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tem for predicting the
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Abstract
It is critical to accurately identify patients with severe acute pancreatitis (SAP) in a timely manner. This study aimed to develop a new
simplified AP scoring system based on data from Chinese population.
We retrospectively analyzed a consecutive series of 585 patients diagnosed with SAP at the Changhai hospital between 2009 and

2017. The new Chinese simple scoring system (CSSS) was derived using logistic regression analysis and was validated in
comparison to 4 existing systems using receiver operating characteristic curves.
Six variables were selected for incorporation into CSSS, including serum creatinine, blood glucose, lactate dehydrogenase, heart

rate, C-reactive protein, and extent of pancreatic necrosis. The new CSSS yields a maximum total score of 9 points. The cut-offs for
predicting mortality and severity (discriminating moderately SAP from SAP) were set as 6 points and 4 points respectively. Compared
with 4 existing scoring systems, the area under the receiver operating characteristic of CSSS for prediction of mortality was 0.838,
similar to acute physiology and chronic health evaluation II (0.844) and higher than Ranson’s score (0.702, P< .001), bedside index of
severity in acute pancreatitis (0.615), and modified computed tomography severity index (MCTSI) (0.736). For predicting SAP
severity, CSSS was the most accurate (0.834), followed by acute physiology and chronic health evaluation II (0.800), Ranson’s score
(0.702), MCTSI (0.660), and bedside index of severity in acute pancreatitis (0.570). Further, the accuracy of predicting pancreatic
infection with CSSS was the highest (0.634), similar to that of MCTSI (0.641).
A new prognostic scoring system for SAP was derived and validated in a Chinese sample. This scoring system is a simple and

accurate method for prediction of mortality.

Abbreviations: APACHE-II = acute physiology and chronic health evaluation, AUC = area under curve, BISAP = bedside index of
severity in acute pancreatitis, CI = confidence interval, CSSS =Chinese simple scoring system, CT = computed tomography, LDH =
lactate dehydrogenase, MRI = magnetic resonance imaging, MSAP = moderately severe acute pancreatitis, ROC = receiver
operating characteristic, SAP = severe acute pancreatitis.

Keywords: disease severity, mortality, prognostic scoring system, severe acute pancreatitis
Editor: Abdelouahab Bellou.

WL, ZYB, and CJY contributed equally to this work.

This work was supported by the China-Europe International Business School Healthcare Research Fund and the National Natural Science Foundation of China (Grant
No. 81873588 [Z.S.L.]).

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.

The datasets generated during and/or analyzed during the current study are publicly available.
a Department of Gastroenterology, Digestive Endoscopy Center, Changhai Hospital, the Second Military Medical University, b Shanghai Institute of Pancreatic Diseases,
Shanghai, China, c Lee Kong Chian School of Business, Singapore Management University, Singapore, d Department of Economics and Decision Sciences, China
Europe International Business School (CEIBS), Shanghai, China.
∗
Correspondence: Xiaoqing Xie, Department of Economics and Decision Sciences, China Europe International Business School (CEIBS), 699 Hong Feng RD, Pu Dong

New District, 200120 Shanghai, China (e-mail: xkristine@ceibs.edu); Yi-Qi Du and Zhao-Shen Li, Department of Gastroenterology, Shanghai Changhai Hospital and
Gongli Hospital, Second Military Medical University, Shanghai 200433, China (e-mail: duyiqi@hotmail.com; zhaoshenli@smmu.edu.cn).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Wang L, Zeng YB, Chen JY, Luo Q, Wang R, Zhang R, Zheng D, Dong YH, Zou WB, Xie X, Du YQ, Li ZS. A simple new scoring system for
predicting the mortality of severe acute pancreatitis: a retrospective clinical study. Medicine 2020;99:23(e20646).

