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Abstract
BACKGROUND 
Current diagnostic standards for post-endoscopic retrograde cholangiopancreato-
graphy (ERCP) pancreatitis (PEP) rely on 24-hour post-ERCP amylase and lipase 
levels, delaying timely intervention and highlighting the need for earlier predic-
tive biomarkers.

AIM 
To evaluate the utility of 4-hour post-ERCP serum amylase and lipase levels in a 
large cohort to establish optimal cut-off values and improve early PEP prediction.

METHODS 
This prospective study involved patients with naïve major papillae who under-
went diagnostic or therapeutic ERCP between June 2021 and December 2024. 
Serum amylase and lipase levels were measured before ERCP and 4 hours and 24 
hours after ERCP. The primary endpoint was to determine optimal cut-off values 
for 4-hour serum amylase and lipase levels for the early prediction of PEP.

RESULTS 
PEP occurred in 117 patients (6.1%). Diagnostic performance assessment of 4-hour 
serum amylase and lipase for predicting PEP yielded area under the curves of 
0.877 and 0.893, respectively. Optimal cut-off values were 1.2 times the upper nor-
mal limit (119.5 IU/L) for amylase and 8 times the upper normal limit (488.5 
IU/L) for lipase. At these thresholds, 4-hour amylase demonstrated a sensitivity 

https://www.f6publishing.com
https://www.wjgnet.com/1007-9327
https://dx.doi.org/10.3748/wjg.v31.i39.111265
mailto:mdsewoopark@gmail.com


Jung JH et al. Early prediction of post-ERCP pancreatitis

WJG https://www.wjgnet.com 2 October 21, 2025 Volume 31 Issue 39

of 0.846, a specificity of 0.806, and a negative predictive value of 0.988. Similarly, 4-hour lipase showed a sensitivity 
of 0.863, a specificity of 0.862, and a negative predictive value of 0.990. These biomarkers effectively predicted 
moderately severe to severe PEP in high-risk groups.

CONCLUSION 
Early measurement of 4-hour serum amylase and lipase shows strong predictive capabilities for PEP, with 
clinically meaningful cut-off values. These biomarkers enable timely interventions, potentially reducing PEP-
related adverse events and the overall healthcare burden.

Key Words: Pancreatitis; Endoscopic retrograde cholangiopancreatography; Early prediction; Serum biomarker; Hydration
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Core Tip: Early prediction of post-endoscopic retrograde cholangiopancreatography pancreatitis (PEP) is crucial for timely 
intervention and reducing adverse outcomes. This large-scale prospective cohort study evaluated the predictive value of 4-
hour post-endoscopic retrograde cholangiopancreatography serum amylase and lipase levels in patients with naïve major 
papillae. The findings demonstrated excellent diagnostic performance, with optimal cut-off values of 1.2 × and 8 × the upper 
normal limits for amylase and lipase, respectively. These early biomarkers showed high negative predictive values and were 
effective in identifying patients at risk of developing moderate to severe PEP. Incorporating 4-hour enzyme measurements 
into clinical practice may significantly improve risk stratification and enable earlier management of PEP.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is a widely used diagnostic and therapeutic procedure for 
biliary and pancreatic diseases. Despite its effectiveness, post-ERCP pancreatitis (PEP) is one of the most common adverse 
events (AEs), with incidence rates ranging from 1% to 40%[1,2]. This condition not only leads to increased morbidity but 
also prolongs hospitalization, adding to the economic burden on healthcare systems. PEP can vary in severity, ranging 
from mild, self-limiting cases to severe forms that may require intensive care and lead to AEs such as necrosis or organ 
failure[3]. Early identification of patients at risk of PEP is essential for implementing preventive measures and timely 
therapeutic interventions, such as aggressive hydration[4-6]. These strategies have been shown to mitigate the severity of 
PEP when initiated promptly.

