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Abstract

Background: Acute pancreatitis in pregnancy (APIP) with organ failure (OF) is a rare but serious disease.
Here, we describe the primary characteristics associated with APIP, and explore potential predictors for
early recognition of OF among the patients.

Methods: A total of 3154 patients with AP from January 2018 to December 2021 were retrospectively
reviewed. After screening, we enrolled 49 patients with APIP and 184 non-pregnant AP patients. Clinical
characteristics and blood biochemical information were assessed using IBM SPSS 26.0 software and the
rms packageinR.

Results: The most primary cause of APIP was hypertriglyceridemia (59.2%), while respiratory failure
(46.9%) was the main type in all OF patients. Age, hemoglobin (Hb), hematocrit (HCT), aminotransferase
(ALT), creatinine (Cr), blood urea nitrogen (BUN), albumin (ALB) and sodium ion (Na*) in the pregnant
group were lower than in the non-pregnant group (P<0.05), while body mass index (BMI), triglyceride (TG)
and total cholesterol (TC) in the pregnant group were higher (P<0.05). Among the APIP patients, BUN, TG
and TC were independent risk factors for predicting OF, (P < 0.05) and they were used to create a
nomogram with accurate prediction performance. (AUC=0.941)

Conclusions: APIP was highly correlated with hypertriglyceridemia and respiratory failure. Higher BMI was
a distinguishing feature of OF-APIP patients. The data indicate that close monitoring of BUN, TG and TC
levels is essential for early prevention of OF in APIP patients.

Introduction

Characterized by edema, hemorrhage, and necrosis,[1, 2]acute pancreatitis (AP) is a potentially fatal
disease with a mortality rate of 25% in severe cases.[3, 4] Some authors have previously reported that the
key measures to reduce the high mortality of AP are probably the early prediction and diagnosis, which
can guide the subsequent definitive treatment.[5] Rapid diagnosis of AP caused by common etiologies in
most populations has become possible in recent years.[6] However, it is noteworthy that there are still
special types of pancreatitis induced in a small number of patients, for which the diagnosis presents a
challenge and which generally results in catastrophic consequences, such as acute pancreatitis in
pregnancy (APIP).[7, 8]

APIP is one of the rare but serious complications of pregnancy, with an incidence that varies from 1.37 to
2.27%.[1, 2] Recent studies reported a significant incidence of maternal death and fetal loss due to APIP.
[9-11] For example, Luo et al. revealed an overall maternal and fetal mortality rate as high as 3.3%
(4/121) and 11.6% (14/121), respectively. [12] Shi et al. reported a fetal mortality of 31.1% (28/90), and
further analysis found that fetal intrauterine death was an independent risk factor for maternal AP
severity. [13]The close relationship between the severity of AP and poor outcomes was also shown in
other studies.[2, 9, 14] Of note, as the primary feature of moderate or severe AP, the influence of organ
failure (OF) on AP has also been widely investigated.[4, 5, 15, 16] Some scholars believe that OF
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contributes to almost all the mortality in AP patients.[17] Werge et al.[18] showed a mortality of 19.8%
associated with OF while the mortality of patients without OF was only 1.4%. In another population-based
cohort of 1024 patients, all deaths caused by AP were analyzed[19], and the results indicated that the
occurrence of OF advanced the death period by 3 days. Taken together, early identification of APIP and
especially patients at risk of OF warrants great attention to help the clinical management and avoid
adverse events.

Although several studies have provided ideas for accurate diagnosis and evaluation of APIP patients, [20]
[21] [12] different regions and populations may have significantly different clinical characteristics.
Furthermore, due to the low incidence of APIP. most studies included small case series and had a
relatively long reference time span. For these reasons, further investigation in more APIP patients is
warranted.

In this study, we conducted a retrospective analysis of 233 AP cases from the First Affiliated Hospital of
Nanchang University, among which 49 patients were diagnosed with APIP. A comparison between
pregnant and non-pregnant AP patients was conducted to determine the crucial characteristics of AP in
pregnancy. In addition, a new model for predicting high risk of OF in APIP patients was verified, showing
some clinical references to clinicians.

Materials and methods
Patient Selection and Clinical Data

This study was conducted consistent with the principles of the Helsinki declaration. And ethical approval
was obtained from the First Affiliated Hospital of Nanchang University. A total of 3154 patients with AP
were prospectively and consecutively enrolled from database (Approval Number: 2011001) between
January 1, 2018 to December 31, 2021. Exclusion criteria included male patients, patients younger than
18 or older than 50 years of age, patients hospitalized over 5 days after onset, recurrent pancreatitis,
chronic pancreatitis and other pancreatic diseases. The specific inclusion and exclusion criteria are
displayed in Fig. 1. We ultimately enrolled 233 women of childbearing age (18 to 50 years) with AP in our
study. The total population is divided into two groups: 49 patients in the pregnant group and 184 in the
non-pregnant group.

Informed consent

was obtained from each patient in the database during hospitalization. Clinical data included age, sex,
history of diabetes, hypertension, smoking and drinking, pancreatitis-related characteristics (etiology,
severity, complications of AP during hospitalization), type of OF (i.e. cardiovascular, respiratory and renal
failure), imaging examinations [including computed tomography (CT), magnetic resonance imaging
(MRI), ultrasound, etc ], the length of hospital stay (LOS), admission to intensive care unit (ICU).
Laboratory tests were collected within 48 h of admission, including Neutrophil count (NEU), Hematocrit
(HCT), Alkaline phosphatase (AKP), Creatinine (Cr), Sodium ion (Na), D-Dimer (DD), etc. BMI (kg/m2) is
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defined as weight in kilograms divided by height in square metres. AP Severity Bedside Index is
calculated from patient data.

