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Abstract
Aim: To investigate the prognostic usefulness of several existing scoring systems in predicting the severity of acute pancreatitis (AP).
Methods: We retrospectively analyzed the prospectively collected clinical database from consecutive patients with AP in our institution between January 2011 and December 2012. Ranson, Acute Physiology and Chronic Health Evaluation (APACHE)-II, and bedside index for severity in acute pancreatitis (BISAP) scores, and CTSI of all patients were calculated. Serum CRP levels were measured at admission (CRPi) and after 24 h (CRP24). Severe AP was defined as persistent organ failure for more than 48 h. The predictive accuracy of each scoring system was measured by the area under the receiver-operating curve (AUC).
Results: Of 161 patients, 21 (13%) were classified as severe AP, and 3 (1.9%) died. Statistically significant cutoff values for prediction of severe AP were Ranson ≥ 3, BISAP ≥ 2, APACHE-II ≥ 8, CTSI ≥ 3, and CRP24 ≥ 21.4. AUCs for Ranson, BISAP, APACHE-II, CTSI, and CRP24 in predicting severe AP were 0.69 (95%ci: 0.62-0.76), 0.74 (0.66-0.80), 0.78 (0.70-0.84), 0.69 (0.61-0.76), and 0.68 (0.57-0.78), respectively. APACHE-II demonstrated the highest accuracy for prediction of severe AP, however, no statistically significant pairwise differences were observed between APACHE-II and the other scoring systems, including CRP24. 

Conclusion: Various scoring systems showed similar predictive accuracy for severity of AP. Unique models are needed in order to achieve further improvement of prognostic accuracy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Only a few studies have evaluated the comparison of various scoring systems including bedside index for severity in acute pancreatitis in predicting the severity of acute pancreatitis (AP) according to the revised Atlanta Classification. Based on our study, Acute Physiology and Chronic Health Evaluation (APACHE)-II score appeared to have highest accuracy for prediction of severe AP, although the predictive accuracy of APACHE-II was not significantly different compared to that of the other scoring systems, including CRP. Various scoring systems most widely used for early prediction of severity of AP showed similar predictive accuracy for severity of AP, and unique models are needed in order to achieve further improvement of predictive accuracy.
Cho JH, Kim TN, Chung HH, Kim KH. Comparison of scoring systems in predicting the severity of acute pancreatitis. World J Gastroenterol 2014; In press
Introduction
Acute pancreatitis (AP) is an inflammatory process with a highly variable clinical course. Most patients with AP have a mild disease that resolves spontaneously without sequelae, however, 10%-20% of patients experience a severe attack with high mortality up to 30%[1,2]. This high risk group of patients may benefit from aggressive fluid resuscitation, close monitoring for development of organ failure, proper administration of antibiotics and specific therapeutic procedures, such as endoscopic sphincterotomy and radiologic intervention[3]. Therefore, early assessment of the severity and identification of patients at risk is important for early intensive therapy and timely intervention, and has been shown to improve prognosis and survival.

The Atlanta Classification has been considered the global standard tool for the assessment of AP severity since its establishment in 1992[4]. However, as time goes on, some of the definitions in the original Atlanta Classification has been proved to be confusing, especially its definition of “severity”. In 2012, the Atlanta classification was revised with an emphasis on persistent organ failure[5].
Multi-factorial scoring systems, including Ranson et al[6] and Acute Physiology and Chronic Health Evaluation (APACHE)-II scores[7] have been used since the 1970s for assessment of the severity of AP. Balthazar computed tomography severity index (CTSI)[8] was developed in 1990. These predictive methods have been established as an important tool for assessment of the severity of AP. However, these multi-factorial scoring systems, which are complex and difficult to use in clinical bases, have been shown to perform with high negative predictive value but only moderate overall sensitivity[3,9,10]. A new prognostic scoring system, the bedside index for severity in acute pancreatitis (BISAP), has recently been proposed as an accurate and simple method for early identification of patients at risk of in-hospital mortality[11,12]. There have been a few studies concerning the comparison of various scoring systems including BISAP in predicting the severity of AP based on the revised Atlanta Classification[9,13]. 

