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AIM: To identify predictors of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) and to develop a multi-
variate prediction model by comprehensively evaluating clinical characteristics, procedure-related factors, and inflammatory biomarkers,
including C-reactive protein (CRP)-to-lymphocyte ratio (CLR).

METHODS: A total of 335 patients who underwent endoscopic retrograde cholangiopancreatography (ERCP) at Zhejiang Jinhua
Guangfu Cancer Hospital from December 2022 to December 2025 were retrospectively analyzed. Patients were divided into the PEP
group (n = 52) and the non-PEP group (n = 283) according to whether PEP occurred. Demographic characteristics, comorbidities,
ERCP-related procedural factors, and preoperative laboratory indices were collected and evaluated. Univariate and multivariate logis-
tic regression analyses were performed to identify independent predictors of PEP. A nomogram was subsequently developed based on
the identified independent predictors. The discriminative ability, calibration, and clinical utility of the model were evaluated using the
receiver operating characteristic (ROC) curve, Hosmer—Lemeshow test, and decision curve analysis, respectively.

RESULTS: Compared with the non-PEP group, patients who developed PEP exhibited significantly higher CLR levels and a higher
prevalence of periampullary diverticulum, pancreatic duct cannulation, and pancreatic duct guidewire passage >2 times (all p < 0.05).
Multivariate logistic regression analysis revealed that a history of acute pancreatitis (odds ratio [OR] = 3.43, 95% confidence interval [CI]:
1.32-8.93), periampullary diverticulum (OR = 4.10, 95% CI: 2.00-8.39), pancreatic duct cannulation (OR = 3.11, 95% CI: 1.46-6.64),
and CLR (OR =1.11, 95% CI: 1.04—1.19) were independent predictors of PEP. The nomogram incorporating these independent predictors
demonstrated satisfactory discriminative ability (area under the curve [AUC] = 0.80, 95% CI: 0.73—0.87). The Hosmer-Lemeshow test
indicated good model calibration (p = 0.239), and the decision curve analysis showed that the model provided a net clinical benefit within
the threshold probability range of 0.2—0.7.

CONCLUSIONS: The multivariate nomogram incorporating CLR and other independent predictors demonstrated good discriminative
ability and calibration, and may serve as a practical tool for facilitating individualized risk assessment and guiding preventive strategies
in patients undergoing ERCP.
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it has gradually replaced certain traditional surgical proce-
dures, becoming the first-line interventional approach for
most biliopancreatic diseases [2]. However, ERCP-related
complications remain a significant concern. Among them,
post-ERCP pancreatitis (PEP) is the most common adverse
event with potentially serious consequences. Its overall
incidence is approximately 2%—-10% and can reach 30%—

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP)
is a minimally invasive technique that combines endoscopy
and fluoroscopy for the diagnosis and treatment of biliary

