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Purpose: To study the CT characteristics of acute pancreatitis (AP) associated with preexisting fatty liver (FL) and the impact of 
preexisting FL on the severity of AP and persistent systemic inflammatory response syndrome (SIRS).
Patients and Methods: A total of 189 patients with AP were divided into AP with and without preexisting FL. The CT features, 
clinical characteristics, severity of AP, and presence of persistent SIRS between the two groups were compared. Univariate and 
multivariate analyses were performed to determine the risk factors for predicting SIRS. The diagnostic performances of the risk factors 
were evaluated by receiver operating characteristic (ROC) curve analysis.
Results: Among the 189 patients, 49.7% (94/189) had preexisting FL. On CT, AP patients with preexisting FL were more likely to 
develop necrosis (23.4% vs 10.5%, p=0.021), local complications (45.7% vs 29.5%, p=0.025) and persistent SIRS (59.6% vs 27.4%, 
p<0.001). Multivariate analysis showed that preexisting FL (OR=2.863, 95% CI: 1.264–6.486, p=0.012), APACHE II≥6 (OR=1.334, 
95% CI: 1.117–1.594, p=0.002), and MCTSI ≥4 (OR=1.489, 95% CI: 1.046–2.119, p=0.027) could be independent risk factors for 
persistent SIRS. The areas under the ROC curve of preexisting FL, APACHE II, and MCISI in diagnosing AP patients with persistent 
SIRS were 0.664, 0.703, and 0.783, respectively.
Conclusion: Patients with preexisting FL were more likely to develop necrosis and local complications on CT and present more 
severe AP and persistent SIRS. Preexisting FL can be an independent risk factor in predicting the presence of persistent SIRS in 
patients with AP.
Keywords: acute pancreatitis, fatty liver, severity, systemic inflammatory response syndrome, Atlanta classification

Introduction
Acute pancreatitis (AP) is a type of acute inflammatory disorder that exists in the pancreas and may be fatal due to 
a severe inflammatory response. The global pooled incidence of acute pancreatitis is 34 cases (95% confidence interval 
(CI) 23–49) per 100,000 general population per year.1 The global Incidence of AP is increasing over time.2 Although the 
majority of AP cases are mild and resolve spontaneously, severe AP has a high mortality rate.3 During the process of 
severe AP, the massive release of inflammatory cytokines may result in multiple organ dysfunction syndrome (MODS) 
together with systemic inflammatory response syndrome (SIRS).4

It was reported that multiple risk factors take part in the disease process of AP and can lead to secondary 
complications, which is bad for pathology or changes the degree of response.5 Notably, the number of AP patients is 
increasing, parallel to the increase in fatty liver (FL) patients.1,6 In recent years, it has become increasingly aware that 
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metabolic syndrome (MS) exerts a principal effect in AP,7 and it is widely assumed that there is a strong relationship 
between MS and inflammation. Previous study found that MS together with its components are associated with the 
occurrence of AP in China.8 MS is a clinical syndrome with insulin resistance (IR) as the central link, accompanied by 
multiple metabolic abnormalities, such as hyperglycemia, hyperlipidemia and obesity.9 Some studies have found that 
hyperglycemia, hyperlipidemia and obesity are involved in the occurrence and development of severe AP,10 promoting 
the transition from SIRS to MODS in severe AP.11

FL and MS have common risk factors, and FL is often accompanied by MS.12 FL can be regarded as a type of chronic low- 
level inflammatory state characterized by high proinflammatory cytokine levels in serum. In the condition of FL, in AP 
pathogenesis, Kupffer cells are important due to their release of several inflammatory factors, which may lead to excessive 
activation of the inflammatory process and increase the body’s proneness to the SIRS response.13 FL is thought to be 
a metabolically active fatty state that may increase proinflammatory cytokine secretion and amplify the inflammatory 
response.14 A previous study reported that the incidence of FL was not uncommon in AP, and the condition of some AP 
patients with FL was more serious.15,16 Previous studies have found that preexisting diabetes has an effect on the severity of 
AP,17 So we speculate that preexisting FL also has an effect on the severity of AP, but the relationship of preexisting FL with 
AP remains unclear, and we have not found any literature on the correlation between preexisting AP and FL.

We conducted this research to explore the CT characteristics of AP with preexisting FL and the correlation of 
preexisting FL with the severity and presence of persistent SIRS after the onset of AP.

