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Abstract

Objective: To evaluate the diagnostic performance of the
bedside index for severity in acute pancreatitis (BISAP) score
in predicting severe acute pancreatitis (SAP). Materials
and Methods: A systematic search was conducted using
PubMed, Cochrane library and EMBASE databases up to
May 2014, and 9 related studies, including 1,972 subjects,
were reviewed. Pooled sensitivity, specificity, positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), diagnosis
of odds ratio (DOR) and hierarchic summary receiver-oper-
ating characteristic (HSROC) curves, as well as the area un-
der the HSROC curve (AUC), were assessed using the HSROC
and bivariate mixed effects models. Moreover, a subgroup
analysis stratified by cutoff value was performed to measure
the effect of the diagnostic threshold on the performance of
the BISAP score. Finally, publication bias was assessed using
Deeks’ funnel plot asymmetry test. Statistical analyses were
performed using the STATA 12.0 software. Results: The
pooled sensitivity, specificity, PLR, NLR and DOR of the
BISAP for predicting SAP were 64.82% (95% Cl: 54.47-
73.74%), 83.62% (95% Cl: 70.03-91.77%), 3.96 (95% Cl: 2.27-

6.89),0.42 (95% Cl: 0.34-0.52) and 9.41 (95% Cl: 5.38-16.45),
respectively. The AUC was 0.77 (95% Cl: 0.73-0.80). More-
over, the subgroup analysis results demonstrated that the
BISAP cutoff point at 3 had a higher specificity and greater
accuracy than at 2 to predict SAP. No significant publication
bias was detected across the studies (p = 0.359). Conclu-
sion: The BISAP score showed low sensitivity but high spec-
ificity for assessing the severity of acute pancreatitis.

© 2015 S. Karger AG, Basel

Introduction

Acute pancreatitis (AP) is an inflammatory condition
of the pancreas with a clinical course that varies from
mild to severe and is characterized by activation of pan-
creatic enzymes to cause self-digestion of the pancreas
[1]. Generally, AP is mild, self-limiting and requires no
special treatment but 20-30% of patients would develop
a severe disease that can progress to systemic inflamma-
tion and cause pancreatic necrosis, multiorgan failure
and potentially death [1, 2]. Therefore, it is important to
choose early, quick and accurate risk stratification for AP
patients, which would permit evidence-based early initia-
tion of intensive care therapy for patients with severe AP
(SAP) to prevent adverse outcomes and possible compli-
cations.
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Currently, there is a variety of scoring systems for the
early detection of SAP, such as Ranson’s score [3], acute
physiology and chronic health examination (APACHE) II
[4] and the computed tomography severity index (CTSI)
[5]. Moreover, many inflammation markers such as C-re-
active protein or interleukin-6 are also used in the clinic
[6]. In 2008, Wu et al. [7] proposed a new prognostic scor-
ing system, the bedside index of severity in acute pancre-
atitis (BISAP), which was a simple and accurate method
that can predict the clinical severity of AP within 24 h after
admission. However, the diagnostic value of the BISAP for
the diagnosis of SAP was limited by the small sample size.

In 2014, a systematic literature review showed that the
BISAP was one of the best predictors of persistent organ
failure for AP [8]. However, a pooled clinical value of
BISAP for the diagnosis of SAP was not obtained. There-
fore, the purpose of this meta-analysis was to aggregate the
reported data across the different studies and to estimate
summary diagnostic test accuracy measures of the BISAP
score using hierarchic summary receiver-operating char-
acteristic (HSROC) and bivariate mixed effects models.

Materials and Methods

Literature Search

A systematic search was performed using PubMed, Cochrane
library and EMBASE databases of publications up to May 2014.
The meta-analysis was done using the search terms ‘acute pancre-
atitis’ AND (‘BISAP’ OR ‘bedside index of severity in acute pan-
creatitis’). Moreover, the obtained bibliographies of the enrolled
studies were further hand-searched for additional references.

Inclusion and Exclusion Criteria

Inclusion criteria were: (a) studies evaluated the BISAP score
for predicting SAP; (b) the subjects were diagnosed with AP;
(c) the trial design was a prospective cohort study; (d) the absolute
numbers of true-positive (TP), false-negative (FN), false-positive
(FP) and true-negative (TN) test results were available or derivable
from the article; (e) the clinical result of patients was indicated as
SAP according to the Atlanta classification.

