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 Background: Acute pancreatitis, a sudden inflammation of the pancreas, can result in severe complications. The presence 
and volume of ascites, an abnormal accumulation of fluid in the abdomen, has been linked to disease severi-
ty. Our study investigates ascites volume, quantified via abdominal CT scans, as a potential predictive tool for 
disease severity.

 Material/Methods: In this retrospective analysis, patients diagnosed with acute pancreatitis were evaluated. Patients were cate-
gorized into groups with and without ascites, with comparisons made regarding clinical characteristics. We fur-
ther compared the mean ascitic volume against various outcome parameters in patients with ascites. Ascites 
volume and other predictive systems were assessed through receiver operating characteristic (ROC) curves, 
with the area under the ROC curve (AUC) for different predictive systems being analyzed.

 Results: The ascites group had higher severity scores and related serological indexes (P<0.05 for all). Among patients 
with ascites, a significant correlation was observed between ascites volume and outcome parameters (P<0.05 
for all). The area under the ROC curve for predicting severe acute pancreatitis was 0.896, with 93% sensitivity 
and 79% specificity. Ascites volume yielded the highest diagnostic odds ratio (53.1; 95% confidence interval: 
13.2,199.6).

 Conclusions: Early-stage acute pancreatitis patients with ascites are indicative of severe illness and poor prognosis. An in-
crease in ascites volume correlates with adverse clinical outcomes, thus highlighting the significance of asci-
tes volume as a prognostic marker. This underscores the importance of abdominal CT in measuring ascites vol-
ume to predict disease severity.
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Background

Acute pancreatitis (AP) is a common digestive system disease 
in clinical practice, with a high incidence rate and an increas-
ing trend year by year [1-3]. In the past, AP was thought to 
be mild and self-limiting, but now research has found that AP 
is a disease that cannot be regarded as self-limiting, because 
it has serious early and long-term effects [4]. Approximately 
10-20% of these patients develop severe acute pancreatitis 
(SAP). SAP has many complications, high mortality, and unpre-
dictable prognosis [5]. During the course of acute pancreatitis, 
organ failure, infection, and persistent systemic inflammatory 
response syndrome (SIRS) are determinants of the severity of 
the disease [3,6]. It is of great importance to identify and pre-
dict the above decisive factors early, prevent further progres-
sion of the disease, carry out risk stratification management 
for AP patients, and improve the prognosis [7].

At present, the commonly used clinical assessment and pre-
diction systems for the severity of AP include serological indi-
cators, such as C-reactive protein (CRP) level and procalcitonin 
(PCT) level [8-11], and scoring systems, such as acute physi-
ology and chronic health evaluation II (APACHE II) score and 
Bedside Index of Severity in Acute Pancreatitis (BISAP) score [12-
14]. However, ascites in AP is not involved in these indicators.

It has been reported that the development of ascites, as a 
common complication in the natural history of AP, has an in-
cidence of 30-40% [15], and the incidence of ascites in SAP 
patients is over 60% [16]. Nikhil Bush, Reza Mofidi, and oth-
er scholars have noted that patients with ascites in AP have 
higher mortality and complication rates [15]. Recent studies 
have also shown that ascites is a marker of poor prognosis in 
AP and that reducing the volume of ascites improves progno-
sis [17,18]. However, the impact of ascites produced during 
the course of AP on clinical outcomes such as organ failure, 
infection, and SIRS has not been reported in detail in the lit-
erature to date, and the predictive role of ascites volume for 
disease severity is uncertain.

The objectives of this study were to: (1) assess the incidence 
of ascites in patients with AP; (2) analyze the relationship be-
tween ascites volume and severity of AP; and (3) to evalu-
ate the reliability of ascites volume in predicting severe clin-
ical outcome of AP.

