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a b s t r a c t 

Background: Early systemic anticoagulation (SAC) is a common practice in acute necrotizing pancreatitis 

(ANP), and its impact on in-hospital clinical outcomes had been assessed. However, whether it affects 

long-term outcomes is unknown. This study aimed to evaluate the effect of SAC on 90-day readmission 

and other long-term outcomes in ANP patients. 

Methods: During January 2013 and December 2018, ANP patients admitted within 7 days from the on- 

set of abdominal pain were screened. The primary outcome was 90-day readmission after discharge. Cox 

proportional-hazards regression model and mediation analysis were used to define the relationship be- 

tween early SAC and 90-day readmission. 

Results: A total of 241 ANP patients were enrolled, of whom 143 received early SAC during their hospi- 

talization and 98 did not. Patients who received early SAC experienced a lower incidence of splanchnic 

venous thrombosis (SVT) [risk ratio (RR) = 0.40, 95% CI: 0.26-0.60, P < 0.01] and lower 90-day read- 

mission with an RR of 0.61 (95% CI: 0.41-0.91, P = 0.02) than those who did not. For the quality of life, 

patients who received early SAC had a significantly higher score in the subscale of vitality ( P = 0.03) 

while the other subscales were all comparable between the two groups. Multivariable Cox regression 

model showed that early SAC was an independent protective factor for 90-day readmission after adjust- 

ing for potential confounders with a hazard ratio of 0.57 (95% CI: 0.34-0.96, P = 0.04). Mediation analysis 

showed that SVT mediated 37.0% of the early SAC-90-day readmission causality. 

Conclusions: The application of early SAC may reduce the risk of 90-day readmission in the survivors of 

ANP patients, and reduced SVT incidence might be the primary contributor. 

© 2023 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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ntroduction 

Acute pancreatitis (AP) is a common cause of hospitalization, 

ith annual global prevalence ranging from 8 to 50 per 100 000 

opulations [1] . About 5% to 20% of AP patients develop acute 

ecrotizing pancreatitis (ANP), which can lead to local complica- 

ions such as acute necrotizing collection (ANC), infected pancre- 

tic necrosis (IPN), or gastric outlet obstruction, resulting in a pro- 

onged disease course, poorer prognosis and increased rate of read- 
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ission after discharge [ 2 , 3 ]. Readmission after the index discharge 

as become a significant healthcare concern in AP patients for a 

ong time, with readmission rates ranging from 16.5% to 29% in 

revious studies [3–6] . Therapies aiming to reduce readmission 

ay improve the life quality of the discharged patients and de- 

rease the burden on the healthcare system. 

Splanchnic venous thrombosis (SVT), a common complication of 

NP, mainly affects the portal vein (PV), splenic vein (SplV), and 

uperior mesenteric vein (SMV) [7–9] . It is associated with poorer 

linical outcomes, prolonged hospital duration, and a lower qual- 

ty of life [ 10 , 11 ]. Furthermore, in patients with pancreatic exocrine 

ancer, cirrhosis, or solid organ transplant recipients [12–14] , SVT 

as been linked to an increased risk of readmission, but no study 

n AP patients has been published yet. Early systemic anticoagu- 
a. Published by Elsevier B.V. All rights reserved. 
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ation (SAC) has been shown to reduce the incidence of SVT and 

mprove clinical outcomes without increasing the risk of bleed- 

ng [15] . However, its impact on long-term outcomes, like readmis- 

ion in ANP patients, is unknown. 