Materials and Methods
Ethical Approval
The institutional review committee of the Affiliated Hospital of North Sichuan Medical College(2021ER160-1) approved 
this research study and waived the informed consent requirement and all procedures involving humans maintained 
adherence to the Declaration of Helsinki.

Study Population
A retrospective study was performed for patients with AP who underwent treatment in the two hospitals from March 2016 to 
April 2021. At least two of the following factors can be defined as AP: (1) abdominal pain in accordance with AP (acute, 
severe, persistent upper abdominal pain attack, generally radiating to the back); (2) an increase in amylase or serum lipase that 
exceeds the normal level by at least three times or the upper limit; and (3) the characteristic findings of AP on computed 
tomography (CT), magnetic resonance imaging (MRI) or abdominal ultrasound.18

The inclusion criteria included the following: (1) AP patients over 18 years old; (2) patients with the first AP attack; (3) 
available clinical and laboratory data at three days before and after CT, MRI or ultrasound; and (4) patients with AP who 
underwent liver imaging examination for routine physical examination or other reasons within one year before admission or 
during hospitalization.

The exclusion criteria were as follows: (1) AP patients under 18 years old; (2) patients with chronic pancreatitis or AP 
recurrence; (3) AP induced by tumor; (4) patients with AP complicated with viral hepatitis or liver cirrhosis; (5) patients 
with unclear images and incomplete information; and (6) FL diagnosed within one year before admission that was found 
to have recovered on imaging during hospitalization or clinical intervention was performed within one year in AP 
patients. The flowchart of this research is exhibited in Figure 1.

Eventually, a total of 189 patients satisfied the strict inclusion criteria, including 67 females and 122 males, and the 
average age was 53.06 ± 15.33 years (ranging from 18 to 87 years).

Laboratory Data Collection
All laboratory data were collected during the three days after admission in patients with AP. Two researchers who were 
given detailed information about the study reviewed the medical records and recorded the required data, including 
clinical baseline characteristics, physiological indicators, and laboratory indicators. The information gathered came from 
medical reports, and it was double-checked by another researcher to ensure that there were no inconsistencies or errors.
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CT Images Observation
All imaging data were collected by two additional radiologists with extensive experience (≥3 years) in abdominal imaging who 
were not aware of the patients’ laboratory values or clinical course. Two radiologists reviewed and analyzed the CT features of 
AP, including the presence or absence of pancreatic parenchyma/peripancreatic necrosis and local complications such as acute 
peripancreatic fluid collection (APFC), acute necrotic collection (ANC), pancreatic pseudocyst and walled-off necrosis 
(WON). Finally, the MCTSI score was also evaluated. These imaging data were collected during the three days after admission 
in patients with AP. The liver findings on CT, MRI, or ultrasound were reviewed and analyzed by the two radiologists to 
determine whether patients had FL, and when there were differences, a consensus was reached through negotiation.

Definition of Persistent SIRS and Severity of Patients with AP
Based on the collected data, the presence or absence of persistent SIRS in patients with AP was determined. The diagnostic 
criteria for persistent SIRS (SIRS beyond 48 hours) referred to the existence of at least two of the following factors: (1) heart 
rate greater than 90 beats/minute; (2) breathing rate greater than 20 beats/minute or carbon dioxide partial pressure <32 
mmHg; (3) body temperature <36 or >38 °C; and (4) white blood cell count <4000/mm3 or >12,000/mm3.19 The severity of 
patients with AP was analyzed in accordance with the 2012 RAC,20 APACHE II score system,21 and MCTSI.22

Definition of FL in Patients with AP
By reviewing imaging data within one year before admission and during hospitalization, the patients with AP can be 
defined as having preexisting FL if any of the following conditions is met: (1) The liver density is attenuated by 10 HU 
compared with the spleen, or less than 40 HU on nonenhanced CT;23 (2) The near field diffuse punctate hyperecho 
(stronger than spleen and kidney) and the far-field echo attenuation (sparse light spots) in the liver area on ultrasound;24 

(3) The signal intensity of liver is dropped off on out-of-phase MRI.25 Patients without preexisting FL who experienced 
FL after AP were defined as new-onset FL.

