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Introduction
Acute pancreatitis in pregnancy (APIP) is a rare 
serious disease which may result in pancreatic 
necrosis, abscess, and multiple organ dysfunc-
tion, leading to other adverse maternofetal out-
comes. The high maternal–fetal mortality of APIP 
has recently decreased due to early diagnosis, rec-
ognition of acute pancreatitis (AP) severity, and 

improvements in maternal and neonatal intensive 
care. A recent meta-analysis demonstrated that 
the maternal mortality rate following APIP was 
reduced from 3.3% in 2010−2015 to 2.8% in 
2016−2020 and the fetal mortality rate reduc-
tion was 12.6% from 13%.1 Nonetheless, the 
fetal death rate secondary to APIP is still among 
the highest fetal mortality rates for surgical 
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Abstract
Background: Currently, no guidelines specifically recommend scoring systems and 
biomarkers for early evaluation of the severity and prognosis of acute pancreatitis in 
pregnancy (APIP).
Objectives: This study aimed to explore the early predictive value of scoring systems and 
routine laboratory tests on APIP severity and maternofetal prognosis.
Design: This study retrospectively analyzed 62 APIP cases in a 6-year period.
Methods: The predictive value of scoring systems and routine laboratory tests that were 
collected 24 h and 48 h after admission, for APIP severity and fetal loss, were analyzed.
Results: To detect severe acute pancreatitis (SAP), a 24-h Bedside Index for severity in 
acute pancreatitis (BISAP) achieved a higher area under the curve (AUC) value of 0.910 
than the Acute Physiology and Chronic Health Evaluation II (AUC = 0.898) and Ranson score 
(AUC = 0.880). The combination of BISAP, glucose, neutrophil-to-lymphocyte ratio (NLR), 
hematocrit (Hct), and serum creatinine (Scr) provided an AUC value of 0.984, which had 
greater predictive power than BISAP (p = 0.015). 24-h BISAP and Hct were independent risk 
factors for predicting SAP of APIP. The cutoff values of Hct and blood urea nitrogen (BUN) 
to predict SAP were 35.60% and 3.75 mmol/l in the APIP. Furthermore, 24-h BISAP had the 
highest predictive power (AUC = 0.958) for fetal loss.
Conclusion: BISAP is a convenient and reliable indicator for the early prediction of SAP 
and fetal loss in APIP. The combination of BISAP, glucose, NLR, Hct and Scr proved to be 
the optimal early markers for the prediction of SAP in APIP within 24 h after admission. In 
addition, Hct > 35.60% and BUN > 3.75 mmol/l may be suitable thresholds for predicting SAP 
in APIP.
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emergencies that may occur during pregnancy, 
compared to other pathologies, including 1.6% 
for simple appendicitis, 7% for non-operative 
management of cholecystitis, and 17% for small 
bowel obstruction.2–4 APIP is more harmful to 
the fetus than to pregnant women.

Early and rapid assessment of the severity of 
APIP, prediction of severe AP (SAP), and the 
occurrence of complications are very important to 
improve the outcomes of the mother and fetus. At 
present, several clinical scoring systems can help 
evaluate the severity of AP. The Acute Physiology 
and Chronic Health Evaluation II (APACHE II), 
Bedside Index for severity in acute pancreatitis 
(BISAP) score, and Ranson criteria are utilized in 
routine clinical practice worldwide. However, 
there are still certain limitations to their practical 
application, such as specific time constraints, 
many scores, and complex processes.5 Therefore, 
novel and uncomplicated predictors are needed 
to complement these scoring systems.

Laboratory test markers, including C-reactive 
protein (CRP), blood urea nitrogen (BUN), 
serum creatinine (Scr), blood calcium, and proc-
alcitonin (PCT) can reflect the severity of moder-
ately SAP (MSAP) and SAP, and these are 
recommended to be monitored in Chinese guide-
lines for the management of AP.6 Hematocrit 
(Hct), BUN, and 72-h CRP levels in laboratory 
tests are related to the severity of AP, but the 
accuracy is insufficient.7 Studies have shown that 
neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR) are indicators that 
can reflect the inflammatory state and coagula-
tion function of the body, and these indicators 
have been widely used in the prediction of the 
condition of many diseases in recent years.8,9 A 
study found that the PLR-NLR combination had 
similar prognostic significance to other scoring 
systems for evaluating the prognosis of AP.10

However, AP during pregnancy is different from 
that in general patients. Are these scoring systems 
and laboratory indicators valuable for the evalua-
tion of APIP severity and prognosis in the early 
stages? To date, scoring systems specially 
designed for APIP that consider the physiological 
conditions of pregnant patients are still lacking. 
Therefore, it is necessary to identify early predic-
tors of SAP in patients with APIP.

Our study extracted and analyzed clinical data of 
previously admitted patients to explore the value of 
various scoring systems and routine laboratory 
tests to evaluate the severity and prognosis of APIP 
in the early stage of admission to help clinical med-
ical staff quickly assess the severity of APIP and 
maternofetal prognosis and make a decision on the 
treatment of AP as soon as possible. Our study 
aimed to identify the optimal early predictors for 
the severity and prognosis of APIP and help reduce 
maternofetal mortality and morbidity.