Exclusion criteria were: (a) the numbers of TP, FN, FP and TN
test results were not derivable from the article; (b) the trial was de-
signed as cross-sectional study; (c) studies were nonoriginal items,
such as review, meeting abstract, case report and comment; (d)
studies had been reported in previous publications. Two reviewers
(Y.-X.Y. and L.L.) independently judged the study eligibility while
screening the citations. Disagreements were resolved by discussion
and reached a consensus.

In total, 32 studies were originally obtained. Among them, 14
were excluded after screening abstracts or titles, then the remain-
ing 18 articles were full-text reviewed. Of these 18 articles, 9 were
excluded: 4 non-English language articles, 3 reviews and 2 studies
without sufficient data for calculations. Finally, 9 studies [9-17]
that involved 1,972 subjects were included in the meta-analysis.
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Table 1. Characteristics of included studies

Ref. Patients, Evaluation Study TP FN TN FP Cutoff

No. n time, h design point
9 310 <24 cohort 21 11 178 100 2

10 303 <24 cohort 22 9 231 41 2

14 50 <24 cohort 19 5 23 3 2

11 72 <24 cohort 23 8 28 13 2

12 497 <24 cohort 62 39 329 67 2

13 155 <24 cohort 24 3 64 64 3

15 299 <24 cohort 10 12 274 3 3

16 51 <24 cohort 21 8 13 9 3

17 185 <24 cohort 15 25 134 11 3

Data Extraction and Quality Assessment

The two authors (Y.-X.Y. and L.L.) independently extracted
data using the predefined information sheet, and disagreements
were resolved by discussion and agreed by consensus. The follow-
ing characteristics were collected from each study: the first author,
year of publication, source, experiment design, sample size, the
reference standard (gold standard), and the numbers of TP, FN,
FP and TN results. The evidence-based quality assessment tool
Quality Assessment of Diagnostic Accuracy Studies (QUADAS)
criteria based on 14 items was used to assess the quality of diagnos-
tic accuracy studies included in this meta-analysis [18, 19].

Statistical Analyses

The meta-analysis was performed by STATA 12.0 (Stata Corp.,
College Station, Tex., USA) software using the program ‘metandi’.
Sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR) and diagnostic odds ratio (DOR) with their
95% confidence intervals (CI) were all calculated [20]. In addition,
an HSROC curve was obtained, and the area under the curve
(AUC) was calculated by bivariate mixed effects models to assess
the predictive accuracy of the BISAP scoring system [21]. An AUC
of a perfect test was 1.0, whereas an AUC of 0.5 represents a test
that performs no better than chance [22]. The HSROC curve for
individual studies was generated and analyzed to explore the influ-
ence of threshold effects.

Subgroup analysis was further performed to measure the effect
of diagnostic threshold on the performance of the BISAP score.
Publication bias was assessed using Deeks’ funnel plot asymmetry
test [23]. Funnel plots for publication bias were made by a regres-
sion of the diagnostic log odds ratio against 1/square root of effec-
tive sample size, weighting by effective sample size. If a funnel plot
was symmetric, publication bias was neglected, and some mecha-
nism that links to study results with sample size was present.

Results

Characteristics of the Studies and Quality Assessment

Of the 32 studies accessed, 9 (28.12%) were selected.
The characteristics of the 9 studies are shown in table 1,
and they all adequately describe the performance charac-
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Table 2. Quality assessment tool for diagnostic accuracy system-
atic review of quality criteria of included studies

Table 3. Meta-analysis results for the diagnostic performance of
the BISAP in predicting SAP

Criterion Reference No.

NG, 13 9 10 14 11 15 12 16 17
1 Y Y Y Y Y Y Y Y Y
2 Y N Y Y Y Y Y Y Y
3 Y Y Y Y Y Y Y Y Y
4 Y Y Y Y Y Y Y Y Y
5 Y Y Y Y Y Y Y Y Y
6 Y Y Y Y Y Y Y Y Y
7 Y Y Y Y Y Y Y Y Y
8 Y N Y Y Y Y Y Y Y
9 N N Y Y Y Y Y Y Y