and pancreatic diseases, including common bile duct stones,
benign biliary strictures, and periampullary diverticula [1].
Over the past two decades, advances in technology and the
expansion of clinical indications have driven the rapid de-
velopment of therapeutic ERCP worldwide, and as a result,
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50% in high-risk populations [3]. The typical clinical man-
ifestation of PEP is acute abdominal pain occurring within
24 hours after the procedure, often accompanied by nau-
sea, vomiting, and fever. It not only prolongs hospital stay
but also increases medical costs and patient mortality [4].
Therefore, early identification of high-risk patients, accu-
rate prediction of PEP occurrence, and the development of
efficient preoperative prediction tools are of critical impor-
tance for improving patient prognosis and guiding preven-
tive strategies.
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The pathogenesis of PEP is complex, involving the syner-
gistic effects of multiple factors such as mechanical injury,
chemical stimulation, elevated intrapancreatic duct pres-
sure, abnormal activation of zymogens, and thermal injury.
Repeated cannulation attempts and pancreatic duct opacifi-
cation can lead to pancreatic duct epithelial injury and im-
paired drainage, thereby triggering a local inflammatory re-
sponse that amplifies into a systemic inflammatory cascade
[5]. Various predictors of PEP, primarily including patient-
related and procedure-related factors, have been confirmed
in several systematic reviews [6,7]. Although these fac-
tors provide important references for clinical risk assess-
ment, they have obvious limitations: (i) patient-related fac-
tors are mostly non-modifiable, static, inherent character-
istics that are difficult to reflect the real-time physiologi-
cal status of patients before ERCP; (ii) procedure-related
factors can only be determined intraoperatively and cannot
achieve effective preoperative stratification of patients; and
(ii1) these factors largely reflect risk from the perspectives
of anatomical features or technical difficulty, without eval-
uating the pathophysiological aspect from the angle of the
patient’s intrinsic inflammatory response capacity to injury.
Therefore, these limitations call for the exploration of bio-
logical markers that can be conveniently obtained before
operation and objectively quantify the host’s inflammatory
and immune status, and the development of a multifacto-
rial prediction model that integrates the newly characterized
factors with traditional predictors to facilitate early identi-
fication and individualized prevention of PEP.

In recent years, inflammation-related biomarkers derived
from peripheral blood have been widely applied in risk as-
sessment for various diseases due to their convenient ac-
quisition, low cost, and good reproducibility. For exam-
ple, C-reactive protein (CRP), as a classic acute-phase reac-
tant, has been shown to possess important predictive value
in pancreatic diseases, including the assessment of disease
risk and severity [8]. However, single inflammatory mark-
ers are relatively limited in reflecting the complex inflam-
matory response and immune status of patients. To im-
prove the accuracy of risk assessment, composite inflam-
matory indices have gradually gained attention. The CRP-
to-lymphocyte ratio (CLR), as a novel composite index, in-
tegrates parameters related to inflammatory response and
immune function, thereby providing a more comprehensive
reflection of the body’s inflammatory and immune balance.
A previous study has indicated that CLR is closely associ-
ated with the occurrence and progression of acute pancre-
atitis [9]. Further research has also confirmed that CLR is
significantly associated with the risk of moderate-to-severe
and severe acute pancreatitis, demonstrating superior pre-
dictive performance over other inflammatory markers [10].
In view of this, CLR may serve as a useful inflammatory
biomarker that complements conventional clinical predic-
tors. Therefore, incorporating CLR into a multivariate pre-
diction model may provide additional information for pre-
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operative risk stratification in patients undergoing ERCP.
Accordingly, this study aimed to identify factors associated
with PEP by comprehensively evaluating patient character-
istics, procedure-related factors, and laboratory biomarkers,
and to develop a multivariate prediction model based on the
independently associated factors. A nomogram was subse-
quently constructed and evaluated in terms of discrimina-
tion, calibration, and clinical utility to facilitate individual-
ized risk stratification in patients undergoing ERCP.

Methods
Study Population

This study employed a single-center retrospective cohort
design. Consecutive patients who underwent ERCP at Zhe-
jiang Jinhua Guangfu Cancer Hospital between December
2022 and December 2025 were included. The study pro-
tocol was approved by the by the Ethics Committee of
Zhejiang Jinhua Guangfu Cancer Hospital (approval num-
ber 2026-003-01). Since this retrospective study involved
no patient-identifiable information and ensured complete
anonymization, the ethics review board waived the require-
ment for informed consent.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) Patients meeting the indications for
ERCP; (2) Age =18 years; (3) Availability of complete clin-
ical data; (4) For patients who underwent only one ERCP
during the study period, or for those who underwent mul-
tiple procedures, only data from the first ERCP were in-
cluded.