Material and Methods

Patient and Clinical Data

A retrospective study was conducted on AP patients who visited 
our Pancreatitis Department from January 2018 to December 

2021. The diagnostic criteria of AP met 2 of the following 3 
characteristics according to the Atlanta criteria [19]: (1) per-
sistent pain in the upper abdomen; (2) serum amylase and/
or lipase concentrations at least 3 times higher than the up-
per normal limit; and (3) abdominal imaging examination re-
sults consistent with the imaging changes of acute pancreati-
tis. Exclusion criteria were: (1) previous ascites, (2) previous 
history of chronic pancreatitis, (3) not having received an ab-
dominal computed tomography (CT) scan early (2 to 6 days 
after the onset of symptoms), and (4) patients age <18 or >80 
years. The imaging, laboratory, and demographic data of the 
included patients were collected. This study was approved 
by our Ethics Committee (no: QYFYWZLL26817) and was per-
formed in accordance with the ethical standards of the 1964 
Declaration of Helsinki and its subsequent amendments, and 
the included patients gave their consent.

Abdominal CT and Ascites Measurement

All CT examinations were performed by using a 16-detector 
row CT scanner (Activion 16; Toshiba Medical Systems, Japan 
or Sensation 16; Siemens, Erlangen, Germany). The imaging 
parameters were as follows: tube voltage 120 kV; tube current, 
200 mAs per section; reconstruction thickness, 5 mm; and ma-
trix, 512×512. Some patients underwent enhanced scanning 
at the same time: iopromide was injected intravenously with 
a flow rate of 3-5 ml/s. Scanning range was from diaphragm 
fornix to ischial level. Ascites definition was free-flowing fluid 
collection, primarily for the abdominal or pelvic cavity [20-22]. 
3D-slicer (3D Slicer image computing platform | 3D Slicer) [23]. 
Open-source software of medical imaging was used for mea-
surement: abnormal free-flowing fluid accumulated in the ab-
dominal cavity was the area of interest, and the volume of all 
voxels in the region of interest, which was the volume of as-
cites, was measured. CT images of the included patients were 
reviewed and calculated by an observer who was unaware 
of the clinical outcomes and experimental data, and then re-
viewed and calculated again 2 months later by disrupting the 
original order of observation.

Result Parameters and Severity Evaluation System

The following result parameters were collected from the hos-
pital system: the length of hospital stay (in days), the need for 
intervention (including surgery and interventional puncture), 
the need for continuous renal replacement therapy (CRRT), the 
occurrence of SIRS, and various clinical outcomes (eg, infec-
tion, organ failure, SAP, death) in the course of disease. The 
classification of AP was based on the revised Atlanta classi-
fication [19] and was divided into mild, moderately severe, 
and severe, as well as mild without organ failure and local 
or systemic complications, moderately severe with transient 
(£48 h) organ failure and/or local complications, and severe 
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with persistent (> 48 h) organ failure. Organ failure was defined 
using the modified Marshall scoring system: Marshall score of 
any organ of heart, lung and kidney £2 points [24]. The infec-
tion was judged to meet 1 of the following 3 conditions [25]: 
(1) Fever ³37.8°C and white blood cell count ³15 000/mm3; 
(2) Gram staining positive result; and (3) Gram culture posi-
tive results. Systemic inflammatory response syndrome (SIRS) 
is defined as having at least 2 of the following 4 points [26]: 
(1) temperature >38°C or <36°C; (2) heart rate >90 beats/min-
ute; (3) breathing >20 breaths/minute or PCO2 <32.33 mmHg; 
(4) White blood cell count of >12×109/L or <4×109/L(>12000/μl 
or <4000/μl or immature granulocyte >10%).

Severity assessment and prediction system used the APACHE 
II score, usually divided into mild (0-7 points) and severe (³8 
points) [27]; BISAP scores are generally divided into mild (0-2 
points) and severe (³3 points) [7], as well as CRP and PCT levels.

Statistical Analysis

SPSS software (version 26.0, IBM, USA) and MedCalc 11.4.2.0 
(MedCalc, Mariakerke, Belgium) were used to analyze the data.

Continuous variables are expressed as the mean±standard 
deviation, and classification variables and rank variables are 
expressed as percentages. The data were checked for normal 
distribution by the Kolmogorov-Smirnov test. For normally dis-
tributed data, a t test was used for continuous variables, and 
nonparametric tests were used for skewed data. The chi-square 
test was used for the second-category data or ascites volume, 
length of stay, and various outcome parameters that did not 
conform to a normal distribution, and the Pearson correlation 
coefficient was used to test the correlation between them.