This study was conducted for assessment and comparison of the early predictability of various parameters most widely used in AP, such as multi-factorial scoring systems (Ranson, APACHE-II, and BISAP), CTSI and one single laboratory parameter (C-reactive protein, CRP) in a tertiary care center. 
Materials and Methods
Demographic, radiographic, and laboratory data from 161 consecutive patients with AP who were admitted or transferred to our institution were prospectively collected during a two-year-period between January 2011 and December 2012. Analysis of this clinical database was performed retrospectively. The mean age of a total of 161 patients was 62.3 ± 16.1 years and 102 patients (63%) were male. Sixteen patients (10%) had a history of previous pancreatitis attack. Causes of AP included biliary (54%), alcohol (22%), idiopathic (21%), and others (3%). Twenty one patients (13%) developed persistent organ failure for more than 48 hours and were classified as severe AP according to the Atlanta Classification. Thirteen patients (8%) were classified as moderately severe AP and 127 patients (79%) as mild AP. 
Laboratory tests were performed upon arrival at the hospital and at 48 hours after admission. Computed tomography (CT) scan was performed in all patients within 48 h after arrival at the hospital for detection of the development of fluid collections, the extent of inflammation, and necrotic changes. Oral feeding was permitted when abdominal pain subsided and patients felt hunger sensation. When patients remained asymptomatic with oral intake, patients were discharged or underwent cholecystectomy if indicated.
The following parameters for each episode of AP were collected: length of hospital stay, in-hospital mortality, duration of nil per os (NPO), presence of organ failure and local complications such as peripancreatic fluid collections, pseudocyst and necrosis. APACHE-II and BISAP scores were calculated using data from the first 24 h after admission and the Ranson score using data from the first 48 h. Serum CRP levels were measured at admission (CRPi) and after 24 h (CRP24). CTSI was calculated in patients who underwent contrast-enhanced computed tomography (CECT) within 48 h after admission. All CT scans were reviewed by radiologists, who were blinded to laboratory data and clinical course.

This study was approved by the Institutional Review Board of Yeungnam University Hospital. 

