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Abstract

Objectives: To investigate the diagnostic value of serum
soluble endorphin (SENG) combined with BISAP score for
severe acute pancreatitis (SAP) complicated with septic shock.
Methods: A total of 150 cases of SAP complicated with sepsis
were selected and categorized into the group with shock
(n=88) and the group without shock (n=42). The general
clinical data and laboratory indexes of the two groups were
compared. The factors affecting the occurrence of septic
shock were explored, and the correlation between serum
SENG, BISAP, APACHEII, and SOFA scores was analyzed. The
value of sENG and BISAP scores for diagnosis of SAP
complicated with sepsis was assessed.

Results: APACHEII score, SOFA score, BISAP score, and
serum SENG levels were higher in the group that developed
septic shock. Increased BISAP score and elevated serum
SENG level were independent risk factors for septic shock in
patients with SAP. SENG level was positively correlated with
BISAP score, APACHEIL and SOFA score in patients with SAP-
complicated sepsis, and BISAP score was also positively
correlated with APACHEII and SOFA score. SENG level and
BISAP score had a predictive value for patients with SAP
complicated with septic shock (AUC=0.723, 0.703), and the
combination of the two had the highest value for the diag-
nosis of SAP complicated with septic shock (AUC=0.838). In
addition, the AUC values of the two in predicting poor
prognostic outcomes in patients with SAP complicated with
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sepsis were 0.757 and 0.706, respectively, and the AUC of the
combination was 0.796.
Conclusions: Serum sENG and BISAP scores are predictors
of septic shock in patients with SAP, and the combination of
the two has a more powerful predictive effect and better
evaluation significance.
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Introduction

Acute pancreatitis is an inflammatory injury caused by a
variety of causes that lead to the digestion of pancreatic
tissue and cause pancreatic edema, hemorrhage and ne-
crosis. Acute pancreatitis often has upper abdominal pain
and other symptoms as the first manifestation. It has the
characteristics of acute onset, rapid progress and high
mortality [1]. Systemic inflammatory response syndrome
(SIRS) and multiple organ failure (MOF) are one of the
mortality factors in severe acute pancreatitis (SAP) [2]. Two
weeks after the onset of SAP, sepsis-associated complications
caused by SIRS or pancreatic infections or bacterial trans-
location frequently occur [3]. Although most patients are
mild and the course of disease is self-limiting, 20 % of pa-
tients develop into severe or necrotizing pancreatitis. These
patients are often accompanied by local or systemic com-
plications and persistent organ failure [4]. However, early
identification of high-risk patients who may progress to
septic shock remains a challenging task. The high cost of
treatment, the prevalence of the disease, and the critical
nature of the condition urgently require us to find indicators
that can provide a rapid assessment and guide prognosis.
Currently, clinicians rely on symptoms, signs, and clinical
examination for initial assessment, but also incorporate
existing scoring systems for further evaluation of patients,
including acute physiology and chronic health assessment
(APACHE) II [5], Sequential Organ Failure Assessment (SOFA)
[6], and gSOFA) [7]. BISAP, a commonly used scoring system
in recent years, has the advantages of simplicity, accuracy,
sensitivity and specificity [8]. However, no study has applied
BISAP to the diagnosis of SAP combined with septic shock.
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Endoglin (ENG) is an adhesion molecule located on the
surface of endothelial cells and is a subunit of the TGF-B
receptor system. Oxidative stress activates the production of
SENG, which is considered a marker of endothelial activa-
tion/dysfunction [9]. SENG has been shown to be potentially
used as a prognostic biomarker in patients with infectious
shock [10, 11]. The present study attempted to investigate the
diagnostic and prognostic value of SENG and BISAP score in
SAP complicated with septic shock.

Materials and methods
General information

The sample size required for the study was calculated by
G-power, and a=0.05 and B=0.05 were selected to formulate
the test level a and test efficacy 1-B. The effect size was selected
as 0.5, the sample size of a single group was calculated to be
105, and the total sample size was predicted to be 111 cases
considering that 5 % of the samples might be lost to visit and
so on. Finally, 130 patients with SPA complicated with sepsis
were included in the present study. A total of 130 cases of SAP
complicated with sepsis admitted to Anhua Peoples Hospital
from January 2019 to June 2023 were selected, all of which met
the diagnostic criteria for SAP and sepsis [2, 12].

Exclusion criteria: Patients with a recent history of anti-
coagulation or thrombolytic therapy; patients with organic
lesions such as heart, liver and kidney; patients with gluco-
corticosteroids or other immune function-affecting drugs in
the 14 days prior to admission; patients with multiple traumas
and massive blood loss; patients with psychiatric disorders.