Methods

Study design and patient selection
This study retrospectively analyzed the clinical 
data of patients with AP from the First Affiliated 
Hospital of Anhui Medical University, Hefei, 
China, from January 2016 to December 2021. 
Patients with APIP were included in the study. 
The inclusion criterion was AP diagnosed during 
pregnancy. Male patients with AP, female patients 
with AP with no pregnancy, and patients with 
APIP with insufficient medical data records were 
excluded. This study conformed to the STROBE 
statement.11

Diagnosis and definitions
According to the 2012 revised Atlanta Criteria for 
AP,12 the diagnosis of AP requires two of the fol-
lowing three features: abdominal pain consistent 
with AP (acute onset of a persistent, severe, epigas-
tric pain often radiating to the back); serum lipase 
level or serum amylase level (at least three times 
greater than the upper limit of the normal), and 
findings consistent with AP on imaging [contrast-
enhanced CT, MRI, or abdominal ultrasound).

Hypertriglyceridemia-induced AP qualified the 
following criteria: serum triglyceride (TG) >  
11.3 mmol/L or between 5.65 and 11.3 mmol/L 
but with a lipemic serum, and in the absence of 
biliary disease, alcohol, or medication abuse.13 
Acute biliary pancreatitis was defined as AP asso-
ciated with gallstones or sludge in the biliary tree 
or the gallbladder. Alcoholic pancreatitis, pan-
creatitis associated with a high-fat diet, acute 
exacerbation of chronic pancreatitis, infectious 
pancreatitis, pancreatitis caused by sphincter of 
Oddi dysfunction, and pancreatitis of idiopathic 
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etiology were classified under the category ‘other 
etiology’.

Outcomes
The primary outcome was the early predictive 
value of the scoring systems and routine labora-
tory tests for the severity of APIP. The second 
outcome was the early predictive value of the 
scoring systems and routine laboratory tests for 
fetal loss in APIP.

Patients were divided into three groups according 
to APIP severity. Mild AP (MAP) had no organ 
failure or local or systemic complications. MSAP 
was defined as the presence of transient organ 
failure within 48 h and/or local or systemic com-
plications without persistent organ failure. SAP 
was defined as persistent organ failure (organ 
failure > 48 h).12

In addition, according to fetal outcome, patients 
were divided into fetal loss and no fetal loss 
groups.

Fetal loss included abortion, fetal demise, and 
stillbirth. In China, abortion refers to the termi-
nation of pregnancy at less than 28 weeks and 
fetal weight less than 1000 g.14 Fetal death in 
utero occurring after 20 weeks of gestation is clas-
sified as fetal demise or stillbirth.15

Low birthweight infants refer to newborns weigh-
ing less than 2500 g within 1 h after birth.16

Data collection
Demographic information, body mass index 
(BMI), complications, history of gestational dia-
betes, and gestational hypertension were collected 
from medical records. Initial routine laboratory 
tests and arterial blood gas analysis were per-
formed 24 and 48 h after admission. Complete 
blood count was examined using an automatic 
analyser (SySMex XN9000, Sysmex Corporation, 
China). Biochemistry, including blood glucose, 
lipids, and electrolytes, was performed using an 
automatic biochemical analyser (Cobas 8000, 
Roche Limited, Switzerland). Arterial blood gas 
analysis was performed using an automatic ana-
lyser (i-STAT 300-G; Abbott Limited, USA).

The BISAP and APACHE II scores were evalu-
ated in the first 24 h, and the Ranson score was 
calculated at 48 h after admission.

Statistical analysis
Continuous data were first examined for normal 
distribution using the Kolmogorov–Smirnov test. 
Non-normal data were represented as median 
and quartile; otherwise, mean and standard devi-
ation were used. Discontinuous data are pre-
sented as numbers and percentages. The 
characteristics of pregnant women and their off-
spring were compared between groups with dif-
ferent severities of pancreatitis using one-way 
analysis of variance or Kruskal–Wallis tests. p 
Values of multiple comparisons between groups 
were corrected using the Bonferroni method. To 
assess the predictive power of the scoring systems 
and laboratory tests on the presence of SAP and 
fetal loss, receiver operating characteristic (ROC) 
curves were drawn to calculate the area under the 
curve (AUC) and determine the optimal cutoff 
value. Based on the optimal cutoff value, the sen-
sitivity, specificity, and Youden index were calcu-
lated to assess the diagnostic value. For the 
significant predictors in ROC, logistic regression 
analyses with and without adjusting for confound-
ing factors were also performed to examine the 
association between SAP and fetal loss which was 
represented by odds ratios (ORs) and 95% confi-
dence intervals (95% CI). All analyses were per-
formed using SPSS software version 24.0. All 
tests were two-sided, and p value < 0.05 repre-
sents statistical significance.