A receiver operating characteristic (ROC) curve was construct-
ed to determine the optimal threshold for ascites volume to 
predict SAP, organ failure, and infection. ROC curves of BISAP 
score, APACHE II score, CRP level, and PCT level were also con-
structed. The area under the ROC curve (AUC) was calculated, 
and the z test was used to compare them in pairs. The sensi-
tivity, specificity, positive likelihood ratio, positive predictive 
value, and diagnostic odds ratio in the same population were 
calculated. P<0.05 was considered statistically significant.

Results

Population

A total of 258 AP patients were included, including 5 patients 
with tumors, 11 patients with a previous history of chronic pan-
creatitis, and 16 patients with missing data, and 226 patients 
were included in the study. Among them, 88 patients (38.9%) 

had ascites in the early course of disease, and 146 patients 
(61.1%) had no ascites. The demographic and clinical charac-
teristics of the 2 groups are shown in Table 1.

Comparing the 2 groups of patients (Table 1: ascites group 
and non-ascites group), ascites in the early course of the dis-
ease was not significantly associated with patient age or eti-
ology (P>0.05). However, there was a significant relationship 
with length of hospital stay, organ failure, infection, Atlanta 
grading system, APACHE II scores, BISAP scores and other re-
lated scores, CRP level, PCT level, and other serological indi-
cators (P<0.05 for all). The hospitalization time of the ascites 
group was longer (P<0.05), and the occurrence of organ fail-
ure (73.9% >28.3%, P<0.05), infection (75% >25.4%, P<0.05), 
SIRS (70.5% >44.9%, P <0.05), need for CRRT (68.2% >18.1%, 
P<0.05) and intervention (67.0% >7.2%, P<0.05) was higher. 
Various severity assessment and prediction parameters at ad-
mission, such as BISAP score, APACHE II score, and serologi-
cal indicators such as PCT, CRP, CRE, and HCT levels, were sig-
nificantly higher in the ascites group than in the non-ascites 
group (P<0.05 for all). The incidence of SAP in patients with 
ascites was also significantly higher than that in patients with-
out ascites (P<0.05).

Ascites Volume

Ascites Volume and Result Parameters

Eighty-eight patients with ascites were analyzed. The average 
volume of ascites in patients with ascites was 519.0 ml±231.5 
ml (the range was 150-1100 ml). A positive correlation between 
ascites volume and length of stay was found in this study 
(Spearman correlation coefficient r=0.66, P<0.05) (Figure 1), 
as well as a positive correlation between ascites volume and 
the occurrence of SAP, organ failure, infection, SIRS, the need 
for intervention, and the need for CRRT (Table 2, Figure 2).

Ascites Volume Prediction System

The occurrence of organ failure and infections was focused on 
to observe the severity of the disease and to predict the oc-
currence of SAP and death. ROC analysis of in-hospital mor-
tality was not performed because the data collected included 
only 1 patient in the ascites group who died in the hospital. 
We performed ROC analysis of ascites volume to predict the 
predictive utility of organ failure, infection, and SAP. Because 
the collected data included 1 patient who died in the hospi-
tal, there was no ROC analysis of inpatient mortality. The best 
threshold for predicting SAP by ascites volume was 344 ml. 
Statistical analysis showed that there was a significant differ-
ence in each clinical result between the 2 groups with the as-
cites volume threshold as the dividing point (P<0.05) (Table 3). 
The AUC of ascites volume predicting organ failure was 0.883 
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Parameter
Ascites
(n=88)

Non-ascites
(n=138)

P value

Patient characteristics  

 Age (y)* 48.4±16.3 50.5±17.5  0.359

Cause of acute pancreatitis

 Gallstone  29 (33.0)  46 (33.3)

 Ampullary tumor  26 (29.5)  39 (28.3)

 Alcohol abuse  15 (17.0)  16 (11.6)

 Other  18 (20.5)  37 (26.8)

