an emergency, due to 
partial or complete biliary obstruction (by bile duct stones, malignant strictures, etc.), resulting in biliary stasis and biliary 
tract infection.1–3 The 2018 Tokyo guidelines (TG18) represent the current, globally accepted, criteria for diagnosis of 
acute cholangitis and for grading its severity. Patients are classified according to their clinical features and laboratory 
findings, at the time of admission into the hospital, as mild, moderate, and severe (grades I, II, and III) to determine their 
management.4 Once diagnosed, patients with severe acute cholangitis should be treated immediately with antibiotics and 
biliary drainage (Endoscopic retrograde cholangiopancreatography, ERCP). Several studies,5,6 have demonstrated that 
30-day mortality is significantly higher in patients with severe acute cholangitis compared with mild to moderate disease, 
but mortality can be significantly reduced in patients with severe acute cholangitis who receive early ERCP drainage.7–9 

Therefore, accurate assessment and prediction of the risk of severe acute cholangitis occurrence are crucial for early 
intervention and effective treatment.

In contemporary clinical practice, there is a discernible limitation in the TG18 guidelines pertaining to the expeditious 
delineation of acute cholangitis of severe nature, particularly during emergent circumstances. It has been observed that these 
guidelines are not optimal in terms of convenience.10 Furthermore, existing nomogram-based risk assessment methodologies 
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predominantly rely on clinical indices and radiological examinations. However, these methodologies often fail to encompass the 
intricate interrelations among various factors and are generally constrained to evaluations based on singular parameters.11–15 

Consequently, there is an exigency for a more accurate and comprehensive predictive model to assess the risks associated with the 
manifestation of severe acute cholangitis.

This study, employing the Nomogram model, aims to develop a predictive model for assessing the risk of severe acute 
cholangitis. The proposed model not only emphasizes clinical convenience and practicality but also integrates multiple 
clinical indicators and biomarker variables to enhance the accuracy and reliability of risk assessment. By employing this 
model, our objective is to provide clinicians with an effective tool for predicting the potential risk of severe acute 
cholangitis in patients, thereby guiding appropriate intervention strategies and treatment decisions.

Clinical Data and Methods
Study Population and Data Collection
This was a single-center, retrospective, study conducted at a tertiary referral hospital, and data were collected from 152 
patients with acute cholangitis who attended the People’s Hospital of Jiangsu University between January 2019 and 
March 2022. This study was approved by the Ethics Committee of the Affiliated People’s Hospital of Jiangsu University 
(K-20230037-W), and the requirement for written informed consent was waived due to the retrospective nature of the 
study. The inclusion criteria included: patients diagnosed with acute biliary cholangitis according to TG18, and patients 
who were admitted to the hospital for the first time. The exclusion criteria included: 17 cases who were repeatedly 
admitted for acute biliary cholangitis; 10 cases with recent infections in the pulmonary or urinary tract; 1 case receiving 
warfarin anticoagulation; and 5 cases with incomplete clinical data. Based on the TG18 classification, all patients with 
acute cholangitis were stratified into mild-to-moderate (101 cases) and severe (51 cases) groups (Figure 1). All data for 
this study were from the hospital electronic medical record system collected within 24 hours of patient admission. This 
included information on age, gender, smoking status, body mass index (BMI), concomitant diseases (hypertension, 
diabetes, heart disease) obtained from the history taking, temperature taken by the nurse on admission, and routine blood 
results were obtained from the laboratory; including white blood cell count (WBC), NLR, CRP, and coagulation studies 
DD, (using the Hysenmachem fully automated hematology analyzer), and biochemical results including TR, total 

Figure 1 Patient Screening and Grouping Flowchart.
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bilirubin (TBil), albumin (using the Beckman Coulter AU biochemical analyzer). Information related to whether the 
patient died within 30 days of admission was also collected.