Results
In this study, 2985 patients with AP admitted to 
the First Affiliated Hospital of Anhui Medical 
University from January 2016 to December 2021, 
after excluding patients who met the exclusion 
criteria for patient selection, 62 patients with 
APIP were finally included (Figure 1), with an 
average age of 29.60 ± 5.16 years. Among them, 
21 (33.9%) were diagnosed as MAP, 28 (45.1%) 
as MSAP, and 13 (21.0%) as SAP. During this 
period, 35,749 pregnant women were admitted to 
the same hospital, and APIP occurred in 64 
women. The incidence of APIP was 17.9 cases 
per 10,000 pregnant women (64/35,749).
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No patient with APIP died in this study. As shown 
in Table 1, there were significant differences in 
the 24-h APACHE-II score, 24-h BISAP score, 
48-h Ranson score between the three groups, and 
patients with SAP showed higher scores. For lab-
oratory tests, the levels of NLR, PLR, Albumin, 
TCH, and TG in 24 h after admission showed 
significant differences among the three groups. 
The 24-h Hct level of SAP group was significantly 
increased compared to MSAP group. The levels 
of 24-h glucose in SAP group and 72 h CRP in 
the MSAP group were both significantly higher 
than those in the MAP group.

For the fetal outcome, a total of three patients in 
the SAP group had fetal loss and the other patients 
had no fetal loss. One fetal loss with a gestational 
age of 33 weeks occurred prior to admission, and 
the other two fetal demises occurred after admis-
sion with a gestational age of 22.9 and 31 weeks, 
respectively. The comparison between patients 
with and without fetal loss showed that patients 
with fetal loss had higher BMI, 24-h APACHE-II 
score, 24-h BISAP score, and higher prevalence 
of acute respiratory distress syndrome, sepsis, 
acute kidney injury, and shock. However, only 
24-h Calcium and PCT levels showed significant 
differences between patients with and without 
fetal loss in laboratory tests (Table 2).

For living neonates, there was no significant dif-
ference in the prevalence of premature delivery, 
low birthweight, Apgar score at 0 min, and Apgar 

score at 5 min in the different severity groups 
(Supplemental Table S1).

For the predictive power of the scoring systems, 
the ability of the 24-h BISAP score to predict 
SAP was the highest (AUC = 0.910, 95% CI: 
0.834–0.986, p < 0.001), followed by the 24-h 
APACHE-II score (AUC = 0.898, 95% CI: 
0.822–0.974, p < 0.001) and 48-h Ranson score 
(AUC = 0.880, 95% CI: 0.767–0.993, p < 0.001). 
For the predictive power of laboratory tests, 24-h 
glucose showed the highest predictive ability 
(AUC = 0.749, 95% CI: 0.600–0.898, p = 0.006) 
and moderate sensitivity (0.615) and specificity 
(0.776). Albumin had the highest sensitivity 
(1.000) and lowest specificity (0.02) (Table 3). 
Thus, the 24-h BISAP score is probably a suitable 
early predictive marker for SAP in APIP.

In addition, among all 24-h laboratory test mark-
ers, the AUC of NLR, Hct, Scr, and glucose were 
all above 0.7. Therefore, we combined the BISAP 
score and these laboratory markers for SAP pre-
diction, and the AUC for the combination curve 
was 0.984 (95% CI: 0.952–1.000, p < 0.001), 
which significantly increased the predictive power 
compared to the single BISAP score (p = 0.015) 
(Figure 2).

For the predictive power of scoring systems for 
fetal loss, the ability of 24-h BISAP score was the 
highest (AUC = 0.958, 95% CI: 0.905–1.000, 
p = 0.008), followed by the 24-h APACHE-II 

Figure 1.  Study participant selection.
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Table 1.  Characteristic of patients with APIP.

Variables Total (N = 62) MAP (n = 21) MSAP (n = 28) SAP (n = 13) p Value

Age, years 29.60 ± 5.16 28.95 ± 4.48 30.14 ± 5.61 29.46 ± 5.44 0.729

BMI 26.82 ± 3.77 25.95 ± 4.42 26.57 ± 3.33 28.78 ± 2.99 0.091

24-h APACHE-II score 5.5 (3.0, 11.0) 3.0 (2.0, 5.0)ab 5.5 (4.0, 10.5) 12.0 (9.5, 14.5)c <0.001

48-h Ranson score 2.0 (1.0, 3.0) 1.0 (0.0, 1.0)ab 2.0 (1.0, 2.8) 4.0 (2.5, 6.0)c <0.001

24-h BISAP score 1.0 (0.0, 2.0) 0.0 (0.0, 0.0)ab 2.0 (1.0, 2.0) 3.0 (2.0, 3.0)c <0.001

Gestational weeks 33.9 (29.3, 36.5) 29.9 (27.4, 35.9) 34.5 (32.2, 36.3) 32.4 (25.4, 37.2) 0.064

Trimester of pregnancy, n (%)

  First trimester 2 (3.2) 1 (4.8) 1 (3.6) 0 (0.0) 0.026

  Second trimester 7 (11.3) 5 (23.8) 0 (0.0) 2 (15.4)  

  Third trimester 53 (85.5) 15 (71.4) 27 (96.4) 11 (84.6)  

Etiology, n (%)

  Biliary 16 (25.8) 11 (52.4) 2 (7.1) 3 (23.1) <0.001

  Hypertriglyceridemia 34 (54.8) 3 (14.3) 22 (78.6) 9 (69.2)  

  Others 12 (19.4) 7 (33.3) 4 (14.3) 1 (7.7)  

Medical history, n (%)

  Gestational diabetes 15 (24.2) 1 (4.8) 8 (28.6) 6 (46.2) 0.014

  Gestational hypertension 4 (6.5) 1 (4.8) 2 (7.1) 1 (7.7) 1.000

Complications, n (%)