10 U U U U U U U U U

11 U U U U U U U U U

12 Y Y Y Y Y Y Y Y Y

13 U U U U U U U U U

14 Y Y Y U U U U U U

Y = Yes, represents certain answer for the corresponding ques-
tion; N = no, represents negative answer for the corresponding
question; U = unclear, i.e. the information provided in the indi-
vidual studies was insufficient to answer the corresponding ques-
tion. QUADAS criteria: 1 = the spectrum of patients representative
of the patients who received the test in practice; 2 = selection cri-
teria clearly described; 3 = the reference standard is likely to cor-
rectly classify the target condition; 4 = the time period between
reference standard and index test is short enough to be reasonably
sure that the target condition did not change between the two tests;
5 = the whole sample or a random selection of the sample received
verification using a reference standard of diagnosis; 6 = patients
received the same reference standard regardless of the index test
result; 7 = the reference was standard independently of the index
test (i.e. the index test did not form part of the reference standard);
8 = the execution of the index test was described in sufficient detail
to permit replication of the test; 9 = the execution of the reference
was standard described in sufficient detail to permit its replication;
10 = the index test results were interpreted without knowledge of
the results of the reference standard; 11 = the reference standard
results were interpreted without knowledge of the results of the
index test; 12 = the same clinical data were available when test re-
sults were interpreted as would be available when the test is used
in practice; 13 = uninterpretable/intermediate test results were re-
ported; 14 = withdrawals from the study were explained.

teristics of the BISAP score for predicting SAP. Among
these studies, Kim et al. [14] reported the results with the
cutoff values at 2 and 3, respectively. BISAP scores for pa-
tients in all the studies were calculated using data within
the first 24 h after admission. All included citations were
designed as prospective cohort studies. The absolute num-
bers of TP, FN, FP and TN results were calculated based
on sample size and the degree of sensitivity and specificity.

BISAP Score to Predict SAP

Analysis Coefficient 95% CI
Sensitivity 0.65 0.54-0.74
Specificity 0.84 0.70-0.92
DOR 9.41 5.38-16.45
PLR 3.96 2.27-6.89
NLR 0.42 0.34-0.52
AUC 0.77 0.73-0.80

Table 4. Diagnostic performance of the BISAP in predicting SAP
at different cutoff values

Subgroup  Cutoff =2 Cutoff =3

analysis coefficient 95% CI coefficient 95% CI
Sensitivity  67.30 60.53-73.42 61.18 41.20-78.00
Specificity ~ 78.28 68.86-85.46 88.64 63.88-97.18
DOR 7.42 4.39-12.54 12.30 4.44-34.03
PLR 3.10 2.12-4.52 5.39 1.80-16.12
NLR 0.42 0.34-0.51 0.44 0.30-0.64
AUC 0.70 0.66-0.74 0.78 0.75-0.82

The assessment of study-specific quality according to
QUADAS criteria is summarized in table 2. Overall, the
enrolled studies were suitable for the meta-analysis with
high quality except 3 unclear items, which were the tenth
quality indicator (the index test results were interpreted
without knowledge of the results of the reference), the
eleventh quality indicator (the reference standard results
were interpreted without knowledge of the results of the
index test) and the thirteenth indicator (uninterpretable/
intermediate test results were reported) [18]. In addition,
there were some studies that did not describe the details
for elimination and exit objects.

Diagnostic Value of the BISAP for SAP

The results of the HSROC model are shown in table 3
and figure 1. The pooled sensitivity of BISAP testing for
the diagnosis of SAP was 64.82% (95% CI: 54.47-73.74%),
and the specificity was 83.62% (95% CI: 70.03-91.77%).
The pooled DOR was 9.41 (95% CI: 5.38-16.45), the PLR
was 3.96 (95% CI: 2.27-6.89), and the NLR was 0.42 (95%
CI: 0.34-0.52). The AUC of the HSROC was 0.77 (95%
CI: 0.73-0.80; fig. 1). The inversed and symmetry shape
for the overall analysis showed that there was no signifi-
cant publication bias (p = 0.359) as shown in figure 2.
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Subgroup Analyses
The results for subgroup analyses stratified by cutoff
value are shown in table 4, and a negative correlation be-
tween the logits of sensitivity and specificity was ob-
served. When the cutoff value of the BISAP was set at 2,
the pooled sensitivity, specificity, PLR, NLR and DOR
were 67.30% (95% CI: 60.53-73.42%), 78.28% (95% CI:
68.86-85.46%), 3.10 (95% CI: 2.12-4.52), 0.42 (95% CI:
0.34-0.51) and 7.42 (95% CI: 4.39-12.54), respectively.
The AUC of the HSROC was 0.70 (95% CI: 0.66-0.74).
However, when the cutoff value was set at 3, the pooled
©  Study estimate sensitivity, specificity, PLR, NLR and DOR were 61.18%
1 i'usgggrzuf\?;nt (95% CI: 41.20-78.00%), 88.64% (95% CI: 88-97.18%),
95% confidence region 5.39 (95% CI: 1.80-16.12), 0.44 (95% CI: 0.30-0.64) and
------- 95% prediction region 12.30 (95% CI: 4.44-34.03), respectively. The AUC of the
0 HSROC was 0.78 (95% CI: 0.75-0.82).
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Fig. 1. HSROC curve of the sensitivity versus specificity of the e o
BISAP score for the diagnosis of SAP. The curve is represented by The pooled sensitivity and specificity values were 64.82

