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The present study was to evaluate the accuracy of bedside index for severity in acute

pancreatitis (BISAP) in predicting the severity and prognoses of acute pancreatitis (AP)

in Chinese patients. Clinical data for 497 patients with AP were analyzed retrospectively

to compare BISAP with acute physiology and chronic health evaluation II, Ranson, and

computed tomography severity index scores in predicting the severity of AP and the

occurrence of pancreatic necrosis, mortality, and organ failure in patients with severe AP

(SAP) using the area under the receiver-operating characteristic curve. Of the 497

patients, 396 had mild AP and 101 had SAP. There were significant correlations between

the scores of any two systems. BISAP performed similarly to other scoring systems in

predicting SAP, as well as pancreatic necrosis, mortality, and organ failure in SAP

patients, in terms of the area under the receiver-operating characteristic curve. BISAP

score is valuable in predicting the severity of AP and prognoses of SAP in Chinese

patients.
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Acute pancreatitis (AP) is a sudden inflamma-

tion of the pancreas characterized by activa-

tion of pancreatic enzymes to cause self-digestion of

the pancreas. In most cases, AP is mild, self-limiting,

and requires no special treatment; however, 20% to

30% of patients develop a severe disease that can

progress to systemic inflammation and cause pan-

creatic necrosis, multiorgan failure, and potentially

death.1 Early, quick, and accurate risk stratification

of AP patients would permit evidence-based early

initiation of intensive care therapy for patients with

severe AP (SAP) to prevent adverse outcomes and

allow treatment of mild AP (MAP) on the common

ward. Therefore, a reliable risk stratification tool to
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predict the severity and prognoses of AP is of great
clinical importance for the management of this
disease.

An ideal scoring system should promise an early,
quick, simple, accurate, and reproducible descrip-
tion of disease severity. Currently, a variety of
scoring systems are available to evaluate the
severity of AP, including Ranson criteria,2 acute
physiology and chronic health evaluation
(APACHE) II,3 and computed tomography severity
index (CTSI).4 However, all scoring systems have
their own distinct pros and cons. For example, the
main limitation of the Ranson criteria is that the
evaluation cannot be completed until 48 hours
following admission, which may lead to missing
an early therapeutic window and increased mortal-
ity.5 APACHE II has the advantage of allowing
determination of disease severity on the day of
admission, but complexity is its major drawback.6,7

CTSI is calculated based on CT findings of some
local complications and cannot reflect the systemic
inflammatory response.8,9

In 2008, Wu et al10 retrospectively developed a
new scoring system, the bedside index for severity
in acute pancreatitis (BISAP), to estimate the risk of
in-hospital mortality in patients with AP. The
BISAP incorporates 5 variables: blood urea nitrogen
level .25 mg/dL, impaired mental status, devel-
opment of systemic inflammatory response syn-
drome, age .60 years, and presence of pleural
effusion. During the past 3 years, several studies
have been conducted in Western countries to
validate whether BISAP is a reliable, simple, and
accurate means of stratifying patients with AP;
however, no studies have been performed in China
to validate whether this scoring system is applica-
ble to Chinese patients. The present study was
designed to retrospectively evaluate BISAP scores
in predicting severity and prognoses of AP in
Chinese patients by comparing them with several
traditional scoring systems.

Patients and Methods

Patient population and data collection

The study protocol was approved by the Ethics
Committee of Wuxi People’s Hospital Affiliated to
Nanjing Medical University (Wuxi, China). In-
formed consent was obtained from each patient
prior to study enrollment. Clinical data for pancre-
atitis patients who were hospitalized at our
hospital from 2005 to 2010 were retrospectively
collected. Patients with incomplete clinical data,

those who presented symptoms for more than 3
days at admission, and patients with chronic
pancreatitis were excluded. Depending on disease
status, all patients underwent fasting, gastrointes-
tinal decompression, acid suppression, suppression
of pancreatic enzyme secretion, improvement of
microcirculation, anti-infection treatment, fluid
infusion, enteral nutrition, or complication treat-
ment.

