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Purpose: Pancreatic pseudocyst (PPC) is a relatively common local complication of hypertriglyceridemic acute pancreatitis (HTG-
AP), frequently associated with prolonged hospital stay and potentially increased need for minimally invasive intervention. However,
there is currently no established PPC prediction tool based on early admission indicators for HTG-AP patients.

Patients and Methods: In this retrospective study, 684 HTG-AP patients from January 2017 to January 2025 were included. All the
patients were divided into training and validation sets in a 7:3 ratio. The least absolute shrinkage and selection operator regression was
utilized for preliminary screening of predictive factors in the training set. Then, multivariate logistic regression was applied to identify
potential factors for nomogram construction.

Results: A total of 684 patients were included, with an overall PPC incidence of 15.7%. The model incorporated three predictors:
systemic inflammatory response syndrome (SIRS) (odds ratio [OR] = 2.263, 95% confidence interval [CI]: 1.283-3.991, p = 0.005),
C-reactive protein (CRP) (OR = 1.019, 95% CI: 1.013-1.026, p < 0.001), and lactate (OR = 3.219, 95% CI: 2.182-4.749, p < 0.001).
The nomogram showed good discrimination, with an area under the curve (AUC) of 0.816 (95% CI: 0.759-0.869) in the training
cohort and 0.760 (95% CI: 0.658-0.854) in the validation cohort. Calibration performance was acceptable, with calibration slopes of
1.000 and 0.773 and Brier scores of 0.100 and 0.108 in the training and validation cohorts, respectively. Decision curve analysis
further demonstrated positive net clinical benefit in both cohorts.

Conclusion: SIRS, CRP, and lactate may be associated with the occurrence of PPC in patients with HTG-AP and may have value for
carly risk assessment. We developed a nomogram for PPC risk stratification in this population; however, further external validation is
needed to confirm its generalizability and potential clinical utility.
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Introduction

Hypertriglyceridemic acute pancreatitis (HTG-AP) is an acute inflammatory process of the pancreas induced by severe
hypertriglyceridemia.' Recent studies suggest that its incidence has increased, particularly in regions with a high
prevalence of metabolic diseases.” > Although most individuals with hypertriglyceridemia are asymptomatic, HTG-AP
often has a more abrupt onset and may follow a more severe course than acute pancreatitis of other causes."®’ In the
context of the increasing burden of metabolic diseases, refined risk stratification and individualized management of
patients with HTG-AP have therefore become key issues in clinical practice.
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Pancreatic pseudocyst (PPC) is a relatively common local complication of acute pancreatitis.® During acute pancrea-
titis, acinar damage and peripancreatic fat necrosis can disrupt the main pancreatic duct or its branches, and persistent
leakage with ongoing inflammation may lead to an encapsulated cystic lesion with a fibrous wall.” PPC has been reported
in approximately 10%-26% of patients with acute pancreatitis.'® Among these, about 40%—50% may resolve sponta-
neously under close conservative management.'' PPCs that persist, enlarge, or become complicated by infection,
bleeding, or rupture generally require endoscopic or surgical drainage and have been associated with longer hospitaliza-
tion and increased healthcare burden.'?

Compared with gallstone- or alcohol-induced acute pancreatitis, HTG-AP is often characterized by significantly
elevated serum triglyceride levels and associated metabolic disturbances.'**'* Current experimental and clinical evidence
suggests that a key pathophysiological feature of HTG-AP is closely linked to the hydrolysis of large amounts of
triglycerides within the pancreas and peripancreatic tissues by pancreatic lipase, leading to high concentrations of free
fatty acids (FFAs).'>'® In severe hypertriglyceridemia, FFAs contribute to acinar cell injury and necrosis, partly by

triggering intracellular Ca®" overload, mitochondrial dysfunction, and oxidative stress;'®'®

in addition, triglyceride-rich
lipoproteins and FFAs may increase blood viscosity and promote vascular endothelial injury, thereby contributing to
impaired pancreatic microcirculatory perfusion.'®'® Furthermore, during HTG-AP, necrosis of peripancreatic and
visceral fat can release large amounts of unsaturated fatty acids, which may further amplify local and systemic
inflammation. Increased visceral fat volume is associated with greater disease severity and a higher risk of local
complications in acute pancreatitis.”’> ** High triglyceride levels are also frequently accompanied by subclinical pan-
creatic injury and have been proposed to promote chronic ductal inflammation and structural remodeling, potentially
predisposing patients to ductal disruption and persistent peripancreatic fluid collections during acute exacerbations.”>=
These mechanisms contribute to the increased propensity of patients with HTG-AP to develop peripancreatic fluid
collections, PPC, and other delayed local structural complications.