Among the 130 cases of SAP complicated with sepsis,
there were 86 males and 44 females; their ages were from 23
to 64 years old (40.86 + 10.53); body mass index was from 20.0
to 28.8 (23.94 + 2.06) kg/m®. Patients were divided into two
groups according to whether septic shock occurred or not,
namely the group without shock (88 cases) and the group
with shock (42 cases). All patients were followed up for a
period of 30 days. The patients were categorized into sur-
vival group (102 patients) and death group (28 patients) ac-
cording to the outcome of follow-up. The study was executed
with the approval and consent of the Medical Ethics Com-
mittee of Anhua Peoples Hospital, and the patients and/or
their families signed the relevant informed consent forms.

Diagnostic criteria for septic shock

Diagnostic criteria: 1) Clinical manifestations of infection,
laboratory evidence (e.g., increased PCT) or imaging
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evidence. 2) SOFA score >2; 3) persistent hypotension despite
adequate fluid resuscitation, requirement of antihyperten-
sive drugs to maintain mean arterial pressure above
8.65 kPa, and blood lactate above 2 mmol/L [7].

Research methods

General data such as gender, age, underlying diseases, and
triggers of SAP were collected from all included patients. The
patients were scored using the APACHEII and SOFA scale to
assess the severity of the disease. An APACHEII score of >17
was classified as a severe disease, and the score was posi-
tively correlated with the severity of the disease. The SOFA
score ranges from 0 to 24, with the higher score suggesting
the more severe the condition and the worse the prognosis
[13]. BISAP was calculated.

Fasting peripheral venous blood (6 mL) was collected
from patients early in the morning of the day after
admission, and the serum was separated after centrifuga-
tion. Blood amylase and ALT were measured by enzyme-
linked immunosorbent assay Kkits (Sangon, Shanghai,
China). CRP was measured by immunoturbidimetric assay
kits (BioLab, Beijing, China). TNF-a and IL-6 were deter-
mined by radioimmunoassay kits (Multi Science, Hang-
zhou, China).

Statistical methods

All data were processed and analyzed by SPSS 22.0 statistical
software. Enumeration data were expressed as percentages,
and differences between groups were compared by the x*
test. Measurement data were expressed as mean + standard
deviation after normal test, and differences between groups
were compared by the t-test. Skewed-distributed measure-
ment data were expressed as medians (25th-75th percen-
tiles) and compared by the Mann-Whitney U test. Post hoc
tests (Bonferroni correction) were performed. Multifactorial
logistic regression analysis was applied to explore the fac-
tors influencing the occurrence of septic shock in patients
with SAP. Spearman’s correlation analysis was applied to
explore the correlation between sENG levels, BISAP scores,
APACHEII, and SOFA scores. ROC curves and the areas under
the curve (AUC) were used to explore the value of SENG and
BISAP score in the diagnosis of SAP complicated with septic
shock. MedCalc software was utilized to compare whether
there was a statistical difference in AUC between the
different indexes. A p-value <0.05 was considered statisti-
cally significant.
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Results
General information

The APACHEII score, SOFA score, BISAP score, and SENG
level of the group that developed shock were higher than
that of the group that did not develop shock (p<0.01). There
was no statistically significant difference (p>0.05) in the
comparison of biochemical indexes such as gender, age, BMI,
underlying diseases, triggers of disease, ALT, and blood
amylase between the two groups (Table 1).

Analysis of factors affecting the occurrence
of septic shock in SAP

Multifactorial logistic regression analysis was performed
using whether sepsis occurred in SAP patients as the
dependent variable (not occurring was assigned a value of 0,
and occurring was assigned a value of 1), age as the correc-
tion variable, and indicators with statistically significant
differences in Table 1 (original values were entered) as the

Table 1: Comparison of general information between the two groups
with/without shock in SPA.