Diagnostic criteria for AP

AP was defined based on the presence of the
following features1: characteristic abdominal pain
(occasionally absent); serum amylase level three
times the upper limit of normal; the presence or
absence of characteristic imaging findings of AP;
and exclusion of other diseases.

AP classification

AP was classified as mild or severe according to the
1992 Atlanta classification11 based on the presence
or absence of either organ failure or local complica-
tions or both. Organ failure was defined as shock
(systolic blood pressure �90 mmHg), pulmonary
insufficiency (arterial PO2 ,60 mmHg), renal failure
(serum creatinine .177 lmol/L after rehydration),
or gastrointestinal bleeding (.500 mL per 24
hours).11 Local complications included pancreatic
necrosis, abscess, and pseudocyst.

Score calculation and data analyses

BISAP and APACHE II scores were calculated using
data from the first 24 hours following admission,
and the Ranson score was calculated using data
from the first 48 hours following admission. CTSI
was calculated in patients who underwent contrast-
enhanced CT within 3 days following symptom
presentation. The ability of the BISAP, APACHE II,
and Ranson scores to predict the severity of AP as
well as pancreatic necrosis, organ failure, and
mortality in SAP patients, and the ability of the
BISAP and CTSI scores to predict organ failure and
mortality were compared.

Statistical analysis

Statistical analyses were performed using SPSS 17.0
(SPSS Inc, Chicago, Illinois). Numeric data are
presented as mean 6 SD. Variables that follow a
normal distribution were compared using a t test,
whereas those not following a normal distribution
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were compared using the rank sum test. Correla-
tions between scores of difference systems were
evaluated using Spearman correlation coefficient.
The ability of each scoring system to predict AP
severity and SAP complications was measured and
compared by the area under the receiver-operating
curve (AUC) through generating receiver-operating
characteristic curves using MedCalc software (Solid-
Works, Concord, MA). Sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive
value (NPV) for individual scoring systems were
calculated based on Youden index.

Results

Patient characteristics

A total of 497 Chinese patients with AP, including
275 men (55.3%) and 222 women (44.7%), were
retrospectively enrolled. Median age was 53.6 6

16.6 years. Table 1 shows the characteristics of
patients included in this study. Of all patients, 101
(20.3%) had SAP and 396 (79.6%) had MAP; 328
(66.0%) had biliary pancreatitis, 34 (6.8%) had
alcoholic pancreatitis, 50 (10.1%) had hyperlipid-
emic pancreatitis, 80 (16.1%) had idiopathic pan-
creatitis, and 5 (1.0%) had pancreatitis of other
causes. Of patients with SAP, 29 (28.7%) developed
organ failure, 26 (25.7%) developed pancreatic
necrosis, and 13 (12.8%) died; 81 (80.2%) under-
went contrast-enhanced CT. Of the patients with
organ failure, 13 (44.8%) had pulmonary insuffi-
ciency, 7 (24.1%) had renal failure, 1 (3.5%) had
shock only, 4 (13.8%) developed both pulmonary
insufficiency and renal failure, and 4 (13.8%)
developed renal failure with shock. There were
no significant differences in sex distribution, age,
and etiology distribution between the 2 groups of
patients (P . 0.05 for all).

Correlations among BISAP, APACHE II, and Ranson
scores in Chinese AP patients

As shown in Table 2, BISAP, APACHE II, and
Ranson scores were significantly higher in the SAP
group than in the MAP group (P ¼ 0.000 for all).
Spearman correlation coefficient was 0.612 between
BISAP and APACHE II scores, 0.568 between BISAP
and Ranson scores, and 0.577 between APACHE II
and Ranson scores (P ¼ 0.000 for all), suggesting
significant correlations among the 3 scoring systems.