Figure 1 Flow chart of patient recruitment in this study.
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Statistical Analysis
The patients were divided into AP with and without preexisting FL. The basic clinical characteristics, the severity of AP, 
and the presence of persistent SIRS between the two groups were compared. Univariate analysis was utilized to analyze 
the basic clinical characteristics and severity of AP associated with persistent SIRS, and in the univariate analysis, the 
variables with P < 0.2 were chosen to perform multivariate analysis. In the multivariate analysis, the variables with P < 
0.05 were chosen to perform receiver operating characteristic (ROC) curve analysis. The AUC comparisons were carried 
out in accordance with the approach put forward by DeLong.26 The outcomes of the multivariate analysis were described 
as odds ratios (ORs) containing 95% confidence intervals (CIs) and associated P values. The categorical variables could 
be reported as percentages or frequencies, which were compared with Fisher’s exact test or the χ2 test as proper. 
Continuous variables were reported as the median or means ± standard deviations (SD), which were compared with the 
Mann‒Whitney U-test or independent samples t test. The reliability of the MCTSI between the two reviewers was 
evaluated using the interclass correlation coefficient (ICC). An ICC higher than 0.75 indicated excellent agreement. R (v. 
3.4.1, https://www. r-project.org/) and SPSS 26.0 software package (SPSS Inc., Chicago, Illinois, USA) was employed 
for implementing the statistical analysis; for all of the detections, it can be regarded as statistically significant when the 
value of p is less than 0.05.

Results
The Clinical Characteristics of Recruited Patients
Among 189 AP patients, 49.7% (94/189) had a history of FL, and 29.4% (28/95) had new-onset FL after AP. The fundamental 
clinical traits of the 189 individuals are summarized in Table 1. There was a significant difference between AP with preexisting 
FL and without preexisting FL for sex (p=0.026), etiology (p≤0.001), and hospital stay (p=0.028), Patients in the preexisting 

Table 1 Clinical Characteristics of Patients with AP Stratified by Presence of Preexisting FL (n=189)

Clinical Characteristics Overall (n=189) AP With FL  
(n =94)

AP Without FL 
(n =95)

P value

Age (years;mean± SD) 53.06±15.33  

(18-87)

51.26±12.53  

(28–81)

54.84±17.56  

(18–87)

0.108

Sex(male/female) 122/67 68/26 54/41 0.026

Etiology, n(%) ≤0.001

Gallstone-related 79 (41.8) 28(30) 51(54)
Hypertriglyceridemia 54 (28.6) 36(38) 18(19)

Alcohol abuse 9 (4.8) 8(9) 1(1)

Idiopathic 47 (24.9) 22(23) 25(26)
BMI (kg/m2; mean± SD) 25.16 ±3.64 

(16.88–38.42)

25.49±3.78 

(16.88–38.42)

24.84±3.50  

(17.99–36.96)

0.219

Maximum serum CRP  
(mg/dL;median)

45.0(0.17–382.0) 50.95(0.23–360.8) 41.95(0.17–382) 0.161

TG (mg/dL;median) 2.95(0.02–36.55) 5.91(0.26–78.40) 4.78(0.18–16.40) 0.791

AST (mg/dL;median) 38(6–1409) 34.5(6–1409) 46(8–1353) 0.115
ALT (mg/dL;median) 33(1–995) 31.5(5–995) 36(1–783) 0.636

Duration of hospitalization 

(days;median)

11 (1–40) 11(3–40) 10(1–25) 0.028

Pancreatic necrosis 0.021

Yes, n (%) 32 (16.9) 22 (23.4) 10 (10.5)

No, n (%) 157 (83.1) 72 (76.6) 85 (89.5)
Local complications 0.025

Yes, n (%) 71 (37.6) 43 (45.7) 28 (29.5)

No, n (%) 118 (62.4) 51 (54.3) 67 (70.5)

Abbreviations: AP, acute pancreatitis; FL, fatty liver; BMI, Body Mass Index; CRP, C-reactive protein; AST, aspartate amino-
transferase; ALT, glutamic-pyruvic transaminase; TG, triglyceride; SD, standard deviation.
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FL group had a longer hospital stay (Figure 2). Age, body mass index (BMI), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and maximum serum C-reactive protein (CRP) were not different between AP patients with and 
without preexisting FL (p>0.05). The level of triglycerides (TGs) was higher in AP patients with preexisting FL than in those 
without preexisting FL, but the difference was not statistically significant (5.91 versus 4.78, p=0.791).