In this retrospective cohort study, we aimed to assess the effect 

f early SAC on readmission and other long-term events in ANP 

atients. 

ethods 

thics statement 

This study was conducted using an electronic database (Acute 

ancreatitis Database, AP Database). The establishment of the AP 

atabase was approved by the Review Committee of Jinling Hos- 

ital (No: 2019NZKY-003-01). Routine informed consent was ob- 

ained for data collection, storage, and academic use from all pa- 

ients or next of kin during hospitalization. 

tudy design and participants 

Using the data extracted from the AP Database, a retrospective 

ohort study was conducted to evaluate the effect of early SAC 

n long-term events in ANP patients. Clinical data during hospi- 

alization and follow-data in the AP Database were prospectively 

ollected. Follow-up was implemented through telephone. From 

anuary 2013 to December 2018, patients with a primary diag- 

osis of AP complicated by pancreatic necrosis admitted to the 

enter of Severe Acute Pancreatitis, Jinling Hospital within 7 days 

rom the onset of the disease were screened. Pancreatic necrosis 

as diagnosed according to the characteristic findings of AP on 

ontrast-enhanced computed tomography (CECT): lack of pancre- 

tic parenchymal and/or presence of peripancreatic necrosis [16] . 

atients with a length of hospitalization of more than 7 days were 

ncluded. Patients who met the following criteria were excluded: 

1) younger than 18 years or older than 70 years, (2) with pre- 

ipitating factors for thrombosis (trauma, pregnancy, liver cirrhosis, 

ntra-abdominal infections, pancreatic cancer, chronic pancreatitis), 

3) with suspected active bleeding at admission, (4) with end-stage 

hronic disease, or (5) died during the index hospitalization. 

nticoagulation management in different periods 

The majority of patients admitted between January 2013 and 

ecember 2014 did not receive early anticoagulant medication due 

o concerns of the risk of pancreatic/peripancreatic hemorrhage. 

rom June 2015 to December 2018, the detrimental effects of deep 

enous thrombosis, SVT, and pulmonary embolism were better un- 

erstood, and the risk of bleeding was reassessed. Therefore, most 

atients received early SAC at the treating physician’s discretion. 

he period from January to May 2015 was a transition phase dur- 

ng which the practice gradually altered. All the enrolled patients 

ere managed by the same treating team throughout the entire 

tudy period in light of the international guidelines [17] . 

efinition of early systemic anticoagulation 

Early SAC was defined when low-molecular-weight heparin 

LMWH) (410 0, 50 0 0, 820 0 or 10 0 0 0 IU) or argatroban (10 or 20

g) was initiated at the early phase of AP ( < 7 days from onset

f abdominal pain) and administered daily for at least 7 consec- 

tive days after admission. The dosage of anticoagulants was de- 

ided by the treating physician depending on the body weight of 

he patients and the estimated risk of bleeding. No other antico- 

gulants or dose regimens were used during the study period. To 
78
onitor the coagulation status, we used routine indices like pro- 

hrombin time (PT), activated partial thromboplastin time (APTT), 

nternational normalized ratio (INR), and thromboelastogram (TEG) 

o ensure the safety of anticoagulation therapy. Once the risk of 

leeding outweighed the potential benefits of anticoagulation, an- 

icoagulant drugs would be withdrawn at the treating physician’s 

iscretion. 

tudy outcome measures 

The primary outcome was 90-day readmission, defined as un- 

lanned readmission to the hospital within 90 days of discharge 

rom the index admission. Readmission within 72 h of discharge 

as counted as the same admission. 

Secondary outcomes were other post-discharge events, includ- 

ng 30-day readmission, 1-year return to work, quality of life eval- 

ated by the 36-item Short-Form Health Survey (SF-36) at the last 

ollow-up, new-onset diabetes mellitus, steatorrhea and mortality 

uring the one-year follow-up. 

ata collection and definitions 

Data were extracted from the AP Database, including age, sex, 

ody mass index, pre-existing chronic diseases, etiology of AP, 

everity, and clinical outcomes during the index hospitalization. 

he definitions of clinical outcomes, including SVT, SVT-related 

omplications, organ failure, and bleeding, were detailed in the 

revious study [15] . Besides, the diagnosis of IPN was made when 

ne or more of the following criteria were present: gas bubbles 

ithin pancreatic/peripancreatic necrosis on CT; a positive culture 

rom pancreatic and/or peripancreatic necrosis obtained by fine- 

eedle aspiration, catheter drainage, or necrosectomy according to 

he latest guidelines [16] . The gastrointestinal fistula was defined 

s pathological communications that connect any portion of the 

astrointestinal tract with the necrotic cavity, the peritoneal space, 

he retroperitoneal areas, or another internal organ based on fistu- 

ography, digestive endoscopy, or operative findings [18] . 