The current diagnostic standard for PEP relies on 24-hour post-ERCP amylase and lipase levels combined with the 
presence of patient symptoms, such as abdominal pain consistent with acute pancreatitis[7]. However, waiting for these 
results delays clinical decision-making and timely management. Early prediction of PEP could enable prompt interven-
tion, reducing AEs and allowing safe same-day discharge for low-risk patients. Moreover, the ability to stratify risk early 
would optimize resource utilization, particularly in outpatient settings, where same-day discharge decisions are often 
required[8]. Previous studies have suggested the potential of 4-hour post-ERCP serum amylase and lipase levels as early 
biomarkers for predicting PEP[9-12]. These markers have demonstrated good diagnostic performance; however, the cut-
off values and their clinical applicability remain inconsistent across studies. Furthermore, the small sample sizes of prior 
studies limit the generalizability of their findings. To address these gaps, this prospective study was conducted to 
evaluate the predictive utility of 4-hour serum amylase and lipase levels in a large cohort of patients who underwent 
ERCP. The study aimed to determine optimal cut-off values for these biomarkers and assess their sensitivity, specificity, 
and clinical relevance for early PEP prediction using 4-hour post-ERCP serum amylase and lipase levels.

MATERIALS AND METHODS
Study design and population
This study prospectively enrolled patients with naïve major papillae who underwent diagnostic or therapeutic ERCP at 
Hallym University Dongtan Heart Sacred Hospital between June 2021 and December 2024 (Figure 1). Patients were 
included if they underwent serum amylase and lipase level measurements before ERCP and 4-hour and 24-hour after 
ERCP. The exclusion criteria were as follows: (1) Prior diagnosis of chronic pancreatitis; (2) Recent acute pancreatitis 
within 2 weeks before ERCP or current acute pancreatitis, regardless of recurrence; (3) Initial serum amylase levels 
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Figure 1 Flow chart of the study. ERCP: Endoscopic retrograde cholangiopancreatography; PEP: Post-endoscopic retrograde cholangiopancreatography 
pancreatitis; AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative predictive value.

exceeding three times the upper normal limit (UNL; ≥ 300 IU/L); (4) Anatomical variations or prior surgeries causing 
difficulty in accessing the major papilla; and (5) Refusal to comply with the study protocols. Various parameters, 
including patient demographics, endoscopy-related findings, and clinical outcomes - such as the incidence of PEP - were 
prospectively collected for analysis. The study adhered to the ethical guidelines of the Declaration of Helsinki and was 
approved by the Institutional Review Board of Hallym University Dongtan Sacred Hospital (Approval No. 2020-10-001-
001). Informed consent was obtained from all patients prior to the procedure. This trial was registered in the International 
Clinical Trials Registry Platform (https://cris.nih.go.kr) under registration No. KCT0005950.

Study endpoints and definition of outcomes
The primary endpoint was to determine optimal cut-off values for 4-hour serum amylase and lipase levels for the early 
prediction of PEP and assess their diagnostic performance. Secondary endpoints included evaluating the diagnostic 
accuracy of each cut-off value for 4-hour serum amylase and lipase levels for predicting PEP, with a focus on clinical 
applicability, as well as assessing the diagnostic performance of these biomarkers specifically in patients at high risk for 
PEP. The total procedure time was defined as the duration from the insertion to the withdrawal of the duodenoscope, 
while the cannulation time specifically referred to the interval from the proper alignment of the major papilla to the 
successful deep cannulation of the target duct[13]. All AEs were categorized and graded based on established consensus 
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guidelines[14]. AEs were classified into the following categories: Pancreatitis, bleeding, perforation, post-ERCP 
cholecystitis, and sedation-related events. The traditional definition of PEP was applied if patients developed new-onset 
or aggravated abdominal pain consistent with acute pancreatitis and met at least one of the following criteria: Serum 
lipase or amylase levels elevated to at least three times the UNL or characteristic findings of acute pancreatitis on 
contrast-enhanced computed tomography approximately 24 hours after ERCP[7]. The normal range for serum amylase 
was defined as 0-100 IU/L, and that for serum lipase was 13-60 IU/L at our institution. The severity of PEP was classified 
as mild if hospitalization lasted 2-3 days, moderate if it lasted 4-10 days, and severe if hospitalization extended beyond 
10 days or if AEs, such as hemorrhagic pancreatitis, pancreatic necrosis, pancreatic pseudocyst, or the need for 
percutaneous drainage or surgery, were present[7]. In this study, high-risk patients for PEP were defined by incorpora-
ting both patient-related (female sex, aged ≤ 60 years, prior history of acute pancreatitis, and normal serum bilirubin) and 
procedure-related factors (difficult cannulation, pancreatic duct injection, and pancreatic sphincterotomy), based on 
established risk criteria[3,15].