The CT Features of Recruited Patients
Among 189 AP patients, 16.9% (32/189) had acute necrotizing pancreatitis (ANP), and 37.6% (71/189) had local 
complications. Compared with patients without preexisting fatty liver, AP with preexisting FL were more likely to 
present with ANP (p = 0.021) and develop local complications (p = 0.025) (Table 1).

Comparison of Severity and Persistent SIRS Between AP Patients with and without 
Preexisting FL
The severity of AP and the presence and absence of persistent SIRS in the 94 patients with preexisting FL and 95 patients 
without preexisting FL are described in Table 2. According to the 2012 RAC, the percentages of severe (21.3% versus 

Figure 2 Distribution of hospitalization days in different groups.
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8.4%) and moderate (34% versus 27.4%) AP in AP patients with preexisting FL were higher than those in AP patients 
without preexisting FL, and the percentage of mild AP (44.7% versus 64.2%) was lower than that in AP patients without 
preexisting FL (Figures 3 and 4). The mean APACHE II (6.28±3.77 points versus 5.07±3.05 points) and MCTSI (4.94 
points versus 4.04 points) scores of the AP patients with preexisting FL were higher than those of the AP patients without 
preexisting FL. The agreement between the observers for MCTSI was satisfactory (ICC = 0.784, 95% CI: 0.721–0.833). 
Preexisting FL was evidently related to the severity of AP assessed by 2012 RAC (p=0.01), APACHE II (p=0.017), and 
MCTSI (p=0.004) (Table 2). In addition, persistent SIRS was found in 56 (59.6%) of 94 AP patients with per-existing FL 

Table 2 Comparison of Severity and Persistent SIRS Between AP with and without 
Preexisting FL (n=189)

Severity and Persistent SIRS of AP AP With FL  
(n =94)

AP Without FL  
(n =95)

P value

Severity of AP

2012RAC, n(%) 0.01
Mild 42 (44.7) 61(64.2)

Moderate 32(34.0) 26(27.4)

Severe 20(21.3) 8(8.4)
APACHE II, mean± SD 6.28±3.77 5.07±3.05 0.017

MCTSI, mean± SD 4.94±1.98(0–10) 4.04±2.26(0–10) 0.004
Persistent SIRS <0.001

Yes, n (%) 56(59.6) 26(27.4)

No, n (%) 38(40.4) 69(72.6)

Abbreviations: AP, acute pancreatitis; FL, fatty liver; RAC, revised Atlanta classification; APACHE II, Acute 
Physiology and Chronic Health Examination II; MCTSI, modified computed tomography severity index; SIRS, 
systemic inflammatory response syndrome; SD, standard deviation.

C D

BA

Figure 3 A 57-year-old male patient with AP and preexisting FL. The MCTSI and APACHE II scores were 10 and 9, respectively. The patient was found to have severe FL by 
CT examination before 9 months. The axial images of noncontrast-enhanced CT (A) showed a significantly lower density of the liver compared with the density of the spleen 
(cross star). After admission for AP, the axial images of noncontrast-enhanced CT (B) showed swelling of the pancreas (triangle) and peripancreatic acute necrotic 
collections (pentagram). The axial images of contrast-enhanced CT (C and D) showed no focal enhancement of pancreatic neck (arrow) and peripancreatic (pentagram), 
which represented the necrosis zone of pancreatic parenchyma and peripancreatic. 
Abbreviations: AP, acute pancreatitis; FL, fatty liver; MCTSI, Modified CT severity index; APACHE II, Acute Physiology and Chronic Health Examination II.
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and 26 (27.4%) of 95 AP patients without per-existing FL, and there was a significant difference for preexisting FL 
association with the presence of persistent SIRS (p<0.001) (Table 2).

Patients’ Basic Clinical Characteristics and Severity of AP Associated with the 
Presence of Persistent SIRS
In the 189 patients with AP, 43.4% (82/189) of patients presented persistent SIRS during hospitalization. Univariate 
analysis (Table 3) showed that the etiology (p=0.002), maximum serum CRP (p<0.01), TG (p<0.002), preexisting FL 
(p<0.001), and severity of AP assessed by 2012 RAC (p<0.001), APACHE II (p<0.001), and MCTSI (p<0.001) were 
remarkably related to the presence of persistent SIRS. Multivariate analysis (Table 4) showed that preexisting FL (OR: 
2.868, 95% CI: 1.266–6.495, p=0.012), APACHE II≥ 6 (OR: 1.333, 95% CI: 1.117–1.592, p= 0.001), and MCTSI≥ 4 
(OR: 1.500, 95% CI: 1.147–1.961, p=0.003) could be independent risk factors for predicting the presence of persistent 
SIRS in patients with AP.