Comparison of BISAP with APACHE II and Ranson
scoring systems in predicting SAP in Chinese patients

Receiver-operating characteristic (ROC) curves
yielded an AUC of 0.762 (95% CI, 0.722–0.799) for
BISAP, 0.755 (95% CI, 0.714–0.792) for APACHE II,
and 0.801 (95% CI, 0.763–0.835) for Ranson in
predicting SAP (Fig. 1A), with no significant
differences among the 3 groups (P . 0.05 for all;
Table 3). The best cutoff values calculated using
Youden index for BISAP, APACHE II, and Ranson
scores were 2, 8, and 3, respectively. Using these
cutoff values, the sensitivity, specificity, PPV, and
NPV of various scoring systems in predicting SAP
were calculated and are shown in Table 4.

Comparison of BISAP with the other scoring systems in
predicting the prognoses of Chinese SAP patients

Pancreatic necrosis

ROC curves yielded an AUC of 0.711 [95% confi-
dence interval (95% CI), 0.612–0.797] for BISAP,
0.703 (95% CI, 0.603–0.789) for APACHE II, and
0.704 (95% CI, 0.605–0.791) for Ranson in predicting
pancreatic necrosis (Fig. 1B), with no significant
differences among the 3 groups (P . 0.05 for all;
Table 5). The best cutoff values calculated using
Youden index for BISAP, APACHE II, and Ranson
scores were 2, 13, and 5, respectively. Using these
cutoff values, the sensitivity, specificity, PPV, and
NPV of various scoring systems in predicting
pancreatic necrosis were calculated and are shown
in Table 6.

Table 1 Characteristics of patients included in the present study

Characteristics

Group

MAP SAP Statistics P

Sex, No. v2 ¼ 1.200 0.273
Male 224 51
Female 172 50

Age, y 53.1 6 16.3 55.5 6 19.6 t ¼ �1.293 0.197
Etiology, No.

Biliary 256 72 v2 ¼ 7.627 0.106
Alcoholic 29 5
Hyperlipidemic 41 9
Idiopathic 68 12
Other causes 2 3

Table 2 Comparison of BISAP, APACHE II, and Ranson scores

between patients with MAP and those with SAP

System MAP SAP Z P

APACHE II 4.94 6 2.91 9.10 6 4.56 �7.941 0.000
Ranson 1.28 6 1.12 3.31 6 2.01 �9.608 0.000
BISAP 0.86 6 0.86 1.93 6 1.11 �13.441 0.000
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Mortality

ROC curves yielded an AUC of 0.808 (95% CI, 0.718–
0.880) for BISAP, 0.796 (95% CI, 0.705–0.870) for
APACHE II, 0.852 (95% CI, 0.768–0.915) for Ranson,
and 0.868 (95% CI, 0.787–0.927) for CTSI in
predicting mortality (Fig. 1C), with no significant
differences among the 4 groups (P . 0.05 for all;
Table 5). The best cutoff values calculated using

Youden index for BISAP, APACHE II, Ranson, and
CTSI scores were 3, 13, 5, and 6, respectively. Using
these cutoff values, the sensitivity, specificity, PPV,
and NPV of different scoring systems in predicting
mortality were calculated and are shown in Table 6.

Organ failure

ROC curves yielded an AUC of 0.777 (95% CI, 0.683–
0.854) for BISAP, 0.811 (95% CI, 0.721–0.882) for
APACHE II, 0.750 (95% CI, 0.653–0.830) for Ranson,
and 0.675 (95% CI, 0.574–0.765) for CTSI in
predicting organ failure (Fig. 1D), with no signifi-
cant differences among the 4 groups (P . 0.05 for
all) except between APACHE II and CTSI (Table 5).
The best cutoff values were calculated using Youden
index for BISAP, APACHE II, Ranson, and CTSI

Fig. 1 Receiver-operator characteristic curves. Shown are comparison of BISAP, APACHE II, and Ranson scores in predicting SAP (A)

and pancreatic necrosis (B), and comparison of BISAP, APACHE II, Ranson, and CTSI scores in predicting mortality (C) and organ

failure (D).

Table 3 Comparisons of AUCs of various scoring systems in predicting

SAP

Comparison Z P

B versus A 0.311 0.7560
B versus R 1.444 0.1487
A versus R 1.474 0.1404

A, APACHE II; B, BISAP; R, Ranson.
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scores were 2, 13, 5, and 6, respectively. Using these
cutoff values, the sensitivity, specificity, PPV, and
NPV of different scoring systems in predicting
mortality were calculated and are shown in Table 6.