Statistical Methods
SPSS25.0 was used for data analysis. For one-way analysis of variance, the expression of the number of cases (as 
a percentage) was selected for the count data, and the χ2 test was used. For data, which conformed to a normal 
distribution, they were expressed as mean ± standard deviation (SD) and the independent sample t-test was used. Data 
which were not normally distributed were expressed as median (lower–upper quartile), and the nonparametric test for two 
independent samples (Mann–Whitney U rank sum test) was used. Variables with a significance level of p < 0.05 were 
selected through the aforementioned tests. Following the assessment of independence using the Spearman correlation 
test, a backward stepwise binary logistic regression was employed to identify the risk factors associated with severe acute 
cholangitis. Statistical significance was defined as p < 0.05. Subsequent to the determination of the beta coefficients for 
the respective variables encompassing multiple factors, a nomogram was employed to substantiate the predictive model. 
The diagnostic performance of the model was evaluated utilizing ROC curves and an analysis of the area under the curve 
(AUC). Calibration curves were generated to assess the calibration attributes of the nomogram model. Additionally, DCA 
was conducted to compute the net benefits of employing this model at varying threshold probabilities.16,17 All curves 
were plotted using R software (version: 4.2.1).

Results
Etiological Investigation of Acute Cholangitis
Within the aggregate study cohort, an exploration pertaining to the etiology of acute cholangitis was undertaken 
(Table 1). Of the entire 152 instances assessed, choledocholithiasis was observed in 131 cases, constituting 86.1% of 
the cases, while benign or malignant strictures in the bile or hepatic ducts accounted for 19 cases, which is equivalent to 
12.5%. Additionally, a solitary case, representing 0.7%, was attributed to pancreatic cancer, and a corresponding 
proportion was ascribed to a stricture in bilioenteric anastomosis. Delving into the subgroup of mild-to-moderate 
cholangitis, choledocholithiasis emerged as the preeminent etiology, encompassing 89 cases or 88.1%, followed by 
benign or malignant strictures in the bile or hepatic ducts, tallying 10 cases or 9.9%. In the cohort ascribed to severe 
cholangitis, choledocholithiasis persevered as the predominant etiology, representing 42 cases or 82.4%, whilst a more 
substantial fraction concerning benign or malignant strictures of the bile/hepatic ducts, totaling 9 cases, was recorded, 
accounting for 17.6%.

Comparison of Mortality in the Mild to Moderate Group and the Severe Group Based 
on TG18 Severity Grading
According to the TG18 diagnostic criteria, 152 patients with acute cholangitis included in the study were divided into 101 
patients in the mild to moderate group and 51 patients in the severe group. The number of deaths in the mild to moderate 
group was 1, (giving a rate of 0.99%), while the number of deaths in the severe group was 5 (9.80%); the difference was 
statistically significant (p < 0.01) (Table 2). The severe acute cholangitis patients had a significantly higher mortality rate 
than patients with mild to moderate acute cholangitis.

Table 1 Etiological Investigation of Acute Cholangitis

Etiology Cholangitis Mild-to-Moderate Group Severe Group
N = 152 N = 101 N = 51

Choledocholithiasis 131(86.1%) 89(88.1%) 42(82.4%)

Benign or malignant stricture of the bile/hepatic ducts 19(12.5%) 10(9.9%) 9(17.6%)

Pancreatic cancer 1(0.7%) 1(1.0%) 0(0%)
Stricture of a bilioenteric anastomosis 1(0.7%) 1(1.0%) 0(0%)
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Baseline Characteristics and Univariate Analysis of Severe Acute Cholangitis Patients
According to the published literature,2,18 age > 70 years is a risk factor for severe acute cholangitis, and 70 years was 
therefore used as the age cut off for dichotomization in this study. The demographic characteristics and laboratory data of 
severe acute cholangitis and mild to moderate acute cholangitis patients are shown in Table 3. The risk of developing 
severe acute cholangitis was positively associated with age, CRP, NLR, DD and TR (all p < 0.05) but not with gender, 
smoking status, comorbidities (diabetes, hypertension, heart disease), BMI, TBil, albumin, WBC, or body temperature 
(p > 0.05).