Diagnosis and Definition

APIP was defined as AP occurring from the time of conception to within one week postpartum. At least
two of the following three features were required for the diagnosis: (1) abdominal pain in keeping with
acute pancreatitis (acute onset of a severe, persistent, epigastric pain radiating to the back); (2) serum
lipase or amylase level was three times higher than the upper limit of normal; (3) The cross-sectional
imaging findings of abdomen are consistent with acute pancreatitis.[3] The differential diagnosis of APIP
includes acute appendicitis in pregnancy, acute cholecystitis in pregnancy, ectopic pregnancy rupture and
placental abruption. These disorders can be differentiated by ultrasound, features of abdominal pain,
lipase and amylase.[22—-24] For this study, the etiology, severity categories and local complications of
APIP were defined according to the revised Atlanta classification.[3] OF was determined according to the
modified Marshall scoring system, and the persistent OF refers to the same organ system failed over 48
hours.[3] Death was considered a death during hospitalization. Specific definitions are exhibited in
Supplementary table 1.

Statistics

Statistical processing of the data was performed using SPSS 26.0 software (IBM Corp., USA). The data
distribution of continuous variables was estimated using the Kolmogorov—Smirnov test. Normally
distributed data were presented as mean + standard deviation (SD) and the between-group differences
were conducted using Student’s t test. Non-normally distributed data were expressed as median
(interquartile range) and analyzed using Mann—Whitney U-test. Categorical data were presented in
absolute numbers and percentages, and Pearson chi-square tests or Fisher's exact tests (when the
number of observations was < 5) was used for comparative analysis between groups. Univariate and
multivariate logistic regression analysis were then performed to determine the independent risk factors
associated with OF in APIP. Potential risk factors with probability value of p <0.05 in univariate analysis
were enrolled into the multivariate analysis, and the results were shown as odds ratios (ORs) along with
95% confidence intervals (Cls). Receiver operating characteristic (ROC) was conducted to assess the
predictive value of risk factors parameters. All the optimum cutoff values were determined according to
the highest sensitivity and specificity values generated by ROC curves. Area under the curve (AUC),
Youden index (YDI), Positive predict value (PPV), Negative predict value (NPV), Positive likelihood ratio (+
LR), Negative likelihood ratio (-LR) were calculated. Ultimately, a nomogram for OF on the basis of
selected predictors was founded using the rms package in R, and the model’s predictive performance was
evaluated using ROC curves and calibration curves. In this study, a 2-sided P value < 0.05 was thought to
be statistically significant.

Results
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General features of APIP patients

In order to compare APIP with AP in non-pregnant women, a total of 233 female AP patients were
recruited for the present study. The main features which differentiate AP occurring in non-pregnant
female patients from the disease occurring in pregnancy are exhibited in Tables 1 and 2. Compared to
non-pregnant AP patients, the APIP patients were significantly younger (29.0+5.6 vs 40.4+7.7, p <0.001),
had a higher BMI (25.3+3.7 vs 24.1£2.9, p < 0.001) and longer total hospital stay (16.9+20.5 vs 10.5+10.6,
p <0.05). As expected, APIP patients were more likely to be admitted to the ICU [26(53.1%) vs 43(23.4%),
p <0.001]. Furthermore, the etiology composition of the two groups was also significantly different. HTG-
AP accounted the largest for 59.2% of pregnant patients, which was significantly higher than 46.7% in the
non-pregnant group (P<0.05). In terms of the severity of AP, despite moderately severe acute pancreatitis
(MSAP) accounting for the largest proportion in the pregnant group (55.1% vs. 47.3% in the non-pregnant
group, the difference was not statistically significant (P=0.320). In addition, Table 1 also shows that there
was no significant difference among the two groups in mortality, shock and history of diabetes, smoking,
drinking. There was almost no pre-existent hypertension in the pregnant group, while there were 17 cases
(9.2%) among non-pregnant patients (P=0.027).

Nearly half of APIP patients suffered from OF, among which renal failure and circulatory failure seldom
occurred. Respiratory failure patients among all pregnant and non-pregnant patients accounted for a
majority of 46.9% and 26.6% respectively. The difference was statistically significant (p = 0.006). Notably,
persistent OF (p = 0.759) or multiple OF (p = 0.126) occurred, independent of pregnancy status. Acute
peripancreatic fluid collection (APFC) (28.6%) was the main local complication among the pregnant
patients, with a similar ratio in the non-pregnant group (33.2%). Pancreatic pseudocyst (PPC) mainly
occurred in 4.1% of APIP patients, but no PPC occurred in non-pregnant patients. The difference was
significant (P < 0.05). More information is depicted in Supplementary Table 2.

Commonly used laboratory findings of all AP patients were summarized in Table 2. With the non-
pregnant group by contrast, triglyceride (TG) and total cholesterol (TC) level of the pregnant group were
significantly increased (P < 0.05). And the pregnant group had significant lower hemoglobin (Hb),
hematocrit (HCT), aminotransferase (ALT), creatinine (Cr), blood urea nitrogen (BUN), albumin (ALB) and
sodium ion (Na*) level compared to the non-pregnant group (P < 0.05). However, White blood cell (WBC),
Neutrophil count (NEU), Platelet count (PLT), Aspartate Transaminase (AST), Alkaline phosphatase (AKP),
Creatine Kinase (CK), Total bilirubin (TBIL), Direct Bilirubin (DBIL), Amylase (AMY), Glucose (GLU),
Potassium ion (K+), Calcium ion (Ca2+), Prothrombin Time (PT), Activated partial thromboplastin time
(APTT) and D-Dimer (DD) showed no connection with the pregnancy status.

Independent risk factors for OF development in APIP patients

According to the previous analysis, results point toward OF as a potential factors for the prognosis of
APIP. To thoroughly investigate the impact of various factors on the OF of APIP patients, we further
compared clinical characteristics and laboratory indices among the 49 APIP patients. Tables 3 and 4. By
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the time of discharge, 23 OF occurred (46.9%). Among which 23 cases (100%) were respiratory failure,
while renal failure and circulatory failure were all 0 cases. Comparative analysis included general
conditions between OF group and non-OF group at the time of admission. And there were no statistical
differences in age, etiology, history of diabetes, hypertension, smoking and drinking. The BMI in the OF
group was significantly higher compared to the non-OF group (P < 0.05). As anticipated, the most
common severity of OF group were MSAP (52.2%) and severe acute pancreatitis (SAP) (47.8%), whereas
mild acute pancreatitis (MAP) (42.3%) and MSAP (57.7%) accounted for the largest proportion in non-OF
group. The difference was statistically significant (p <0.001). All these data support worse circumstances
related to OF. In addition, further analysis also found that OF patients had longer total hospital stay
(22.3+25.3 vs 10.4+8.3, p < 0.05) and were more likely to be admitted to ICU (p <0.001). In terms of
complications, statistical differences between the two groups were shown in local complications (p <
0.05). As exhibited in Supplementary Table 3, walled-off necrosis (WON) infection was found in 5(21.7%)
patients in the OF group, compared to 0 patients in the non-OF group (p < 0.05).