Endoscopic procedures for ERCP
All ERCP procedures were performed following a standardized protocol by experienced endoscopists with over 10 years 
of experience (Lee KJ, Park SW, Koh DH, and Lee J). Cannulation of the target duct was attempted using either a standard 
catheter or a pull-type sphincterotome, employing a wire-assisted technique. Contrast injection was allowed only after 
achieving successful selective deep cannulation of the target duct using a guidewire. In cases of difficult cannulation, 
rescue infundibulotomy was performed as an alternative technique. Notably, primary infundibulotomy with a needle-
type knife was carried out directly, without prior attempts at cannulation, in patients with impacted stones at the major 
papilla or in cases with prominent papillae in which difficult cannulation was expected. Moreover, endoscopic papillary 
balloon dilation was utilized in patients with large bile duct stones or significant coagulopathy to minimize the risk of 
post-ERCP bleeding. Pancreatic stent placement was performed only in situations involving intentional or unintentional 
pancreatic duct cannulation, endoscopic papillectomy, or pancreatic sphincterotomy. Prophylactic rectal nonsteroidal 
anti-inflammatory drugs were not administered because they were unavailable in South Korea.

Statistical analysis
Continuous variables are expressed as means with SD, while categorical variables are presented as frequencies with 
proportions. Comparisons of continuous variables between groups were performed using Student’s t-test or the Mann-
Whitney U test for non-normally distributed data. Categorical variables were compared using the χ2 test or Fisher’s exact 
test, as appropriate. Receiver operating characteristic curves were generated to evaluate the diagnostic performance of 4-
hour and 24-hour serum amylase and lipase levels for predicting PEP. The area under the curve (AUC) with 95% 
confidence intervals (CIs) was calculated to assess the discriminatory ability of each biomarker. Sensitivity, specificity, 
positive predictive value (PPV), and negative predictive value (NPV) were determined at optimal cut-off values 
identified using the Youden index (sensitivity + specificity-1). Pairwise comparisons of AUCs for 4-hour and 24-hour 
biomarkers were performed using the DeLong test to assess statistical significance. Subgroup analyses were conducted to 
evaluate the diagnostic performance of 4-hour serum amylase and lipase in predicting moderately severe to severe PEP 
and for assessing high-risk patient groups based on defined clinical characteristics. Statistical analyses were conducted 
using SPSS version 29.0 (International Business Machines Corporation, NY, United States), or the R software version 4.0.2 
(R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was defined as a two-tailed P < 0.05. 
Sensitivity analyses were performed to validate the robustness of the findings, including assessments stratified by 
procedural complexity and patient comorbidities.