Correlations Between Risk Factors
The risk factors, screened by univariate analysis, were tested for covariance. Since age was a general characteristic and 
the remaining four indicators were laboratory data, age was considered relatively independent. From Table 3, it can be 
seen that the remaining four numerical variables did not obey a normal distribution. Therefore, Spearman correlation 
analysis was chosen for the examination of covariance between risk factors. In each case for the correlation between 
TR and CRP, TR and DD, and TR and NLR p > 0.05 indicating that there was no linear correlation between these 

Table 2 30-Day Mortality in Severe Acute Cholangitis versus Mild to Moderate 
Acute Cholangitis

Mild-to-Moderate Group Severe Group χ2 p
N = 101 N = 51

Death 1(1.0%) 5(9.8%) 6.943 < 0.01

Alive 100(99.0%) 46(90.2%)

Note: p value was calculated using Chi-squared test.

Table 3 Univariate Analysis of the Risk of Developing Severe Acute Biliary Cholangitis

Mild-to-Moderate Group Severe Group χ2/Z/T p

Gender Male 57 (37.5%) 37 (24.3%) 3.729 0.053

Female 44 (28.9%) 14 (9.3%)

Smoking history No 84 (55.3%) 39 (25.7%) 0.958 0.321
Yes 17 (11.2%) 12 (7.8%)

Diabetes No 85 (55.9%) 38 (25%) 2.043 0.153

Yes 16 (10.5%) 13 (8.6%)
Hypertension No 55 (36.2%) 26 (17.1%) 0.164 0.685

Yes 46 (30.3%) 25 (16.4%)

Cardiac disease No 88 (57.9%) 41 (27.0%) 1.198 0.274
Yes 13 (8.6%) 10 (6.5%)

Age(years) <70 55 (36.2%) 19 (12.5%) 4.013 0.045*

≥ 70 46 (30.3%) 32 (21.0%)
TRa 0.74 (0.46–1.02) 1.04 (0.65–1.37) –3.762 <0.01*

CRPa 31.96 (7.18–102.8) 109.05 (32.72–176.39) –3.416 <0.01*

NLRa 9.75 (4.55–23.72) 25 (14.64–40) –4.852 <0.01*
DDa 1.48 (0.74–2.68) 5.8 (1.9–13.9) –5.272 <0.01*

BMIa 23.63 (21.37–25.17) 23.18 (21.88–24.56) –0.939 0.348

TBila 72.1 (38.9–127.4) 73.8 (52–103.4) –0.096 0.924
Albuminb 34.19 ± 5.49 32.42 ± 5.16 1.923 0.557

WBCa 8.5 (6.6–12.9) 10.4 (6.2–15.2) –1.241 0.215

Body temperaturea 37.6 (37.1–38.2) 37.8 (37–38.7) –0.67 0.503

Notes: *Indicates p < 0.05; aIndicates Kolmogorov–Smirnov normality test does not obey normal distribution; bIndicates 
Kolmogorov–Smirnov normality test obeys normal distribution. 
Abbreviations: TR, transaminase ratio; CRP, c-reactive protein; NLR, neutrophil-lymphocyte ratio; DD, d-dimer; BMI, body mass 
index; TBil, total bilirubin; WBC, white blood cell count.
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groups of variables. Furthermore, although there were significant correlations between CRP and NLR (p < 0.01), CRP 
and DD (p < 0.01), NLR and DD (p < 0.01), with correlation coefficients of 0.343, 0.518, and 0.509, respectively; the 
correlations were weak (Figure 2). Therefore, the risk factors screened by univariate analysis can be considered 
independent of each other.

Multivariate Analysis of Risk Factors for Developing Severe Acute Cholangitis
These risk factors: age, CRP, NLR, DD and TR were included in the multivariate analysis, with the results shown in 
Figure 3. NLR, DD, CRP, and TR were risk factors for severe acute cholangitis.

Establishment and Evaluation of a Nomogram Risk Model for Predicting Severe Acute 
Cholangitis
Construction of the Nomogram Model
Based on the independent risk factors examined by multivariate analysis, four indicators, TR, CRP, NLR, and DD, were 
included in the construction of the nomogram risk model for severe acute cholangitis (Figure 4). Each variable was 
identified as a point on the line segment to obtain the corresponding score, and the sum of the scores of all variables was 
the total score. The corresponding predicted probability of severe acute cholangitis was based on the total score.