To investigate the relation of the OF with laboratory parameters, comparisons were made among the two
groups. Table 4 indicated the results. In comparison, the levels of HCT, BUN, TG, TC, GLU and PT were
significantly higher in APIP patients with OF than those without OF (all P < 0.05). However, the level of PLT
was significantly lower in the OF group (P <0.05). And there was no difference in levels of WBC, NEU, Hb,
ALT, AST, AKR, CK, Cr, TBIL, DBIL, ALB, AMY, K+, Na+, Ca2+, APTT and DD between the two groups.

To further explore the risk factors contributing to the occurrence of OF, we screened the potential variables
on the basis of previous results and analyzed them through univariate analysis, as depicted in Table 5.
Higher levels of BMI (OR, 1.23,95% Cl, 1.03-1.47, P=0.022), HCT (OR, 1.22,95% Cl, 1.03-1.43, P=0.021),
BUN (OR, 2.08,95% Cl, 1.17-3.69, P=0.012), TG (OR, 1.09, 95% Cl, 1.03-1.17, P=0.007), TC (OR, 1.33,95%
Cl, 1.11-1.59, P=0.002), GLU (OR, 1.25,95% Cl, 1.03-1.51, P=0.021), and PT (OR, 1.81,95% Cl, 1.13-2.92,
P=0.014) were found to be significantly related to the development of OF (all P <0.05). We then
introduced the variables with P values <0.05 in univariate analysis into the multivariate analysis. The
results indicated that increased levels of BUN (OR, 8.6, 95% Cl, 1.19-61.7, P=0.032), TG (OR, 1.18, 95% Cl,
1.00-1.38, P=0.046), and TC (OR, 1.68,95% Cl, 1.02-2.76, P=0.041) were associated with a higher risk of
developing OF.

The biomarkers’ power for predicting OF

Based on our previous results, YDI of the three potential variables (i.e. BUN, TG and TC) were calculated
using ROC curve analysis, after which we characterize their cutoff values, sensitivity, specificity, PPV, NPV,
+LR and -LR to investigated the utility in distinguishing APIP patients with or without OF. Specific
information was displayed in Figure 2 and Table 6-7. TC had the highest ability in predicting OF ((AUC =
0.788, P =0.001, 95% confidence interval (Cl) 0.656 to 0.920). And the optimal cutoff value of TC was
obtained to be 9.215 based on Youden index, suggesting that an APIP patient with concentration of
TC=9.215 mmol/L was likely to be diagnosed with OF. TG ((AUC = 0.763, P = 0.002, 95% confidence
interval (Cl) 0.630 to 0.896) had a moderate prediction accuracy, with the highest specificity (92.3%), YDI
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(0.575) and -LR (0.518). Relatively speaking, BUN ((AUC = 0.751, P = 0.003, 95% confidence interval (Cl)
0.615 to 0.887) had the lowest prediction accuracy, with the lowest specificity (69.2%), YDI (0.388), PPV
(0.693) and +LR (2.259).

With the aim to further determine the clinical value of combined detection of each index, BUN, TG and TC
were detected in pairs and analyzed in series or in parallel. Notably, it has been established that parallel
detection can improve the diagnostic sensitivity and serial detection can increase the diagnostic
specificity. Similar to the consensus, we were pleasantly surprised to find that the specificity and
sensitivity increased remarkably when BUN, TG and TC were detected in series (100.0%) and in parallel
(100.0%) (Table 8).

Nomogram model for OF

On the basis of the previous analysis, a nomogram was constructed combining all potential predictive
factors for OF. Figure 3. The predictive factors included BUN, TG and TC. Each variable was matched with
the corresponding score using the nomogram, after which the scores assigned to the corresponding
factors were added to determine the total score. Subsequently, it's reasonable to identify the possibility of
OF by drawing a line down from the axis of total score to the probability axis. To assess the predictive
accuracy of the nomogram model, the calibration plot of OF probability was conducted. Remarkably,
Figure 4 showed great consistency between the predicted results of the nomogram and the actual
observation. At the same time, the performances of the planted nomogram for predicting OF were
assessed by ROC curve analyses (Figure 5), and AUC=0.941 supported a good discrimination ability of
nomogram. Hence, these analysis provided the pivotal evidence of the nomogram as useful predictor of
OF in APIP patients.

Discussion

In comparison with the incidence of APIP in other studies, [21; 22] APIP patients in our study accounted
for a larger proportion of 1.97% among the AP population. This higher incidence suggests a new
perspective to explore statistically significant differences in pregnant and non-pregnant AP patients. On
the relationship between age and pancreatitis, a previous study by Yadav et al. indicated that the risk of
AP gradually increases with age.[23] However, another study that included postpartum cases suggested
that women with postpartum period pancreatitis were younger than non-pregnant patients with
pancreatitis due to gallstones but not pregnancy.[24] Our study ruled out postpartum, student’s t test
revealed that AP was more likely to occur during pregnancy in younger patients. Thus, more attention
should be paid to the onset of gestation in younger women.

In terms of past medical history, several population-based cohort studies found that patients with
diabetes have an approximate 1.5-2.9 fold increase in risk of AP[25-27] The possible mechanism might
point toward the abnormal pancreatic secretion affected by metabolic disorder in diabetic patients, and
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anti-diabetic medications used to manage diabetes was confirmed to decrease the excess risk.[26, 28, 29]
Interestingly, no statistical differences with regard to pre-existent diabetes was shown in our AP-based
research between pregnant and non-pregnant patients. The result illustrated that compared with the non-
pregnant female AP patients, prior diabetes history would not considered as characteristics for APIP
patients. In addition, drinking and smoking rarely happen to Chinese women due to the local culture, and
we found that smoking and drinking were also not the characteristics of APIP patients. Hypertensive
disorders of pregnancy remain a troublesome problem in obstetrics, about 5-10% of pregnancies were
associated with fetal, neonatal or maternal mortality.[30, 31] Consequently, pregnancies are usually
advised to actively control blood pressure during pregnancy preparation and pregnancy stage. Within this
context, even though our analysis manifested statistical difference in pre-existent hypertension between
pregnant and non-pregnant AP patients, we did not consider pre-existent hypertension to be a major
feature of APIP. Notably, pre-existent hypertension, diabetes, smoking and drinking were also not listed as
risk factors for OF following our analysis of OF in APIP patients.