Definitions
The diagnosis of AP was based on the presence of two or more of the following three features: (1) abdominal pain consistent with AP (acute onset of a persistent and severe epigastric pain often radiating to the back); (2) elevation of serum amylase and/or lipase levels three or more times of the upper limit of normal; and (3) characteristic findings of AP on CECT[5]. Pancreatic fluid collections and pseudocysts were defined according to the Atlanta Classification. Alcoholic AP was defined when patients had a history of alcohol consumption within 48 h before symptom onset with no signs of other possible causes. Biliary pancreatitis was defined when there was a gallstone or biliary sludge on ultrasonogram or CT. The etiology was considered to be idiopathic when causative factors could not be identified from a detailed clinical and drug history or after initial investigations.
Severity of AP was determined according to the most recently revised Atlanta Classification. Mild AP was defined by the absence of organ failure and the absence of local or systemic complications. Moderately severe AP was defined by the presence of transient organ failure, local complications, or exacerbation of co-morbid diseases. Severe AP was defined by persistent organ failure for more than 48 h. Organ failure was defined as a score of 2 or more for one of the three systems (respiratory, cardiovascular, and renal) using the modified Marshall scoring system[14]. The major difference between the new and former definition of clinical severity is that the presence of local complications or transient organ failure is no longer regarded as clinically severe disease, unless organ failure exceeds 48 h in duration.
Statistical analysis
Data were collected prosctively in a Microsoft Excel database. After completion of data collection, the database was imported into SPSS for Windows (20.0, SPSS, Chicago, IL, United States). Continuous baseline descriptive variables were expressed as mean with standard deviation (SD) and were compared using the Mann-Whitney test. Categorical variables were expressed as absolute numbers and proportions. Bivariate relationship for categorical variables was assessed using odds ratio (OR) calculated based on Pearson’s χ2 test or Fisher’s exact test. Spearman rank correlation analysis was used for evaluation of the correlation between each pair of scoring systems, and between each scoring system and length of hospital stay. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for individual scoring systems and biochemical markers (CRPi, CRP24). Receiver-operating characteristic (ROC) curves for severe AP were calculated for Ranson, BISAP, APACHE-II scores, CTSI, CRPi, and CRP24 using cutoff values, and the predictive accuracy of each scoring system was measured by the area under the receiver-operating curve (AUC) with standard error and 95% confidence intervals (CIs). A P value of < 0.05 was considered statistically significant.
Results
Patient characteristics
Age and BMI did not differ significantly between the mild to moderately severe AP group and the severe AP group (P = 0.968, and P = 0.607, respectively). The number of males was significantly higher in patients with severe AP compared to patients with mild to moderately severe AP (P = 0.023). Among the etiologies of AP, alcohol showed significant association with patients with severe AP (P = 0.030). Initial laboratory findings of blood urea nitrogen (BUN) and creatinine were significantly higher in patients with severe AP compared to those with mild to moderately severe AP (P = 0.031, and P = 0.003, respectively). Significantly longer duration of NPO and length of hospital stay were observed for patients with severe AP compared to patients with mild to moderately severe AP (6.9 ± 5.1 vs 4.3 ± 2.2, P = 0.038 and 11.7 ± 6.2 vs 8.4 ± 4.8, P = 0.008, respectively). There were three mortalities (1.9%) during hospitalization. Two mortality patients were diagnosed with persistent organ failure for more than 48 hours in the early days of hospitalization. The other one mortality patient had pancreatic necrosis (CTSI 6) without organ failure at the time of admission, however, developed organ failure during treatment. 
Ranson, BISAP, and APACHE-II scores, and CTSI were significantly higher in the severe AP group, compared with the mild to moderately severe AP group (3.7 ± 1.4 vs 2.7 ± 1.4 (P = 0.005), 1.9 ± 0.9 vs 1.0 ± 0.8 (P < 0.001), 10.8 ± 4.8 vs 6.5 ± 3.5, (P < 0.001) and 3.5 ± 2.2 vs 2.2 ± 1.4 (P < 0.001), respectively). Significantly higher serum CRP24 level was observed in patients with severe AP (P = 0.026). Serum CRPi level did not differ significantly between the two groups (P = 0.259) (Table 1). The highest score of each scoring system of the mortality patients was Ranson of 6, BISAP of 3, APACHE-II of 17 and CTSI of 6.
Correlation of various scoring systems