RESULTS
Baseline characteristics and endoscopic findings of the patients
The study included a total of 1915 patients, with a mean age of 64.1 ± 17.5 years (Table 1). Male patients comprised 55.8% 
of the cohort, while 44.2% were female. The mean body mass index was 24.1 ± 4.0 kg/m2. Among the cohort, 17.2% 
reported a history of smoking, and 25.8% reported alcohol consumption, with a mean alcohol intake of 3.1 ± 4.4 g. A 
history of acute pancreatitis was documented in 2.6% of the patients. Initial laboratory findings showed elevated liver 
enzyme levels, with mean aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels of 195.7 ± 334.5 
IU/L and 185.1 ± 223.2 IU/L, respectively. Gamma-glutamyl transferase (GGT) levels were markedly elevated (423.3 ± 
441.7 IU/L), and the mean total bilirubin level was 3.5 ± 5.0 mg/dL. Baseline pancreatic enzyme levels were within 
normal ranges, with mean amylase and lipase levels of 63.7 ± 41.3 IU/L and 61.1 ± 107.9 IU/L, respectively. Acute 
cholangitis was present in 42.1% of patients upon admission. Prior to ERCP, 0.9% of patients underwent percutaneous 
transhepatic biliary drainage, and 2.6% underwent percutaneous transhepatic gallbladder drainage. Regarding 
procedural findings, the mean total procedure time was 15.5 ± 10.1 minutes, and the mean selective deep cannulation 
time was 4.7 ± 5.8 minutes. Primary infundibulotomy was performed in 14.4% of patients. Endoscopic interventions 
included endoscopic papillary balloon dilation in 16.4% of patients, endoscopic sphincterotomy in 89.3%, biliary stent 
placement in 67.8%, and pancreatic stent placement in 19.8%.

Clinical outcomes and procedure-related AEs
Laboratory findings 4 hours and 24 hours after ERCP showed changes in liver and pancreatic enzyme levels (Table 2). At 
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Table 1 Baseline characteristics and procedural findings of the study, mean ± SD/n (%)

Variable Total patients (n = 1915)

Age, years 64.1 ± 17.5

Sex

    Male 1068 (55.8)

    Female 847 (44.2)

BMI, kg/m2 24.1 ± 4.0

Smoking 330 (17.2)

Alcohol intake 494 (25.8)

Amounts of alcohol (g) 3.1 ± 4.4

History of acute pancreatitis 49 (2.6)

Initial laboratory findings

    WBC, μL 8536.1 ± 4542.9

    Hb, g/dL 12.6 ± 2.0

    Platelet, μL 225.0 ± 90.2

    AST, IU/L 195.7 ± 334.5

    ALT, IU/L 185.1 ± 223.2

    GGT, g/dL 423.3 ± 441.7

    Total bilirubin, mg/dL 3.5 ± 5.0

    Amylase, IU/L 63.7 ± 41.3

    Lipase, IU/L 61.1 ± 107.9

Acute cholangitis on admission 807 (42.1)

PTBD prior to ERCP 18 (0.9)

PTGBD prior to ERCP 50 (2.6)

Total procedure time, minute 15.5 ± 10.1

Selective deep cannulation time, minute 4.7 ± 5.8

Primary infundibulotomy 275 (14.4)

EPBD 314 (16.4)

Endoscopic sphincterotomy 1710 (89.3)

Biliary stent placement 1298 (67.8)

Pancreatic stent placement 380 (19.8)

BMI: Body mass index; WBC: White blood cell; Hb: Hemoglobin; AST: Aspartate transaminase; ALT: Alanine transaminase; GGT: Gamma glutamyl 
transpeptidase; PTBD: Percutaneous transhepatic biliary drainage; ERCP: Endoscopic retrograde cholangiopancreatography; PTGBD: Percutaneous 
transhepatic gallbladder drainage; EPBD: Endoscopic papillary balloon dilatation.

4 hours after ERCP, the mean AST and ALT levels were 154 ± 265.5 IU/L and 184.1 ± 214.7 IU/L, respectively. GGT levels 
were elevated (408.2 ± 398.0 IU/L), and the mean total bilirubin level was 3.4 ± 4.7 mg/dL. Regarding pancreatic enzyme 
levels at 4 hours, the mean amylase and lipase levels were 131.1 ± 259.3 IU/L and 261.3 ± 894.7 IU/L, respectively. By 24 
hours after ERCP, levels of AST, ALT, GGT, and total bilirubin decreased to 114.8 ± 232.2 IU/L, 161.3 ± 188.4 IU/L, 379.8 
± 356.2 IU/L, and 2.9 ± 4.0 mg/dL, respectively. Pancreatic enzyme levels at 24 hours were as follows: 160.4 ± 296.9 IU/L 
for amylase and 258.7 ± 683.5 IU/L for lipase. PEP occurred in 117 patients, accounting for 6.1% of the total study. Among 
these, the majority (67.5%) experienced mild PEP, while 26.5% had moderately severe PEP, and 6.0% had severe PEP. 
Hyperamylasemia was observed in 218 patients (11.4%). Procedure-related AEs were rare, with perforation occurring in 4 
patients (0.2%), significant bleeding in 51 patients (2.7%), and post-ERCP cholecystitis in 21 patients (1.1%). The mean 
length of hospitalization was 8.4 ± 31.6 days. All-cause mortality within 30 days after ERCP was reported for 20 patients 
(1.9%).
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Table 2 Clinical outcomes and procedure-related adverse events, mean ± SD/n (%)