The most common causes of AP in this study were gallstones and HTG (36.5% and 49.4%, respectively).
The results were in line with the published literature in China.[12, 32] Importantly, we also found that
compared with the non-pregnant patients in which the proportion of AP cases caused by gallstones
(41.8%) was equal to that caused by hyperlipidemia (46.7%), the proportion of APIP patients caused by
hyperlipidemia was significantly higher (59.2% vs 16.3%), and there were no alcohol-caused APIP
patients. This finding contrasted with those made in other parts of Europe and America, where gallstones
were considered to be the most common cause and cases of AP among pregnant women were partly
caused by alcohol. [33-36] A possible explanation would be the differences in race and dietary habits. On
the one hand, the prevalence of gallstone-related AP cases in Asian countries was significantly lower
compared with patients in western countries.[37, 38] On the other hand, regularly alcohol-drinking was
thought to be rare in Chinese maternal population, and chronic pancreatitis that closely related to alcohol
was not included in our study. In addition, prevalent high-fat diet among pregnant women in China may
also partly explain the higher incidence of HTG-AP during pregnancy. As far as pathophysiological
mechanism is concerned, estrogen related to pregnancy would reduce the activity of lipoprotein lipase
which decreased the clearance of TG and eventually lead to HTG.[39, 40] At the same time, lipid
metabolism disorder caused by insulin resistance during pregnancy capably increase triglyceride level to
2-3 times of non-pregnant standard. All these reasons together contribute to the significant incidence of
HTG as well as the higher level of TG among APIP patients compared with non-pregnant AP women, as
Table 1-2 proved. On the influence of etiology on the development of OF, there was no research found
etiology as an independent risk factor for OF.

So far, the pathogenesis of APIP caused by HTG still remain unclear. We speculated that this
pathophysiological mechanism may be attributable to the following possibilities. Firstly,
hyperlipoproteinemia produced by hyperlipidemia increases blood flow resistance, which leads to the
disturbance of microcirculation.[41] Secondly, amount of TG is hydrolyzed into excess free fatty acids
(FFAs) by pancreatic lipase that diffusing from pancreatic acinar cells.[12] Afterwards, a great deal of

FFAs infiltrate into the pancreatic cells and the acidic environment accelerates the activation of
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trypsinogen, which leads to severe self-digestion of pancreas and activation of inflammatory cells.[42]
Owing to the cascade reaction of various inflammatory mediators, intensive systemic inflammatory
response is marked in AP. And increased infiltration of inflammatory cells that observed in multiple
organs according to other reports provide the additional evidence of our hypothesis.[43] Among these
organs, the lung is considered the most vulnerable one that may fail at an early stage. Broadly similar to
studies based on AP population, we also found respiratory failure as the commonest OF in APIP patients.
[19, 44]

Some scholars found that the risk of developing AP may increase due to obesity.[45] BMI (kg/m2) is
considered as the most commonly used approach. In a previous meta-analysis, compared with normal-
BMI patients, the risk of AP, severe AP, systemic or local complications were particularly higher among
obese patients.[46] This can be explained by the pathogenesis of HTG-AP caused by fat accumulation
that have been described above. In our study, BMI was an independent risk factor for the development of
OF in APIP patients. Of note, there was also a statistically significant difference of BMI between the
pregnant and non-pregnant patients with AP. The results demonstrated that higher BMl is a distinguishing
feature of OF-APIP patients.

According to the 2012 Atlanta classification, AP is classified as mild, moderate or severe on the basis of
local (or systemic) complications and OF.[3] AP without complications and OF is defined as mild acute
pancreatitis (MAP). Moderately severe acute pancreatitis (MSAP) is defined as transient OF with/or (local
or systemic) complications. Persistent OF with/or (local or systemic) complications characterizes severe
acute pancreatitis (SAP). In a Chinese study of 90 APIP patients, 85.7% of fetal death occurred in the
MSAP and SAP groups.[13] Another study reported a more remarkable result that all the maternal and
fetal deaths occurred in the SAP group.[12] Namely, the severity of APIP might play a role in determining
the risk for maternal and fetal health, and early prediction of MSAP or SAP is the key measure to improve
the outcome. With this in mind, predicting the development of OF is the problem related to severity of
APIP. Several studies have shown that OF caused the main mortality peak in an early stage of AP[47, 48]
Our study observed that the presence of OF increased the length of hospital stay (22.3+25.3vs 10.4
8.3, P=0.041). This result possibly also described the disease aggravation induced by OF in APIP.