Received: 4 December 2019 / Received in final form: 7 May 2020 / Accepted: 8 May 2020

http://dx.doi.org/10.1097/MD.0000000000020646

1

mailto:xkristine@ceibs.edu
mailto:duyiqi@hotmail.com; zhaoshenli@smmu.edu.cn
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000020646


Wang et al. Medicine (2020) 99:23 Medicine
1. Introduction

Acute pancreatitis (AP) is a common inflammatory conditionof the
pancreas characterized by pancreatic enzyme activation.[1] The
global incidence of AP each year is 34 cases per 100,000 people,[2]

while the incidence inChinawas39.2 cases per 100,000 in2014.[3]

According to the Atlanta International Consensus in 2012, AP
is clinically categorized into 3 types: mild acute pancreatitis,
moderately severe (MSAP), and severe acute pancreatitis (SAP).[4]

Most mild acute pancreatitis patients are self-limited and have a
good outcome. Those with SAP have pancreatic necrosis and/or
distant organ failure; the mortality of SAP can reach up to 30%.[5]

According toDellinger’s classification system, the presence of both
pancreatic necrosis and organ failure is associated with the highest
mortality.[6] It is widely accepted that early intervention and
intensive care can decrease the mortality of SAP. Therefore, it is
important to predict the severity and mortality of AP patients at
an early stage. When SAP is considered, patients should be
immediately transferred to an intensive care unit for early
intervention and to ensure the maintenance of organ function.
Due to the variable and urgent presentation of SAP patients, it is

difficult to make a correct clinical decision in a timely manner.
Currently, there are four frequently used AP scoring systems for
early identification of SAP, including the Acute Physiology and
Chronic Health Evaluation (APACHE-II), Ranson’s score, the
Bedside Index of Severity in Acute Pancreatitis (BISAP), and the
modified computed tomography (CT) severity index (MCTSI).[7,8]

The APACHE II score is initially applied in the dynamic evaluation
of critical patients; it comprises 3 parts: acute physiology, age, and
chronic health evaluation.[9] APACHE II is widely used in the
assessment of the severity of AP and has high predictive accuracy.
However, theAPACHEIImeasure is complicatedand inconvenient
to use, cannot distinguish infectious pancreatic necrosis from non-
infectious lesions, and has poor predictive value within 24hours of
diseaseonset.Ranson’s scorewas1of the earliest scoring systems to
evaluate the severity of AP. It comprises 11 indicators that must be
evaluated at admission and 48hours after admission, respective-
ly.[10]However, some of these indicators are not collected routinely
in the early stage of AP, making early prediction difficult. The
BISAP score was proposed in 2008 and comprises 5 indicators to
predict the mortality of AP within 24hours of admission.[11] It is
easy to use but has low sensitivity for prediction of SAP (65%).[12]

In 2004, theMCTSI was proposed based on the CT severity index.
It includes assessments of pancreatic inflammation and the area of
pancreatic necrosis, as well as extra-pancreatic complications on
the initial CT scans; these measures correlate closely with outcome
measures of AP patients.[13,14] However, peri-pancreatic necrosis
and pseudocysts are not usually present in the early stage of AP.
Thus, the MCTSI score must be evaluated 2 to 3 days after
admission; this may delay the early diagnosis of SAP.[15]

Although several scoring systems have been developed, each
system has its specific applications and limitations. It is of clinical
significance to develop a new and effective scoring system to
predict the severity and mortality of SAP. This study aimed to
construct a new AP scoring system based on the analysis of
Chinese patients with SAP.
2. Methods

2.1. Patient enrollment

We conducted a retrospective cross-sectional study on a series of
585 patients diagnosed withMSAP or SAP who were admitted to
2

the Pancreatic Intensive Care Unit at Changhai Hospital between
July 2009 and August 2017. All patients were diagnosed with AP
for the first time, and the possibility of other pancreatic diseases
(recurrent AP, chronic pancreatitis, or pancreatic cancer) was
excluded. After admission, all patients received routine manage-
ment, including vital sign monitoring, fasting, antibiotics, acid
suppression, inhibition of pancreas secretion, and enteral
nutrition support. The following data were recorded: basic
demographics, causes of the disease, vital signs (heart rate, blood
pressure, respiration, blood oxygen saturation, and breathing),
laboratory tests within 24 or 48hours (blood count, blood gas
analysis, blood biochemical examination, procalcitonin), and
pancreatic examinations under CT or magnetic resonance
imaging (MRI). The studywas approved by the Ethics Committee
of Shanghai Changhai Hospital. Written informed consents of all
patients were obtained.
2.2. Diagnosis and existing scoring systems