Exclusion criteria: (1) Patients with a preoperative diagno-
sis of acute pancreatitis or acute cholangitis; (2) Patients
with hematologic malignancies, autoimmune diseases, im-
munodeficiency disorders, or systemic infections; (3) Pa-
tients with coagulopathy or those who had taken anticoag-
ulant drugs within 7 days before the procedure; (4) Patients
with severe hepatic or renal insufficiency; (5) Patients who
underwent palliative ERCP solely due to advanced malig-
nant tumors; (6) Patients with a history of biliary or pancre-
atic duct stent placement or removal.

Clinical Manifestations and Diagnostic Criteria of PEP

The primary outcome of this study was the occurrence of
post-ERCP pancreatitis (PEP). The typical clinical manifes-
tations of PEP include abdominal pain occurring within 24
hours after the procedure, often accompanied by symptoms
such as nausea, vomiting, and fever. Diagnosis is primar-
ily based on clinical manifestations combined with imag-
ing findings, where computed tomography (CT) or ultra-
sound can confirm pancreatic inflammatory changes. Ac-
cording to the clinical practice guideline [11], the diagnostic
criteria for PEP are as follows: new or worsened abdomi-
nal pain within 2448 hours after ERCP, accompanied by
serum amylase or lipase levels elevated to more than three
times the upper limit of normal, or imaging findings sug-
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gestive of pancreatic swelling or fluid collection, and these
manifestations must result in prolongation of hospital stay.

Data Collection

Clinical data of patients were retrospectively retrieved from
the hospital electronic medical record system. All labora-
tory indices were measured within 24 hours before ERCP.
The collected data cover the following:

Demographic characteristics: age, sex, and body mass in-
dex (BMI).

Comorbidities: diabetes mellitus, hypertension, coronary
heart disease, etc.

Previous medical and surgical history: history of acute pan-
creatitis, history of cholecystectomy.

Indications for ERCP: choledocholithiasis, malignant ob-
struction, benign biliary stricture, and others.
Procedure-related and imaging factors: periampullary di-
verticulum, extrahepatic bile duct dilation, pancreatic duct
cannulation, and the number of pancreatic duct guidewire
passages. Periampullary diverticulum was defined as a duo-
denal diverticulum located within 2—3 cm of the major duo-
denal papilla and was identified from ERCP procedure re-
ports based on endoscopic findings. Extrahepatic bile duct
dilatation was assessed using preoperative CT or MRCP
and was defined as a common bile duct diameter >7 mm in
patients with the gallbladder in situ or >10 mm in patients
with a history of cholecystectomy [12].

Laboratory indices: white blood cell count, neutrophil
count, lymphocyte count (LYM), monocyte count,
hemoglobin, platelet count, and CRP level. The CRP-to-
lymphocyte ratio (CLR) was calculated using the formula
in the following:

CLR — CRP(mg/L)
LYM(10°/L)

Imaging-related information was obtained from preopera-
tive abdominal CT or magnetic resonance cholangiopan-
creatography reports. Data extraction was performed inde-
pendently and cross-checked by two researchers. Any dis-
crepancies were resolved by reviewing the original medical
records for confirmation.

Statistical Analysis

All statistical analyses were performed using R software
version 4.5.2 (R Foundation for Statistical Computing, Vi-
enna, Austria). The normality of continuous variables was
assessed using the Shapiro—Wilk test. Continuous vari-
ables following a normal distribution were expressed as
mean + standard deviation (SD), and comparisons between
groups were conducted using the independent samples -
test. Continuous variables with a non-normal distribution
were expressed as median and interquartile range (IQR),
and comparisons between groups were performed using the

Mann—Whitney U test. Categorical variables were pre-
sented as frequencies and percentages, and comparisons be-
tween groups were conducted using the chi-square test or
Fisher’s exact test. All tests were two-sided, and a p-value
< 0.05 was considered statistically significant.