To our knowledge, prediction of AP severity, pancreatic necrosis and infections has been available using
existing biomarkers, computed tomography (CT) and clinical scoring systems.[49—-51] Recent research
has started to show interest in predicting the severity of APIP as well, including predicting MSAP, SAR, and
persistent organ failure (POF).[52, 53] However, only a small portion of high-risk cases can be predicted
by existing algorithms. According to previous studies, OF is an independent risk factor in determining
death.[19, 47, 48] All OF-at-risk individuals ought to be regarded as high-risk patients. Therefore, a
multifactor model for early OF prediction in patients with APIP needs to be developed. In our study, a new
model based on multivariable logistic regression that contains BUN, TG and TC was established and
validated for the individualized, non-invasive prediction of OF.
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Observations of the non-pregnant HTG population revealed that TG levels > 1000 mg/dL (11.3 mmol/L)
elevated the risk for triggering AP[54] Up to date, the relationship between TG level and the course of AP
has been explored in more and more studies.[17, 55, 56] In a Spanish study of 1457 AP patients, Pascual
et al. compared the normal triglycerides-mild HTG (< 200 mg/dl), moderate HTG (200-749 mg/dl), severe
HTG (= 750 mg/dl) groups and found that patients with higher serum triglyceride levels were at elevated
risk of OF, acute peripancreatic collections, pancreatic necrosis and mortality.[57] Similarly, some other
well-conducted studies also reported that higher TG level in AP patients may be linked to adverse
prognosis.[58, 59] The related pathophysiological mechanism has been mentioned already in our
discussion. Blood purification, medical treatment with heparin and/or insulin can help in improve
triglycerides and further promote the recovery of HTG-AP patients.[54, 60, 61] Yet, considering the
harmfulness of HTG-AP in pregnant women, it is very important to monitor the blood TG level during
pregnancy. According to Manasvi et al., high-risk women should have their TG levels monitored every
three months. Monthly checks should be performed on pregnant women with fasting triglycerides >250
mg/dL. [62] Owing to the elevated risk of OF in APIP patients with higher levels of TG,[21] the cut-off
value of TG concentration was counted as 13.865 mmol/L in our study to predict the occurrence of OF.
With a sensitivity of 52.2%, a specificity of 92.3%, and AUC of 0.763.

Cholesterol plays a role as a cell membrane component, the relationship between cholesterol and
cardiovascular disease risk has been well confirmed over the years.[63-65] With the deepening of
research, the mechanism of cholesterol in the pathogenesis of AP has also been revealed, including the
activation of TLR signaling,[66] activated neutrophils,[67, 68] reduced nitric oxide (NO),[69] the presence
of reactive nitrogen species (RNS) and reactive oxygen species (ROS).[70] In the study by Peng et al,[71]
cholesterol was thought to be inversely correlated with the disease severity in AP patients. However,
another study in 648 cases of AP showed that there was a U-shaped correlation between TC level and
severity within 24 hours of admission. Their results showed that comparable to patients with moderate
TC levels (160-240 mg/dL), significantly higher rates of SAP were revealed in groups with low TC levels
(<160 mg/dL) and high TC levels (> 240 mg/dL).[72] The low TC levels may be attributed to a decrease in
energy, increased catabolism, and reduced cholesterol synthesis.[73, 74] Cholesterol as well as
triglyceride levels in blood are might increased due to the decompose of fat, which endanger pancreatic
blood circulation. Using 9.215 mmol/L as the threshold to predict OF in APIP patients, elevated risk of OF
along with higher TG level was shown in our study.

As a single and cheap marker, BUN at admission might characterize the underlying physiologic state of
patients, including intravascular volume status and pre-renal azotemia.[75] Furthermore, the fluctuation
of BUN during the follow-up treatment is particularly susceptible to pancreatic ischemic injury.[76] And its
elevation reflects the failure of blood volume to fully resuscitate in their disease course, worsening renal
function or negative nitrogen balance induced by AP[77] For these grounds, BUN might potentially play
pivotal roles in the early assessment and late management efforts of AP. Several scoring systems has
been reported by previous studies to incorporate BUN for prediction of prognosis in AP[78-81] In a recent
study,[82] Liu et al. enrolled 155 patients with acute necrotizing pancreatitis (ANP), and found that

although no superiority was shown in BUN to predict OF and POF, its predictive performance was
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significantly improved to 0.83 and 0.85 respectively after combined with the mean CT density and
necrosis volume. Of note in our study, the specificity and sensitivity of predicting OF in APIP patients also
increased remarkably when BUN incorporate with TG and TC in series (100.0%) and (100.0%) parallel.

Our prediction model was connected with above parameters within 48 hours of admission, which can
predict the probability of OF in APIP patients. It must be stated that a higher predicted probability
generally indicates a higher likelihood of OF in a patient. However, the diagnosis of OF still needs to be
based on the relevant guidelines. Similar to many other comparable articles, the nomogram model in this
study was constructed based on multivariate analysis, and integrate the results of logical regression to a
great extent. As a prognostic model, nomogram can not only visualize the related indexes that affect the
outcome of multivariate regression analysis, but also presents the probability of a certain outcome of the
patient with intuitive graphics, making the prediction more accurate and intuitive.[83] Since ROC curve
analyses and the calibration plot of OF proved that the model had high discrimination and calibration
accuracy. Consequently, did the nomogram model acquire certain clinical application value.

In the end, several limitations should be noted with our study. Firstly, this was a retrospective research
while the related information was prospectively captured from our AP data. Secondly, because of the low
incidence of APIP, our analysis was based on a small sample size that would limit the extrapolation of
conclusions obtained in this study. In addition, follow-up data of patients after their discharge were not
available due to the hiding of some personal information. Thirdly, there are still some factors that we
have not taken into account. Such as serum amylase and lipase. One explanation for this was that serum
amylase and lipase levels in more than 50% of HTG-AP patients may be normal at or during the hospital
course.[84, 85] What's more, studies involving the APIP population had reported that neither lipase nor
amylase could predict the severity of APIP[86] Fourthly, previous studies have shown that the gestational
age, preterm delivery, fetal distress and fetal loss were strongly correlated with the severity of APIP[1, 53,
87, 88] However, we did not collect fetal outcomes and obstetrics information such as the gestational age
of the APIP patients, which may have missed some new findings. Finally, a predictive model to help
identify APIP patients at high risk of OF was constructed and confirmed in our research, but a further
distinction of transient and persistent OF cannot be achieved. Further studies with a larger sample size
are needed to validate the model.