Although the management of acute pancreatitis has improved over time, early identification of patients at increased
risk of PPC remains challenging, particularly in those with HTG-AP. Risk stratification based on clinical and laboratory
variables available within 24 hours of admission may facilitate closer monitoring, more individualized follow-up, and
earlier clinical decision-making. Predictive nomograms are increasingly used in clinical medicine as practical tools for
individualized risk estimation, because they integrate multiple predictors into an intuitive visual model that may facilitate
risk stratification and support personalized clinical decision-making. To the best of our knowledge, no nomogram has yet
been specifically developed for the early prediction of PPC in patients with HTG-AP using admission-day clinical and
laboratory biomarkers. Therefore, this study aimed to develop and validate an early prediction nomogram for PPC in

hospitalized patients with HTG-AP.

Material and Methods

Patients

This single-center retrospective cohort study included HTG-AP patients hospitalized at the Affiliated Hospital of
Panzhihua University between January 2017 and January 2025. The patient selection process is shown in Figure 1.
The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Affiliated Hospital of Panzhihua University (Approval No. 2022-10-027). Written informed consent for participation was
obtained from all patients. This study is reported in accordance with the RECORD guidelines.

The inclusion criteria were: (a) age > 18; (b) first episode of acute pancreatitis, diagnosed according to the 2012
revised Atlanta criteria; (c) etiology considered to be HTG-AP; (d) clearly documented time of symptom onset, with an
interval of <72 h from onset to admission at our hospital; (e¢) completion of standardized baseline laboratory tests within
24 h after admission at our hospital; (f) at least one abdominal CT or MRI performed within 7 days of symptom onset at
our hospital; and (g) at least one follow-up abdominal CT or MRI performed > 4 weeks after symptom onset during
follow-up for the index episode at our hospital.

The exclusion criteria were: (a) prior diagnosis of chronic pancreatitis or recurrent acute pancreatitis, history of severe
pancreatic trauma, or previous pancreatic surgery; (b) concomitant pancreatic cystic neoplasm; (c) acute pancreatitis
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735 patients were first diagnosed with HTG-AP
from January 2017 to January 2025

s
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(2) Presence of pancreatic cystic tumors (6)

(3) Other comorbid causes (31)

(4) Missing data (11)
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Figure | Flowchart of the study.
Abbreviations: PPC, pancreatic pseudocyst; HTG-AP, hypertriglyceridemic acute pancreatitis.

attributable to biliary, alcohol-related, surgery-related, or drug-induced causes, or cases with mixed or disputed etiologies; (d)
unknown time of symptom onset, or first CT/MRI examination at our hospital demonstrating mature cystic lesions; (¢) no
follow-up abdominal CT or MRI > 4 weeks after symptom onset during follow-up for the index episode at our hospital; (f)

pregnancy, lactation, or concomitant malignancy; and (g) incomplete or missing key clinical or imaging data.

Definitions

Acute pancreatitis was diagnosed according to the 2012 revised Atlanta classification.?” The diagnosis requires at least two
of the following three features: (1) acute onset of persistent upper abdominal pain radiating to the back; (2) serum amylase
and/or lipase levels > three times the upper limit of normal; and (3) characteristic imaging findings of acute pancreatitis
affecting the pancreas and/or peripancreatic tissues (contrast-enhanced CT, MRI, or abdominal ultrasonography).

In patients meeting the above diagnostic criteria for acute pancreatitis, HTG-AP was defined according to criteria
commonly used in recent systematic reviews and multicenter cohort studies: serum triglyceride (TG) level >
11.3 mmol/L (1000 mg/dL) measured shortly after symptom onset, or TG level of 5.6—11.3 mmol/L (500-1000 mg/dL)
with lactescent serum; (2) no alternative etiologies sufficient to explain the episode of pancreatitis were found based on

7,28-30 (1)

medical history, physical examination, and imaging, such as common bile duct stones, alcohol use, ERCP-related
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pancreatitis, or drug-induced pancreatitis; and (3) consensus judgment by two senior pancreatology specialists that
hypertriglyceridemia was the primary or an important contributing etiologic factor.