  APFC 28 (45.2) 0 (0.0) 16 (57.1) 12 (92.3) <0.001

  ANC 9 (14.5) 0 (0.0) 4 (23.5) 5 (38.5) 0.006

  Pleural effusion 25 (40.3) 0 (0.0) 19 (67.9) 6 (46.2) <0.001

  Infection 31 (50.0) 0 (0.0) 20 (71.4) 11 (84.6) <0.001

  ARDS 20 (32.3) 0 (0.0) 12 (42.9) 8 (61.5) <0.001

  Sepsis 7 (11.3) 0 (0.0) 1 (3.6) 6 (46.2) <0.001

  Acute kidney injury 4 (6.5) 0 (0.0) 1 (3.6) 3 (23.1) 0.037

  Shock 2 (3.2) 0 (0.0) 0 (0.0) 2 (15.4) 0.041

Laboratory tests

  24-h NLR 13.6 (9.5, 18.1) 9.2 (4.8, 12.0)ab 15.5 (11.5, 20.5) 17.4 (12.4, 33.0) <0.001

  24-h PLR 231.0 (159.5, 292.1) 192.1 (113.5, 
234.1)ab

242.9 (189.1,313.3) 246.8 
(179.0,389.2)

0.025

  24-h Hct (%) 33.9 (30.7, 37.3) 33.2 (31.2, 38.1) 33.1 (29.4, 35.8) 36.8 (34.8, 40.2)c 0.020

  24-h albumin (g/l) 31.4 (26.4, 36.3) 36.4 (32.8, 38.9)ab 29.9 (24.9, 32.4) 26.4 (22.8, 32.9) <0.001

(Continued)
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Variables Total (N = 62) MAP (n = 21) MSAP (n = 28) SAP (n = 13) p Value

  24-h TBIL (umol/l) 13.0 (9.0, 18.6) 14.4 (7.8, 20.5) 12.7 (9.2, 18.3) 12.0 (8.7, 19.3) 0.973

  24-h Scr (umol/l) 45.5 (36.2, 53.5) 45.0 (34.6, 48.2) 42.4 (36.1, 52.7) 54.1 (43.1, 67.2) 0.060

  24-h BUN (mmol/l) 3.1 (1.9, 4.3) 3.1 (2.3, 4.1) 2.6 (1.9, 4.2) 4.3 (3.2, 5.7) 0.107

  24-h calcium (mmol/l) 2.1 (1.7, 2.3) 2.3 (2.1, 2.7)ab 2.0 (1.7, 2.2) 1.4 (1.2, 1.9) <0.001

  72-h CRP (mg/l) 125.9 (68.9, 183.2) 113.5(16.9, 126.8)a 129.5(103.3,201.0) 137.1(65.5, 198.4) 0.009

  48-h PCT (ng/l) 0.3 (0.1, 1.9) 0.3 (0.1, 2.5) 0.3 (0.1, 1.0) 0.9 (0.2, 3.1) 0.387

  24-h TCH (mmol/l) 8.4 (5.3, 16.5) 5.5 (4.6, 8.1)ab 10.7 (7.0, 18.9) 10.2 (8.1, 23.0) <0.001

  24-h TG (mmol/l) 6.5 (3.9, 26.5) 4.2 (2.5, 6.4)ab 16.0 (5.9, 35.2) 10.7 (5.3, 36.0) 0.002

  24-h glucose (mmol/l) 7.2 (5.1, 8.8) 5.9 (4.4, 8.0)b 7.2 (5.2, 8.3) 8.4 (6.7, 12.8) 0.013

Time from onset of disease to 
hospitalization, days

1.0 (1.0, 2.0) 1.0 (1.0, 3.5)b 1.0 (1.0, 2.0) 1.0 (1.0, 1.0) 0.016

Hospitalization days 11.0 (7.8, 18.5) 9.0 (6.0, 10.5)ab 12.0 (10.0, 17.8) 20.0 (14.5, 23.5) <0.001

Living neonates outcomes

  Birthweight (g) 2571.34 ± 705.40 2642.50 ± 624.49 2573.33 ± 673.11 2502.78 ± 913.11 0.905

  Apgar score at 0 min 9.0 (7.0, 10.0) 9.0 (7.3, 10.0) 9.0 (7.0, 10.0) 8.0 (5.0, 9.5) 0.526

  Apgar score at 5 min 10.0 (9.0,10.0) 10.0 (9.3,10.0) 10.0 (9.0,10.0) 9.0 (8.0, 10.0) 0.337

Fetal loss, n (%)

  Yes 3 (4.8) 0 (0.0) 0 (0.0) 3 (23.1) 0.008

  No 59 (95.2) 21 (100.0) 28 (100.0) 10 (76.9)  

aStatistical significance on the comparison between MAP and MSAP groups.
bStatistical significance on the comparison between MAP and SAP groups.
cStatistical significance on the comparison between MSAP and SAP groups.
ANC, acute necrotic collection; APACHE-II, Acute Physiology and Chronic Health Evaluation-II; APFC, acute peripancreatic fluid collection; APIP, 
acute pancreatitis in pregnancy; ARDS, acute respiratory distress syndrome; BISAP, Bedside Index for severity in acute pancreatitis; BMI, body 
mass index; BUN, blood urea nitrogen; CRP, C-reactive protein; Hct, hematocrit ; MAP, mild acute pancreatitis; MSAP, moderately severe acute 
pancreatitis; NLR, neutrophil/lymphocyte ratio; PCT, procalcitonin; PLR, platelet-to-lymphocyte ratio; SAP, severe acute pancreatitis; Scr, serum 
creatinine; TBIL, total bilirubin; TCH, total cholesterol; TG, triglyceride.
Bold values represent significant statistical significance.