The diagnostic and classification criteria for AP are based on the
2012 revision of the Atlanta classification.[4] For a diagnosis of
AP, 2 of the following must be met:
(1)
 abdominal pain suggestive of acute pancreatitis;

(2)
 serum amylase or lipase activity at least 3 times greater than

the upper limit of normal; and

(3)
 characteristic findings of AP on contrast-enhanced CT or

MRI. MSAP and SAP patients should first meet the AP
diagnostic criteria.

Then, MSAP can be diagnosed if the patient presents with
transient organ failure resolving within 48hours and/or local or
systemic complications without persistent organ failure.[4] Local
complications include acute peripancreatic fluid collection, acute
necrotic collections, pancreatic pseudocysts, and walled-off
necrosis. Systemic complications are defined as exacerbations
of pre-existing co-morbidities, such as chronic lung disease or
coronary artery disease, which are caused by AP. SAP is
characterized by persistent single or multiple organ failure for
more than 48hours.
In order to validate the new scoring system, 4 main scoring

systems for AP were compared to the new scoring system.
APACHE II and BISAP scores were determined through
laboratory tests and radiological examinations within the first
24hours of admission. Ranson score was calculated based on the
results of laboratory tests within the first 48hours of admission.
TheMCTSI score was calculated based on the results of CT scans
performed within 72hours of admission. The reporting of each
CT scan was performed by the same set of radiologists in our
hospital. For calculation of the new scoring system, laboratory
and radiological test data were collected within the first 48hours
of admission. The extent of pancreatic necrosis was assessed by
CT scans or MRI.
2.3. Model derivation and statistical methods

The statistical analyses were performed using SPSS (v19.0)
software. Continuous variables are presented as means and
standard deviations. Single variable 1-way logistic regression
analyses were used to determine the associations between patient
mortality and each variable. A variable was selected into the new
scoring system if it was associated with patient mortality in the
logistic regression analysis at a conservative threshold of 10%. To



Table 1

Demographic and clinical characteristics of patients (n=585).

Variables Patients

Male 372 (63.6%)
Mean age (yr) 53.05±14.97
Severity
MSAP 496 (84.8%)
SAP 89 (15.2%)

Causes
Cholelithiasis 274 (46.8%)
Alcohol 134 (22.9%)
Hyperlipemia 93 (15.9%)
ERCP-related 70 (12.0%)
Other 15 (2.6%)

Mean scores
APACHE II 11.60±5.38
RASON 6.20±1.24
BISAP 3.67±0.73
MCTSI 4.83±1.57

IPN 45 (7.7%)
Death in hospital 31 (5.3%)
Hospital stay (d) 19.95±20.43

APACHE-II= acute physiology and chronic health evaluation, BISAP=bedside index of severity in
acute pancreatitis, ERCP= endoscopic retrograde cholangiopancreatography, IPN= infectious
pancreatic necrosis, MCTSI=modified computed tomography severity index, MSAP=moderately
severe acute pancreatitis, SAP= severe acute pancreatitis.
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validate the efficiency and accuracy of the new scoring system,
comparisons to existing scoring systems were performed using the
area under the receiver operating characteristic (ROC) curve
(AUC) in the same cohort.Youden’s indexwasused to evaluate the
performance of the newscoring system,which combines sensitivity
and specificity into a single measure (Sensitivity+Specificity - 1).
Further, sensitivity and specificity values with 95% confidence
intervals (CIs) were calculated. A 2-sided P value less than .05 was
taken to indicate a statistically significant difference.
3. Results