The primary outcome was the occurrence of PPC during follow-up. PPC was defined according to the revised Atlanta
classification and subsequent imaging descriptions of local complications, including only de novo lesions arising after the
index HTG-AP episode. The diagnostic criteria were:>’'* (1) a local complication developing > 4 weeks after the
onset of the index HTG-AP episode; (2) a round or ovoid cystic lesion located in the pancreas and/or peripancreatic
region, with predominantly homogeneous fluid content on contrast-enhanced CT, MRI, or endoscopic ultrasonography;
(3) complete encapsulation by a well-defined wall of granulation and fibrous tissue, without an epithelial lining; and (4)
absence, or only a minimal amount, of non-liquid necrotic material within the cavity, such that the lesion did not meet the

imaging criteria for walled-off necrosis.

Data Collection
Throughout the study period, the management strategy for HTG-AP patients at our center remained consistent, primarily
guided by national and international guidelines for acute pancreatitis and HTG-AP, along with standardized institutional
protocols. Diagnostic and therapeutic decisions were made by an experienced pancreas team within these guidelines. After the
acute phase, HTG-AP patients were routinely advised to undergo follow-up contrast-enhanced abdominal CT or MRI
4-6 weeks after symptom onset to evaluate recovery and prognosis. All imaging exams in the analysis were reviewed
independently by two senior radiologists blinded to the study data. Discrepancies were resolved by discussion and consensus.
The main variables collected were: (a) demographic and clinical characteristics, including age, sex, body mass index
(BMI), history of diabetes, hypertension, smoking, alcohol use, and presence of systemic inflammatory response
syndrome (SIRS) within 24 h of admission; and (b) laboratory parameters within 24 h of admission, including
hemoglobin, uric acid, white blood cell count and absolute neutrophil count, platelet count, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, total bilirubin, direct bilirubin, total protein, albumin, serum calcium,
serum creatinine, blood glucose, triglycerides, C-reactive protein (CRP), and arterial blood lactate.

Model Development

The occurrence of PPC during follow-up was the outcome variable, with clinical and laboratory parameters within
24 hours of admission as candidate predictors for early PPC risk stratification in HTG-AP patients. Patients with
incomplete or missing key clinical or imaging data were excluded, and the final analysis was therefore based on
a complete-case approach without imputation. Eligible patients were randomly assigned to the training and validation
cohorts in a 7:3 ratio using simple random sampling. The model was developed in the training cohort and validated in the
validation cohort. In the training cohort, least absolute shrinkage and selection operator (LASSO) logistic regression was
performed for preliminary variable selection. The tuning parameter (lambda) was determined using 10-fold cross-
validation with binomial deviance as the criterion, and lambda.lse was selected as the penalty parameter to obtain
a more parsimonious model and reduce the risk of overfitting. Predictors with non-zero coefficients at the selected
lambda value were then entered into a multivariable logistic regression model to identify independent predictors of PPC
and construct the corresponding nomogram. Model performance was evaluated in both cohorts using receiver operating
characteristic (ROC) curve analysis and the area under the curve (AUC). Calibration was assessed using calibration plots,
calibration slope, intercept, and Brier score, and decision curve analysis (DCA) was performed to evaluate the clinical
utility and net benefit of the nomogram across different threshold probabilities.

Statistical Analysis

Statistical analyses were performed using R (version 4.3.0) and SPSS (version 26.0). Categorical variables were
presented as frequency and percentage and compared with the chi-square test. Continuous variables with a normal
distribution were expressed as mean + standard deviation and compared with the Student’s #-test. For continuous
variables not following a normal distribution, data were presented as median (interquartile range) and compared with
the Mann—Whitney U-test. A p-value < 0.05 was considered statistically significant.
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Results

Baseline Characteristics
From January 2017 to January 2025, our hospital treated 735 patients meeting the diagnostic criteria for HTG-AP. After
applying the inclusion and exclusion criteria, 684 patients were included in the analysis (Figure 1). Among the cohort,
108 patients developed PPC during follow-up, with an incidence rate of 15.7%. Of the cohort, 478 patients were assigned
to the training set for model development, and 206 patients to the validation set for performance evaluation.