To evaluate the relationship between various indicators and
the risk of PEP, univariate logistic regression analysis was
first performed to screen variables significantly associated
with PEP. Variables with p < 0.05 in the univariate anal-
ysis were considered candidate variables and subsequently
included in a multivariate logistic regression model to iden-
tify independent predictors of PEP. Only variables that re-
mained statistically significant in the multivariate analysis
were incorporated into the final nomogram model. Re-
sults were expressed as odds ratios (ORs) with 95% con-
fidence intervals (CIs). Based on the results of the multi-
variate analysis, a nomogram for PEP risk prediction was
constructed. The discriminative ability of the model was
assessed using the receiver operating characteristic (ROC)
curve, with the area under the curve (AUC) and 95% CI cal-
culated. The Hosmer—Lemeshow goodness-of-fit test was
used to evaluate the calibration of the model. Internal vali-
dation was performed using 1000 bootstrap resamples, and
calibration curves were plotted to assess the consistency be-
tween predicted and actual probabilities. In addition, deci-
sion curve analysis (DCA) was employed to evaluate the
net clinical benefit of the model at different threshold prob-
abilities.

Results
Baseline Characteristics of the Study Population

This study enrolled a total of 335 eligible patients undergo-
ing ERCP, among whom 52 developed PEP, correspond-
ing to a PEP incidence of 15.5%. Baseline characteristics
of the patients are summarized in Table 1. With regard to
medical history, the proportion of patients with a history
of acute pancreatitis was significantly higher in the PEP
group than in the non-PEP group (p < 0.05). Regarding pro-
cedure-related and imaging factors, the proportions of pa-
tients with periampullary diverticulum, pancreatic duct can-
nulation, extrahepatic bile duct dilatation, and >2 pancre-
atic duct guidewire passages were all significantly higher
in the PEP group than in the non-PEP group (all p < 0.05).
Compared with patients without PEP, patients who devel-
oped PEP exhibited significantly lower lymphocyte count
but significantly higher CRP levels and CLR (all p < 0.05).

Univariate and Multivariate Analysis of PEP Predictors

Variables that showed significant differences between
groups in the baseline comparison were included in the uni-
variate logistic regression analysis (Supplementary Table
1). The results of the univariate analysis revealed that a
history of acute pancreatitis, periampullary diverticulum,
pancreatic duct cannulation, extrahepatic bile duct dilation,
pancreatic duct guidewire passage =2 times, lymphocyte
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Table 1. Baseline characteristics of the study population.
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Variables Non-PEP group PEP group Statistic p-value
(n=283) (n=52)
Age (years), median (IQR) 55.00 (52.00, 59.00) 56.50 (51.00, 64.00) Z=-094 0.348
Female, n (%) 147 (51.94) 25 (48.08) ¥ =0.26 0.608
BMI (kg/m?), median (IQR) 26.80 (23.80, 29.60) 26.20 (23.35,29.52) Z=-0.96 0.337
Diabetes mellitus, 1 (%) 43 (15.19) 9(17.31) ¥ =0.15 0.699
Hypertension, n (%) 80 (28.27) 13 (25.00) ¥ =0.23 0.629
Coronary heart disease, 7 (%) 24 (8.48) 6 (11.54) ¥ =0.20 0.656
Indications for ERCP, n (%) Fisher 1.000
Choledocholithiasis 203 (71.73) 38 (73.08)
Malignant obstruction 54 (19.08) 10 (19.23)
Benign biliary stricture 12 (4.24) 2 (3.85)
Others 14 (4.95) 2(3.85)
History of cholecystectomy, n (%) 49 (17.31) 13 (25.00) ¥ =172 0.190
History of acute pancreatitis, n (%) 25 (8.83) 11 (21.15) ¥2 =6.95 0.008
Periampullary diverticulum, n (%) 55(19.43) 24 (46.15) ¥ =17.40 <0.001
Pancreatic duct cannulation, 7 (%) 61 (21.55) 28 (53.85) 1 =23.48 <0.001
Extrahepatic bile duct dilatation, n (%) 41 (14.49) 14 (26.92) ¥ =4.95 0.026
Pancreatic duct guidewire passage, 7 (%) ¥ =16.02 <0.001
<2 times 265 (93.64) 39 (75.00)
>2 times 18 (6.36) 13 (25.00)
Laboratory parameters
White blood cell (x10°/L), mean = SD 8.54 +2.05 8.87+1.47 t=-141 0.161
Neutrophil (x10°/L), median (IQR) 5.77 (4.38, 7.23) 6.39 (5.42,7.16) Z=-1.75 0.080
Lymphocyte (x10°/L), median (IQR) 1.83 (1.50, 2.45) 1.56 (1.30, 2.09) Z=-3.30 <0.001
Monocyte (x10°/L), median (IQR) 0.50 (0.38, 0.64) 0.55(0.41,0.72) Z=-143 0.151
Hemoglobin (g/L), mean + SD 131.44 £ 11.78 132.37 £ 10.81 t=-0.53 0.598
CRP (mg/L), median (IQR) 11.80 (7.60, 15.80) 16.80 (9.10, 22.33) =-3.79 <0.001
Platelet (x10°/L), median (IQR) 235.00 (203.00, 263.50)  237.50 (202.00, 272.50) Z=-0.17 0.868
CLR, median (IQR) 5.63 (3.61, 8.81) 9.23 (6.15, 13.94) Z=—4.66 <0.001