Conclusions

Acute pancreatitis in pregnancy (APIP) is a potentially dangerous disease, and the development of organ
failure (OF) may lead to disastrous consequences for both the foetus and the mother. An in-depth insight
into the characteristics and primary predictors of APIP, particularly in OF-APIP patients would be useful in
clinical decision-making. According to our analysis, the most primary cause of APIP was
hypertriglyceridemia (HTG), and respiratory failure was the main type in all included OF patients. Higher
BMl is a distinguishing feature of OF-APIP patients. In addition, we established and validated a
nomogram model consisting of three risk factors BUN, TG and TC with good accuracy for the prediction
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of OF among APIP patients. Hoping to contribute to the prompt diagnosis and treatment of APIP in China,
further more multicenter studies with larger sample size are warranted to verify our results.
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Tables

Table 1. Clinical characteristics of AP patients between non-pregnant and pregnant groups

Page 20/34



Age, years
BMI, kg/m2
Severity of AP
MAP

MSAP

SAP

Etiology of AP
Biliary

HTG

Alcohol

Other

Pre-existent
Hypertension

Pre-existent Diabetes

Smoking
Drinking

Organ failure

Respiratory failure

Renal failure

Circulatory failure

Persistent failure

Multiple organ failure

IMOFT

Complication

Pancreatic necrosis

Infected Pancreatic

Necrosis
shock

ICU admission

All
patients(n=233)
37.918.6
24,3137

73(31.3%)
114(48.9%)
46(19.7%)

85(36.5%)
115 (49.4%)
4(1.7%)
29(12.4%)
17(7.3%)

21(9.0%)
2(0.9%)
11(4.7%)

72(30.9%)
10(4.3%)
2(0.9%)
44(18.9%)
11(4.7%)

37(15.9%)
55(23.6%)
20(8.6%)

8(3.4%)
69(29.6%)

Pregnant
=49(21.0%)
29.04£5.6
25.3+3.7

11(22.4%)
27(55.1%)
11(22.4%)

8(16.3%)
29(59.2%)
0
12(24.5%)
0

1(2.0%)
0
1(2.0%)

23(46.9%)
0
0
10(20.4%)
0

6(12.2%)
9(18.4%)
3(6.1%)

0

26(53.1%)
Page 21/34

Non-pregnant
=184(79.0%)
40.4+7.7
241129

62(33.7%)
87(47.3%)
35(19.0%)

77(41.8%)
86(46.7%)
4(2.2%)
17(9.2%)
17(9.2%)

20(10.9%)
2(1.1%)
10(5.4%)

49(26.6%)
10(5.4%)
2(1.1%)
34(18.5%)
11(6.0%)

31(16.8%)
46(25.0%)
17(9.2%)

8(4.3%)
43(23.4%)

P
values
0.000*
0.000*
0.320%

0.001t

0.027t

0.0871
1.000t
0.46671

0.006%
0.126%
1.000%
0.759%
0.1261

0.953%
0.331%
0.774%

0.209%
0.000%




‘ LOS, days 11.9+13.5 16.9+20.5 10.5+10.6 0.038*

] Death 8(3.4%) 1(2.0%) 7(3.8%) 1,000t ‘

Continuous variables are presented as the mean (standard deviation). Categorical variables are presented
as number (percentage). *Student’s t test. 3 Pearson Chi-Square test. tFisher's exact test.

Abbreviations: Acute pancreatitis=AP. Body mass index = BMI. Mild acute pancreatitis=MAP. Moderately
severe acute pancreatitis=MSAP. Severe acute pancreatitis=SAP. Hypertriglyceridemia=HTG. intensive
care unit= ICU. Length of stay= LOS. Acute pancreatitis in pregnancy= APIP.

Table 2. Comparison of laboratory parameters between AP patients in the non-pregnant and pregnant
groups
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WBC ( 704/L)
NEU ( 708/L)
Hb, g/L

HCT, %
PLT( 708/L)

ALT, IU/L
AST, U/L
AKR, U/L

CK, U/L

Cr. umol/L
BUN, mmol/L
TBIL, umol/L
DBIL, umol/L
ALB, umol/L
TG, mmol/L
TC, mmol/L
AMY, U/L
GLU, mmol/L

K*, mmol/L

Na*, mmol/L
Ca?*,
mmol/L
PT,s
APTT,s

DD, ug/ml

mean

12.7(9.8 16.8)
87.6(82.9 91.1)

124.0(111.0
141.0)

37.5%5.8

225.0(170.0
285.5)

20.0(11.0 51.5)
26.0(18.0 50.4)
78.0(61.6 120.5)
59.0(35.0 95.2)
46.6(40.3 56.3)
3.5(2.5 5.2)
12.4(8.0 18.9)
3.7(2.3 6.7)
36.25.5
7.3+11.1

4.9(3.7 8.6)
242.0(83.7 624.5)
7.74(5.9 10.8)
3.9(3.6 4.3)

137.2(134.1
139.8)

2.04(1.8 2.2)

12.1(11.5 12.9)
26.9(24.5 29.7)
2.4(1.2 4.9)

Pregnant
=49(21.0%)
15.0(9.3 19.2)
89.3(82.2 91.7)
113.0(106.0 127.0)

34.5+4.2
229.0(176.0 300.0)

17.0(8.0 23.0)
21.0(16.5 46.5)
82.0(60.5 123.0)
60.0(30.5 85.0)
44.2(37.6 50.6)
2.5(1.9 3.6)
11.5(7.8 17.1)
3.9(2.2 6.7)
34.745.2
10.7+14.1
5.5(4.2 11.2)
266.0(72.0 373.0)
7.0(6.1 9.4)
3.9(3.5 4.3)

135.4(130.7 139.9)

1.9(1.8 2.2)

12.1(11.4 13.3)
26.5(24.5 29.4)
2.9(1.6 5.5)

Non-pregnant =184(79.0%)

12.2(9.9 15.9)
87.4(82.9 91.1)
127.0(114.3 143.0)

38.6+5.9
224.5(169.0 282.0)

22.5(11.1 62.5)
27.0(19.0 51.8)
78.0(61.4 121.3)
58.5(35.3 98.8)
47.6(41.2 58.3)
3.7(2.8 5.4)
12.4(8.4 19.7)
3.7(2.3 6.7)
36.6+5.7
6.5£10.0

4.7(3.6 7.7)
237.0(92.2 650.8)
8.0(5.9 11.9)
3.9(3.6 4.3)

137.4(134.6 139.8)

2.1(1.9 2.2)

12.1(11.5 12.9)
27.2(24.4 29.9)
2.2(1.1 4.7)

P
values
0.059#
0.362#
0.001#

0.000*
0.731#

0.006#
0.106#
0.7284#
0.497#
0.025#
0.000+#
0.435#
0.773#
0.033*
0.018*
0.013#
0.348#
0.183#
0.530#

0.032#

0.131#

0.975#
0.292#
0.072#
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Continuous variables are presented as the mean (standard deviation). Categorical variables are presented
as number (percentage). * Student’s t test. # Mann-Whitney Test.