Figure 2 Spearman Correlation analysis for the independent risk factors; C-reactive protein (CRP), Neutrophil-lymphocyte ratio (NLR), and D dimer (DD) in severe acute 
cholangitis (n = 152). Line represents best fit of individual points. p value < 0.05, indicating that there are statistically significant but weak correlations between each pair.

Figure 3 Forest plot based on binary logistic regression. Odds ratios (OR) for blood test results; Neutrophil-lymphocyte ratio (NLR), D-dimer (DD), CRP (10 unit 
increments) and Transaminase ratio (TR, 0.1 unit increments) in acute severe cholangitis. Thick vertical bars indicate means and 95% confidence interval (CI). These 
independent risk factors were statistically significant in a multivariate regression analysis.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S416108                                                                                                                                                                                                                       

DovePress                                                                                                                       
3143

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Evaluation of the Nomogram Model by ROC Curves
The ROC curves of the nomogram model and the independent predictors were plotted separately, and the area under the 
ROC curve (AUC) was used to test discrimination of the predictive efficacy for severe acute cholangitis (Figure 5A). The 
nomogram model predicted the probability of severe acute cholangitis at 0.48 with an AUC of 0.82, when the specificity 
was 0.94 and the sensitivity was 0.61; a critical value of TR of 0.93 was associated with an AUC of 0.69, when the 
specificity was 0.7 and the sensitivity was 0.65; a cut off value of CRP of 45 gave an AUC of 0.67, with a specificity of 
0.75 and sensitivity of 0.58; a cut off value of DD of 2.53 gave an AUC of 0.76, with a specificity of 0.75 and 
a sensitivity of 0.71; NLR at a threshold value of 13.2 gave an AUC of 0.74, a specificity of 0.62 and a sensitivity of 

Figure 5 (A) Receiver Operator Characteristics (ROC) curves ie Sensitivity plotted against Specificity for the individual risk factors for acute severe cholangitis; C-reactive 
protein (CRP), D dimer (DD), Neutrophil-lymphocyte ratio (NLR) and Transaminase ratio (TR) and the Nomogram model. The dashed line represents 50% of Area under 
the curve (AUC) value. (B) ROC curve for AUC generated by bootstrap resampling (1000 times) as internal validation of the nomogram model. The shaded area represents 
the 95% confidence intervals of the AUC of the ROC curve.

Points
0 10 20 30 40 50 60 70 80 90 100

TR
0 0.4 0.8 1.2 1.6 2 2.4 2.8

NLR
0 10 30 50 70 90 110

DD
0 10 20 30 40 50 60 70 80

CRP
0 50 150 250 350

Total Points
0 20 40 60 80 100 120 140 160 180 200 220

Diagnostic possibility
0.1 0.3 0.5 0.7 0.9

Figure 4 Nomogram model for prediction of acute severe cholangitis with Points score, Total Points score and Diagnostic probability for blood test results; C-reactive 
protein (CRP), D dimer (DD), Neutrophil-lymphocyte ratio (NLR) and Transaminase ratio (TR). The values of each variable were scored between 0 and 100, then added to 
give the total points score which was then used to predict the probability of severe acute cholangitis.
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0.82; thus, the nomogram model had a higher AUC in predicting severe acute cholangitis, and outperformed the 
predictive ability of each independent predictor. Internal validation of the nomogram model using Bootstrap resampling 
1000 times gave an AUC of 0.82 (95% CI: 0.75 to 0.89) (Figure 5B).

Evaluation of the Nomogram Model by Calibration Curves
The calibration curve is a plot established by the actual probability of occurrence relative to the predicted probability 
of occurrence; the closer the curve is to ideal line, the more reliable the nomogram model. We used the calibration 
curve to further evaluate the constructed model. The calibration curve Brier value for this nomogram was 0.152, and 
the Hosmer-Lemeshow goodness-of-fit test p = 0.545, representing essentially close predicted and actual incidence 
rates (Figure 6A). In addition, the calibration curve after internal validation of the model, using Bootstrap resampling 
1000 times, for this dataset (Figure 6B) showed good agreement with the calibration curve of the nomogram model, 
demonstrating good performance and repeatability.