Abbreviations: BMI, body mass index; CLR, CRP-to-lymphocyte ratio; CRP, C-reactive protein; PEP, post-ERCP pancreatitis;

ERCP, endoscopic retrograde cholangiopancreatography; SD, standard deviation; IQR, interquartile range.

count, CRP, and CLR were all significantly associated with
the occurrence of PEP (all p < 0.05).

Given that CLR is derived from CRP and lymphocyte
count, to avoid the influence of multicollinearity on model
stability, only CLR was included as the composite inflam-
matory marker in the multivariate analysis, while CRP and
lymphocyte count were excluded. The remaining variables
with p <0.05 in the univariate analysis were entered into the
multivariate logistic regression model. As shown in Table
2, a history of acute pancreatitis, periampullary diverticu-
lum, pancreatic duct cannulation, and CLR were indepen-
dent predictors of PEP occurrence (all p < 0.05).

Construction and Validation of a Prediction Model for
PEP

Based on the results of the multivariate logistic regression
analysis, the independent predictors of PEP—including his-
tory of acute pancreatitis, periampullary diverticulum, pan-
creatic duct cannulation, and CLR—were incorporated to
construct a nomogram for PEP risk prediction (Fig. 1A).
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The Hosmer-Lemeshow test yielded a p-value of 0.239,
suggesting no significant difference between the predicted
and actual probabilities, and the calibration curve demon-
strated good agreement between them (Fig. 1B). The dis-
criminative ability of the model was assessed using the
ROC curve. The AUC for predicting PEP was 0.80 (95%
CI: 0.73-0.87), indicating good discriminative performance
(Fig. 1C). Decision curve analysis (DCA) indicated that,
within the threshold probability range of 0.2-0.7, the pre-
diction model provided a higher net benefit compared with
the “treat all” or “treat none” strategies, suggesting good
clinical application potential within a certain risk threshold
range (Fig. 1D).

Discussion

In this single-center retrospective cohort study, preopera-
tive clinical characteristics, procedure-related factors, and
inflammatory biomarkers were comprehensively evaluated,
with the ultimate goal of developing and internally vali-
dating a multivariate nomogram for PEP risk prediction.
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Table 2. Multivariate logistic regression analysis of PEP predictors.