Table 1.  (Continued)

score (AUC = 0.944, 95% CI: 0.864–1.000, 
p = 0.01) (Table 4). However, among all labora-
tory tests, only 24-h PCT showed good predictive 
power (AUC = 0.893, 95% CI: 0.713–1.000, 
p = 0.023) (Table 4).

All significant predictors of SAP, except 24-h 
BUN, were significantly associated with the risk 
of SAP in the univariate analysis (Table 5).

After adjusting for age, BMI, gestational weeks, 
diabetes, hypertension, 24-h APACHE-II score 
(OR = 1.47, 95% CI: 1.15–1.89, p = 0.002), 48-h 

Ranson score (OR = 7.15, 95% CI: 1.88–27.27, 
p = 0.004), and 24-h BISAP score (OR = 25.80, 
95% CI: 2.07–321.92, p = 0.012) were positively 
associated with SAP (Table 5). However, among 
the laboratory markers, only 24 Hct (OR = 1.20, 
95% CI: 1.00–1.44, p = 0.047) and 24-h calcium 
(OR = 0.03, 95% CI: 0.01–0.32, p = 0.003) were 
significantly associated with SAP (Table 5). In 
univariate analysis, 24-h APACHE-II score 
(OR = 1.41, 95% CI: 1.07–1.86, p = 0.014) and 
24-h PCT (OR = 1.80, 95% CI: 1.02–3.17, 
p = 0.041) showed a positive association with fetal 
loss (Supplemental Table S2).
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Table 2.  Characteristic of APIP patients with different fetal outcomes.

Variables Fetal loss p Value

  Yes (n = 3) No (n = 59)

Age, years 24.33 ± 3.06 29.86 ± 5.11 0.070

BMI (kg/m2) 31.06 ± 2.80 26.61 ± 3.70 0.045

24-h APACHE-II score 15.0 (12.0, na) 5.0 (3.0, 9.0) 0.010

24-h BISAP score 3.0 (3.0, 3.0) 1.0 (0.0, 2.0) 0.005

48-h Ranson score 3.0 (2.0, na) 2.0 (1.0, 3.0) 0.082

Gestation weeks 22.4 (20.0, na) 34.0 (29.9, 36.6) 0.047

Gestation trimester

  The first trimester 0 (0.0) 2 (3.4) 0.381

  The second trimester 1 (33.3) 6 (10.2)  

  The third trimester 2 (66.7) 51 (86.4)  

Etiology, n (%)

  Biliary 0 (0.0) 15 (25.4) 0.575

  Hypertriglyceridemia 3 (100.0) 32 (54.2)  

  Others 0 (0.0) 12 (20.3)  

Medical history, n (%)

  Diabetes 1 (33.3) 14 (23.7) 1.000

  Hypertension 0 (0.0) 4 (6.8) 1.000

Complications, n (%)

  APFC 3 (100.0) 25 (42.4) 0.087

  ANC 1 (33.3) 8 (13.6) 0.381

  Pleural effusion 1 (33.3) 31 (52.5) 0.954

  Infection 3 (100.0) 28 (47.5) 0.238

  ARDS 3 (100.0) 17 (28.8) 0.030

  Sepsis 2 (66.7) 5 (8.5) 0.031

  Acute kidney injury 2 (66.7) 2 (3.4) 0.009

  Shock 2 (66.7) 0 (0.0) 0.002

Laboratory tests

  24-h NLR 15.8 (12.7, na) 13.6 (9.2, 18.1) 0.219

  24-h PLR 540.0 (216.3, na) 230.1 (159.3, 288.0) 0.085

  24-h Hct (%) 33.9 (35.7, na) 33.9 (30.6, 37.2) 0.350

(Continued)
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Discussion
At present, there are no guidelines specifically 
recommending scoring systems and laboratory 
tests for early evaluation of the severity and prog-
nosis of APIP. Scoring systems for APIP have not 
been widely reported. To the best of our knowl-
edge, very few studies have compared the value of 
various scoring systems and routine laboratory 
tests in the evaluation of the severity and progno-
sis of APIP in the early stage of admission. The 
BISAP, APACHE II, and Ranson scores are rec-
ommended to evaluate the severity and prognosis 
of AP by the Chinese guideline.17 Previous stud-
ies reported that BISAP was as good as APACHE 
II score and outperformed Ranson criteria in pre-
dicting the severity and death of AP.18,19 
Chandra’s study demonstrated that BISAP had 
accurate performance for SAP across different 
patient populations and etiologies.20 Our study 
reported that the ability of the 24-h BISAP score 
to predict SAP of APIP was better than 24-h 
APECHE II score and 48-h Ranson score. 
Furthermore, the combination of BISAP score, 
glucose, NLR, Hct, and Scr proved to be the 

optimal early marker for predicting SAP of APIP 
at a very early timepoint (24 h).