ROC Curve Analysis of Independent Risk Factors Associated with Persistent SIRS
The areas under the ROC curve of preexisting FL, APACHE II, and MCTSI in diagnosing AP patients with the presence 
of persistent SIRS were 0.664, 0.703, and0.783, respectively (Table 5, Figure 5). The AUC for predicting severe AP was 
highest for the MCTSI. When compared to the APACHE II score (P = 0.1167) and preexisting FL (P = 0.0234), the 
MCTSI score produced a higher AUC.

Discussion
In the current research, we found that AP patients with preexisting FL were more likely to have necrosis and local 
complications on CT and present with more severe AP (based on the 2012 RAC) and were more likely to be diagnosed 
with persistent SIRS within 48 h of admission. Even after modulating for numerous confounding factors, such as age, 
male sex, CRP, TG, AST, ALT, 2012 RAC, APACHE II, MCTSI score, pancreatic necrosis and local complications, 

A B

C D

Figure 4 A 53-year-old male AP patient without preexisting FL. The MCTSI and APACHE II scores were 2 and 5, respectively. The patient was admitted to the hospital for 
routine physical examination five months ago, and the mean attenuation of the liver on noncontrast-enhanced CT was less than that of the spleen (A). After admission for AP, 
the axial images of noncontrast-enhanced CT (B) showed peripancreatic exudation, resulting in increased peripancreatic fat density (arrow). The axial images of contrast- 
enhanced CT (C and D) showed homogeneous enhancement of pancreatic parenchyma.
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preexisting FL was still a principal risk factor for persistent SIRS. Our results are the first to explore the relationship 
between preexisting FL and CT findings of AP. This is also the first research study to exhibit the correlation between 
preexisting FL and SIRS, which is critical for timely treatment and clinical management.

CT is clinically a first choice for AP, and can diagnose pancreatic necrosis and local complications. The MCTSI score and 
the 2012 RAC well reflect the severity and prognosis of patients with AP. The presence or absence of preexisting FL also 
affects the CT findings of AP. In our study, we found that compared with patients without preexisting FL, patients with 
preexisting FL were more prone to pancreatic necrosis. The specific mechanism is still unclear, but one of the possible reasons 
may be that the fat content of organs increases in FL patients, and the content of unsaturated fatty acids released by 
hydrolyzing lipase increases in AP. According to previous studies, unsaturated fatty acids can aggravate pancreatic necrosis.27 

Second, we also found that patients with preexisting FL are more prone to local complications, which have not been reported 
in previous studies. The possible reason is that patients with preexisting FL have been in a chronic proinflammatory state for 
a long time, which is also verified by the higher incidence of SIRS in patients with preexisting FL in our results, and it may be 
that this long-term chronic proinflammatory state leads to an increased incidence of local complications.28

CRP is an acute-phase reactant produced by hepatocytes in response to IL-1 and IL-6 stimulation. It is the most 
widely used and widely available indicator of the severity of the acute inflammatory response.29 In this study, we found 
higher serum maximum CRP levels in AP patients with preexisting FL and persistent SIRS, and the results also 

Table 3 Univariate Analysis of Patients’ Clinical Characteristics and Severity of AP Associated with 
Presence of Persistent SIRS (n=189)

Patients’ Characteristics AP With Persistent 
SIRS (n =82)

AP Without Persistent 
SIRS (n =107)

P value

Age(years; mean±SD) 51.38±13.60 54.35±16.48 0.188

Sex(male/female) 58/24 64/43 0.12
Etiology, n(%) 0.002

Gallstone-related 28(34.1) 51(47.7)

Hypertriglyceridemia 35(42.7) 19(35.2)
Alcohol abuse 4(4.9) 5(4.7)

Idiopathic 15(18.3) 32(29.9)
BMI(kg/m2;mean± SD) 25.11±3.87(16.88–38.42) 25.20±3.48(18.68–36.96) 0.968