In the training set, 75 patients developed PPC. The PPC group showed significant differences in baseline character-
istics compared to the non-PPC group, including higher white blood cell count, total protein, CRP, lactate levels within
24 hours of admission, and higher incidence of SIRS. Other variables were similar between the two groups (Table 1).

Variable Selection and Nomogram Construction

In the training set, LASSO regression was used to select candidate predictors, and three key variables were ultimately
retained (Figure 2): SIRS, CRP, and lactate. These variables were subsequently entered into a multivariable logistic
regression model. The results showed that SIRS (odds ratio [OR] = 2.263, 95% confidence interval [CI]: 1.283-3.991,
p=10.005), CRP (OR =1.019, 95% CI: 1.013-1.026, p < 0.001), and lactate (OR =3.219, 95% CI: 2.182-4.749, p < 0.001)

Table | Baseline Characteristics of Patients with and without Pancreatic Pseudocyst in the Training and Validation Sets

Training Set (n=478) Validation Set (n=206)
Without PPC (n=403) With PPC (n=75) P-Value | Without PPC (n=173) With PPC (n=33) P-Value
Aget, Years 43(36-50) 43(36-50) 0.722 42(35-50) 40(34-47) 0.463
Gender, N (%) Female 148(30.96%) 28(5.86%) 0.920 64(31.07%) 14(6.8%) 0.556
Male 255(53.35%) 47(9.83%) 109(52.91%) 19(9.22%)
Body Mass Indext 24.98(22.28-27.25) 24.43(22.97-26.73) 0.652 24.71(22.61-27.26) 25.45(22.28-27.64) 0.769
Diabetes, N (%) No 317(66.32%) 58(12.13%) 0.797 124(60.19%) 22(10.68%) 0.562
Yes 86(17.99%) 17(3.56%) 49(23.79%) 11(5.34%)
Hypertension, N (%) No 329(68.83%) 65(13.6%) 0.293 149(72.33%) 23(11.17%) 0.020
Yes 74(15.48%) 10(2.09%) 24(11.65%) 10(4.85%)
Smoking History, N (%) No 276(57.74%) 53(11.09%) 0.708 123(59.71%) 27(13.11%) 0.205
Yes 127(26.57%) 22(4.6%) 50(24.27%) 6(2.91%)
Alcohol Drinking History, N (%) No 283(59.21%) 58(12.13%) 0211 131(63.59%) 24(11.65%) 0.715
Yes 120(25.1%) 17(3.56%) 42(20.39%) 9(4.37%)
SIRS, N (%) No 242(50.63%) 29(6.07%) <0.001 106(51.46%) 14(6.8%) 0.044
Yes 161(33.68%) 46(9.62%) 67(32.52%) 19(9.22%)
Haemoglobint, (g/L) 134.92(124.98-146.53) 138.07(124.85-151.71) 0.269 135.98(125.3-146.04) 136.21(123.925-148.045) 0.645
Uric Acidt, (umol/L) 313.24£29.28 316.75£27.24 0.338 318.25£30.05 316.08+27.05 0.700
Leukocytest, (x109/L) 10.93(9.11-12.94) 12.02(9.38-14.24) 0.032 11.19(9.31-13.36) 10.52(9.115-13.265) 0.560
Neutrophil counts, (x109/L) 9.35£2.42 9.65+2.27 0.336 9.77£2.51 9.59+2.25 0.698
Platelet countf, (x109/L) 192.62+28.04 195.97+27.56 0.341 191.06+29.48 188.48+23.83 0.637
CRPt, (mg/L) 149.28(123.5-175.58) 186.96(156.53-219.53) <0.001 156.07(125.76-184.39) 186.56(153.695-209.675) 0.006
Alanine Aminotransferaset, (U/L) 35.27(26.1-44.69) 34.09(27-43.12) 0.890 34.31(24.95-43.5) 34.8(25.955-47.805) 0.436
Aspartate Aminotransferaset, (U/L) 25(20-32) 27(22-33) 0.284 25(20-31) 29(22.5-35.5) 0.023
Alkaline Phosphataset, (U/L) 76.96(63.87-93.78) 79.78(65.67-99.6) 0.351 81.24(65-98.725) 78.73(59.105-92.28) 0.565
Total Bilirubint, (umol/L) 15.2(13.9-16.9) 15.1(12.4-17.6) 0.252 15.1(13.65-16.95) 14.7(12.55-16.7) 0.362
Direct Bilirubint, (umol/L) 6.7(5.1-8.3) 7.4(6.1-8.2) 0.068 6.5(5.1-7.8) 7(5.55-8.95) 0.143
Total Proteint, (g/L) 67(65-70) 68(65-72) 0.038 67(64-70) 69(67-71.5) 0.025
Albumint, (g/L) 40(38-42) 41(39-42) 0.120 40(39-42) 42(39.5-43) 0.014
Serum Calciumt, (mmol/L) 2.27(2.06-2.48) 2.21(1.98-2.59) 0.903 2.24(2.015-2.47) 2.29(2.045-2.515) 0.238
Serum Creatininet, (umol/L) 68.23(56.22-84.02) 66.38(54.49-79.08) 0.896 69.67(56.375-83.795) 71.55(55.135-94.57) 0.533
Blood Glucoset, (mmol/L) 10.33(8.73-12.13) 10.31(8.69-12.26) 0.859 10(8.415-12.26) 9.63(8.615-12.665) 0.899
Triglyceridest, (mmol/L) 23.86(20.06-27.75) 23.24(20.83-27.37) 0.988 22.94(19.66-27.29) 25.04(19.55-29.27) 0.331
Lactatet, (mmol/L) 2.8(2.29-3.39) 3.58(3.01-4.08) <0.001 2.87(2.26-3.385) 3.66(2.595-4.395) <0.001