Variable Total patients (n = 1915)

Laboratory findings at 4 hours after ERCP

    AST, IU/L 154 ± 265.5

    ALT, IU/L 184.1 ± 214.7

    GGT, g/dL 408.2 ± 398.0

    Total bilirubin, mg/dL 3.4 ± 4.7

    Amylase, IU/L 131.1 ± 259.3

    Lipase, IU/L 261.3 ± 894.7

Laboratory findings at 24 hours after ERCP

    AST, IU/L 114.8 ± 232.2

    ALT, IU/L 161.3 ± 188.4

    GGT, g/dL 379.8 ± 356.2

    Total bilirubin, mg/dL 2.9 ± 4.0

    Amylase, IU/L 160.4 ± 296.9

    Lipase, IU/L 258.7 ± 683.5

PEP 117 (6.1)

Severity of PEP

    Mild 79 (67.5)

    Moderately severe 31 (26.5)

    Severe 7 (6.0)

Hyperamylasemia 218 (11.4)

Procedure-related adverse events

    Perforation 4 (0.2)

    Significant bleeding 51 (2.7)

    Post-ERCP cholecystitis 21 (1.1)

Length of hospitalization, days 8.4 ± 31.6

All-cause mortality within 30 days 20 (1.9)

ERCP: Endoscopic retrograde cholangiopancreatography; AST: Aspartate transaminase; ALT: Alanine transaminase; GGT: Gamma glutamyl transpep-
tidase; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

Diagnostic performance of 4-hour and 24-hour amylase and lipase levels for predicting PEP
The diagnostic accuracy of serum amylase and lipase levels at 4-hour and 24-hour after ERCP for predicting PEP was 
evaluated using receiver operating characteristic curves (Table 3). For 4-hour amylase levels, the AUC was 0.877, 
indicating strong diagnostic performance, with a cut-off value of 119.5 IU/L (Figure 2A). At this threshold, the sensitivity 
was 0.846, and the specificity was 0.806, with a PPV of 0.221 and an NPV of 0.988. Among the cohort, 18 patients (1.6%) 
were classified as false negatives, while 342 patients (17.9%) were classified as false positives based on this cut-off value 
(Supplementary Table 1). In comparison, 24-hour amylase levels demonstrated superior performance, with an AUC of 
0.963 and a cut-off value of 301 IU/L, achieving a sensitivity of 0.957, specificity of 0.942, PPV of 0.519, and NPV of 0.997. 
The difference in AUCs between 4-hour and 24-hour amylase levels was statistically significant (ΔAUC = -0.087; 95%CI: -
0.124 to -0.049; P < 0.001). For 4-hour lipase levels, the AUC was 0.893, with a cut-off value of 488.5 IU/L (Figure 2B). This 
marker showed a sensitivity of 0.863, specificity of 0.862, PPV of 0.287, and NPV of 0.990. At 24-hour, lipase levels 
exhibited an AUC of 0.954, with a cut-off value of 443 IU/L, yielding a sensitivity of 0.897, specificity of 0.927, PPV of 
0.443, and NPV of 0.993. The difference in AUCs for 4-hour and 24-hour lipase levels was also significant (ΔAUC = -0.061; 
95%CI: -0.095 to -0.027; P < 0.001).