All survivors were contacted by phone during the one-year 

ollow-up period once every three months. Quality of life assess- 

ent was implemented using remote questionnaire interviews. 

he questionnaire included SF-36 and a record of return to work at 

ollow-up. Readmission, new-onset diabetes mellitus, steatorrhea, 

nd all-cause mortality were recorded. 

tatistical analysis 

Continuous data were reported as means and standard devia- 

ions or as medians and interquartile ranges as appropriate, de- 

ending on their normality. The normality of data was determined 

y Kolmogorov-Smirnov tests. Student’s t -test or Mann-Whitney U 

est was adopted to compare continuous variables. Categorical data 

ere expressed as frequencies and percentages. The comparison of 

ategorical data between the two groups was performed using Chi- 

quare test or Fisher’s exact test. 

The role of early SAC in reducing 90-day readmission was eval- 

ated by the Kaplan-Meier method and was compared using the 

og-rank test. Cox proportional-hazards regression model was em- 

loyed to analyze potential risk factors for primary outcome ( P 

 0.2) with three priori variables [age, sex and acute physiol- 

gy and chronic health evaluation II (APACHE II) score at ad- 

ission] as covariates. The hazard ratio (HR) and its 95% confi- 

ence interval (CI) were calculated. In addition, to help account 

or the nonrandomized treatment administration of early SAC, we 

sed propensity-score methods to reduce confounding effects. The 

ndividual propensities for receipt of early SAC treatment were 



W.-J. Mao, J. Zhou, G.-F. Zhang et al. Hepatobiliary & Pancreatic Diseases International 23 (2024) 77–82

Fig. 1. Flow chart. 
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stimated using multivariable logistic regression model that in- 

luded the same covariates as the Cox regression model. Asso- 

iations between early SAC use and 90-day readmission were 

hen estimated by multivariable Cox regression models using three 

ropensity-score methods, including inverse probability weighting, 

ropensity-score matching, and adding the propensity score as an 

xtra covariate. 

As for the mediation analysis, we used a bootstrapping resam- 

ling with 10 0 0 resamples to assess the indirect effects of SVT on 

arly SAC and 90-day readmission. Point estimates and 95% CIs 

ere estimated for indirect and direct effects. The proportion of 

he effect of the independent variable on the dependent variable 

hat went through the mediator was estimated for mediation. 

Statistical tests were two-sided, and P values < 0.05 were 

eemed significant unless otherwise stated. All statistical analy- 

es were done in the SPSS 26.0 software (SPSS Inc., Chicago, IL, 

SA) and the R 4.1.1 software (Lucent Technologies, Inc., Murray 

ill, New Jersey, USA). 

esults 

haracteristics of the study population 

A total of 241 patients were enrolled for analysis with a me- 

ian age of 42 years, 66.8% male and 39.8% hyperlipidemia AP. 

mong them, 143 patients received early SAC during hospitaliza- 

ion, while 98 did not ( Fig. 1 ). Table 1 shows the demographic and

aseline clinical characteristics of these patients. The two groups 

ere largely balanced in terms of demographic and clinical char- 

cteristics except for types of antibiotics used and renal failure at 

dmission ( Table 1 ). 

Clinical outcomes during the index hospitalization are shown in 

able S1. Compared to non-SAC patients, the incidence of SVT was 
79
ower in patients who received early SAC (18.2% vs. 45.9%) with a 

isk ratio (RR) of 0.40 (95% CI: 0.26-0.60, P < 0.01). SVT-related 

omplications, including persistent ascites, enteral nutrition intol- 

rance, and variceal bleeding, were comparable between groups. 

ther complications, including IPN, gastrointestinal fistula, abdom- 

nal bleeding and new-onset organ failure, were also comparable 

Table S1). 

ost-discharge events and life quality 

During the 1-year follow-up, the patients who received SAC had 

 lower 90-day readmission rate (22.4% vs. 36.7%) with a RR of 0.61 

95% CI: 0.41-0.91, P = 0.02). Moreover, the incidence of 30-day 

eadmission, 1-year return to work, new-onset diabetes mellitus 

nd steatorrhea were not significantly different between the two 

roups ( Table 2 ). 