3.1. Basic characteristics of the patients

The demographic and clinical characteristics of the enrolled
patients are summarized in Table 1. A total of 585 patients (496
cases with MSAP and 89 with SAP) were admitted to our
hospital, including 372 males and 213 females. The average age
of the patients was 53.05±14.97 years. In terms of the etiology of
SAP, cholelithiasis was the most common cause (274 cases;
46.8%), followed by alcohol in 134 cases (22.9%), and
hyperlipemia in 93 cases (15.9%), while there were 70
(12.0%) endoscopic retrograde cholangiopancreatography-
Table 2

Variables included in the new scoring system and their assigned sco

Variables 0 1

Serum creatinine (mmol/L) < 100 > 100
Blood sugar (mmol/L) < 12 > 12
LDH (U/L) < 380 > 380
CRP (mg/L) < 65 > 65
Heart rate (beats/min) < 100 > 100
Extent of pancreatic necrosis 0 < 30%

CRP=C-reactive protein, LDH= lactate dehydrogenase.
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related cases, and 15 cases (2.6%) with other causes. Among
the sample, 45 patients presented with infectious pancreatic
necrosis (7.7%). A total of 31 (5.3%) patients died during
hospitalization. The average length of hospitalization among all
patients was 19.95±20.43 days.
3.2. Derivation of the new scoring system

The single-variable logistic regression analyses of all clinical
common data indicated that 6 variables were significantly
associated with patient death during hospitalization; these
variables included: serum creatinine (P< .001), blood glucose
(P< .001), LDH (P= .004), C-reactive protein (P= .098), heart
rate (P< .001), and the extent of pancreatic necrosis (P< .001).
Aside from the extent of pancreatic necrosis, the thresholds for
the remaining 5 variables were obtained from the maximum
point of the Youden’s index on the ROC curve. To facilitate the
application of the new scoring system, we simply took the integer
portion of the output for each variable (Table 2). Based on clinical
experience and the MCTSI criterion, the extent of pancreatic
necrosis was divided into 4 categories (<30%, 30%–50%, 50%–

70%, and >70%) and corresponding scores (1 to 4 points) were
assigned. Dichotomous scores (0 and 1 point) for the remaining 5
variables were assigned based on the optimal threshold (Table 2).
The new scoring system yields a total maximum score of 9

points, which is derived from the sum of the scores of each
variable. Based on the calculated highest sensitivity and
specificity values from the ROC curves, the determined cut-off
values for predicting SAP in-hospital mortality and severity using
the new scoring systemwere 6 points (the Youden’s index is 0.56)
and 4 points (the Youden’s index is 0.53), respectively (Table 3).
3.3. Comparison between the new scoring system and
existing systems

To evaluate the performance of the new scoring system, the new
system was compared with 4 existing scoring systems for
predicting disease mortality and severity (Table 4). The calculated
AUC of the new scoring system for the prediction of disease
mortality was 0.838 (95% CI 0.833 to 0.843) (Fig. 1), similar to
APACHE II (0.844), and higher than Ranson’s score (0.702,
P< .01), BISAP (0.615, P< .01), and MCTSI (0.736, P< .01)
(Fig. 2). The new scoring system was also the most accurate for
predicting disease severity (AUC 0.834) (Fig. 1), followed by
APACHE II (0.800, P< .01), Ranson’s score (0.702, P< .01),
MCTSI (0.660, P< .01), and BISAP (0.570, P< .01) (Fig. 3).
Finally, the accuracy of predictionof pancreatic infectionwas also

evaluated (Supplementary Table 1, Available at: http://links.lww.
com/MD/E365). Based on the AUC,MCTSI was the most accurate
scoring system (0.641), andyieldeda similarAUCto thenewscoring
res.

2 3 4 P value

< .001
< .001

.004

.098
< .001

30%–50% 50%–70% >70% < .001

http://links.lww.com/MD/E365
http://links.lww.com/MD/E365
http://www.md-journal.com


Table 3

The optimal threshold values for determining in-hospital mortality
and severity of SAP according to the new scoring system.