Maximum serum CRP (mg/dL; 

median (range))

91.90(0.33–382.00) 27.60(0.17–342.00) <0.01

TG(mg/dL; median (range)) 4.54(0.11–36.55) 2.21(0.02–31.38) 0.002

AST(mg/dL; median) 35.55(6–1409) 45.00(8–1353) 0.160

ALT (mg/dL; median) 29.50(5–995) 36.00(1–783) 0.148
Severity of AP

2012RAC, n(%) <0.001

Mild 23(28.0) 80(74.8)
Moderate 32(39.0) 26(24.3)

Severe 27(33.0) 1(0.9)

APACHE II(mean±SD) 7.11±3.83 4.57±2.71 <0.001
MCTSI (mean±SD) 5.71±1.92(0–10) 3.55±1.87(0–10) <0.001

Pancreatic necrosis <0.001

Yes, n (%) 27 (32.9) 5 (4.7)
No, n (%) 55 (67.1) 102 (95.3)

Local complications <0.001

Yes, n (%) 52 (63.4) 19 (17.8)
No, n (%) 30 (36.6) 88 (82.2)

Abbreviations: AP, acute pancreatitis; BMI, Body Mass Index; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, 
glutamic-pyruvic transaminase; TG, triglyceride; RAC, revised Atlanta classification; APACHE II, Acute Physiology and Chronic 
Health Examination II; MCTSI, modified computed tomography severity index; SIRS, systemic inflammatory response syndrome; 
SD, standard deviation.
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confirmed that a chronic proinflammatory state in patients with FL may worsen the course of AP. However, in our study, 
serum maximum CRP was not an independent risk factor for persistent SIRS. The reason may be that the delayed 
elevation of serum maximum CRP makes it less useful in predicting the SIRS of AP.30

In this study, we also found higher serum TG levels in AP patients with persistent SIRS. The elevation of serum TG is 
one of the four components of MS.11 MS may trigger inflammatory responses and lead to pancreatic acinar cell injury.8 

Previous studies have shown that TG levels are elevated in FL patients.31 However, in our study, the level of triglycerides 
(TGs) was higher in AP patients with preexisting FL than in those without preexisting FL, however, there was no 
statistically significant change. The tiny patient sample size may help to explain this. Previous studies found higher BMI 
in FL patients.32 However, in our study there were no significant difference in BMI between two groups, The tiny patient 
sample size may help to explain this.

Various scoring systems were used to stratify the degree of inflammation of AP. However, the sensitivity and the 
specificity of the used methods for determining severity of AP is different,33 and they are frequently limited by their low 
predictive values at best, the availability of resources, and the need to observe trends.34 As a result, it cannot be used to 
stratify risk in the early stages of AP and direct earlier intervention. Compared with these scoring systems, SIRS may be 
an earlier and simpler indicator for predicting severe AP or ongoing organ failure.35 Our results showed that 2012 RAC, 

Table 4 Multivariate Analysis of Risk Factors Associated with 
Persistent SIRS

Risk Factors Multivariate Analysis

OR 95% CI P value

Etiology 1.301 0.769–2.200 0.326
Preexisting FL 2.863 1.264–6.486 0.012

Age 0.966 0.933–1.001 0.054

Male 1.075 0.435–2.660 0.876
CRP 1.002 0.998–1.007 0.270

TG 1.036 0.961–1.118 0.356

AST 1.003 0.997–1.009 0.322
ALT 0.994 0.986–1.003 0.193

2012RAC 1.678 0.683–4.121 0.259

APACHEII≥6 1.334 1.117–1.594 0.002
MCTSI ≥4 1.489 1.046–2.119 0.027

Pancreatic necrosis 1.133 1.133–0.261 0.868

Local complications 0.969 0.969–0.256 0.963

Abbreviations: FL, fatty liver; CRP, C-reactive protein; AST, aspartate amino-
transferase; ALT, glutamic-pyruvic transaminase; TG, triglyceride; RAC, revised 
Atlanta classification; APACHE II, Acute Physiology and Chronic Health 
Examination II; MCTSI, modified computed tomography severity index; SIRS, 
systemic inflammatory response syndrome; CI, confidence intervals; OR, Odds 
ratio.