Notes: Continuous variables are presented as median (IQR) or mean * SD, as appropriate according to data distribution.  Data are presented as median (IQR). } Data

are presented as mean * SD.

Abbreviations: PPC, pancreatic pseudocyst; SD, standard deviation; SIRS, systemic inflammatory response syndrome; CRP, C-reactive protein.
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Figure 2 LASSO regression for predictor selection. (A) Cross-validation curve of the LASSO regression analysis; (B) Coefficient path plot of the candidate risk variables.

were all independently associated with PPC (Table 2). Based on the multivariable logistic regression model, a nomogram
was constructed to predict the risk of PPC in patients with HTG-AP (Figure 3).

Performance of the Prediction Nomogram

In the training cohort, the nomogram demonstrated good discrimination, with an AUC of 0.816 (95% CI, 0.759-0.869),
while in the validation cohort the AUC was 0.760 (95% CI, 0.658-0.854) (Figure 4A and B). ROC comparison further
showed that the nomogram yielded higher AUCs than each individual predictor alone in both cohorts. In the training
cohort, the AUCs of SIRS, CRP, and lactate alone were 0.607 (95% CI, 0.545-0.669), 0.722 (95% CI, 0.651-0.793), and
0.738 (95% CI, 0.673-0.799), respectively. In the validation cohort, the corresponding AUCs were 0.594 (95% CI,
0.501-0.684), 0.651 (95% CI, 0.540-0.763), and 0.712 (95% CI, 0.601-0.813), respectively. Calibration performance
was good in the training cohort and acceptable in the validation cohort. Specifically, in the training cohort, the calibration
slope was 1.000 (95% CI, 0.778-1.295), the intercept was 0.000 (95% CI, —0.412 to 0.433), and the Brier score was
0.100; in the validation cohort, the calibration slope was 0.773 (95% CI, 0.475-1.171), the intercept was —0.332 (95% CI,
—0.890 to 0.238), and the Brier score was 0.108 (Figure 4C and D). Decision curve analysis demonstrated that the
nomogram yielded a positive net benefit over the treat-all and treat-none strategies across a clinically relevant range of
threshold probabilities in both cohorts (Figure 4E and F).