For the quality of life, SF-36 results were obtained in 44 pa- 

ients (44.9%) in the non-SAC group and 81 patients (56.6%) in 

he early SAC group. Patients who received early SAC had a sig- 

ificantly higher score in the subscale of vitality ( P = 0.03), while 

he other subscales were all comparable between the two groups 

 Fig. 2 ). 

The primary reasons for 90-day readmission are shown in Ta- 

le S2. In patients who received early SAC, persistent fever due 

o suspected infection (31.3%) was the most frequent one. In com- 

arison, aggravation of abdominal distension (44.4%) was the most 

ommon in non-SAC patients. The distribution of primary reasons 

or 90-day readmission was significantly different between the two 

roups (overall P = 0.04). Moreover, 12 patients (12.2%) in the non- 

AC group had new-onset organ failure at readmission, while 14 

atients (9.8%) in the SAC group had that (Table S3). 
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Table 1 

Demographic and clinical characteristics in patients with early systemic anticoagulation. 

Characteristics Non-SAC patients ( n = 98) Early SAC patients ( n = 143) P value 

Age (yr) 43 (34-50) 42 (34-51) 0.86 

Male sex 66 (67.3%) 95 (66.4%) 0.88 

BMI (kg/m2 ) 26.7 (24.7-28.9) 26.7 (24.5-28.9) 0.86 

Days from onset 4 (2-5) 4 (3-6) 0.23 

Pre-existing chronic diseases 

Diabetes mellitus 15 (15.3%) 29 (20.3%) 0.33 

Hypertension 35 (35.7%) 36 (25.2%) 0.08 

Untreated bile duct disease 21 (21.4%) 30 (21.0%) 0.93 

Use of antibiotics during hospitalization < 0.01 

Cephalosporins 62 (63.3%) 100 (69.9%) 

Penicillins 18 (18.4%) 5 (3.5%) 

Carbapenems 9 (9.2%) 22 (15.4%) 

None 9 (9.2%) 16 (11.2%) 

Duration of antibiotics use (d) 6 (3-11) 7 (2-11) 0.85 

Etiology 0.59 

Biliary 54 (55.1%) 79 (55.2%) 

Hyperlipidemia 37 (37.8%) 59 (41.3%) 

Alcoholic 5 (5.1%) 3 (2.1%) 

Idiopathic 2 (2.0%) 2 (1.4%) 

Organ failure at admission 

Respiratory 38 (38.8%) 70 (49.0%) 0.12 

Renal 24 (24.5%) 54 (37.8%) 0.03 

Cardiovascular 10 (10.2%) 9 (6.3%) 0.27 

APACHE II score at admission 8 (7-10) 9 (7-11) 0.27 

BMI: body mass index; APACHE II: acute physiology and chronic health evaluation II; SAC: systemic anticoagulation. 

Table 2 

Long-term clinical outcomes of the study patients. 

Long-term outcomes Non-SAC patients ( n = 98) Early SAC patients ( n = 143) RR (95% CI) P value 

Primary outcome 

90-day readmission 36 (36.7%) 32 (22.4%) 0.61 (0.41-0.91) 0.02 

Secondary outcome 

30-day readmission 24 (24.5%) 25 (17.5%) 0.71 (0.43-1.17) 0.18 

New onset diabetes mellitus after discharge 25 (25.5%) 29 (20.3%) 0.80 (0.50-1.27) 0.34 

New onset steatorrhea after discharge 11 (11.2%) 12 (8.4%) 0.75 (0.34-1.63) 0.46 

1-year return to work 64/83 (77.1%) 113/130 (86.9%) 1.13 (0.99-1.29) 0.06 

1-year death 5 (5.1%) 2 (1.4%) 0.27 (0.05-1.37) 0.12 

SAC: systemic anticoagulation; RR: risk ratio; CI: confidence interval. 