According to Spearman ranked correlations, Ranson, BISAP, and APACHE-II scores, and CRPi, and CRP24 levels showed positive correlation with each pair of them, whereas CTSI showed positive correlation with CRP24 level (correlation coefficient; 0.44, P < 0.001) but not with other scores (Table 2). Ranson, BISAP, and APACHE-II scores, and CTSI showed significant correlation with length of hospital stay (correlation coefficients; 0.21 (P = 0.008), 0.17 (P = 0.037), 0.23 (P = 0.003) and 0.26 (P = 0.001), respectively). CRPi and CRP24 levels did not show correlation with length of hospital stay (correlation coefficients; 0.01 (P = 0.925) and 0.07 (P = 0.056), respectively). 
Comparison of scoring systems in prediction of severe AP
On the basis of the highest sensitivity and specificity values generated from the ROC curves, the following cutoffs were selected for prediction of severe AP: Ranson ≥ 3, BISAP ≥ 2, APACHE-II ≥ 8, CTSI ≥ 3, and CRP24 ≥ 21.4. The observed incidences of severe AP when above cutoff value of each scoring system was applied along with the corresponding ORs are shown in Table 3. On 2 test, patients with APACHE-II of 8 or greater and CRP24 of 21.4 or greater had a 8 times and 22 times higher likelihood of developing severe AP (OR 8.2 and 22.0), respectively.
Figure 1 shows the comparisons of ROC curves for severe AP among all scoring systems and CRP. AUCs for Ranson, BISAP, APACHE-II, CTSI, CRPi, and CRP24 in predicting severe AP were 0.69 (95%CI: 0.62-0.76), 0.74 (0.66-0.80), 0.78 (0.70-0.84), 0.69 (0.61-0.76), 0.52 (0.33–0.70), and 0.68 (0.57-0.78), respectively. All scoring systems and CRP24 were found to be reliable in prediction of severe AP, except CRPi. The sensitivity, specificity, PPV, and NPV of different scoring systems and CRP in prediction of severe AP using cutoff values of Ranson ≥ 3, BISAP ≥ 2, APACHE-II ≥ 8, CTSI ≥ 3, and CRP24 ≥ 21.4 are shown in Table 4. APACHE-II score demonstrated the highest accuracy for prediction of severe AP (AUC 0.78), however, no statistically significant pairwise differences were observed between APACHE-II and the other score systems, including CRP24. 
Discussion
AP is a disease with variable severity and an evolving process that may involve multiple organ systems. Although approximately 80% of patients have mild disease that resolves spontaneously with little morbidity, the remaining 20% suffer from severe attack with mortality rates as high as 30%[1,2]. In this study, 21 patients (13%) were classified as severe AP, and two (10%) of these patients died during hospitalization. Some studies have reported that the cause of AP was not related to disease severity[15-17]. However, in this study, among the etiologies of AP, alcohol showed a significant association with patients with severe AP (P = 0.030). Severe AP is usually observed at the initial stage of AP and slow progression from mild to severe disease is uncommon[4,18]. Therefore, early evaluation of its severity is considered to be a critical concern in the prognosis and management of AP. Since the 1970s, many studies for development of a widely available prognostic scoring system in AP for prediction of which patients are at the highest risk of developing clinically severe AP and require aggressive therapy have been reported[19]. An ideal prognostic scoring system should be simple, noninvasive, accurate, and quantitative, and the assessment methods should be easily applicable at the time of diagnosis. 
Early in the course of AP, systemic inflammatory response syndrome or organ failure suggests potentially severe disease and poor prognosis[5]. Morbidity and mortality in the earlier stage of AP are associated with the systemic inflammatory response and persistent organ failure rather than local complications[20], and are the most common cause of death within the first two weeks of disease onset[21]. In 2012, the Atlanta Classification was revised with an emphasis on persistent organ failure[5]. In this study, the severity of AP was determined according to this revised Atlanta Classification.
The Ranson score represented a major advancement in evaluation of disease severity in AP and has been used clinically for more than three decades[6,22]. Since its development, several other scoring systems, such as the Glasgow criteria[23-25], APACHE-II score[7,26], BISAP[11], and CTSI[8], have been developed. These scoring systems incorporate physiologic, laboratory, and radiographic parameters using cut-off values and converting continuous variables into binary values. Because of their complexity, attention has also focused on the role of individual laboratory parameters, such as CRP, hematocrit, BUN, and creatinine, in assessment of disease severity. In this study, accuracy of three clinical scoring systems and CTSI, including CRP, in prediction of severe AP, were compared. 
In the previous study, the degree of correlation between the length of hospital stay and APACHE-II and modified Glasgow scores was larger than that between the length of hospital stay and Ranson score[27]. Results of this study demonstrated significant correlation of Ranson, BISAP, and APACHE-II scores, and CTSI with the length of hospital stay, however, CRPi and CRP24 did not show correlation with the length of hospital stay. In this study, correlations of different scoring systems were evaluated. The Ranson, BISAP, and APACHE-II scores showed positive correlation with each pair of them, whereas CTSI did not show correlation with any scoring system. These results may be related to the fact that pancreatic parenchymal necrosis on CECT may not appear within 48 h[28].
