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    Abstract
Background: Identification of patients at risk for mortality early in the course of acute pancreatitis (AP) is an important step in improving outcome.
Methods: Using Classification and Regression Tree (CART) analysis, a clinical scoring system was developed for prediction of in-hospital mortality in AP. The scoring system was derived on data collected from 17 992 cases of AP from 212 hospitals in 2000–2001. The new scoring system was validated on data collected from 18 256 AP cases from 177 hospitals in 2004–2005. The accuracy of the scoring system for prediction of mortality was measured by the area under the receiver operating characteristic curve (AUC). The performance of the new scoring system was further validated by comparing its predictive accuracy with that of Acute Physiology and Chronic Health Examination (APACHE) II.
Results: CART analysis identified five variables for prediction of in-hospital mortality. One point is assigned for the presence of each of the following during the first 24 h: blood urea nitrogen (BUN) >25 mg/dl; impaired mental status; systemic inflammatory response syndrome (SIRS); age >60 years; or the presence of a pleural effusion (BISAP). Mortality ranged from >20% in the highest risk group to <1% in the lowest risk group. In the validation cohort, the BISAP AUC was 0.82 (95% CI 0.79 to 0.84) versus APACHE II AUC of 0.83 (95% CI 0.80 to 0.85).
Conclusions: A new mortality-based prognostic scoring system for use in AP has been derived and validated. The BISAP is a simple and accurate method for the early identification of patients at increased risk for in-hospital mortality.
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    Acute pancreatitis (AP) is a disease with a substantial burden on the US healthcare system. Recent data indicate a rise in the absolute number as well as the rate of emergency room visits, hospital admissions and direct healthcare costs for AP in the USA (210 000 admissions in 2002; 4.6 of every 1000 hospitalisations from 1988 to 2003, annual direct costs in excess of US$2 billion).1–3 With an overall mortality rate of 2–5%,3 4 a reliable method of risk stratification for AP is of significant clinical importance.
Current methods of risk stratification in AP have important limitations. The Ranson5 and modified Glasgow score6 contain data not routinely collected at the time of hospitalisation. In addition, both require 48 h to complete, missing a potentially valuable early therapeutic window.5 7 The most commonly utilised prediction scoring system for clinical research studies in AP is the Acute Physiology and Chronic Health Examination (APACHE) II.8 9 However, the APACHE II was originally developed as an intensive care instrument and requires the collection of a large number of parameters, some of which may not be relevant to prognosis in AP.
The purpose of this study was to develop a simple and accurate clinical scoring system for stratifying patents according to their risk of in-hospital mortality. To develop a clinical tool useful early in the disease course, we examined data collected within the first 24 h of hospitalisation. We used data collected from a large population-based cohort study in both the derivation and validation of the scoring system. For further validation, we compared the accuracy of the new scoring system with that of the APACHE II for prediction of mortality.

METHODS
Patient population and data collection
The current study was approved by the Brigham & Women’s Hospital Institutional Review Board. Patient data were generated from the Cardinal Health Clinical Outcomes Research Database (Cardinal Health Clinical Research Services, Cardinal Health, Marlborough, Massachusetts, USA). This large population data set has supported public reporting of hospital performance in Pennsylvania and elsewhere for purposes of quality improvement for >20 years. Details of the data collection and abstraction process for the Cardinal database have been described previously.10–13 The database contains information on patient demographics, vital signs, laboratory values, co-morbidities, physical exam findings as well as procedure and diagnosis codes. Unlike previous versions of the database, all laboratory and vital sign data are now recorded as continuous values.
The derivation cohort consisted of all cases in the Cardinal Health Research Database with principal diagnosis (from the International Classification of Diseases, ninth revision, clinical modification) ICD9-CM 577.0 (AP) from January 2000 to December 2001. The validation cohort included all patients with the principal diagnosis of AP admitted from January 2004 to September 2005.
Assessment of risk factors for mortality in AP
We considered the following candidate risk factors in model development:
	Individual Ranson signs5: age, white blood cell (WBC) count, glucose, aspartate aminotransferase (AST), blood urea nitrogen (BUN), lactate dehydrogenase (LDH) and serum calcium.

	Pleural effusion14 15 (on chest radiography or CT).

	The systemic inflammatory response syndrome (SIRS)16 17 defined by the presence of ⩾2 of the following criteria:
	pulse >90 beats/min

	respirations >20/min or PaCO2 <32 mmHg

	temperature >38°C or <36°C

	WBC count >12 000 or <4000 cells/mm3 or >10% immature neutrophils (bands)



	Haemoconcentration (haemoglobin was included as a continuous variable)18

	Atlanta Symposium criteria for organ failure19: systolic blood pressure, creatinine, partial pressure of arterial oxygen (PaO2).