The cut-off values for 4-hour amylase and lipase levels were further analyzed in terms of their multiples of the UNL 
(Table 4). For amylase, a cut-off at 1.2 × UNL achieved the highest sensitivity (0.846), while a cut-off at 4.0 × UNL 
provided the highest specificity (0.971). For lipase, a cut-off at 2.0 × UNL demonstrated the highest sensitivity (0.906), and 
a cut-off at 8.0 × UNL had the highest specificity (0.927) while maintaining strong diagnostic performance with an NPV of 
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Table 3 Diagnostic performance of 4-hour and 24-hour amylase and lipase for post-endoscopic retrograde cholangiopancreatography 
pancreatitis prediction

Variables Time point AUC Cut-off 
(IU/L) Sensitivity Specificity PPV NPV AUC difference (4 hours-24 

hours, 95%CI) P value

4-hour 0.877 119.5 0.846 0.806 0.221 0.988 -0.087 (-0.124 to -0.049) < 0.001Amylase

24-hour 0.963 301 0.957 0.942 0.519 0.997

4-hour 0.893 488.5 0.863 0.862 0.287 0.990 -0.061 (-0.095 to -0.027) < 0.001Lipase

24-hour 0.954 443 0.897 0.927 0.443 0.993

The upper normal limit was defined as 100 IU/L for serum amylase and 60 IU/L for serum lipase. AUC: Area under the curve; PPV: Positive predictive 
value; NPV: Negative predictive value; CI: Confidence interval.

Table 4 Cut-off 4-hour post-endoscopic retrograde cholangiopancreatography amylase and lipase levels for predicting post-
endoscopic retrograde cholangiopancreatography pancreatitis

Variables Cut-off value Sensitivity Specificity PPV NPV

1.2 × UNL 0.846 0.806 0.221 0.988

2.0 × UNL 0.684 0.911 0.333 0.978

3.0 × UNL 0.513 0.956 0.429 0.968

Amylase

4.0 × UNL 0.385 0.971 0.464 0.96

2.0 × UNL 0.906 0.774 0.207 0.992

3.0 × UNL 0.863 0.853 0.276 0.99

4.0 × UNL 0.752 0.886 0.3 0.982

Lipase

8.0 × UNL 0.897 0.927 0.443 0.993

UNL: Upper normal limit; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 2 Receiver operating characteristic curves for 4-hour and 24-hour biomarkers for predicting post-endoscopic retrograde cho-
langiopancreatography pancreatitis. A: Comparison of receiver operating characteristic curves for 4-hour and 24-hour amylase levels in predicting post-
endoscopic retrograde cholangiopancreatography pancreatitis; B: Comparison of receiver operating characteristic curves for 4-hour and 24-hour lipase levels in 
predicting post-endoscopic retrograde cholangiopancreatography pancreatitis receiver operating characteristic, receiver operating characteristic.
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0.993.

Diagnostic performance of 4-hour biomarkers for moderately severe to severe PEP in the high-risk group
Among patients classified as high-risk based on combined patient and procedural characteristics, 4-hour serum amylase 
levels demonstrated excellent diagnostic accuracy, with an AUC of 0.881 at an optimal threshold of 145.5 IU/L 
(Figure 3A). At this cut-off, the sensitivity and specificity were 87.5% and 81.3%, respectively, with a PPV of 9.8% and an 
NPV of 99.7%. Similarly, 4-hour serum lipase levels yielded an AUC of 0.905 at a cut-off of 211.5 IU/L, with a sensitivity 
of 87.5%, specificity of 82.7%, PPV of 10.2%, and NPV of 99.7% (Figure 3B).