Discussion

At present, multiple scoring systems are available
for evaluating the severity of AP. The Atlanta
classification is a clinically based classification
system that is most widely used and relatively
universally accepted.12,13 It defines the severity and
complications of AP by evaluating both local and
systemic changes in the development and progres-
sion of the disease.14 Although the Atlanta classifi-
cation cannot meet the requirement for early
evaluation of AP, it is a relatively objective index
for assessing the severity of AP. Many previous
studies have applied Atlanta criteria to define the
severity of AP.14,15 For these reasons, AP was
defined according to the Atlanta classification in
this retrospective study.

Ranson and APACHE II scores are two common-
ly used indices to predict severity of AP. A Ranson
score of 3 or more or an APACHE II score of 8 or
more is commonly used to classify a patient as
having severe disease. These 2 cutoff values are
consistent with those obtained by ROC analyses in
the current study. In an American Gastroenterolog-
ical Association Institute technical review on AP,16 it
was reported that using the above cutoff values,
Ranson score had a sensitivity of 75%, a specificity
of 77%, a PPV of 49%, and an NPV of 91% in

predicting SAP, and the corresponding values for
APACHE II were 65%, 76%, 43%, and 89%.17

Compared with these data, sensitivity data obtained
for Ranson and APACHE II scores in the present
study were higher, but the specificity data were
lower. We speculate that this discrepancy is caused
by patient selection bias.

BISAP is a newly developed scoring system for
predicting AP severity and prognosis.10 Currently,
only limited data are available regarding the
validation of this system among different patient
populations. A study by Papachristou et al18

reported that with the cutoff value set at 3, BISAP
score had a sensitivity of 37.5%, a specificity of
92.4%, a PPV of 57.7%, and an NPV of 84.3% in
predicting SAP. In the present study, setting a cutoff
value at 3 yielded a comparable sensitivity (38.6%),
specificity (93.2%), PPV (59.1%), and NPV (85.6%).
However, the best cutoff value calculated using
Youden index for BISAP was 2, and using this cutoff
value yielded a sensitivity of 61.4%, a specificity of
83.1%, a PPV of 48.1%, and an NPV of 89.4%.
Compared with previous data, the sensitivity
obtained for BISAP scores in the present study
was higher; however, the specificity was lower.
Several factors may contribute to these differences.
First, there are differences in the characteristics of
study participants, such as race, lifestyle, and
genetic basis. In addition, etiologic distribution
may also explain the noted differences. Actually,
the present study included a much higher percent-
age of patients with biliary pancreatitis but a lower
percentage of patients with alcoholic pancreatitis

Table 4 Sensitivity, specificity, PPV, and NPV of different scoring systems in predicting SAP

System AUC Youden index Cutoff value Sensitivity, % Specificity, % PPV, % NPV, %

BISAP 0.762 0.4447 2 61.4 83.1 48.1 89.4
APACHE II 0.755 0.4173 8 59.4 82.3 46.2 88.8
Ranson 0.801 0.5072 3 64.4 86.4 54.6 90.5

Table 5 Comparisons of AUCs of various scoring systems in predicting pancreatic necrosis, mortality, and organ failure

Comparison

Pancreatic necrosis Mortality Organ failure

Z P Z P Z P

B versus A 0.197 0.8437 0.228 0.8195 0.907 0.3644
B versus R 0.103 0.9181 0.576 0.5649 0.515 0.6068
B versus C – – 0.725 0.4687 1.555 0.1198
A versus R 0.0239 0.9809 0.613 0.5398 1.091 0.2751
A versus C – – 0.891 0.3729 2.174 0.0297
R versus C – – 0.177 0.8595 1.158 0.2470

A, APACHE II; B, BISAP; C, CTSI; R, Ranson. Dashes (-) = not applicable.
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than previous studies. Finally, the criteria used for
the diagnosis of SAP might be different among
various studies.