Result argument

 Duration of hospitalization (d)* 29.5±27.0 11.5±7.4 <0.05

 Organ failure  65 (73.9)  39 (28.3) <0.05

 Infection  66 (75.0)  35 (25.4) <0.05

 SIRS  62 (70.5)  62 (44.9) <0.05

 Need for intervention  59 (67.0)  10 (7.2) <0.05

 CRRT  60 (68.2)  25 (18.1) <0.05

Atlanta classification

 MAP  0 (0)  93 (61.90) <0.05

 MSAP  28 (31.8)  36 (29.25) <0.05

 SAP  60 (68.2)  9 (8.84) <0.05

Severity assessment scoring system

 BISAP* 1.9±0.7 0.8±0.7 <0.05

 APACHE II* 8.1±4.8 6.9±3.4 <0.05

Serological indicator

 CRP* 135.2±117.2 54.7±79.6 <0.05

 PCT* 3.0±7.8 1.0±2.4 <0.05

 CRE 19.7±13.0 14.3±6.6 <0.05

 HCT 41.9±8.6 40.9±5.8 <0.05

 WBC 13.8±5.6 12.1±5.5 <0.05

 BUN 90.7±78.7 64.7±37.9 <0.05

Body temperature 37.2±0.7 36.9±0.6 <0.05

Table 1. Comparison of clinical characteristics and outcome parameters between patients with and non-ascites.

Unless otherwise specified, the data are the number of patients, and the percentage in brackets. * The data are the mean±standard 
deviation.

e940783-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Song Z. et al: 
Ascites volume in acute pancreatitis

© Med Sci Monit, 2023; 29: e940783
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



(95% confidence interval: 0.795, 0.971), the AUC of predicting 
infection was 0.848 (95% confidence interval: 0.761, 0.935), 
and the AUC of predicting SAP was 0.896 (95% confidence in-
terval: 0.821, 0.971) (Table 4).

Ascites Volume Compared with Other Assessment Systems

Ascites volume showed the highest AUC in all scoring sys-
tems in predicting SAP and organ and tube failure (Figure 3, 
Table 4), with values of 0.896 and 0.883, respectively, but PCT 
level showed the highest AUC in predicting infection. When 
comparing the AUC of each evaluation system statistically, it 
was found that when predicting the occurrence of SAP, the 

ascites volume was significantly different from APACHE II, CRP 
level, and PCT level (P<0.05), but there was no significant dif-
ference between the ascites volume and BISAP score (P=0.051). 
There was no significant difference between BISAP, APACHE II, 
CRP level, and PCT level (P<0.05). When predicting organ fail-
ure, there was no significant difference between ascites vol-
ume and BISAP, APACHE II (P=0.106, P=0.074), but there was 
a significant difference between ascites volume and CRP lev-
el and PCT level (P<0.05), and there was no significant dif-
ference between BISAP, APACHE II, CRP level, and PCT level 
(P<0.05). There was a significant difference between PCT lev-
el and BISAP and APACHE II in predicting infection (P=0.012), 
but there was no significant difference between PCT level and 
ascites volume (P=0.660) (Table 5).

Comparison of Prediction Effectiveness of Various 
Evaluation Systems for SAP

Thresholds for ROC curves and our usual thresholds were se-
lected for predicting clinical outcomes, ascites volume ³344 ml, 
BISAP score ³2, APACHE II score ³10 or ³8, CRP level ³115.015 
or ³150, and PCT level ³0.428 (Table 6). The ascites volume 
showed the highest sensitivity of 93% (84%, 98%), APACHE 
II score ³10 showed the highest specificity, positive predic-
tive value, and positive likelihood ratio, and the specificity of 
CRP level ³150mg/L was also higher than the ascites volume. 
However, when APACHE II score ³10 and CRP level ³150 mg/L 
were the threshold points, the sensitivity and specificity had 
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Figure 1.  Correlation between ascites volume and hospital stay (SPSS: Statistical Product and Service Solutions, SPSS 26.0, IBM; 
Photoshop CC, Adobe systems).

variables
Ascites

r P value

SAP 0.639 <0.05

Organ failure 0.583 <0.05

Infection 0.522 <0.05

SIRS 0.401 <0.05

CRRT 0.446 <0.05

Intervention 0.601 <0.05

Table 2.  Correlation between ascites volume and various result 
parameters.
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the opposite trend, with APACHE II: 42% (29%, 55%) and 93% 
(77%, 99%), respectively; CRP ³150 mg/L: 48% (35%, 62%) 
and 86% (67%, 96%) (Table 6). These thresholds will lead to 
too many false-negative cases. Compared with other evalua-
tion systems, ascites volume has the best diagnostic advan-
tage ratio of 51.3 (13.2, 199.6) for predicting SAP.