Serum CRP (after 48 h) was reported to be a predictor of severe AP[10]. Despite the simplicity and easy availability of CRP in clinical practice, many studies have described limitation of clinical utility of CRP in the early phase of AP, and revealed that usage of CRP alone was potentially failing to detect severe cases of AP at an earlier stage[27,29-31]. In this study, the CRP24 was significantly higher in severe AP compared to mild to moderately severe AP; however CRPi did not differ significantly between the two groups. This study again demonstrated that CRP showed significantly higher value in severe AP at a later stage, however, it has limitations in prediction of the severity of AP at an earlier stage. 
In one meta-analysis, including 1,300 patients with AP, Ranson score had an overall sensitivity of 75%, specificity of 77%, PPV of 49%, and NPV of 91%[3]. In this study, sensitivity and NPV of Ranson score was 85.7% and 95.3%, respectively, however, specificity and PPV were low (44.4% and 18.8%, respectively). Based on this result, there was a high false positive rate of severe AP with Ranson score, and approximately 80% of patients with a Ranson score of more than 3 were not severe AP actually. 
BISAP, a recently developed prognostic scoring system, has been proposed as a simple method for prediction of severe AP compared to traditional scoring systems. Results of this study demonstrated that predictive accuracy of severe AP was similar to that of the other scoring systems, however, against expectations, the process of calculation of the BISAP score was not simple compared to Ranson and CTSI. 
The CTSI was reported to be useful in identification of patients with severe AP and poor prognosis in selected patients in 1990[8]. However, only a few studies have investigated whether CTSI is superior to the APACHE-II or Ranson score in prediction of severe AP[32]. Although pancreatic parenchymal necrosis has been shown to correlate with development of organ failure and local complications that require intervention[20,33,34], major limitation of CTSI is that pancreatic parenchymal necrosis may be unrecognized on an early CT performed within 24 h after admission and development of local complications, such as abscess or hemorrhage, usually occur late in the course of AP[35]. The results of CTSI for prediction of mortality and prognosis in patients with AP were different from those of other studies and the cut off values were variable greatly[4,36,37]. In this study, when CTSI ≥ 3 was selected for prediction of severe AP, sensitivity and specificity were 66.7% and 67.1%, respectively. 
In this study, APACHE-II score appeared to be a more influential tool than other scoring systems, including CRP, although no statistically significant pairwise differences were observed between APACHE-II and other scoring systems. The AUCs of Ranson, BISAP, and APACHE-II scores, and CTSI and CRP24 were 0.69 (95%CI: 0.62–0.76), 0.74 (95%CI: 0.66–0.80), 0.78 (95%CI: 0.70–0.84), 0.69 (95%CI: 0.61–0.76), and 0.68 (95%CI: 0.57–0.78), respectively. Current practice guidelines have suggested that APACHE-II score was the most helpful test at admission in distinguishing severe from mild AP, and, according to recommendation, it should be generated during the first three days of hospitalization[1]. Although the process of calculating APACHE-II score was complex, it might be easier in the era of computerized calculation systems. 
There were some limitations in this study. Although the data used in this study were collected prospectively, some clinical data, including CRP, were missing due to lack of availability. In this study, the number of cases of severe AP and mortalities was lower compared to other large scale clinical studies; therefore, comparison of prognostic value of various scoring systems was somewhat difficult. Nevertheless, this study was one of the few studies to compare different prognostic scoring systems including BISAP on the basis that severe AP was defined by persistent organ failure for more than 48 hours, especially in a non-Western area. In addition, in this study, the prevalence of mild and severe cases (87% and 13%, respectively) was similar to the prevalence of clinical severity of AP commonly reported in the literature. 
If the pathophysiologic mechanism of organ failure in severe AP and factors play a key role in development, and the course of AP is clearly identified in the near future, appropriate and specific therapy for severe AP will be developed. At this time, development of a simple predictive method for accurate identification of individual patients who develop clinically severe disease will become the main issue in AP. 