Fig. 2. Quality of life measured by the SF-36 questionnaire. ∗: P < 0.05, compared 

with non-SAC patients. Role physical denotes physical health problems with work 

or other regular daily activities. Bodily pain denotes the severity and frequency of 

bodily pain during the past 4 weeks. Role emotional denotes emotional health prob- 

lems with work or other regular daily activities. 

Fig. 3. Kaplan-Meier curves of 90-day readmission in the early SAC and non-SAC 

patients. SAC: systemic anticoagulation. 

R

m

p

p

80
ole of early SAC in 90-day readmission 

The Kaplan-Meier curves for the cumulative incidence of read- 

ission within 90 days after discharge are shown in Fig. 3 . The 

robability of readmission occurrence was significantly lower in 

atients who received early SAC (log-rank P = 0.023). In multivari- 
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Table 3 

Multivariable Cox regression in predicting late readmission during 90 days 

after discharge. 

Variables HR 95% CI P value 

Early systemic anticoagulation 0.57 0.34-0.96 0.04 

Age 1.01 0.99-1.03 0.38 

Male sex 1.04 0.62-1.73 0.90 

APACHE II score at admission 1.07 1.01-1.13 0.03 

Pre-existing hypertension 0.84 0.49-1.46 0.54 

Respiratory failure at admission 0.72 0.41-1.24 0.24 

Renal failure at admission 1.25 0.71-2.19 0.44 

Use of antibiotics 

None Reference 

Cephalosporins 0.83 0.37-1.87 0.66 

Penicillins 0.78 0.29-2.12 0.62 

Carbapenems 0.37 0.11-1.28 0.12 

HR: hazard ratio; CI: confidence interval; APACHE II: acute physiology and 

chronic health evaluation II. 

a

a

f

s

0

s

o

b

3

e

D

S

c

t

a

m

s

t

c

p

t

e

h

r

f

v  

w

a

t

r

d

e  

A

c

t

e

t

s

c

e

q

t

s

r

t

t

d

c

c

v

a

a

t

a

v

l

t

d

b

9

w

r  

t

t

w

c

c

g

t

g

e

s

s

i

t

m

r

o

f

C

d

m

m

a

r

p

fi

d

a

i

p

A

C

i

G

t

ble Cox regression analysis adjusted for age, sex, APACHE II score 

t admission, pre-existing hypertension, renal failure, respiratory 

ailure at admission and use of antibiotics, early SAC remained a 

ignificant factor affecting 90-day readmission (HR = 0.57, 95% CI: 

.34-0.96, P = 0.04) ( Table 3 ). Additional multivariable propensity- 

core analyses yielded similar results (Table S4), and the balances 

f the covariates after propensity score matching or inverse proba- 

ility weighting are shown in Fig. S1. 

The result of mediation analysis showed that SVT mediated 

7.0% of the early SAC-90-day readmission causality (mediation 

ffect = -0.05; 95% CI: -0.10 to -0.01, P = 0.02) (Fig. S2). 

iscussion 

In the present study, our data suggested that the use of early 

AC was associated with a lower risk of 90-day readmission in a 

ohort of ANP patients. The main reason might be attributed to 

he reduced SVT, resulting in a lower incidence of post-discharge 

bdominal distension aggravation, a typical symptom of SVT. 

SVT is prevalent in ANP patients, with a frequency of up to 50%, 

ainly due to peripancreatic inflammation involvement of the ves- 

els [ 9 , 19 ]. SVT-related symptoms may significantly affect short- 

erm outcomes, but their impact on long-term events after dis- 

harge has not been thoroughly studied. In a retrospective study 

ublished in 2021, Robbins et al. demonstrated that 6.5% of AP pa- 

ients who developed venous thromboembolic events (pulmonary 

mbolism, deep vein thrombosis, or mesenteric vessel thrombosis) 

ad more readmissions [20] , but the relationship between SVT and 

eadmission was not assessed separately. Furthermore, SVT was 

requently reported as one of the risk factors for readmission in 

arious diseases [ 13 , 14 , 21 ]. In this study, we found that early SAC

as associated with decreased 90-day readmission, and SVT acted 

s a mediating effect factor between them, implying that the po- 

ential benefit of early SAC in ANP patients might be mediated by 

educing SVT. 