DCA Was Conducted Utilizing the Nomogram Model to Assess the Clinical Utility
DCA were plotted based on the nomogram model (Figure 7A). In the threshold range of 7%–83%, the decision curve lies 
above the None and the All lines. The internal validation of the nomogram model, using the Bootstrap resampling 
method, validated the high net benefit in the threshold probability range of 4%–83% (Figure 7B), demonstrating clinical 
utility of the model.

Risk Stratification Based on the Nomogram Model
Risk stratification of all patients with acute cholangitis included in the study was performed according to the threshold 
value of the optimal ROC curve for the nomogram model. The total points score corresponding to the threshold value of 
the ROC curve was 62, and therefore we set 62 as the threshold: individuals with a total score of less than 62 were 
classified as low-risk group, while those with a total score greater than 62 were considered high-risk group. The 
incidence of severe acute cholangitis was significantly higher in the high-risk group than in the low-risk group (Table 4).

Figure 6 (A) Calibration curve, Predicted versus Observed Probability of acute severe cholangitis, from the Nomogram model. The closer the Decision curve to the Ideal 
(large hatched) line, the better the performance of the model. The horizontal axis represents the probability of predicting the occurrence of severe acute cholangitis, and the 
vertical axis represents the probability of actual severe acute cholangitis. (B) This chart displays the observed versus predicted risk results, obtained after 1000 internal 
validations using the bootstrap sampling method.
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Discussion
In this retrospective study, we collected data on 152 patients admitted to hospital with acute cholangitis. The 30-day mortality 
rates of patients with severe acute cholangitis were 9.8% compared to 0.99% in patients with mild to moderate acute 
cholangitis, with a p value < 0.05, indicating a statistically significant difference in mortality rates, consistent with the results 
of several previous retrospective studies.5,6 It follows, that it is clinically important to identify independent risk factors for 
severe acute cholangitis for its early recognition. Univariate and multivariate analysis of patient data revealed that four 
indicators, TR, CRP, DD, and NLR, were independent risk factors for severe acute cholangitis, while age, gender, smoking 
status, comorbidities (diabetes, hypertension, heart disease), BMI, TBil, albumin, WBC, and body temperature were not.

Aspartate transaminase (AST) and alanine transaminase (ALT) are found mainly in hepatocytes. When the bile duct is 
obstructed for any reason, biliary pressure is increased and subsequent damage to hepatocytes releases AST and ALT 
resulting in elevated AST and ALT levels in the blood.19 However, the changes in AST and ALT levels in different 
conditions are lacking in published studies. Previous authors have concentrated on associating changes in TR levels with 
chronic liver fibrosis, to good effect.20,21 The relationship between changes in TR and acute cholangitis has not been 
much reported. In this study, we correlated TR levels with grades of acute cholangitis and used TR to predict the risk of 
severe acute cholangitis. We found that the higher the TR, the higher the risk of severe acute cholangitis. We speculate 
that in severe acute cholangitis, more AST is released into the blood due to the destruction of hepatocyte mitochondria 
while in mild to moderate acute cholangitis, the increase of AST is less marked due to less liver damage.

Figure 7 (A) Decision curve analysis for prediction of acute severe cholangitis based on the nomogram model (blue line). Standardized Net Benefit plotted against Net Cost 
Benefit as the probability threshold was varied. Faint gray (All) line represents patients with acute severe cholangitis who received treatment. Heavier horizontal line (None) 
indicates no patients with acute severe cholangitis. A high risk threshold is indicative of a high probability of being diagnosed with severe acute cholangitis. (B) This chart is 
the result after 1000 internal validations using bootstrap sampling method.