Variables B S.E. VA P OR (95% CI)

History of acute pancreatitis 1.23 049 252 0.012 3.43 (1.32-8.93)
Periampullary diverticulum 141 037 3.86 <0.001 4.10 (2.00-8.39)
Pancreatic duct cannulation 1.14 039 293 0.003 3.11 (1.46-6.64)
Extrahepatic bile duct dilatation 062 042 146 0.145 1.85 (0.81-4.25)
Pancreatic duct guidewire passage  0.85 0.50  1.68 0.093 2.33 (0.87-6.25)
CLR 0.11 0.03 3.02 0.003 1.11 (1.04-1.19)

Abbreviations: OR, odds ratio; CI, confidence interval; S.E., standard error.
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Fig. 1. Nomogram for predicting post-ERCP pancreatitis and its performance evaluation. (A) Nomogram for PEP risk prediction.
(B) Calibration curve (Hosmer—Lemeshow test). (C) ROC curve of the nomogram. (D) Decision curve analysis of the nomogram.
Abbreviations: CLR, CRP-to-lymphocyte ratio; PEP, post-ERCP pancreatitis; ROC, receiver operating characteristic curve.
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The results showed that a history of acute pancreatitis, pe-
riampullary diverticulum, pancreatic duct cannulation, and
CLR were identified as independent predictors of PEP and
were subsequently incorporated into the final nomogram.
Internal validation confirmed that the model exhibited good
discriminative ability and calibration, suggesting its poten-
tial clinical value in risk assessment.

According to the European Society of Gastrointestinal En-
doscopy guideline, a history of pancreatitis is an important
risk factor for PEP [13]. Patients with a history of pan-
creatitis may have underlying injury to the pancreatobil-
iary system, such as a persistent low-grade inflammatory
state, rendering them more susceptible to ERCP-related ma-
nipulations. Recurrent episodes of pancreatitis can lead
to parenchymal damage and decreased exocrine function
of the pancreas; therefore, the risk of PEP is significantly
higher in these patients than in those without a history of
pancreatitis [ 14]. The present study confirmed that a history
of acute pancreatitis is an independent risk factor for PEP.
Patients with such a history showed a 3.43-fold higher risk
of developing PEP than those without, which is consistent
with the conclusions of a systematic review [15]. Previ-
ous episodes of pancreatitis may result in residual pancre-
atic injury and persistent alterations in pancreatic structure
or function, rendering the gland more susceptible to subse-
quent inflammatory insults during ERCP [16]. Therefore,
patients with a history of acute pancreatitis should be re-
garded as a high-risk population and may benefit from more
individualized preventive strategies and careful procedural
planning.

Regarding procedure- and anatomy-related factors, this
study confirmed that pancreatic duct cannulation is an inde-
pendent risk factor for PEP. The mechanical stimulation of
pancreatic duct epithelium during cannulation, along with
chemical injury caused by contrast medium injection, can
result in mucosal hyperemia, edema, and elevated intraduc-
tal pressure. These changes may further promote premature
activation of pancreatic enzymes and local inflammatory re-
sponses, thereby contributing to the development of PEP. In
addition, periampullary diverticulum was also confirmed to
be independently associated with PEP, possibly by altering
the normal anatomical structure of the duodenal papilla, in-
creasing cannulation difficulty and raising procedural com-
plexity, which indirectly elevates the risk of pancreatic duct
injury [17]. These factors may subsequently increase pan-
creatic duct irritation and procedure-related pancreatic in-
jury, ultimately contributing to the development of PEP.
Collectively, these procedure- and anatomy-related factors
reflect the technical complexity of ERCP and highlight the
importance of careful identification of papillary anatomy,
individualized design of cannulation strategies, and min-
imization of unnecessary pancreatic duct manipulation in
high-risk patients.