In-hospital mortality (Cut-off point=6) Severity (Cut-off point=4)

Score Sensitivity Specificity Sensitivity Specificity

1 1 1 1 1
2 1 0.008 1 0.008
3 0.933 0.368 0.92 0.401
4 0.866 0.619 0.852 0.673
5 0.766 0.779 0.693 0.83
6 0.667 0.893 0.534 0.935
7 0.4 0.964 0.295 0.988
8 0.2 0.99 0.102 0.994
9 0.1 0.997 0.045 0.998

SAP= severe acute pancreatitis; Severity in this study indicated moderately SAP and SAP.
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system (0.634), followed by Apache II (0.575, P< .01), Ranson’s
score (0.551, P< .01), and BISAP (0.551, P< .01).
4. Discussion

AP is a relatively common condition worldwide characterized by
acute and severe upper abdominal pain. It is critical to accurately
Table 4

Comparison between the new scoring system and 4 existing scoring s

Scoring system Outcome AUC (95% CI)

CSSS Mortality 0.838 (0.833,0.843
Severity 0.834 (0.831,0.836

APACHE II Mortality 0.844 (0.839,0.848
Severity 0.800

∗
(0.798,0.803

Ranson Mortality 0.702
∗
(0.697,0.708

Severity 0.702
∗
(0.698,0.705

BISAP Mortality 0.615
∗
(0.610,0.621

Severity 0.570
∗
(0.567,0.574

MCTSI Mortality 0.736
∗
(0.731,0.742

Severity 0.660
∗
(0.657,0.663

APACHE II= acute physiology and chronic health evaluation, AUC= area under curve, BISAP=bedside in
MCTSI=modified computed tomography severity index, SAP= severe acute pancreatitis. Severity in thi
∗
Significantly different from the new score with a P-value< .01.

Figure 1. ROC curves for in-hospital mortality and severity of disease (moderat
characteristic, SAP=severe acute pancreatitis.
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identify patients with SAP in a timely manner. Generally, it is
difficult to clinically evaluate the severity and mortality of AP.
Currently, there are 4 frequently used AP scoring systems to help
clinicians identify SAP; these are APACHE-II, Ranson score,
BISAP, andMCTSI. Each scoring system has specific applications
and advantages, but each also has limitations.
Herein, we developed a new Chinese Simple Scoring System

(CSSS) that comprises only 6 variables: serum creatinine, blood
glucose, lactate dehydrogenase, C-reactive protein, heart rate,
and extent of pancreatic necrosis; the data for these variables are
collected within 48hours of admission. The first 4 variables are
informed by routine laboratory tests. Heart rate is a vital sign and
is regularly measured during an admission. Finally, the extent of
pancreatic necrosis is evaluated by CT scans or MRI. Using these
variables, within 48hours of admission we were able to stratify
patients into risk groups for SAP presence, in-hospital mortality,
and pancreatic infection.
The advantages of the CSSS include its simplicity and

objectivity. The derived algorithm is very simple to use. The
maximal total score is only 9 points. Scores for the first 5
variables are dichotomous (0 and 1 point) and can easily and
rapidly be obtained over the course of hospitalization. Harness-
ing the advantages of the MCTSI, the CSSS contains an
assessment of pancreatic infection under CT scans; the results
ystems for accuracy of prediction of mortality and severity in SAP.

Sensitivity (95% CI) Specificity (95% CI)

) 0.669 (0.659,0.678) 0.892 (0.891,0.894)
) 0.851 (0.847,0.854) 0.671 (0.669,0.673)
) 0.769

∗
(0.761,0.778) 0.791

∗
(0.789,0.792)

) 0.811
∗
(0.806,0.815) 0.612

∗
(0.610,0.615)

) 0.700
∗
(0.690,0.710) 0.627

∗
(0.624,0.629)

) 0.657
∗
(0.651,0.662) 0.660

∗
(0.658,0.662)

) 0.262
∗
(0.253,0.271) 0.901

∗
(0.899,0.902)

) 0.202
∗
(0.197,0.206) 0.910

∗
(0.908,0.912)

) 0.497
∗
(0.488,0.507) 0.904

∗
(0.902,0.905)