In conclusion, results of this study demonstrate that the APACHE-II scoring system seems to have the highest accuracy in assessment of the severity and outcome of AP, although the predictive accuracy of APACHE-II was not significantly different compared to that of the other scoring systems, including CRP. No simple scoring system capable of reaching maximal utility is available, and unique models are needed in order to achieve further improvement of predictive accuracy.
comments

Backgrounds

Severe acute pancreatitis (AP) usually discloses itself just after the onset of the disease and slow progression from mild to severe disease is uncommon. Therefore, early assessment of its severity is crucial for the prognosis and management of AP. In 2012, the Atlanta classification was revised with an emphasis on persistent organ failure. The major difference between the new and former definition of clinical severity is that the presence of local complications or transient organ failure is no longer regarded as clinically severe disease, and severe AP was defined by persistent organ failure for more than 48 h.
Research frontiers

Recently, bedside index for severity in acute pancreatitis (BISAP) has been proposed as an accurate and simple method for prediction of severe AP. Several studies demonstrated that the accuracy of BISAP in predicting severe AP and death was similar to that of the other scoring systems, including Ranson and Acute Physiology and Chronic Health Evaluation (APACHE)-II. 

Innovations and breakthroughs

Based on our study, APACHE-II score appeared to have highest accuracy for prediction of severe AP, although the predictive accuracy of APACHE-II score was not significantly different compared to that of the other scoring systems. Various existing scoring systems most widely used including BISAP, showed similar predictive accuracy for severity of AP and against expectations, the process of calculation of the BISAP score was not simple compared to Ranson and CTSI.
Applications

No simple scoring system capable of reaching maximal utility for prediction of severe AP is available. If the pathophysiologic mechanism of organ failure in severe AP and factors play a key role in development, and the course of AP is clearly identified in the near future, appropriate and specific therapy for severe AP will be developed. At this time, development of a simple predictive method for accurate identification of individual patients who develop clinically severe disease will become the main issue in AP.

Peer review

The present manuscript demonstrated that ranson, apache–ii, bisap, ctsi, and crp showed similar predictive accuracy in predicting the severity of ap. Overall, this manuscript appears to be a carefully designed and conducted study. And the manuscript is logical and the conclusion is in general well supported. The data and English language are well controlled.
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Table 1 Characteristics of patients with severe acute pancreatitis n (%)
	
	Mild to moderately severe AP (n = 140) 
	Severe AP

(n = 21)
	P-value

	Age, yr
	62.2 ± 16.5
	63.4 ± 13.1
	0.968

	Male 
	84 (60.0)
	18 (85.7)
	0.023

	BMI (kg/m2)
	23.4 ± 4.4
	23.9 ± 4.1
	0.607

	Hospital visit from symptom onset (d)
	5.7 ± 12.8
	3.3 ± 6.9
	0.388

	Etiology

Biliary

Alcoholic

Idiopathic

Others
	78 (55.7)

26 (18.6)

33 (23.6)

3 (2.1)
	9 (42.8)

10 (47.6)

1 (4.8)

1 (4.8)
	0.270

0.030

0.130

0.472

	Laboratory finding (Initial)
	
	
	

	Hematocrit (%)
	39.1 ± 6.2
	40.3 ± 7.4
	0.422

	Amylase (IU/L)
	1687.9 ± 1415.4
	1668.2 ± 1668.8
	0.954

	Lipase (IU/L)
	1949.7 ± 1951.3
	2108.2 ± 2750.3
	0.744

	AST (IU/L)
	203.2 ± 240.4
	362.6 ± 618.4
	0.256

	ALT (IU/L)
	155.6 ± 182.1
	184.7 ± 275.9
	0.645

	BUN (mg/dL)
	14.5 ± 8.6
	31.2 ± 32.9
	0.031

	Creatinine (mg/dL) 
	1.0 ± 0.5
	2.2 ± 1.6
	0.003

	CRPi (mg/dL)
	4.4 ± 6.8
	6.9 ± 10.4
	0.259

	CRP24 (mg/dL)
	9.0 ± 7.9
	17.4 ± 12.7
	0.026

	Peripancreatic fluid collection
	46 (32.9)
	10 (47.6)
	0.158

	Duration of NPO (d)
	4.3 ± 2.2
	6.9 ± 5.1
	0.038

	Hospital stay (d)
	8.4 ± 4.8
	11.7 ± 6.2
	0.008

	Scoring systems 
	
	
	

	Ranson 
	2.7 ± 1.4
	3.7 ± 1.4
	0.005

	BISAP 
	1.0 ± 0.8
	1.9 ± 0.9
	< 0.001

	APACHE-II 
	6.5 ± 3.5
	10.8 ± 4.8
	< 0.001

	CTSI 
	2.2 ± 1.4
	3.5 ± 2.2
	< 0.001

	Mortality
	1 (0.7)
	2 (9.5)
	0.005

	Values are expressed as the mean ± SD. AP: Acute pancreatitis; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CRPi: C-reactive protein measured at admission; CRP24: C-reactive protein measured after 24 h; NPO: Nil per os; BISAP: Bedside index for severity in acute pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; CTSI: Computed tomography severity index.