DISCUSSION
This study evaluated the diagnostic performance of 4-hour post-ERCP serum amylase and lipase levels as early predictive 
biomarkers for PEP in a large cohort of patients. Both biomarkers exhibited strong diagnostic capabilities, with amylase 
and lipase achieving AUCs of 0.877 and 0.893, respectively, for predicting PEP 4-hour after the procedure. Clinically 
meaningful cut-off values were identified, such as 1.2 times the UNL for 4-hour amylase and 8 times the UNL for 4-hour 
lipase levels, yielding NPVs of 0.988 and 0.990, respectively. These findings underscore the utility of early biomarker 
measurements for safely ruling out PEP, enabling timely clinical decision-making, such as initiating massive fluid 
therapy, facilitating same-day discharge for low-risk patients, and starting an oral diet after ERCP. Additionally, this 
study is among the first to evaluate the predictive performance of these biomarkers for moderately severe to severe PEP 
in high-risk patient groups, offering critical insights into their application for personalized risk stratification and 
proactive management. By facilitating the early identification of patients at risk, the findings of this study could improve 
clinical outcomes, reduce AEs, and optimize interventions associated with PEP.

The early prediction of PEP using 4-hour serum amylase and lipase levels holds significant clinical implications. 
Endoscopic instrumentation during ERCP - particularly in cases involving pancreatic duct manipulation, high-pressure 
injection, or difficult cannulation - can precipitate early ductal injury and acinar disruption[9,16]. This results in enzyme 
leakage into the systemic circulation within 2 hours to 4 hours, explaining the diagnostic utility of early post-ERCP 
enzyme levels. This early injury promotes intraductal hypertension and zymogen activation, initiating the inflammatory 
cascade that characterizes PEP. Timely identification of at-risk patients facilitates the early initiation of appropriate fluid 
therapy, a critical measure for mitigating severe PEP[4-6]. Additionally, same-day discharge for low-risk patients and 
earlier resumption of oral intake could streamline patient management and reduce hospitalization durations[9,10,12]. The 
cut-off values established in this study (1.2 × UNL for amylase and 8 × UNL for lipase) align with findings from previous 
studies that have reported the utility of similar thresholds for predicting PEP[9-12,16]. For instance, a study by Testoni et 
al[9] evaluated 409 patients who underwent ERCP, measuring serum amylase levels 2 hours, 4 hours, 8 hours, and 24 
hours after the procedure. The study suggested that a cut-off value of five times the UNL for 4-hour serum amylase levels 
is a reliable predictor of PEP, demonstrating strong diagnostic performance. Sutton et al[11] conducted a study involving 
886 ERCP procedures, reporting a PEP incidence of 4.4%. The study recommended that patients who underwent 
pancreatography be admitted if their 4-hour serum amylase levels exceeded 2.5 times the upper limit of the reference 
range, as this threshold reliably predicted the development of PEP. Moreover, a Korean study involving a cohort of 516 
patients highlighted the utility of early amylase measurements, with 16 patients (3.1%) diagnosed with PEP[12]. The 
study found that an amylase level greater than 1.5 × the UNL was useful for PEP exclusion, demonstrating a sensitivity of 
93.8%, while a threshold of 4 × UNL was recommended for guiding preventive therapy, achieving a specificity of 93.2%. 
The present study comprehensively addresses the shortcoming of these previous studies by including a larger sample 
size and analyzing high-risk subgroups.

A notable consideration in the early prediction of PEP is the occurrence of asymptomatic hyperamylasemia. While 
hyperamylasemia is often observed after ERCP, it does not necessarily indicate PEP unless accompanied by abdominal 
pain consistent with pancreatitis. In this study, hyperamylasemia was observed in 11.4%, yet only 6.1% of patients were 
diagnosed with PEP. This emphasizes the importance of correlating amylase and lipase levels with clinical symptoms, as 
isolated hyperamylasemia without symptoms does not warrant intervention or prolonged hospitalization. Furthermore, 
the routine use of imaging, such as computed tomography, for confirming PEP is generally unnecessary unless warranted 
by diagnostic uncertainty or severe symptoms. Using the 4-hour amylase cut-off value of 119.5 IU/L, this study revealed 
a low false negative rate of only 1.6%, indicating strong reliability in ruling out PEP. However, the false positive rate was 
relatively high, at 17.9%, corresponding to 342 patients who may have been classified as at risk despite not developing 
PEP. Although this was a prospective study, early hydration was not protocolized or implemented according to bio-
marker thresholds. Instead, fluid management decisions were made at the discretion of the individual endoscopists or 
treating physicians. Therefore, while aggressive hydration is generally considered low-risk and potentially beneficial, 
applying it based on early enzyme elevation may result in overtreatment and increased resource utilization in a sizable 
proportion of patients. The clinical impact and cost-effectiveness of such biomarker-guided interventions should thus be 
further assessed in future prospective interventional trials.