) 0.538
∗
(533,0.544) 0.758

∗
(0.756,0.760)

dex of severity in acute pancreatitis, CI= confidence interval, CSSS=Chinese simple scoring system,
s study indicated moderately SAP and SAP.

ely SAP and SAP) using the new scoring system. ROC = receiver operating



Figure 2. ROC curves for in-hospital mortality using existing scoring systems. A) Apache II; B) Ranson’s score; C) BISAP; and D) MCTSI. BISAP=bedside index of
severity in acute pancreatitis, MCTSI=modified computed tomography severity index, ROC = receiver operating characteristic.
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are divided into 4 categories with corresponding scores (1 to 4
points). All variables are objective clinical measures. In contrast
to APACHE II and BISAP, this system does not include
assessment of mental status.
Compared to the 4 existing scoring systems, the performance

of CSSS was good for the prediction of SAP severity and
mortality. The calculated AUC of the CSSS for prediction of
disease mortality was 0.838, similar to the AUC of APACHE II,
and higher than that of Ranson score, BISAP, and MCTSI. The
sensitivity of APACHEII for the prediction of mortality ranges
between 63% and 82%.[16] If the total score is less than 8 points,
the mortality rate can be less than 4%, while if the total score is
greater than 8 points, the mortality rate can range between 11%
and 18%.[16] After combining APACHEII with Ranson score, the
sensitivity increases to 75% to 89%.[17] The AUC for prediction
of mortality with the BISAP score is reported to be 0.77 (95%CI:
0.73–0.80) according to a meta-analysis.[12] AUC for BISAP in
predicting SAP are 0.81 (95% CI: 0.74–0.87).[18] In this study,
the new scoring system was the most accurate in predicting
disease severity according to the AUC, followed by APACHE II,
Ranson score, MCTSI, and BISAP. The overall sensitivity and
specificity for prediction of disease severity with Ranson score
was 0.75 and 0.77, respectively, according to a meta-analysis.[19]

Our scoring system has similar sensitivity (0.669) and slightly
higher specificity (0.851). However, Ranson score has twice the
number of indicators compared to the CSSS, and requires 2
rounds of evaluations, making it difficult to use in the emergency
department. For the prediction of both in-hospital mortality and
5

disease severity, CSSS was found to perform better than most of
the existing scoring systems and was comparable to the widely-
used APACHE II. Further, for evaluating pancreatic infection, the
accuracy of CSSS was similar to MCTSI, and higher than
APACHE II, Ranson score, and BISAP. It is widely accepted that
the MCTSI can effectively identify local lesions in AP and has a
high predictive value for local complications such as pancreatic
cysts and abscesses.[20] Thus, CSSS harnesses the advantages of
MCTSI, allowing for the accurate prediction of pancreatic
infection.
There are several potential limitations of this study that should

be noted. First, this was a single-center retrospective study, and
although the data set was large, it did contain missing data.
Second, we validate the performance of this new scoring system in
ICU, rather than in general wards, which may lead overestima-
tion of the effectiveness of this system. Third, we collected limited
information regarding etiology and mental status, each of which
may have prognostic value in SAP. Finally, this system includes
CT or MRI evaluations that reveal pancreatic necrosis within 48
hours to 72hours after onset of symptoms, which might limit its
applications in clinical practice.
In summary, we have derived a new scoring system for

predicting severity and mortality of SAP based on data from
Chinese patients. All 6 variables included in this scoring system
can be easily measured within 48hours of admission. Compared
to 4 existing scoring systems, the CSSS is accurate in predicting
disease severity (moderately SAP and SAP), in-hospital mortality,
and pancreatic infection.

http://www.md-journal.com


Figure 3. ROC curves for severity of disease (moderately SAP and SAP) using existing scoring systems. A) APACHE II; B) Ranson score; C) BISAP; and D) MCTSI.
APACHE-II=acute physiology and chronic health evaluation, BISAP=bedside index of severity in acute pancreatitis, MCTSI=modified computed tomography
severity index, ROC = receiver operating characteristic.
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