In current clinical guidelines of AP, SAC was not recommended 

uring the acute phase concerning the risk of bleeding, though its 

fficacy and safety had been reported in several studies [ 15 , 22 , 23 ].

s shown in our previous study, early SAC could reduce the in- 

idence of SVT and its related symptoms during the index hospi- 

alization [24] , including variceal bleeding, persistent ascites and 

nteral nutrition (EN) intolerance. In the present study, aggrava- 

ion of abdominal distension (44.4%) was the most frequent rea- 

on for 90-day readmission, and abdominal discomfort was a typi- 

al self-reported symptom of SVT patients caused by various dis- 

ases [ 25 , 26 ]. The results demonstrated that SVT-related conse- 

uences might be a major contributor to readmission in ANP pa- 

t

81
ients, which is in line with the results of the mediation analy- 

is. Moreover, although there are more patients in the SAC group 

eadmitted due to new-onset organ failure as the primary reason, 

he overall incidence at readmission was comparable between the 

wo groups, suggesting that SAC may not be associated with post- 

ischarge organ failure. 

For the quality of life, though only half of the studied patients 

ompleted the SF-36 health survey, we found that patients who re- 

eived early SAC had a significantly higher score in the subscale of 

itality, which is similar to the result of a meta-analysis in patients 

fter AP episodes [27] . The vitality domain of the SF-36 is used to 

ssess whether the patients are fatigued, which is associated with 

he degree of ascites and abdominal pain in cirrhosis and postoper- 

tive patients [28–30] . To our knowledge, the association between 

itality and SVT has not been reported in previous studies, and the 

ower vitality might partly result from SVT-related symptoms, po- 

entially leading to malnutrition or weakness after discharge. 

Hospital readmission represents a significant burden to the in- 

ividual patient and the health care system, and some might 

e preventable. This study found that readmission (28.2%) within 

0 days of hospital discharge among ANP patients is common, 

hereas data from the previous studies revealed an even greater 

ate of unplanned readmission (up to 70%) among them [ 31 , 32 ],

hough their time to readmission was not given. Future prospec- 

ive studies are needed to verify the benefits of early SAC in ANP, 

ith readmission rate, abdominal discomfort and quality of life in- 

luded as outcome metrics. Moreover, all necrotizing pancreatitis 

ases reported in this study were caused by non-medical etiolo- 

ies. Because of the differences in pathogenesis, whether AP pa- 

ients caused by iatrogenic etiologies like endoscopic ultrasound- 

uided interventions [33] or diagnostic procedures [34] could ben- 

fit from early SAC without safety problems can not be demon- 

trated by our results. 

There were some limitations in our research. First, it was a 

ingle-center retrospective cohort research. Furthermore, changes 

n general treatment over time in our center were likely to affect 

he results, and we did not have a uniform protocol for initiating, 

onitoring, or withdrawing anticoagulants during the study pe- 

iod, both of which may introduce bias. Moreover, a unique feature 

f this cohort is that hypertriglyceridemia-associated AP accounts 

or approximately 40% of the study subjects, which is common in 

hinese AP cohorts [35] . Although the etiology distribution did not 

iffer between patients who received early SAC or not, this feature 

ay limit the generalizability of the observed results. Last, treat- 

ent and selection variability cannot be avoided, as the duration 

nd intensity of SAC are determined by the treating physician. A 

andomized controlled trial with rigorous eligibility criteria and a 

re-determined SAC regimen is therefore justified to confirm our 

ndings. 

The application of early SAC is associated with reduced inci- 

ence of readmission and improved quality of life in ANP patients 

nd the potential benefit of early SAC might be mediated by reduc- 

ng the incidence of SVT. A future randomized trial with sufficient 

ower is warranted to confirm our findings. 
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