Shock group  No shock group p-Value
(n=42) (n=88)
Age 4040 +11.17 41,08 +10.22 0.719
Male 29 (69.05 %) 57 (64.77 %) 0.164
BMI 23.86 + 2.12 2413 +1.93 0.471
Fatty liver disease 15 (40.48 %) 28 (31.82 %) 0.311
Coronary heart disease 8 (19.05 %) 23 (26.14 %) 0.45
Diabetes 7 (16.67 %) 18 (20.45 %) 0.518
High blood pressure 13 (30.95 %) 26 (29.55 %) 0.363
Causes of acute 0.955
pancreatitis
Biliary origin 17 (40.17 %) 36 (40.90 %)
Hyperlipidemic 8 (19.05 %) 20 (22.72 %)
Ethanol 13 (30.95 %) 25 (28.40 %)
Others 4(9.83 %) 7 (7.98 %)
APACHEII scoring (IQR) 23 (17-33) 18 (13-24) <0.001
SOFA score (IQR) 11 (6-18) 8(5-11) <0.001
BISAP scoring (IQR) 3.00 (2.00-4.00) 2.00 (2.00-3.00) <0.001
ALT, U/L 187.21 £ 21.32 194.01 +17.53  0.0563
Blood amylase, U/L 1,014.47 =+ 1,059.38 + 452.66 0.635
595.03
CRP, mg/L 174.56 + 11.52 173.16 + 14.13 0.577
TNF-a, ng/L 62.14 + 28.67 58.74 + 32.83 0.567
IL-6, ng/L 114.6 + 54.32 125.64 + 55.73 0.289
SENG, ng/mL 12.94 + 1.46 11.74 £+ 1.09 <0.001

Data are presented as mean + standard deviation, n (percentage), or IQR.
Comparison of data between the two groups was done by Mann Whitney
test, t-test or Fisher exact test.
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Table 2: Multifactorial logistic regression analysis of factors influencing
the occurrence of septic shock in patients with SAP.

Indicators OR 95 % CI p-Value
APACHEII score 1.15 1.06-1.25 <0.001
SOFA score 1.30 1.13-1.49 <0.001
BISAP score 2.79 1.20-6.49 0.017
SENG 1.41 1.04-2.06 0.042

independent variables. The results showed that APACHEII,
SOFA score, BISAP score, and SENG were independent risk
factors for septic shock in patients with SAP (p<0.05)
(Table 2).

Correlation between sENG levels, BISAP
scores, APACHEII scores, and SOFA scores in
patients with SAP complicated with sepsis

Spearman correlation analysis showed a positive correlation
between the SENG levels and BISAP scores, APACHEII and
SOFA scores in patients with SAP complicated with sepsis
(p<0.001), and BISAP score was also positively correlated
with APACHEII and SOFA scores (p<0.001) (Figure 1).

Value of sENG level, BISAP score alone and
the combination of the two in diagnosing
SAP complicated with septic shock

The results of ROC analysis showed that the cut-off values of
SENG level and BISAP score for the diagnosis of SAP
complicated with septic shock were sENG=13.32 ng/mL and
BISAP score=2.5, with the AUC of 0.723 and 0.703 in that
order. In addition, the combination of the two had the
highest value for the diagnosis of SAP complicated with
septic shock, with an AUC of =0.838, as shown in Table 3,
Figure 2.

Prognostic value of SENG level, BISAP score
alone and both combined in assessing SAP
complicated with septic shock after 30 days

The SENG level and BISAP score of patients in the poor
prognosis group were higher than those in the good prog-
nosis group (p<0.05, Table 4). The ROC curve analysis showed
that the cut-off values of the SENG level and the BISAP score
for predicting the prognosis of the patients with SAP
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Table 3: Value of SENG level, BISAP score single and in combination for diagnosis of SAP complicated by septic shock.

Items Cut-off value AUC 95%CI  p-Value Sensitivity  Specificity = False-negative rate  False-positive rate

SENG >13.32ng/mL 0723 0.622-0.824 <0.001 52.38% 88.77 % 47.62 % 11.23%

BISAP rating >25 0703  0.549-0.758 0.0048 62.67 % 70.45 % 37.33% 29.55%

Combined 0.838  0.722-0.895 <0.001 82.52% 91.18 % 17.48 % 8.82%
ROC curve: ROC of SENG levels, BISAP scores DiSCUSSion
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Figure 2: ROC curves of SENG levels and BISAP scores for predicting
septic shock in SAP patients.

complicated with septic shock were sSENG=13.13 ng/mL and
BISAP score=2.5, respectively. The AUC values were 0.757 and
0.706, in that order, with the highest value (AUC=0.796) of the
combination of the two for diagnosing SAP complicated with
septic shock, as shown in Table 5 and Figure 3.

Moderately severe or SAP is characterized by rapid pro-
gression and high clinical mortality rates [14]. Sepsis is a
major complication of SAP [15]. Sepsis may further progress
to septic shock, which is characterized by elevated blood
lactate levels and persistent hypotension and requires
adequate volume resuscitation. The incidence of sepsis/
septic shock is increasing and the mortality rate continues
to be high [16]. Therefore, predicting the risk of early
complications of SAP and carrying out comprehensive
treatment are the core means to improve the prognosis of
patients.