Table 4 The Incidence of Severe Acute Cholangitis in Low-Risk and High-Risk Group

Mild-to-Moderate Cholangitis Severe Cholangitis χ2 p
N = 101 N = 51

Low-risk group 94(93.1%) 20(39.2%) 52.418 <0.01

High-risk group 7(6.9%) 31(60.8%)

Notes: p-values were calculated using chi-square test.
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CRP is a well-recognized acute-phase reactive protein. CRP levels in human serum are generally very low, but in an 
acute inflammatory setting, CRP levels begin to rise within hours and can increase up to 10,000-fold within 24–72 hours. 
CRP concentrations directly reflect the severity of underlying inflammatory processes and tissue damage.22,23 Several 
studies have reported CRP concentrations to be valuable in predicting severe acute cholangitis; furthermore, the 
occurrence of severe acute cholangitis was positively correlated with CRP concentration.15,24 Our results were consistent 
with this, as CRP levels were significantly higher in severe compared with mild to moderate acute cholangitis. We found 
that the threshold value of CRP in predicting severe acute cholangitis was 45 mg/L, with a specificity of 75% and 
a sensitivity of 58%.

DD is a secondary fibrin degradation product and a biological marker of the activation of the coagulation and 
fibrinolytic systems in the blood. Due to its molecular stability and easy accessibility, it is now widely used to exclude 
venous thromboembolism.25,26 Additionally, DD is a marker of the inflammatory response.27,28 In severe acute pancrea
titis, patients were found to have more severe coagulation disorders and higher plasma levels of DD compared to those 
with non-severe acute pancreatitis.29 However, the association between severe acute cholangitis and DD levels is not 
currently established, and there are few published literature reports. In the present study, plasma DD levels were 
positively associated with disease severity in patients with an initial presentation of acute cholangitis. We hypothesized 
that acute cholangitis causing tissue damage, in turn, leads to an increased risk of thrombosis, causing local ischemia and 
further exacerbating tissue damage.

Zahorec et al30 reported a significant increase in neutrophil counts and a significant decrease in lymphocyte counts in 
patients with severe sepsis, which led to the proposal of NLR as a new marker of infection. Subsequent studies31,32 have 
confirmed a correlation between neutrophil-lymphocyte stress factor and the severity of disease. Currently, NLR has been 
progressively introduced into various fields of research, particularly in infectious diseases. In biliary tract infections, the 
level of NLR has been suggested12,33 to be higher in severe than in mild to moderate acute cholangitis. Our results are in 
agreement in demonstrating that NLR is an independent risk factor for severe acute cholangitis and may be a convenient 
alternative laboratory marker for predicting severe acute cholangitis. We found that NLR >13.2 has 62% specificity and 
82% sensitivity for the diagnosis of severe acute cholangitis.

In the annals of prior scholarly endeavors, an assortment of predictive models has been posited for forecasting the 
incidence of severe acute cholangitis, leveraging a heterogeneous spectrum of prognostic elements encompassing non- 
alcoholic fatty liver disease, procalcitonin, Lipocalin-2, IL-7, NLR, among others. Specifically, Mahmud et al13 expli
cated the sovereign risk attribute of non-alcoholic fatty liver disease in severe acute cholangitis through an exhaustive 
exploration enveloping 298 instances. Additionally, Umefune et al15 meticulously examined a dataset comprising 213 
patients diagnosed with acute cholangitis, of which 29 were demarcated as severe, ultimately inferring that procalcitonin 
manifests adeptness in prognosticating severe acute cholangitis with a notable AUC of 0.9 and an optimal threshold of 
2.2 ng/mL (concomitant with a sensitivity of 0.97 and a specificity of 0.73). In addition, an ancillary retrospective 
analysis expounded upon the efficacy of serum Lipocalin-2 as a judicious biomarker for risk categorization in acute 
cholangitis patients, outstripping traditional inflammatory indices in discriminative prowess.11 Additionally, the inquiry 
conducted by Suwa et al accentuated the nexus between attenuated concentrations of IL-7 and the severity of acute 
cholangitis.14 Notwithstanding, the diagnostic processes for non-alcoholic fatty liver disease and the quantification of 
procalcitonin and Lipocalin-2 are frequently encumbered by constraints pertaining to hospital instrumentation, which 
precludes a plethora of medical establishments from executing such appraisals and evaluations. Moreover, the predictive 
precision of models that are anchored solely upon discrete parameters, such as IL-7 and NLR, remains circumscribed. 
This engenders a pressing requisition for an economically viable and ubiquitously implementable criterion, ingrained 
within the fabric of standard clinical practice, to facilitate highly perspicacious forecasts of acute cholangitis severity.