	Altered mental status20: defined as any record of disorientation, lethargy somnolence, coma or stupor in the medical record.


In order to develop a model with widespread applicability, we limited potential laboratory and vital sign parameters to those with collection rates of ⩾85%. SIRS was collected as a dichotomous composite variable. Physical exam findings and co-morbidities were recorded at admission. Data for laboratory tests and vital signs were recorded for the first 24 h admission period including emergency department values. The worst (most extreme) value for vital signs and laboratory data within the first 24 h of admission were utilised for model development. All laboratory and vital sign parameters were included as continuous variables with thresholds determined by Classification and Regression Tree (CART) analysis.
Model derivation
We used CART analysis to identify factors for use in the new clinical prediction rule. CART is a non-parametric, empiric statistical method21 that has been increasingly utilised for clinical applications across a number of disease groups22–24 but not as yet for clinical prediction in AP. Patients are classified into two groups at each stage of analysis based on classification variables. The optimum split point for each variable is determined by a statistical search algorithm. Patients are grouped into nodes by cut-off points for classification variables. The process is reiterated for subsequent classification variables. Tree building is carried forward until a pruning process determines the optimum tree size without overfitting the data.
In order to avoid model overtraining, we used 10-fold cross-validation in tree development. In addition, we specified a 10-fold misclassification cost such that misclassifying a true death was 10 times worse than misclassification of a case that ultimately survived. We used the Gini index as the splitting rule in tree building. Missing data were incorporated into the tree building process through use of surrogate splits.
A new prediction rule was subsequently generated from the parameters identified in the CART analysis. Specifically, a scoring system was created in which one point was assigned for the presence of each parameter identified in the CART prediction algorithm. We then calculated scores for each case in the derivation cohort and compared this with their observed outcome.
Model validation
To validate performance of the new scoring system on a separate group of patients, we tested its ability to predict in-hospital mortality in the validation cohort. We calculated scores for each case and compared this with observed mortality. From this analysis we calculated the area under the receiver operating characteristic curve (AUC) as a measure of discrimination accuracy. In order to assess model calibration, we compared observed mortality by point score in both the derivation and validation cohorts. In testing the new scoring system on the validation cohort we treated missing data as normal (reference range) values.
To validate the model further, we compared its performance with that of the APACHE II. We anticipated that a large number of patients would not have complete data for calculation of an APACHE II score. Therefore, in generating APACHE II scores, we treated missing data as normal (reference range) values. Comparison of model AUC with the APACHE II was performed using the method described by De Long et al.25
Subgroup analysis
The ability to identify patients at increased risk of mortality from AP prior to the onset of overt organ failure is of significant clinical importance. Patients who present with evidence of organ failure within the first 24 h of hospitalisation have already declared themselves as being at increased risk for experiencing persistent organ failure and death.26 Numerous organ failure scoring systems exist for use in critical care settings that measure the extent of organ failure. An important application of a new scoring system in AP is to identify patients at risk for mortality prior to the onset of organ failure. We were interested in determining how well the new scoring system could predict mortality among patients without evidence of early organ failure during the first 24 h of hospitalisation. Therefore, we performed a subgroup analysis in which we applied the new prediction rule exclusively to patients without evidence of early organ failure by Atlanta criteria (creatinine >2.0 mg/dl, systolic blood pressure <90 mmHg or PaO2 <60 mmHg on arterial blood gas).
Statistical analysis
CART analysis was performed using the CART statistical software package (CART Professional Extended Edition version 6.0, Salford Systems, California Statistical Software, San Diego, California, USA). Additional statistical analysis was performed in SAS statistical software version 9.1 (SAS Institute, Cary, North Carolina, USA). All reported p values are two sided. We used the Bonferonni method of adjustment for multiple testing when examining differences in mortality between risk groups.

RESULTS
Patient characteristics
In the derivation cohort, there were 17 922 cases of AP identified from 212 hospitals. Median age was 53 years, and 50.5% were men. In the validation cohort there were 18 256 cases of AP identified from 177 hospitals. Median age was 53 years, and 49.4% were men.
There were a total of 335 (1.9%) deaths in the derivation cohort and 234 deaths (1.28%) in the validation cohort. There was a significant reduction in overall mortality between 2000–2001 and 2004–2005 (χ2 p<0.001). Distributions for demographic and clinical features between the two study populations are depicted in table 1. The serum calcium, LDH, PaO2 and AST measurements were excluded from further consideration in developing the new scoring system due to their failure to meet the pre-specified 85% collection rate threshold.
View this table:	View inline
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Table 1 Demographic and clinical characteristics of the two study populations


CART analysis
Using CART analysis we identified five variables as most efficient in stratifying patients according to risk of mortality: BUN >25 mg/dl, impaired mental status, SIRS, age >60 years and pleural effusion (BISAP). The CART tree is depicted in fig 1. BUN was identified as the most efficient first splitting variable. Age and SIRS further discriminated between high- and low-risk cases. The remaining parameters (mental status and pleural effusion) served to differentiate intermediate risk patients further.
[image: Figure 1]
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Figure 1 Classification and Regression Tree analysis of risk factors for mortality in the derivation cohort. Mortality rates listed are crude (unadjusted) values. AP, acute pancreatitis; BUN, blood urea nitrogen; IMS, impaired mental status; PI effusion, pleural effusion; SIRS, systemic inflammatory response syndrome.