the straight line; each of the analyzed studies is represented bya ~and 83.62%, respectively, from the meta-analysis of the
circle; the point estimate to which summary sensitivity and speci- ~ diagnostic performance of the BISAP in 1,972 individuals
ficity correspond is represented by the square and the respective  from 9 research studies [9-17], indicating a good speciﬁc—
95% CI by the dashgd line, wher.eas the 95% confidence area in ity but moderate sensitivity in diagnosing SAP. These
which a new study will be located is represented by the dotted line. e o .
sensitivity and specificity values confirmed the findings
of several other studies that the BISAP score was a reliable
and accurate means for predicting the severity of AP in
the early phase [10, 12, 13]. However, when the BISAP is
compared to Ranson’s, APACHE II and CTSI scoring
O Study systems, it has a higher specificity but a lower sensitivity
~== Regression line [12, 13, 17, 24]. A previous study [25] which compared
the accuracy of the scoring system for SAP diagnosis
based on clinical data from 2 prospective cohorts revealed
that all the scoring systems in pancreatitis were cumber-
0 some to use. Hence, the clinical application of the BISAP
might be limited by its low sensitivity, and a new diagno-
sis scoring system for the early prediction of SAP is ur-
gently needed.

Given the wide range of geographical distribution, we
could not exclude the influence of patient selection bias
and population differences on the sensitivity assessment.

The DOR is a single indicator of test accuracy that com-

014 o L . I . . .
\ ! bines the sensitivity and specificity data into a single
! 0o 100 1000 number, with higher values indicating better discrimina-

Diagnostic odds ratio R

tory test performance (higher accuracy). A DOR of 1.0
indicates that a test does not discriminate between pa-
Fig. 2. Publication bias for identifying the diagnostic value of the tients with the disorder and those without [25]. In our
BISAP score for the diagnosis of SAP: Deeks’ funnel plot asymme- study, the AUC of the HSROC was 0.77; the result re-
try test, p = 0.36. ESS = Effective sample size. vealed that the BISAP had a relatively good discrimina-
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tion to assess the severity of disease, which was similar to
other reports [12, 13, 15]. For example, Khanna et al. [11]
had reported that there was no significant difference be-
tween the BISAP and other scoring systems in predicting
SAP in terms of AUC (BISAP 0.80, APACHE II 0.88 and
Ranson’s 0.85).

Since likelihood ratios are considered to be more clin-
ically meaningful, we also presented both PLR and NLR
as our measures of diagnostic accuracy. Likelihood ratios
>10 or <0.1 are considered to provide strong evidence to
rule in or out diagnoses, respectively, in most circum-
stances (indicating high accuracy) [26]. The PLR of 3.96
and NLR of 0.42 in the current study were similar to
those of traditional scoring systems in predicting SAP.
Zhang et al. [13] reported that the PLR and NLR values
of the BISAP in predicting SAP were 1.778 and 0.222,
those of APACHE II were 2.321 and 0.233, and those of
Ranson’s score were 4.625 and 0.264. The results of the
BISAP for predicting SAP suggest that the accuracy still
needs to be improved. However, the BISAP has several
important advantages: it is simple to calculate and might
be able to predict the severity of AP in the first 24 h after
admission, and hence it is a promising method to predict
SAP as previously reported [24, 27]. Furthermore, it
could be used in medical decision-making at the extreme
of the prediction range, such as enrollment criteria for
clinical trials, and as triaging intensive care unit admis-
sion [28, 29].

Our meta-analysis had several limitations. Firstly, the
definition of SAP in all enrolled studies was based on the
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