Table 2 Correlation analysis of various scoring systems
	
	Ranson
	BISAP
	APACHE-II
	CTSI
	CRPi
	CRP24

	Ranson
	r
	1
	0.58
	0.60
	-0.03
	0.28
	0.22

	
	P-value
	
	< 0.001
	< 0.001
	0.693
	0.001
	0.045

	BISAP
	r
	
	1
	0.54
	-0.05
	0.33
	0.28

	
	P-value
	
	
	< 0.001
	0.498
	< 0.001
	0.009

	APACHE-II
	r
	
	
	1
	-0.01
	0.32
	0.37

	
	P-value
	
	
	
	0.905
	< 0.001
	< 0.001

	CTSI
	r
	
	
	
	1
	0.07
	0.44

	
	P-value
	
	
	
	
	0.427
	< 0.001

	CRPi
	r
	
	
	
	
	1
	0.59

	
	P-value
	
	
	
	
	
	< 0.001

	CRP24
	r
	
	
	
	
	
	1

	
	P-value
	
	
	
	
	
	

	BISAP: Bedside index for severity in acute pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; CTSI: Computed tomography severity index; CRPi: C-reactive protein measured at admission; CRP24: C-reactive protein measured after 24 h.



Table 3 Incidence of severe acute pancreatitis stratified according to bedside index for severity in acute pancreatitis, Ranson, Acute Physiology and Chronic Health Evaluation-II, computed tomography severity index, and C-reactive protein with corresponding odds ratio n (%)
	
	patients
	Severe AP

	Ranson
	
	

	< 2
	65 (40.4)
	3(4.6)

	≥ 3
	96 (59.6)
	18 (18.8)

	OR (95%CI)
	
	4.8 (1.3-16.9)

	BISAP
	
	

	< 1
	109 (67.7)
	8 (7.3)

	≥ 2
	52 (22.3)
	13 (25.0)

	OR (95%CI)
	
	4.2 (1.6-10.9)

	APACHE-II
	
	

	< 7
	65 (40.4)
	4 (6.2)

	≥ 8
	96 (59.6)
	17 (17.7)

	OR (95%CI)
	
	8.2 (2.6-25.6)

	CTSI
	
	

	< 2
	101 (62.7)
	7 (6.9)

	≥ 3
	60 (37.3)
	14 (23.3)

	OR(95%CI)
	
	4.1 (1.5-10.8)

	CRP24
	
	

	< 21.4
	72 (85.7)
	6 (8.3)

	≥ 21.4
	12 (14.3)
	8 (66.7)

	OR (95%CI)
	
	22.0 (5.1-95.0)

	AP: Acute pancreatitis; BISAP: Bedside index for severity in acute pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; CTSI: Computed tomography severity index; CRP24: C-reactive protein measured after 24 h.


	Table 4 Sensitivity, specificity,  positive predictive value, and  negative predictive value of different scoring systems in prediction of severe acute pancreatitis

	
	Sensitivity (95%CI)
	Specificity (95%CI)
	PPV (95%CI)
	NPV (95%CI)

	Ranson
	85.7 (63.7-97.0)
	44.3 (35.9-52.9)
	18.8 (11.5-28.0)
	95.3 (87.1-99.0)

	BISAP
	61.9 (38.4-81.9)
	72.1 (63.9-79.4)
	25.0 (14.0-38.9)
	92.7 (86.0-96.8)

	APACHE-II
	81.0 (58.1-94.6)
	65.7 (57.2-73.5)
	26.2 (16.0-38.5)
	95.8 (89.7-98.9)

	CTSI
	66.7 (43.0-85.4)
	67.1 (58.7-74.8)
	23.3 (13.4-36.0)
	93.1 (86.2-97.2)

	CRP24
	53.3 (26.6-78.7)
	94.3 (86.0-98.4)
	66.7 (34.9-90.1)
	90.4 (81.2-96.1)

	AP: Acute pancreatitis; PPV: Positive predictive value; NPV: Negative predictive value; BISAP: Bedside index for severity in acute pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; CTSI: Computed tomography severity index; CRP24: C-reactive protein measured after 24 h. 
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Figure 1 Receiver-operating characteristic curves of different scoring systems and C-reactive protein in prediction of severe acute pancreatitis. BISAP: Bedside Index for Severity in Acute Pancreatitis; APACHE: Acute Physiology and Chronic Health Examination; CTSI: computed tomography severity index; CRPi: C-reactive protein measured at admission; CRP24: C-reactive protein measured after 24 h. 
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