Validation of scoring system
The five variables from the CART were incorporated into a new scoring system in which the presence of each variable contributes one point to an overall 5-point score. After calculating scores for patients in the derivation cohort, the BISAP score AUC was 0.83 for prediction of in-hospital mortality.
In the validation cohort there were 17 350 (96.8%) cases with complete laboratory and vital sign data for the five parameters included in the scoring system. There were 213 (1.2%) deaths among these patients. After calculating BISAP scores for patients in the validation cohort, the AUC for prediction of in-hospital mortality was 0.82.
Table 2 depicts observed mortality stratified by BISAP point score in both cohorts of patients. Also depicted in table 2 is the frequency of patients within each score category. Using the 5-point scoring system, patients could be reliably classified within 24 h of admission into distinct risk groups for mortality. There was a significant trend towards higher mortality with increasing BISAP score (Cochrane–Armitage trend test p<0.001). In addition, significant differences existed between risk groups (χ2 p<0.001 overall, pairwise χ2 Bonferroni-adjusted p<0.001). Below average mortality was observed in patients with <2 points (<1.0% mortality). Patients with a score of 2 had increased mortality (2%). Mortality continued to rise sharply with BISAP scores of ⩾3 (5–20%).
View this table:	View inline
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Table 2 Observed mortality by BISAP point score in the derivation and validation cohorts


In both the derivation and validation cohort, the majority of patients (∼60%) presented with BISAP scores <2 and were at very low risk for mortality (<1.0%). The new scoring system was able to identify subgroups of patients (those with scores of ⩾3) with substantially increased risk of dying in the course of their hospitalisation.
APACHE II
There were 405 (2.2%) patients with complete data for APACHE II. There were 40 (9.9%) deaths among these patients. After imputation, APACHE II scores were calculated for each patient as previously described. The median calculated APACHE II score for the 2004–2005 AP population was 7. The receiver operating characteristic (ROC) curve for the APACHE II score is shown in fig 2. Calculated AUC was 0.83 (95% CI 0.80 to 0.85). For purposes of comparison, a similar ROC curve was plotted for the BISAP score on the 2004–2005 population. The BISAP AUC was 0.82 (95% CI 0.79 to 0.84) in the validation cohort. Significance testing for differences in AUC between BISAP and APACHE II yielded a χ2 p value of 0.2, indicating no significant difference in predictive accuracy.
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Figure 2 Receiver operator characteristic curves. BISAP (blood urea nitrogen, impaired mental status, systemic inflammatory response syndrome, age and pleural effusion.) derivation (area under the curve (AUC) = 0.83). BISAP validation (AUC = 0.82). Acute Physiology and Chronic Health Examination (APACHE) II (AUC = 0.83).


Subgroup analysis (classification prior to onset of organ failure))
There were 1753 patients with early organ failure in the validation cohort. Among these patients there were 98 (5.5%) deaths. After we excluded cases with early organ failure, there were 16 503 cases remaining in the subgroup analysis. Among these cases there were 136 (0.8%) deaths. Fifty-eight percent of patients that died did not have evidence of organ failure by Atlanta criteria within the first 24 h of hospitalisation. Table 3 depicts the observed mortality by BISAP score among patients without evidence of early organ failure. The scoring system was once again able reliably to identify patients at increased risk of mortality in this subgroup analysis. The model’s AUC for prediction of in-hospital mortality in the subgroup analysis was 0.79 versus APACHE II AUC of 0.78 (χ2 = 0.45, p = 0.5).
View this table:	View inline
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Table 3 Subgroup analysis of the validation cohort excluding cases with evidence of organ failure within first 24 h of hospitalisation