Discussion

To the best of our knowledge, this is the first study to exam-
ine the severity of acute pancreatitis using ascites volume. 
Our study strictly followed the criteria of a retrospective clin-
ical study and showed realistic feasibility.

Factors contributing to poor AP outcomes include organ 
failure, infection, persistent SIRS [28], and intra-abdominal 

600

400

200

0
Organ failure* Infection* Intervention*

Yes
No

SIRS* CRRT* SAP*

M
ea

n a
sci

te
s v

alu
m

e

Figure 2.  Average ascites volume of different results under each result parameter (error bar: 95% confidence interval; * P<0.05) 
(SPSS: Statistical Product and Service Solutions, SPSS 26.0, IBM; Photoshop CC, Adobe systems).

Clinical outcome
Ascites

³344, n=62 <344, n=26

Hospital stay#,* 35.4±23.6 16.5±12.1

SAP#  56 (90.3)  4 (15.4)

Organ failure#  58 (93.5)  7 (26.9)

Infection#  55 (88.7)  11 (42.3)

Intervention#  53 (85.5)  6 (23.1)

CRRT#  48 (77.4)  12 (46.2)

SIRS#  51 (82.3)  11 (42.3)

Table 3. Grading of ascites.

# P is less than 0.05; * The data are the mean±standard 
deviation.

Prediction system SAP Organ failure Infection

Ascites volume  0.896 (0.820, 0.972)  0.883 (0.794, 0.972)  0.848 (0.760, 0.935)

APACHE II  0.725 (0.615, 0.835)  0.747 (0.627, 0.867)  0.703 (0.583, 0.822)

BISAP  0.763 (0.668, 0.859)  0.759 (0.654, 0.863)  0.720 (0.621, 0.818)

CRP  0.702 (0.584, 0.820)  0.670 (0.540, 0.800)  0.715 (0.601, 0.828)

PCT  0.742 (0.622, 0.862)  0.712 (0.578, 0.847)  0.873 (0.798, 0.949)

Table 4. Ascites volume and AUC of SAP, organ failure, and infection predicted by different evaluation and prediction systems.

The confidence interval in brackets is 95%.
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hypertension, and ascites is an important contributor to these 
factors [29]. AP ascites originates from many factors, includ-
ing: (1) Inflammatory exudation, inflammation in the AP, es-
pecially peritoneal inflammation, leading to increased vascular 
permeability and the formation of a “capillary leak” phenom-
enon [30]; (2) Ductal disruption, where the ducts associated 
with pancreatic ascites are disrupted, causing pancreatic se-
cretions to leak into the abdominal cavity and accumulate in 
the peritoneal cavity [31]; (3) Chylous ascites, such as high tri-
glycerides can cause obstruction of lymphatic flow, leading to 
dilated and leaking subplasmic lymphatic vessels[32]; (4) Fluid 

leakage, such as acute portal or mesenteric vein thrombosis 
due to pancreatitis, resulting in portal hypertension and the 
formation of leaky ascites [33]; (5) Consumptive ascites [34].

AP ascites contains many toxic substances, such as cytokines, 
amylase, and lipid plum [35], which not only directly induce 
cellular tissue necrosis, but also interfere with anti-inflamma-
tory pathways, promote the deterioration of macrophage ac-
tivation in pancreatitis, aggravate the inflammatory response 
[17], and interfere with apoptosis-related proteins and sig-
naling pathways, thus aggravating the condition of AP [36]. 
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Figure 3.  (A-C) ROC curves of different evaluation and prediction systems (SPSS: Statistical Product and Service Solutions, 
SPSS 26.0, IBM; Photoshop CC, Adobe systems).
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Many studies have shown that reducing the volume of AP as-
cites can reduce the inflammatory response, reduce the oc-
currence of further interventions or multi-organ dysfunction 
[37,38], reduce damage to the intestinal mucosal barrier, and 
also reduce costs and length of hospital stay [39], and even 
reduce all-cause mortality [40,41].