Discussion
We developed an early prediction model for PPC risk in patients with HTG-AP using clinical and laboratory parameters obtained
within 24 hours of admission. SIRS, CRP, and lactate were identified as independent predictors and incorporated into the final

Table 2 Multivariable Logistic Regression
Analysis for Predictors of Pancreatic
Pseudocyst in the Training Cohort

OR 95% CI P-Value
SIRS 2.263 | 1.283-3.991 0.005
CRP 1.019 | 1.013-1.026 | <0.001
Lactate | 3.219 | 2.182-4.749 <0.001

Abbreviations: Cl, confidence interval; OR, odds
ratio; SIRS, systemic inflammatory response syn-
drome; CRP, C-reactive protein.
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Figure 3 Nomogram for predicting the risk of pancreatic pseudocyst in patients with hypertriglyceridemic acute pancreatitis.

model. The model showed favorable performance in the training cohort and acceptable performance in the validation cohort,
suggesting that it may have value for early risk stratification and follow-up planning in hospitalized patients with HTG-AP.

In recent years, metabolic abnormalities, particularly the relationship between elevated triglycerides and acute
pancreatitis onset and severity, have gained increasing attention.'’*®** Existing evidence suggests that in HTG-AP,
elevated serum triglycerides are associated with excessive free fatty acid release, which can damage pancreatic acinar
cells, induce oxidative stress, impair mitochondrial function, and exacerbate inflammation and injury.'®>’
Hypertriglyceridemia and increased chylomicrons may also contribute to microcirculatory dysfunction in the pancreas,
a common feature of HTG-AP."**® These mechanisms may worsen local pancreatic injury and increase fluid accumula-
tion, influencing PPC development. Some studies have identified risk factors associated with PPC occurrence. Lu Hao
et al found that age of onset, smoking, and severe acute pancreatitis were risk factors for PPC in chronic pancreatitis
patients.’” Fengjie Ji et al suggested that markers like lactate dehydrogenase, hemoglobin, albumin, and calcium might be
associated with PPC development in acute pancreatitis patients.*® However, most studies have not independently
analyzed HTG-AP. This study developed a predictive model for early identification of high-risk HTG-AP patients
using accessible clinical and laboratory data, filling a gap in HTG-AP prediction.

Previous studies suggest that HTG-AP may be associated with a more severe inflammatory response and higher
complication risk compared to other causes of acute pancreatitis, and early SIRS presence is linked to more severe
outcomes.'*4% SIRS is a systemic inflammatory response triggered by infectious or non-infectious insults, often
manifesting early in acute pancreatitis.***' Mechanistically, SIRS contributes to PPC development through several
pathways: pro-inflammatory mediators damage pancreatic acinar cells, immune cell infiltration exacerbates tissue
damage, and microcirculatory disturbances promote fluid accumulation.*** When exudates are encapsulated by fibrous
tissue, they may evolve into PPC. Stress-induced gluconeogenesis, associated with SIRS, can lead to hyperglycemia,
increasing the metabolic burden on the pancreas and sustaining inflammation.***** In our cohort, early SIRS in HTG-AP
patients was associated with a higher risk of subsequent PPC, aligning with these mechanisms and suggesting that close
monitoring of SIRS may help identify patients at higher risk for local complications.

CRP is an acute-phase reactant synthesized by the liver. During acute pancreatitis (AP), CRP levels are a marker of
systemic inflammation and significantly associated with disease severity.*>**® Several international consensus guidelines
indicate that CRP >150 mg/L within 48 hours of admission is a warning sign for severe AP.*’ Studies have also
suggested that CRP >150 mg/L within 48—72 hours of AP onset may predict necrotizing pancreatitis with high sensitivity
and specificity.*® A systematic review and meta-analysis by Wu et al found that CRP is an important biomarker for
assessing AP severity.49 A prospective multicenter study by Cui et al showed that elevated CRP levels on admission may
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Figure 4 Performance of the nomogram for predicting the risk of pancreatic pseudocyst in patients with hypertriglyceridemic acute pancreatitis; (A) Receiver operating
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cohort; (E) Decision curve analysis in the training cohort; (F) Decision curve analysis in the validation cohort.