In this study, the efficacy of four independent risk factors (TR, CRP, DD, and NLR) alone for the diagnosis of severe acute 
cholangitis was determined to be 69%, 67%, 76%, and 74%, respectively. The nomogram model, which incorporates these 
four clinical indicators, demonstrates a robust discriminative capacity. Both the calibration curve and clinical decision curve 
exhibit excellent calibration performance of the model and provide valuable clinical recommendations in practical settings. 
Additionally, risk stratification was performed based on the optimal cutoff value of the ROC curve, enabling individualized 
risk assessment of patients. The high-risk group showed a significantly higher likelihood of severe acute cholangitis 
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occurrence compared to the low-risk group. In future clinical practice, the established nomogram model can be employed to 
assign scores to patients. A score exceeding 62 indicates a highly probable diagnosis of severe acute cholangitis. It is crucial to 
enhance patient management and promptly initiate biliary decompression, particularly in cases where biliary drainage is not 
feasible in primary healthcare institutions. Timely identification and expedited referral of patients to tertiary hospitals are 
essential to prevent disease progression and improve patient prognosis.34

The conventional TG18 diagnostic criteria,4 owing to their incorporation of a comprehensive array of intricate 
standards and indicators, necessitate the comprehensive consideration of diverse facets, encompassing a patient’s 
clinical presentation, laboratory examination findings, and radiological manifestations. This presents a formidable 
challenge for medical practitioners and healthcare personnel, demanding heightened time and exertion to appraise and 
establish a definitive diagnosis. Consequently, applying these criteria for diagnosing severe acute cholangitis in 
emergency situations is inconvenient.10 Furthermore, the TG18 criteria are population-based and do not provide 
personalized risk assessment. Each patient’s condition and characteristics may vary, rendering a unified set of 
standards inadequate for accurately assessing the severity of their individual cases. In light of these limitations, we 
have developed a nomogram risk model that enables personalized assessment and scoring for each patient, predicting 
the likelihood of severe acute cholangitis in a visualized manner, thereby facilitating the comprehension and 
interpretation of risk assessment outcomes by physicians and patients. This intuitive presentation method contributes 
to effective communication between physicians and patients, fostering the collaborative development of individualized 
treatment and management plans.

Machine Learning (ML) is an emergent domain in medicine, wherein an amalgamation of computational sciences and 
statistics is applied to address medical quandaries.35 It harnesses the prowess of classification techniques to enhance the 
predictive capabilities by categorizing data into predefined classes.36 Relative to traditional binary logistic regression 
models, ML models may exhibit superior predictive performance under certain circumstances, especially in scenarios 
involving voluminous data sets and intricate problems. The present study is characterized as a single-center retrospective 
investigation with a relatively limited sample size. The employment of ML for model construction in this context may be 
susceptible to overfitting or underfitting, which signifies an avenue for future refinement and augmentation in subsequent 
research endeavors.

Conclusion
In summary, our study has yielded a highly accurate predictive model harnessing laboratory indicators. This model 
presents clinicians with a robust instrument to evaluate the prospective jeopardy of severe acute cholangitis in patients, 
thus facilitating informed interventions and treatment determinations. Notably, its implementation substantially advances 
patient prognostication while concurrently mitigating mortality rates associated with severe acute cholangitis.

Abbreviations
ALT, alanine transaminase; AST, aspartate transaminase; AUC, area under the curve; BMI, body mass index; CI, 
confidence interval; CRP, c-reactive protein; DCA, decision curve analysis;DD, d-dimer; ERCP, endoscopic retrograde 
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