The Ranson score needs to be evaluated 48 h after 
admission to predict the severity; therefore, it has 
a certain delay in the evaluation of APIP. In addi-
tion, the APACHE II requires 12 variables that 
are not routinely obtained in patients who are not 
critically ill. It is complex and difficult to imple-
ment fully. Our study reported 24-h BISAP had a 
higher predictive power for SAP and was posi-
tively associated with SAP of APIP. However, we 
also observed that a variable in BISAP depending 
on age (⩾60 years) was not suitable for patients 
with APIP because of the normal age range for 
pregnancy (<50 years). Pregnant women cannot 
obtain score for this variable in BISAP. 
Furthermore, owing to the special physiological 
conditions of pregnant women, the BUN content 
of pregnant women is lower than that of the nor-
mal population.21 The BISAP score calculated 
using the BUN value of APIP patients may have 
low scores, which affects the accuracy of the 
BISAP score in the evaluation of severity.

Variables Fetal loss p Value

  Yes (n = 3) No (n = 59)

  24-h albumin(g/l) 23.1 (20.4, na) 31.4 (26.8, 36.4) 0.149

  24-h TBIL (umol/l) 11.4 (4.6, na) 13.0 (9.0, 18.9) 0.179

  24-h Scr (umol/l) 120.0 (29.0, na) 45.2 (36.3, 51.0) 0.272

  24-h BUN (mmol/l) 4.0 (4.3, na) 3.0 (1.9, 4.3) 0.127

  24-h calcium (mmol/l) 1.1 (1.0, na) 2.1 (1.7, 2.3) 0.012

  72-h CRP (mg/l) 194.4 (137.1, na) 125.0 (63.6, 166.2) 0.101

  24-h PCT (ng/l) 11.4 (1.0, na) 0.3 (0.1, 1.2) 0.023

  24-h TCH (mmol/l) 17.5 (8.4, na) 8.2 (5.3, 12.9) 0.184

  24-h TG (mmol/l) 14.2 (5.9, na) 6.0 (3.9, 26.6) 0.599

  24-h glucose (mmol/l) 8.4 (8.2, na) 7.2 (5.0, 8.7) 0.059

ANC, acute necrotic collection; APACHE-II, Acute Physiology and Chronic Health Evaluation-II; APFC, acute peripancreatic 
fluid collection; APIP, acute pancreatitis in pregnancy; ARDS, acute respiratory distress syndrome; BISAP, Bedside 
Index for severity in acute pancreatitis; BMI, body mass index; BUN, blood urea nitrogen; CRP, C-reactive protein; Hct, 
hematocrit; na, not applicable; NLR, neutrophil/lymphocyte ratio; PCT, procalcitonin; PLR, platelet-to-lymphocyte ratio; 
Scr, serum creatinine; TBIL, total bilirubin; TCH, total cholesterol; TG, triglyceride.
Bold values represent significant statistical significance.

Table 2.  (Continued)
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Table 3.  Variables for predicting SAP in the patients with APIP.

Variables AUC 95% CI p Value Cutoff Sensitivity Specificity Youden index

24-h APACHE-II score 0.898 0.822–0.974 <0.001 6.50 1.000 0.735 0.735

24-h BISAP score 0.910 0.834–0.986 <0.001 0.50 1.000 0.531 0.531

48-h Ranson score 0.880 0.767–0.993 <0.001 2.50 0.769 0.857 0.626

  24-h NLR 0.717 0.569–0.866 0.017 14.84 0.692 0.653 0.345

  24-h PLR 0.631 0.459–0.803 0.149 288.03 0.462 0.796 0.258

  24-h Hct (%) 0.735 0.581–0.890 0.009 35.60 0.769 0.673 0.442

  24-h albumin (g/l) 0.286 0.120–0.453 0.019 18.85 1.000 0.020 0.020

  24-h TBIL (umol/l) 0.479 0.295–0.662 0.815 16.95 0.385 0.714 0.099

  24-h Scr (umol/l) 0.712 0.539–0.884 0.020 53.60 0.615 0.857 0.472

  24-h BUN (mmol/l) 0.689 0.505–0.873 0.037 3.75 0.769 0.714 0.483

  24-h calcium (mmol/l) 0.188 0.050–0.326 0.001 3.67 0.000 1.000 0.000

  72-h CRP (mg/l) 0.600 0.416–0.784 0.272 131.40 0.615 0.673 0.288

  24-h PCT (ng/l) 0.615 0.440–0.789 0.207 0.68 0.615 0.633 0.248

  24-h TCH (mmol/l) 0.673 0.510–0.837 0.056 7.83 0.846 0.490 0.336

  24-h TG (mmol/l) 0.604 0.447–0.760 0.254 4.29 0.923 0.347 0.270

  24-h glucose (mmol/l) 0.749 0.600–0.898 0.006 8.13 0.615 0.776 0.391

APACHE-II, Acute Physiology and Chronic Health Evaluation-II; APIP, acute pancreatitis in pregnancy; BISAP, Bedside Index for severity in acute 
pancreatitis; BUN, blood urea nitrogen; CRP, C-reactive protein; Hct, hematocrit; NLR, neutrophil/lymphocyte ratio; PCT, procalcitonin; PLR, 
platelet-to-lymphocyte ratio; SAP, severity in acute pancreatitis; Scr, serum creatinine; TBIL, total bilirubin; TCH, total cholesterol; TG, triglyceride.
Bold values represent significant statistical significance.