Abbreviations: Acute pancreatitis = AP. White blood cell= WBC. Neutrophil count= NEU. Hemoglobin= Hb.
Hematocrit= HCT. Platelet count= PLT. Aminotransferase= ALT. Aspartate Transaminase= AST. Alkaline
phosphatase= AKP. Creatine Kinase= CK. Creatinine= Cr. Blood urea nitrogen= BUN. Total bilirubin= TBIL.
Direct Bilirubin= DBIL. Albumin= ALB. Triglyceride= TG. Total cholesterol= TC. Amylase= AMY. Glucose=
GLU. Potassium ion = K*. Sodium ion= Na*. Calcium ion= Ca2*. Prothrombin Time= PT. Activated partial
thromboplastin time= APTT. D-Dimer= DD.

Table 3. Characteristics of APIP patients with or without organ failure

Page 24/34



All Organ Non-Organ
patients(n=49) failure=26(53.1%)
failure=23(46.9%) values

Age, years 29.0+5.6 29.916.0 28.2+5.1 0.268*
BMI, kg/m2 24,3137 25.313.7 241129 0.014*
Severity of AP 0.000t
MAP 11(22.4%) 0 11(42.3%)
MSAP 27(55.1%) 12(52.2%) 15(57.7%)
SAP 11(22.4%) 11(47.8%) 0
Etiology of AP 0.1471
Biliary 8(16.3%) 2(8.7%) 6(23.1%)
HTG 29 (59.2%) 17(73.9%) 12(46.2%)
Alcohol 0 0 0
Other 12(24.5%) 4(17.4%) 8(30.8%)
Pre-existent 0
Hypertension
Pre-existent Diabetes 1(2.0%) 1(4.3%) 0 0.469t
Smoking 0
Drinking 1(2.0%) 1(4.3%) 0 0.469t
Complication 28(57.1%) 17(73.9%) 11(42.3%) 0.026%
Pancreatic necrosis 9(18.4%) 7(30.4%) 2(7.7%) 0.0641
Infected Pancreatic 3(6.1%) 3(13.0%) 0 0.0961
Necrosis
shock 0
ICU admission 26(53.1%) 20(87.0%) 6(23.1%) 0.000%
LOS, days 16.0+£19.1 22.3125.3 10.4+8.3 0.041*
Death 1(2.0%) 0 1(3.8%) 1.000t

Continuous variables are presented as the mean (standard deviation). Categorical variables are presented
as number (percentage). *Student'’s t test.  Pearson Chi-Square test. tFisher's exact test.

Abbreviations: Acute pancreatitis in pregnancy= APIP. Acute pancreatitis=AP. Body mass index = BMI.
Mild acute pancreatitis=MAP. Moderately severe acute pancreatitis=MSAP. Severe acute pancreatitis=SAP.
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Hypertriglyceridemia=HTG. intensive care unit= ICU. Length of stay= LOS.

Table 4. Comparison of laboratory parameters between APIP patients with or without organ failure
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WBC( 704/L)
NEU( 708/L)
Hb, g/L

HCT, %

PLT( 704/L)
ALT, IU/L
AST, U/L
AKR, U/L

CK, U/L

Cr. umol/L
BUN, mmol/L
TBIL, umol/L
DBIL, umol/L
ALB, umol/L
TG, mmol/L
TC, mmol/L
AMY, U/L
GLU, mmol/L

K*, mmol/L

Na*, mmol/L
Ca?*,
mmol/L
PT,s

APTT, s

DD, ug/ml

mean

15.246.5
89.3(82.2 91.7)

113.0(106.0
127.0)

34.8(31.7 37.9)
238.6+89.0
17.0(8.0 23.0)
21.0(16.5 46.5)
82.0(60.5 123.0)
60.0(30.5 85.0)
44.2(37.6 50.6)
2.5(1.9 3.6)
11.5(7.8 17.1)
3.9(2.2 6.7)
34.745.2
3.1(1.5 17.8)
5.5(4.2 11.2)
266.0(72.0 373.0)
7.0(6.1 9.4)
3.9(3.5 4.3)

135.4(130.7
139.9)

1.9(1.7 2.2)

12.1(11.4 13.3)
26.9t4.4
2.9(1.6 5.5)

Organ
failure=23(46.9%)
16.5£6.0
90.0(86.4 92.1)

120.0(107.0
141.0)

36.9(33.1 39.0)
212.6+83.8
17.0(9.0 20.0)
21.0(14.0 47.0)
82.0(58.0 107.9)
74.0(35.0 97.0)
45.8(37.2 53.7)
3.4(2.3 5.5)
11.5(7.8 15.7)
4.3(2.4 6.3)
33.9+5.3
14.7(2.4 29.1)
11.1(4.9 15.8)
284.0(67.0 482.0)
8.3(6.6 14.5)
3.9(3.5 4.4)

132.7(128.5
139.0)

1.9(1.7 2.1)

12.8(11.5 14.4)
26.55.0
3.4(1.6 5.3)

Non-Organ failure
=26(53.1%)
13.916.7

86.9(76.3 90.8)
110.5(103.8 122.3)

33.9(30.7 36.8)
261.6+88.7

14.0 (7.5 33.3)
22.0(17.0 48.0)
82.5(61.3 143.8)
48.5(27.8 68.5)
41.8(37.6 48.9)
2.4(1.5 3.0)
10.9(7.7 17.6)
3.0(2.2 7.2)
35.3+5.2

1.7(1.1 6.1)
4.7(3.9 7.4)
177.5(79.8 303.8)
6.6(5.3 8.7)
3.9(3.5 4.1)

136.4(131.7 140.8)

2.0(1.6 2.5)

11.9(11.2 12.2)
27.243.9
2.9(1.2 5.8)

P

values
0.178*
0.118#
0.056#

0.012#
0.024*
0.896#
0.810+#
0.336#
0.138#
0.331#
0.003+#
0.711#
0.452#
0.349*
0.002#
0.001#
0.667#
0.020#
0.638#

0.130#

0.288#

0.012#
0.592*
0.541#
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Continuous variables are presented as the mean (standard deviation). Categorical variables are presented
as number (percentage). * Student’s t test. # Mann-Whitney Test.