In clinical practice, concern regarding PEP is particularly high in high-risk patients following ERCP, emphasizing the 
need for reliable early predictive tools. This study highlights the strong predictive performance of 4-hour serum amylase 
and lipase levels for identifying moderately severe to severe PEP in high-risk patients. In this subgroup, 4-hour serum 
amylase levels demonstrated an AUC of 0.881, with a sensitivity of 0.875 and a specificity of 0.813 at a cut-off value of 
145.5 IU/L. Similarly, 4-hour serum lipase levels showed an AUC of 0.905, with a sensitivity of 0.875 and a specificity of 
0.827 at a cut-off value of 211.5 IU/L. When the cut-off values were adjusted to 1.5 × the UNL for amylase and 3.5 × the 
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Figure 3 Receiver operating characteristic curves for 4-hour biomarkers for predicting moderately severe to severe post-endoscopic 
retrograde cholangiopancreatography pancreatitis in high-risk groups. A: Serum amylase levels; B: Serum lipase levels.

UNL for lipase, the predictive performance for moderately severe and severe pancreatitis improved significantly, 
enhancing the clinical utility of these biomarkers. These findings provide a solid basis for early risk stratification and 
tailored management strategies in high-risk populations. Importantly, the application of these cut-off values in high-risk 
patients enables clinicians to initiate aggressive hydration and monitor patients more closely, potentially reducing the 
severity of PEP and improving outcomes.

This study has several strengths, including its large sample size of 1915 patients, which enhances the generalizability of 
the findings. The prospective design and comprehensive data collection further strengthen the reliability of the results. 
Additionally, efforts were made to minimize bias by excluding patients with current pancreatitis or those with baseline 
serum amylase levels exceeding three times the UNL (≥ 300 IU/L), ensuring a more homogenous study population. These 
exclusion criteria enabled an accurate evaluation of the diagnostic performance of 4-hour biomarkers in predicting PEP, 
unaffected by confounding factors, such as pre-existing pancreatic inflammation.

However, several limitations should be acknowledged. First, as this was a single-center study conducted at a tertiary 
institution in Korea, the findings may not fully capture interinstitutional or international variations in ERCP techniques, 
patient characteristics, or clinical practices. Notably, the absence of prophylactic rectal nonsteroidal anti-inflammatory 
drugs - due to their unavailability in South Korea - may limit the applicability of our results to regions in which such 
interventions are standard practice. Furthermore, excluding patients with chronic pancreatitis or anatomical alterations of 
the ampulla or duodenum may reduce the generalizability of the findings to broader and more heterogeneous clinical 
settings. Finally, this study did not evaluate the clinical impact of early interventions guided by 4-hour biomarker levels. 
As such, the utility of these markers in directing real-time clinical decisions - such as early fluid resuscitation or discharge 
planning - remains hypothetical and should be evaluated in future prospective interventional trials.

CONCLUSION
This study demonstrates that 4-hour post-ERCP serum amylase and lipase levels are reliable early predictors of PEP, 
offering clinically meaningful cut-off values for timely intervention. These biomarkers enable the identification of patients 
at risk, allowing for personalized management strategies that can reduce AEs, improve clinical outcomes, and optimize 
healthcare resource utilization. While our findings support the high predictive value of 4-hour enzyme levels for ruling 
out PEP, their use in guiding clinical decisions such as early discharge or preventive hydration requires prospective 
validation through interventional trials.
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