DISCUSSION
We have derived and validated the first population-based prognostic scoring system for use in AP. Using BUN, impaired mental status, SIRS, age and pleural effusion (BISAP), we were able to stratify patients within the first 24 h of hospitalisation into distinct risk groups for in-hospital mortality.
In the subgroup analysis we examined the ability of the new prediction rule to identify patients at increased risk of mortality prior to the onset of organ failure. Specifically, we excluded patients with evidence of early organ failure by Atlanta criteria (within the first 24 h). Although patients without early organ failure had a low mortality (0.8%), 58% of the patients that ultimately died came from this subgroup. Among these patients, the prediction rule was still able to identify patients with substantially increased mortality.
The ability to risk-stratify patients early in their disease course has several important implications. First, early identification of high-risk patients may alert doctors to institute aggressive resuscitation efforts and to consider specialty care referral. Second, a severity index provides standardised criteria for enrolment of subjects into future clinical studies. In addition, a population-based system of risk stratification provides an instrument for additional outcomes research. For example, identification of factors associated with death among patients with low BISAP scores may help to lead to improvements in future management strategies in AP.
The primary advantage of BISAP is simplicity. The presence of each variable contributes one point to a total 5-point score. There is no need for additional computation. In addition, each of the parameters can be easily obtained early in the course of a general hospital admission. The only subjective parameter in the new scoring system is the assessment of mental status. Although an uncommon finding, the presence of an altered mental state was a significant predictor of mortality in both populations. Although the Glasgow Coma Score is used as part of the calculation of an APACHE II score as well as the Multiple Organ Failure Score,20 26 we simplified determination of this parameter by developing the model in such a way that any evidence of disorientation or further disturbance in mental status qualifies as a positive finding. Although SIRS is a composite parameter that involves the use of four criteria, evaluation of the systemic inflammatory response has become increasingly widespread in clinical practice and has also been demonstrated to have prognostic value in AP.16 17
The use of population-based data in this study has several advantages. First, the large number of cases provided sufficient power to focus on mortality as an end point. Second, the derivation and validation of this new scoring system utilised data collected from a large number of hospitals. Patient information was collected from community hospitals, tertiary care centres, teaching and non-teaching institutions. As a result, the performance of BISAP in our study reflects the combined experience from a variety of treatment settings.
While patient characteristics were similar between the two study populations, the validation cohort differed from the derivation cohort in several important aspects. These differences included a shift in hospital demographics and a decreased overall mortality (1.3% validation cohort vs 1.9% derivation cohort, t test p<0.0001). We validated the new scoring system in the more recent population of patients who may have benefited from improvements in critical care and the management of severe AP, including changes in the management of sterile as well as infected necrosis.4 These changes may have contributed to the reduced mortality observed among patients with higher BISAP scores in the validation cohort.
The early identification of patients at risk for adverse outcome from AP has been an area of active investigation for many years.16 28–39 Previous studies have attempted either to develop prognostic scoring systems or to identify individual risk factors for severe disease. Some of these studies have included mortality as an end point.16 28 30–32 35–37 Among recently proposed prognostic scoring systems, three have used data collected within the first 24 h of hospitalisation.28 31 40 Because all of these scoring systems were based on data from high-risk patient populations, their ability to predict in-hospital mortality among patients with varying disease severity is unknown.
Among studies of individual or combinations of risk factors in AP, several have focused on the first 24 h admission period.32 35 37 39 41 42 These smaller cohort studies identified age,35 obesity,30 32 glucose,37 42 serum creatinine,37 BUN42 and organ failure41 43 as admission parameters associated with increased mortality. Of these parameters, we were able to evaluate age, glucose, BUN and organ failure (in terms of hypotension, elevated creatinine and hypoxia) within the first 24 h.
To evaluate the performance of the new prediction rule further, we compared its predictive accuracy with that of APACHE II. Although more recent versions of the APACHE system have been developed, the APACHE II remains the most widely accepted method for risk stratification in AP4 8 9 44 45 and was therefore chosen as the reference standard. Its major limitations are complexity and reliance upon parameters not routinely collected during a general hospital admission. For example, in our validation cohort, only 2.2% of cases had complete APACHE II data versus 96.8% for the laboratory and vital sign parameters included in the BISAP score. Moreover, cases with a complete APACHE II score had a mortality rate of 9.9%, which was eight times greater than that of the general population. This increased mortality most probably reflects a form of selection bias wherein more severely ill patients are the ones most likely to have the exhaustive data collection required for completion of an APACHE II score. Nevertheless, the BISAP score was able to achieve a similar level of predictive accuracy to the more complex APACHE II score, with far fewer variables.
There were several potential limitations to the present study. We relied upon ICD-9 data for diagnosis rather than the more strict Atlanta Symposium criteria.19 As a result, milder causes of abdominal pain may have been misclassified as AP. Nevertheless, observed mortality in both cohorts of patients was consistent with data from recent studies examining trends in AP.3 4 46 47 A second limitation was limited information regarding aetiology, obesity or initial versus recurrent episode of AP, each of which may have prognostic value in AP.30 32 48 49
In summary, we have derived and validated a prognostic scoring system for use in AP. The BISAP score stratifies patients within the first 24 h of admission according to their risk of in-hospital mortality and was able to identify patients at increased risk of mortality prior to the onset of organ failure. The ability to risk-stratify patients early in their course is a major step to improving future management strategies in acute pancreatitis.
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