Table 5 ROC Curve Analysis of Independent Risk Factors Associated with 
Persistent SIRS

Risk Factors AUC±SE (95% CI) Sensitivity Specificity P value

Preexisting FL 0.664±0.040 (0.585–0.742) 0.683 0.645 <0.001

APACHE II≥6 0.703±0.038 (0.628–0.777) 0.512 0.785 <0.001
MCTSI ≥4 0.783±0.034 (0.718–0.849) 0.671 0.794 <0.001

Abbreviations: ROC, receiver operating characteristic; AUC, area under ROC curve; SE, Standard error; 
CI, confidence intervals; APACHE II, Acute Physiology and Chronic Health Examination II; MCTSI, modified 
computed tomography severity index; SIRS, systemic inflammatory response syndrome; FL, fatty liver.
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MCTSI, and APACHE II scores were significantly associated with persistent SIRS, indicating that SIRS is feasible as an 
early index to predict the severity of AP. However, only the MCTSI and APACHE II scores can be independent risk 
factors for persistent SIRS. The presence and persistence of organ failure is emphasized in the 2012 RAC.20 SIRS does 
resolve and will not develop organ failure after appropriate resuscitation in some patients,36 which can explain why 
2012 RAC cannot be an independent risk factor for persistent SIRS. In addition, we found that AP is more severe (based 
on 2012 RAC) in preexisting FL patients. A possible explanation is that FL is frequently associated with hyperlipide-
mia, which can result in free radical accumulation, microcirculatory disruption, oxidative stress, and acinar necrosis in 
AP.37

Persistent SIRS is a very important feature in the clinical course of AP, and early recognition of persistent SIRS can 
encourage clinicians to take intervention measures, improving the prognosis of AP patients.35 In our study, the frequency 
of persistent SIRS was higher than that of AP patients without preexisting FL, and AP patients with preexisting FL were 
2.863 times more likely to develop persistent SIRS than AP patients without preexisting FL. Furthermore, pre-existing 
FL was a separate risk factor for the presence of persistent SIRS in AP patients. The possible reason may be that FL 
participates in and amplifies the inflammatory process of AP;38 furthermore, since the process of inflammation will 
amplify and evolve over time, there is probably a window of opportunity to determine whether AP patients will 
inevitably develop persistent SIRS and intervene. Within the pre-SIRS window, both FL and AP should be considered 
as the overall disease trajectory, and AP patients with preexisting FL should consider early treatment and obtain better 
results.

It is worth mentioning that the prevalence of FL was higher in the patients with AP in our study. According to 
previous study, approximately one-third of AP patients had variations in fatty liver on nonenhanced CT images.39 

Previous study reported that approximately half of patients with AP had a history of nonalcoholic FL.31 These findings 
confirmed that FL is generally reflected in patients with AP, since the two diseases share risk factors such as alcoholism, 
obesity, and hyperlipidemia.

Figure 5 ROC curve analyses of preexisting FL, APACHE II, and MCTSI for diagnosing AP patients with the presence of persistent SIRS. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under ROC curve; MCTSI, modified CT severity index; FL, fatty liver.
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There were several limitations on this work. The study was retrospective in nature, and some patients were excluded 
due to inadequate data, which might lead to selection bias. Second, only persistent SIRS was analyzed, and transient 
SIRS was not analyzed in our study. It is uncertain whether some patients have transient SIRS because some patients 
were transferred from other hospitals, and the data of referring hospital patients were incomplete. Third, there was no 
pathological examination to confirm the severity of FL. Previous studies have reported that the imaging and pathological 
examinations of FL are in good agreement. Therefore, we believe that it is feasible to use imaging examinations to 
diagnose FL.

Conclusion
We found that AP was more likely to have necrosis and local complications on CT and was more severe in preexisting FL 
patients. AP patients with preexisting FL were prone to developing persistent SIRS, and preexisting FL can be a separate 
risk factor in predicting the presence of persistent SIRS in AP patients.

Abbreviations
AP, acute pancreatitis; FL, fatty liver; CT, computed tomography; SIRS, systemic inflammatory response syndrome; 
RAC, revised Atlanta classification; APACHE, Acute Physiology and Chronic Health Evaluation; MCTSI, Modified CT 
severity index; MRI, magnetic resonance imaging; ROC, receiver operating characteristic; US, ultrasound sonography; 
SD, standard deviation; OR, odds ratio; CI, confidence interval; TG, triglyceride.
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