Table 4: sENG levels, BISAP scores in patients with different prognoses.

Good prognosis (n=102) Poor prognosis (n=28) p-Value

<0.001
<0.001

13.45 (12.41-14.71)
3.0 (2.5-3.0)

SENG level
BISAP score

12.29 (11.06-12.96)
2.0 (2.0-3.0)
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Table 5: sENG levels, BISAP score alone and the combination of both predict prognosis in patients with SAP complicated by sepsis.

Indicators Cut-off value AUC 95%CI  p-Value Sensitivity  Specificity  False-negative rate  False-positive rate
SENG >13.13 ng/mL 0.757 0.648-0.866 <0.001 67.86 % 80.39% 32.14% 19.61 %
BISAP score >2.5 0.706 0.592-0.820 <0.001 75.00 % 57.84% 25.00 % 42.16 %
Combination 0.796 0.697-0.896 <0.001 71.43% 79.41% 28.57 % 20.59%

ROC curve: sENG levels, ROC of BISAP score for
predicting prognosis in SAP complicated by septic shock
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Figure 3: ROC curves of SENG levels and BISAP scores predicting
prognosis in SAP complicated by septic shock.

Multiple scoring systems have been applied to stratify
severity and predict early prognosis in patients with SAP, but
these scores have limitations [17]. Exploration of blood
markers to predict disease and risk of complications in pa-
tients with SAP has become an important area of research in
recent years. Although many studies have used early infec-
tion markers to predict and diagnose abdominal infections
and related complications in patients with SAP, there is no
single marker that meets the clinical needs [18]. Therefore
combining blood markers with scoring systems for diagnosis
may help to improve the diagnostic results.

BISAP is a comprehensive assessment of the patient’s
condition in five main areas: blood urea nitrogen, Glasgow
score, SIRS, age, and pleural exudate [19]. BISAP has the
advantages of high sensitivity and specificity, and has
the characteristics of easy operation and high accuracy
compared with APACHEIL In Hagjer’s study, BISAP scoring
system has a better predictive performance than the other
scoring systems [20]. SENG has been reported as a blood
marker in sepsis patients and has a good predictive value
[10, 11, 21]. The validity of both in recognizing SAP
complicated with sepsis and predicting the occurrence of
septic shock needs to be improved. In this study, the com-
bination of the two was used to predict septic shock in SAP.
The results showed that the APACHEII score, SOFA score,

BISAP, and SENG levels were higher in patients with SAP
who developed shock. BISAP score and serum SENG were
independent risk factors for septic shock in patients with
SAP.

APACHEII and SOFA scores are now commonly used
scoring systems to clinically evaluate the severity of illness
in critically ill patients [22]. They are useful for dynamically
monitoring the course of organ dysfunction and predicting
the prognosis of patients with sepsis [23]. In this study,
SENG level was positively correlated with BISAP score,
APACHEII and SOFA score in patients with SAP complicated
with sepsis, and BISAP score was also positively correlated
with APACHEII and SOFA score. It indicates that SENG level
and BISAP score also have some value in assessing whether
shock occurs in patients with SAP. However, due to the
complexity of the condition of patients with SAP compli-
cated with septic shock, the combination of multiple in-
dicators helps to improve the diagnostic efficacy compared
with single-indicator diagnosis. The AUC values of SENG
level, BISAP score alone and the combination of the two in
diagnosing SAP complicated septic shock were 0.723, 0.703
and 0.838 in that order. The AUC values of SENG level and
BISAP score for predicting poor prognosis in patients with
SAP complicated with septic shock were 0.757 and 0.706,
respectively, and the AUC of the two combined was greater,
being 0.796.

This study, however, faces limitations like over-
estimating the effect size, which resulted in a small sample
size that failed to achieve sufficient test efficacy, thereby
decreasing the study’s reliability and accuracy. In addition,
this study was a single-center study and lacked external
validation. As an acute and severe condition, SAP has
timely treatment methods. This research did not exclude
the influence of prompt treatment on SENG levels, did not
track the dynamic changes in SENG levels, and failed to
explore the role of serum sENG in the progression of the
disease. In addition, sepsis is a very heterogeneous syn-
drome, and we could not validate its individual effects.
Therefore, the results of this study need to be further
justified by expanding the sample size and conducting
multicenter studies.
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Conclusions

SENG level and BISAP have certain guiding significance for
the condition and prognosis of SAP patients, but when the
two are used in combination, the AUC value increases, the
prediction effect is better.
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