To overcome the limitations of most scoring sys-
tems and find a more effective marker for early 
prediction of APIP severity, we also compared the 
predictive values of routine laboratory tests at 
24 h after admission. This study reported that a 
higher BUN level showed a predictive value for 
SAP, with a cutoff value of 3.75 mmol/l, which is 
much lower than that of BUN in the BISAP score 
(8.9 mmol/l). Similar to our study, a study of 100 
cases of APIP revealed that an increase in BUN 
with a cutoff value of 4.1 mmol/l was related to 
SAP.22 Therefore, we suggest that the variable of 
BUN level in scoring systems be modified accord-
ing to the optimal threshold of BUN for SAP pre-
diction in APIP. This study found BUN 
>3.75 mmol/l as a prediction threshold of SAP in 
APIP and a reference for improving APIP scoring 
systems in the future.

This study further indicated that the levels of 
NLR, Hct, albumin and glucose 24 h after admis-
sion showed significant differences between the 
three groups and predicted SAP in APIP. 24-h 
Hct and calcium levels were significantly associ-
ated with SAP and were independent risk factors 
for predicting SAP in APIP. A previous study of 
1612 patients with AP showed that admission 
Hct ⩾ 44% and rise in BUN at 24 h may be the 
optimal predictive tools in clinical practice among 
existing laboratory parameters and scoring sys-
tems.23 Chinese guidelines for the management of 
AP have recommended that Hct > 44% is an 
independent risk factor for predicting pancreatic 
necrosis.6 However, our study reported that the 
cutoff value of Hct to predict SAP was 35.60% in 
APIP. A likely explanation for this finding is that 
the Hct of pregnant women is reduced under 
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special physiological conditions, which may cause 
a low figure. Estimates based on Hct > 44% in the 
current guidelines for AP may underestimate 
APIP severity. We suggest that Hct > 35.60% 
may be the optimal threshold for predicting SAP 
in patients with APIP.

NLR integrates two opposite and complementary 
components of the immune pathway, represent-
ing the balance between inflammatory activator 
neutrophils and inflammatory regulator lympho-
cytes.24 Recently study reported that NLR had a 
predictive value in evaluating the severity and 
prognosis of AP, similar to some scoring systems. 
The BISAP score and NLR can be used as early 
determinants of AP severity and mortality, and 
NLR has no lower prognostic value than the 
BISAP score.25 Ilhan reported that NLR can be 
used as an early indicator to predict the severity of 
AP based on 14 patients with APIP without the 
severity classification.26 Differently to previous 
studies, to explore the most accurate predictor, 
the 24-h NLR, Hct, Scr, glucose, and BISAP 
score were combined in this study and achieved 
the highest predictive ability of SAP in APIP. 
Since the combination is convenient, quick, and 

non-invasive to obtain in hospitals and emergency 
departments in many countries and regions within 
24 h after admission, it is probably the optimal 
early marker for predicting the severity of APIP. 
We suggest that this combination be used in the 
early evaluation of SAP severity in APIP.

In addition, our study based on 62 cases demon-
strated that fetal loss was the highest in the SAP 
group and the 24-h BISAP score had the highest 
predictive value for fetal loss. 24-h Calcium and 
24-h PCT also predicted the value of fetal loss in 
APIP. PCT is currently a sensitive marker for 
detecting pancreatic infection.27 A previous study 
of 54 cases reported the incidence of fetal distress 
and fetal loss increased with the progression of 
severity of APIP.28 Sun et al.29 suggested the indica-
tions of termination of pregnancy include full-term 
gestation, severe pancreatitis, deteriorated condi-
tion after 24–48 h of treatment, no improvement of 
paralytic ileus, stillbirth, and fetal malformation. 
Since the complications of different stages of pre-
maturity were targeted, this study further reported 
that 44 cases of APIP had termination of pregnancy 
and 41 neonates survived, and there was no signifi-
cant difference in low birth weight and Apgar score 

Figure 2.  The ROC curve for the BISAP score and its combination with laboratory test biomarkers for SAP in 
APIP prediction.
APIP, acute pancreatitis in pregnancy; BISAP, Bedside Index for severity in acute pancreatitis; ROC, receiver operating 
characteristic; SAP, severity in acute pancreatitis.
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Table 4.  Variables for predicting fetal loss in the patients with APIP.