In terms of inflammatory markers, this study revealed a
significant association between CLR and the occurrence
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of PEP. ERCP-induced pancreatic duct epithelial injury,
elevated intraductal pressure, and abnormal activation of
pancreatic enzymes can all trigger local inflammatory re-
sponses. Damaged acinar cells release damage-associated
molecular patterns, which activate immune cells such as
macrophages and neutrophils, thereby promoting the re-
lease of pro-inflammatory cytokines, including interleukin
(IL)-6, tumor necrosis factor alpha (TNF-a), and IL-1f
[18]. These pro-inflammatory cytokines not only directly
amplify the local inflammatory response but also enter the
systemic circulation and exert dual effects: stimulating hep-
atic synthesis of CRP while inducing lymphocyte apoptosis
and functional suppression [19]. As an acute-phase reac-
tant, CRP directly reflects the inflammatory burden of the
body, whereas a decrease in lymphocyte count indicates
impaired immune regulation. Together, these two compo-
nents constitute the core of CLR. Therefore, an elevated
CLR may reflect an imbalance between inflammatory ac-
tivation and immune status associated with the develop-
ment of PEP. When elevated CRP levels coexist with re-
duced lymphocyte levels before ERCP, they may signify
a state of inflammatory-immune imbalance, rendering the
host more vulnerable to defensive barrier injury. Local
damage caused by ERCP may further promote inflamma-
tory responses and thereby contribute to an increased risk
of PEP. By integrating information on both inflammatory
burden and immune status, CLR may provide complemen-
tary information regarding the inflammatory-immune sta-
tus of patients before ERCP. When incorporated together
with other independent predictors, CLR may contribute to
individualized preoperative risk stratification for PEP. All
variables included in the model are derived from routine
clinical data, conferring favorable accessibility and clinical
applicability. In practical application, the model helps iden-
tify high-risk populations for PEP at an early stage, thereby
guiding optimization of cannulation strategies, reduction of
unnecessary pancreatic duct manipulations, and strengthen-
ing of perioperative management to achieve more targeted
preventive interventions.

It is noteworthy that the incidence of PEP in this study was
15.5%, which is higher than the overall incidence rates re-
ported in previous literature [20,21]. For patients who un-
derwent multiple ERCP procedures during the study period,
only the first procedure was included in the analysis. First-
time procedures may involve greater technical difficulty
and a higher risk of pancreatic duct injury during cannu-
lation. Furthermore, the relatively high prevalence of risk
factors, such as periampullary diverticulum and pancreatic
duct cannulation, suggests that the study population had an
inherently elevated baseline risk of PEP. These factors may
account for the elevated incidence observed in this study.

This study has several limitations. First, as this is a single-
center retrospective study, selection bias may exist. Sec-
ond, the sample size was relatively limited, and some po-
tential confounding factors, such as operator experience and
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total cannulation time, were not included in the analysis. In
addition, certain procedure-related variables, including en-
doscopic sphincterotomy and biliary stent insertion, were
not systematically recorded in the retrospective database
and therefore could not be further evaluated. Moreover,
candidate predictors for the multivariate model were se-
lected primarily on the basis of univariable p values, which
may have excluded clinically relevant variables that were
not statistically significant in univariable analysis and may
have affected model stability. Future studies should con-
sider alternative variable-selection strategies incorporating
predefined clinically relevant predictors. Third, only preop-
erative CLR levels were evaluated, without analyzing the
predictive value of its postoperative dynamic changes for
PEP. In addition, the model was validated internally us-
ing only the bootstrap method without external validation;
thus, its generalizability in other populations and settings
requires further assessment. Future multicenter, large-scale
prospective studies are needed to further validate the clini-
cal value of CLR in PEP risk prediction.

Conclusions

This study identified preoperative CLR as one of the inde-
pendent predictors of PEP. A multivariate nomogram in-
corporating CLR with a history of acute pancreatitis, pe-
riampullary diverticulum, and pancreatic duct cannulation
demonstrated good discriminative ability and calibration,
and may help identify patients at high risk of PEP be-
fore ERCP. Given its accessibility and clinical applicability,
this model may provide a practical reference for facilitat-
ing individualized risk assessment and preventive decision-
making. Future multicenter prospective studies are war-
ranted to externally validate these findings.
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