Abbreviations: Acute pancreatitis in pregnancy= APIP. White blood cell= WBC. Neutrophil count= NEU.
Hemoglobin= Hb. Hematocrit= HCT. Platelet count= PLT. Aminotransferase= ALT. Aspartate
Transaminase= AST. Alkaline phosphatase= AKP. Creatine Kinase= CK. Creatinine= Cr. Blood urea
nitrogen= BUN. Total bilirubin= TBIL. Direct Bilirubin= DBIL. Albumin= ALB. Triglyceride= TG. Total
cholesterol= TC. Amylase= AMY. Glucose= GLU. Potassium ion = K*. Sodium ion= Na™. Calcium ion=
Ca?*. Prothrombin Time= PT. Activated partial thromboplastin time= APTT. D-Dimer= DD

Table 5. Univariate and multivariate logistic regression analysis of risk factors associated with organ
failure

Variable Univariate analyses Multivariate analyses
OR (95% ClI) P OR (95% ClI) P

BMI, kg/m2 1.23(1.03-1.47) 0.022 1.13(0.84-1.53) 0.426
HCT, % 1.22(1.03-1.43) 0.021 1.19(0.90-1.57) 0.221
PLT(708/L)  0.99(0.99-1.00) 0.061

BUN, mmol/L  2.08(1.17-3.69) 0.012 8.6(1.19-61.7) 0.032
TG, mmol/L  1.09(1.03-1.17) 0.007 1.18(1.00-1.38)  0.046
TC, mmol/L 1.33(1.11-1.59)  0.002 1.68(1.02-2.76)  0.041
GLU,mmol/L  1.25(1.03-1.51) 0.021 1.03(0.72-1.47) 0.870
PT,s 1.81(1.13-2.92) 0.014 0.76(0.28-2.09)  0.601

Abbreviations: odds ratio=0R. 95% confidence interval=95% CI. Body mass index = BMI. Hematocrit=
HCT. Platelet count= PLT. Blood urea nitrogen= BUN. Triglyceride= TG. Total cholesterol= TC. Glucose=
GLU. Prothrombin Time= PT.

Table 6. Parameters of biomarker's receiver operating characteristic curves

Page 28/34



Biomarkers AUC 95%Cl S.E cut-off value P

BUN 0.751 0.615 0.887 0.069 2.550 0.003
TG 0.763 0.630 0.896 0.068 13.865 0.002
TC 0.788 0.656 0.920 0.067 9.215 0.001

Abbreviations: area under the curve = AUC. 95% confidence interval = 95% Cl. Standard Error = S.E. Blood
urea nitrogen= BUN. Triglyceride= TG. Total cholesterol= TC.

Table 7. Comparison of predictive efficacy of BUN, TG and TC

Biomarkers  Sensitivity (%)  Specificity (%) YDI PPV NPV  +LR R

BUN 69.6 69.2 0.388 0.693 0.759 2259 0.439
TG 52.2 92.3 0.575 0.871 0.659 6.779 0.518
TC 65.2 92.3 0.575 0.894 0.726 8.468 0.377

Abbreviations: Youden index = YDI. Positive predict value = PPV. Negative predict value = NPV. Positive
likelihood ratio = +LR. Negative likelihood ratio =-LR. Blood urea nitrogen= BUN. Triglyceride= TG. Total
cholesterol= TC.

Table 8. Joint detection of serum markersi%[

Joint detection  In series In parallel

Sensitivity (%)  Specificity (%) Sensitivity (%)  Specificity (%)

BUN+TG 30.4 96.2 91.3 65.4
BUN+TC 43.5 100.0 91.3 61.5
TG+TC 43.5 100.0 73.9 84.6
BUN+TG+TC 30.4 100.0 100.0 57.5

Abbreviations: Blood urea nitrogen= BUN. Triglyceride= TG. Total cholesterol= TC.

Figures
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AP datebase from 2018 to 2021

Male patients
n=1960

Age:<18 or >50
n=732

n=3154
Exclusion
Female patients
n=1194
Exclusion
Age from 18 to 50
n=462
Exclusion
Hospitalization within 5 days of onset
n=330
Exclusion

Hospitalization over 5 days of onset
n=132

1

Eligible for analysis

n=233
]
! !
Non-pregnancy Pregnancy
n=184 n=49

Figure 1

Flow chart of study participants

Abbreviations: Acute pancreatitis = AP.

Page 30/34

Chronic pancreatitisand other
pancreaticdiseases n=3
Recurrent pancreatitis
n=94




o ROC curve

03

L

06

=8N, mmol/L
TG, mmaolil

=—TC, mmaolfL
-~ Reference line

Sensitivity
L

04

02

0o &
0.0 0.2 0.4 06 08 10

1 - Specificity

Figure 2

Receiver operating characteristic curve of BUN, TG and TC for predicting organ failure in pregnant acute
pancreatitis

Abbreviations: Acute pancreatitis = AP. Receiver operating characteristic= ROC. Blood urea nitrogen= BUN.
Triglyceride= TG. Total cholesterol= TC.
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Figure 3

The nomogram for predicting organ failure among the acute pancreatitis in pregnancy

For example, a patient whose blood urea nitrogen (BUN) was 2 mmol/L, triglyceride (TG) was 20 mmol/L,

160

total cholesterol (TC) was 8 mmol/L, total points scored was 31.25, and organ failure probability was

approximately 50%.
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Figure 4

The calibration curves for the nomogram

Nomogram-predicted probability of organ failure is represented on the x-axis, and the actual probability is
represented on the y-axis. The 45°dashed diagonal line would correspond to the perfect prediction and
the other dashed line represents the entire cohort (n=49). The closer the dotted line is to the ideal line, the
better the prediction accuracy of Nomogram is. Moreover, the solid line is bias-corrected through
bootstrapping B=1000 repetitions), indicating the performance of the nomogram.
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Figure 5

The receiver operating characteristic curve for the predictive model

Area under the curve (AUC)=0.941; 95% confidence interval (Cl): 0.882 - 1.000
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