BISAP comprises 5 variables, all of which are easy
to obtain within 24 hours of admission. Compared
with APACHE II scores, BISAP scores are easier to
calculate. Besides, the BISAP score has the advan-
tage over the Ranson score of being calculated
within 24 hours of admission and permits early
evaluation. Thus, BISAP has the advantages of
simplicity and speed over traditional scoring sys-
tems.19 In the present study, we found that BISAP
performed similarly to Ranson and APACHE II
scores in predicting SAP in terms of AUC, sensitiv-
ity, and specificity, suggesting that BISAP is a
reliable means of stratifying Chinese patients with
AP.

We also compared BISAP with other scoring
systems in predicting pancreatic necrosis, organ
failure, and mortality in patients with SAP. BISAP
was comparable to other scoring systems in pre-
dicting the prognoses of SAP in terms of AUC. We
demonstrated that the best cutoff value for BISAP
was 2 for predicting pancreatic necrosis and organ
failure, and 3 for predicting mortality. Using these
cutoff values, we found that BISAP exhibited
sensitivities of 84.6%, 93.10%, and 83.3%, and
specificities of 46.7%, 51.4%, and 67.4% in predicting
pancreatic necrosis, organ failure, and mortality,
respectively. Based on the presence of organ failure
as the criterion for the diagnoses of SAP, Papachris-
tou et al18 found that with a cutoff value of 3, BISAP
had sensitivities of 33.3% and 57.1% and specificities
of 90.6% and 87.6% in predicting pancreatic necrosis
and mortality, respectively. Slightly higher specific-

ity but lower sensitivity was observed in the present
study. This may be caused by differences in SAP
definitions or characteristics of the study partici-
pants. In addition, compared with other scoring
systems evaluated in the present study, BISAP
demonstrated a higher sensitivity but a lower
specificity in predicting pancreatic necrosis and
organ failure.

Compared with a previous study10 of Chinese
patients, Ranson score had a lower sensitivity but a
higher specificity in predicting organ failure,
APACHE II scores had a higher sensitivity in
predicting pancreatic necrosis but a higher speci-
ficity in predicting mortality, and CTSI scores had a
higher sensitivity and specificity in predicting
organ failure and mortality in our study. As stated
above, etiologic distribution may partly explain
such differences. In addition, the composition of
patients developing different complications varies
among different studies. Compared with previous
studies, in the current study the percentage of
patients developing organ failure was higher and
that of patients developing pancreatic necrosis was
lower.

In conclusion, we compared BISAP scores with
Ranson, APACHE II, and CTSI scores in predicting
the severity and prognoses of AP in Chinese
patients. We demonstrated that BISAP has the
advantages of simplicity and speed over traditional
scoring systems and performed similarly to other
scoring systems in predicting SAP and the prog-
noses of SAP in AUC. We confirmed that the
BISAP score is an accurate means for risk stratifi-
cation and prognostic prediction in Chinese pa-
tients with AP.

Table 6 Sensitivity, specificity, PPV, and NPV of different scoring systems in predicting SAP prognoses

System AUC Youden index Cutoff value Sensitivity, % Specificity, % PPV, % NPV, %

PNec
BISAP 0.711 0.3129 2 84.6 46.7 35.5 89.7
APACHE II 0.703 0.3785 13 53.9 84.0 53.8 84.0
Ranson 0.704 0.34 5 50.0 84.0 52.0 82.9

Mortality
BISAP 0.808 0.5075 3 83.3 67.4 25.6 96.8
APACHE II 0.796 0.559 13 75.0 80.9 34.6 96.0
Ranson 0.852 0.6648 5 83.3 83.2 40.0 97.4

OF
BISAP 0.777 0.4449 2 93.1 51.4 43.5 94.9
APACHE II 0.811* 0.5096 13 62.1 88.9 69.2 85.3
Ranson 0.750 0.3783 5 51.7 86.1 60.0 81.6
CTSI 0.675 0.4411 6 48.3 95.8 82.4 82.1

OF, organ failure; PNec, pancreatic necrosis.

*P , 0.05 versus CTSI.
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