Abbreviation: AUC, area under the receiver operating characteristic curve.

serve as an independent risk factor for pancreatic fluid accumulation after AP.>® Elevated CRP levels are often associated
with an increased risk of local complications in AP patients.”" Clinical studies show that patients with peripancreatic fluid
accumulation have higher CRP levels within 48 hours compared to those without;** acute peripancreatic fluid collection
is a precursor lesion for PPC formation.?” Although Solakoglu et al did not directly investigate PPC, they found that
elevated CRP levels were closely associated with local pancreatic fluid accumulation and pseudocyst formation.> Our
study further confirms the significant correlation between CRP and the occurrence of PPC in HTG-AP patients,
confirming CRP as a key biomarker for early PPC prediction.
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Lactate is a byproduct of tissues under hypoxic or metabolic stress, reflecting tissue perfusion and metabolic status.
Elevated lactate levels may indicate microcirculatory disturbances and tissue hypoxia.>® During the acute phase of AP,
multi-organ dysfunction and pancreatic microcirculatory disturbances lead to tissue hypoxia, resulting in increased lactate
levels.>* Elevated lactate is a marker of AP severity and may independently predict the risk of organ failure.*>’
A retrospective study by Shu et al of 329 patients found that AP patients with elevated lactate levels had higher
incidences of pancreatic necrosis and multi-organ dysfunction than those with normal lactate levels.”* A prospective
study by Xu et al showed that moderate to severe AP patients had significantly higher lactate levels than mild AP
patients, and high lactate levels may independently predict organ failure occurrence.>® In HTG-AP patients, very high
triglyceride levels may exacerbate peripancreatic fat necrosis and inflammation, promoting lactate production and
worsening the condition.’® These findings are consistent with our observation that elevated lactate levels suggest an
increased risk of PPC in HTG-AP patients, highlighting the clinical value of early lactate monitoring.

The nomogram proposed in this study is structurally simple and may be readily applied in the early clinical setting.
Compared with single-parameter assessment and some conventional pancreatitis severity scoring approaches that
incorporate multiple clinical and laboratory variables, this model may be easier to use at the bedside during the early
stage of hospitalization.””® Clinical guidelines also emphasize the importance of early severity assessment in acute
pancreatitis.”’**° Previous studies have shown that nomogram-based models can predict several clinically relevant
outcomes in acute pancreatitis, including persistent organ failure, readmission, and mortality, supporting their use as
practical tools for individualized risk assessment.®’®* Representative studies have reported favorable discrimination for
nomograms predicting persistent organ failure on admission, 30-day readmission, and short-term mortality in acute
pancreatitis.®> > Against this background, our study extends the application of this type of predictive tool to the early
prediction of pancreatic pseudocyst risk in patients with HTG-AP using variables available within 24 hours of admission.
The predictive value of the nomogram may derive from the complementary information captured by SIRS, CRP, and
lactate. SIRS reflects the systemic inflammatory response, CRP reflects the acute-phase inflammatory burden, and lactate
may indicate tissue hypoperfusion and metabolic stress. Rather than suggesting a direct biological synergistic mechan-
ism, the combination of these variables may reflect different pathophysiological dimensions associated with PPC
development, thereby providing a more comprehensive basis for early risk assessment in patients with HTG-AP.
Because all three variables are routinely available within 24 hours of admission, the nomogram may be incorporated
into the early admission assessment workflow, either as part of a standardized admission form or through integration into
an electronic medical record system. Patients identified as having elevated predicted risk may then undergo closer
monitoring, more individualized follow-up planning, and earlier repeat imaging when clinically indicated. Early
identification of high-risk patients may facilitate more individualized management and may ultimately contribute to
improved clinical outcomes.®®

This study has several limitations. First, as a single-center retrospective study, it is subject to potential selection bias and
residual confounding, which may affect the robustness of the findings. Second, although the model showed acceptable
performance in the validation cohort, the relatively wide confidence interval of the validation AUC indicates limited precision
and suggests some uncertainty in model stability, likely related to the modest sample size and number of PPC events in the
validation cohort. Third, the model has not yet been externally validated, and its generalizability requires further assessment in
independent cohorts. Fourth, direct comparison with established composite clinical scores such as BISAP was not performed;
therefore, the added value of the nomogram over existing scoring systems remains to be further evaluated. Finally, the model
did not include potentially relevant variables such as pancreatic necrosis or ductal disruption, which may have limited its
predictive performance. Future studies should validate and refine the model in larger, multicenter, prospective cohorts with
broader clinical variables to improve its generalizability and clinical applicability.

Conclusion

This study suggests that SIRS, CRP, and lactate may be associated with the development of PPC in patients with HTG-
AP and may contribute to early risk assessment. Based on these factors, we developed an early prediction model for PPC
risk stratification in this population. Although the model showed potential clinical value, further external validation is
required to establish its generalizability and support its broader use in clinical practice.
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