Variables AUC 95% CI p Value Cutoff Sensitivity Specificity Youden index

24-h APACHE-II score 0.944 0.864–1.000 0.010 11.50 1.000 0.831 0.831

24-h BISAP score 0.958 0.905–1.000 0.008 2.50 1.000 0.915 0.915

48-h Ranson score 0.791 0.595–0.987 0.091 1.50 1.000 0.458 0.458

  24-h NLR 0.712 0.451–0.972 0.219 12.62 1.000 0.475 0.475

  24-h PLR 0.797 0.517–1.000 0.085 520.00 0.667 0.966 0.633

  24-h Hct (%) 0.661 0.453–0.869 0.350 33.70 1.000 0.492 0.492

  24-h albumin (g/l) 0.251 0.000–0.587 0.149 18.85 1.000 0.017 0.017

  24-h TBIL (umol/l) 0.268 0.047–0.490 0.179 11.00 0.667 0.373 0.040

  24-h Scr (umol/l) 0.689 0.191–1.000 0.272 113.40 0.667 1.000 0.667

  24-h BUN (mmol/l) 0.763 0.621–0.904 0.127 3.90 1.000 0.661 0.661

  24-h calcium (mmol/l) 0.068 0.000–0.145 0.012 1.01 1.000 0.034 0.034

  72-h CRP (mg/l) 0.782 0.655–0.910 0.101 136.75 1.000 0.695 0.695

  24-h PCT (ng/l) 0.893 0.713–1.000 0.023 0.95 1.000 0.678 0.678

  24-h TCH (mmol/l) 0.729 0.538–0.919 0.184 8.28 1.000 0.508 0.508

  24-h TG (mmol/l) 0.590 0.428–0.753 0.600 5.91 1.000 0.407 0.407

  24-h glucose (mmol/l) 0.825 0.663–0.987 0.059 8.13 1.000 0.729 0.729

APACHE-II, Acute Physiology and Chronic Health Evaluation-II; APIP, acute pancreatitis in pregnancy; BISAP, Bedside Index for severity in acute 
pancreatitis; BUN, blood urea nitrogen; CRP, C-reactive protein; Hct, hematocrit; NLR, neutrophil/lymphocyte ratio; PCT, procalcitonin; PLR, 
platelet-to-lymphocyte ratio; Scr, serum creatinine; TBIL, total bilirubin; TCH, total cholesterol; TG, triglyceride.
Bold values represent significant statistical significance.

among living neonates in different severity groups. 
The organs of premature infants are not well devel-
oped, the lower the gestational age, the lighter the 
weight.30 Low birthweight in APIP may be caused 
by premature delivery in this study. The timing of 
pregnancy termination in patients with APIP is 
important for minimizing fetal loss. Therefore, the 
BISAP score, PCT, and calcium levels need to be 
monitored in the early stage of admission to evalu-
ate the severity of APIP and take effective treat-
ment measures as soon as possible to improve the 
prognosis of pregnant women and fetuses.

Moreover, our data confirmed that the incidence 
of APIP was 17.9 cases per 10,000 pregnant 
women which was higher than the 20.02/ 
100,000 person-years reported in the study by 
Maruinghini A.31 The most common cause of 
APIP was hypertriglyceridemia (54.8%), and the 

incidences of MSAP and SAP were higher than 
those of hypertriglyceridemic APIP. A previous 
study reported that the most common causes of 
APIP were gallstone (36.4%) and hypertriglyceri-
demia (32.2%), but hypertriglyceridemic APIP 
was correlated with a higher rate of local compli-
cation.32 In addition, 24-h glucose showed the 
highest predictive ability, with moderate sensitiv-
ity and specificity of SAP in this study. In recent 
years, the incidence of hypertriglyceridemic APIP 
has increased significantly, which is related to the 
high-fat diet in pregnant women, leading to an 
increase in TG and cholesterol levels and pancre-
atic microcirculation disorders. Free fatty acids 
directly damage pancreatic acinar cells; further-
more, trypsinogen is activated, aggravating pan-
creatic self-digestion and damage.33,34 This may 
be related to the dietary habits of pregnant 
Chinese women. Pregnant Chinese women rarely 
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drink alcohol but often consume a high-fat and 
high-calorie diet. Therefore, a healthy diet, less 
fat intake, and blood glucose levels should be 
strictly controlled during pregnancy, especially in 
pregnant women with hyperlipidemia and gesta-
tional diabetes. In this study, biliary APIP ranked 
second (25.8%); therefore, it was advisable to 
relieve the relevant risk factors before pregnancy 
for patients with previous biliary tract diseases.

Limitations
There are also limitations to the analysis. First, this 
was a single-center, retrospective study with a 
small sample size owing to the low incidence of 
APIP, which might limit the worldwide application 
of the study results. Second, not all patients under-
went arterial gas blood analysis in the medical 
records to evaluate APACHE II and Ranson 
scores. This may affect the accuracy of the scoring 
systems. Third, the levels of BUN, Scr, Hct, and 
albumin in pregnant women are reduced under 
special physiological conditions.21 The optimal 
threshold value of these biomarkers for the predic-
tion of severity in APIP is different from that of 
general AP. These scoring systems may be affected 
by a lower number of laboratory tests, resulting in 

a lower score. These factors may lead to an inac-
curate evaluation of APIP severity. Further studies 
concerning the optimal threshold value for these 
biomarkers are needed to improve the accuracy of 
the prediction of severity and outcome in APIP.

Conclusion
In conclusion, BISAP is a convenient and reliable 
indicator for the early prediction of SAP and fetal 
loss in APIP. In addition, the combination of 
BISAP, glucose, NLR, Hct, and Scr proved to be 
the optimal early prediction of SAP of APIP 24 h 
after admission. The predictive threshold of bio-
markers in APIP is different from that of general 
AP, which may affect the accuracy of the scoring 
systems. High-quality prospective studies are 
required to provide a sound basis for prediction 
to improve outcomes in these critical and special 
populations.
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