The assessment of the clinical status of AP patients currently 
relies more on symptoms and serological indicators. PCT levels 
and CRP levels are the most widely used single serological indi-
cators to predict AP severity [8-11]. However, our study found 

that CRP levels had the smallest AUC in predicting SAP, organ 
failure, and infection, whereas PCT levels had a relative ad-
vantage in predicting infection only, and their AUC in predict-
ing SAP and organ failure was also significantly smaller than 
that of ascites volume. For scoring systems such as BISAP and 
APACHE II, which are involved in current clinical work, the AUC 
area for predicting SAP and organ failure and infection in this 
study was also less than the ascites volume.

Although this study confirms the usefulness of ascites volume 
for grading the severity of early acute pancreatitis, there are 

Prediction system
SAP Organ failure Infection

Z value P value Z value P value Z value P value

Ascites volume – APACHE II 2.508 0.012 1.784 0.074 1.897 0.058

Ascites volume – BISAP 1.947 0.051 1.617 0.106 1.851 0.064

Ascites volume – CRP 2.983 0.003 2.881 0.004 1.971 0.049

Ascites volume – PCT 2.171 0.030 2.187 0.029 0.440 0.660

APACHE II – BISAP 0.630 0.529 0.175 0.861 0.282 0.778

APACHE II – CRP 0.255 0.799 0.782 0.434 0.126 0.900

APACHE II – PCT 0.235 0.814 0.445 0.657 2.516 0.012

BISAP – CRP 0.793 0.428 1.078 0.281 0.062 0.950

BISAP – PCT 0.289 0.773 0.601 0.548 2.505 0.012

CRP – PCT 0.486 0.627 0.461 0.645 2.594 0.009

Table 5. Paired comparison of AUCs.

Grading System Sensitivity(%) Specificity(%) PPV PLR DOR

SAP

Ascites volume ³344 ml  93 (84, 98)  79 (59, 92)  90 (80, 96)  4.4 (2.1, 8.9)  51.3 (13.2, 199.6)

BISAP ³2  87 (75, 94)  57 (37, 76)  81 (70, 90)  2.0 (1.3, 3.1)  8.7 (3.0, 24.9)

APACHE II

 ³8  57 (43, 69)  71 (51, 87)  81 (66, 91)  2.0 (1.1, 3.7)  3.3 (1.2, 8.6)

 ³10  42 (29, 55)  93 (77, 99)  93 (76, 99)  5.8 (1.5, 22.9)  9.3 (2.0, 42.8)

CRP level

 ³150 mg/L  48 (35, 62)  86 (67, 96)  88 (72, 97)  3.4 (1.3, 8.7)  5.6 (1.7, 18.1)

 ³115 mg/L  63 (50, 75)  79 (59, 92)  86 (73, 95)  3.0 ()  6.3 (2.2, 18.0)

PCT level

 ³0.43ng/L  77 (64, 87)  68 (48, 84)  84 (71, 92)  2.4 (1.4, 4.2)  6.9 (2.6, 18.7)

Table 6. The main characteristics of different grading systems.

The confidence interval in brackets is 95%. PPV – positive predictive value; PLR – positive likelihood ratio; DOR – diagnostic advantage 
ratio.
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still several limitations in the study. First, because some pa-
tients had only plain CT scans without enhanced CT sweeps, 
the comparison of CT scores for acute pancreatitis was not 
addressed in this study, but this did not affect the results and 
conclusions related to ascites volume and had no impact on 
the results of this study. Second, the characteristics of asci-
tes routine and ascites biochemical indicators were not fur-
ther explored in this study. In addition, issues related to the 
selection of the mode and timing of AP ascites intervention 
and the application of antibiotics during the intervention re-
main to be resolved.

Conclusions

Our findings suggest that patients with ascites are more se-
verely ill and have a worse prognosis compared to those with-
out ascites, and the volume of ascites was positively correlat-
ed with the severity of AP. Ascites volume predicts the onset 
of SAP, organ failure, and infection, and offers a higher diag-
nostic advantage ratio over current scoring systems.
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