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Abstract
Purpose Percutaneous transhepatic biliary stent implantation (PTBS) has been widely used in the
treatment of malignant obstructive jaundice (MBO) which is an effective palliative therapy. The goal of
the research was to explore the risk factors of postoperative pancreatitis in patients who had received
PTBS.

Materials and Methods This study retrospectively included 248 patients with distal malignant biliary
obstruction (DMBO) who received PTBS from 2014 to 2019. The risk factors of postoperative pancreatitis
such as clinical characteristics, laboratory and stent variables were evaluated by logistic regression
analysis.

Results Pancreatitis occurred in 51 (20%) patients, all of whom were mild pancreatitis. Multivariate
analysis showed that stent implantation across the duodenal papilla, preoperative (within 3 days)
administration of proton pump inhibitors (PPIs) were independent risk factors that related to pancreatitis
(OR =13.242, 95% CI: 1.729–101.405; P = 0.013; OR =2.113, 95% CI: 1.024–4.36; P = 0.043, respectively),
while preoperative administration of antibiotics was a protective factor (OR =0.466, 95% CI: 0.226–0.961;
P = 0.039).

Conclusion Patients with DMBO who underwent PTBS across the duodenal papilla were more likely to
developing postoperative pancreatitis. Preoperative (within 3 days) administration of PPIs was also an
independent risk factor for postoperative pancreatitis. Furthermore, preoperative administration of
antibiotics may lower the risk of pancreatitis.

Introduction
PTBS has become a recognized palliative therapy for patients with malignant obstructive jaundice, who
are not suitable for surgery [1–3]. Biliary stents can be placed percutaneously or endoscopically [4–7].
Previous studies suggested the incidence of complications after biliary stent implantation is relatively
high [8]. Common complications of PTBS include biliary infection, hemobilia, acute pancreatitis, biliary-
cardiac re�ex etc. Acute pancreatitis is a critical but rare complication, which may result in poor prognosis
[1, 9, 10].

Previous studies showed that risk factors of pancreatitis after endoscopic retrograde biliary stent
implantation include previous pancreatitis, sphincter of Oddi dysfunction (SOD), di�cult cannulation,
precut sphincterotomy, main pancreatic duct injection and so on. However, studies on the risk factors of
pancreatitis after PTBS are scarce. The pathogenesis of pancreatitis following PTBS is still unclear [11,
12]. A pathogenesis was reported by Andrea et al. [13] who revealed that compression of the pancreatic
duct ori�ce due to medial de�ection of biliary stents leads to pancreatitis. According to clinical
experience, patients with DMBO is more likely to develop postoperative pancreatitis than high biliary
obstruction. The risk factors of pancreatitis after PTBS have not been su�ciently reported. Therefore, the
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present study was designed to investigate risk factors of acute pancreatitis after PTBS for DMBO. We
hope these �ndings will help with clinical treatments in future.

Materials And Methods
Patient

According to the enrollment criteria including patients who underwent PTBS successfully for distal
malignant biliary stricture, 256 patients were involved in this research between January 2014 and
December 2019. However, 3 of them were excluded due to preoperative pancreatitis, and 5 were excluded
because of incomplete clinical data. Finally, 248 patients (137 males and 111 females; age range: 32–
91 years) were included. In this study, DMBO was de�ned as obstruction involving the common bile
ducts. The diagnosis of MBO was based on clinical presentation, imaging �ndings, serum tumor markers
and bilirubin levels. All included patients were divided into two groups according to whether developing
acute pancreatitis after PTBS. Risk factors of pancreatitis after PTBS were assessed by analyzing clinical
characteristics, stent parameters and laboratory variables. All collected data are summarized in Table 1.
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Table 1
Included variables and occurrence of postoperative pancreatitis

Variables Pancreatitis (n = 
51)

Without pancreatitis (n = 
197)

P

Sex (Male) 23(45.1) 114(57.9) 0.103

Age, years (median) 72 70 0.374

Diabetes 15(29.4) 61(31) 0.831

Primary disease     0.522

Originate from bile duct 21(41.2) 52(26.4)  

Originate from pancreas 17(33.3) 114(57.9)  

Originate from other parts of ampulla 13(25.5) 31(15.7)  

Stent type     0.101

Cook 18(36) 39(20.6)  

Cordis 5(10) 13(6.9)  

Bard 13(26) 82(43.4)  

Antai 14(28) 55(29.1)  

Stent diameter (mm)     0.552

8 4(7.8) 21(10.7)  

10 47(92.2) 176(89.3)  

Stent length( 50 mm) 42(82.4) 151(76.6) 0.383

Pancreatic ducts visualization (PTC) 7(13.7) 29(14.7) 0.858

One-stage stent implantation 8(15.7) 38(19.3) 0.556

Stent implantation across the duodenal
papilla

49(96.1) 149(75.6) 0.001

Time of operation (Min) 10(19.6) 44(22.3) 0.675

Preoperative albumin (mean ± SD, g/L) 32.759 ± 3.957 33.240 ± 3.972 0.596

Preoperative alkaline phosphatase
(median, U/L)

264.7 348 0.01

Preoperative total bilirubin (median,
µmol/L)

124.9 132.5 0.983

Preoperative white blood cell > 10 × 10 9 /L 1(2) 31(15.7) 0.009

Preoperative administration of PPIs 27(52.9) 67(34) 0.013
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Variables Pancreatitis (n = 
51)

Without pancreatitis (n = 
197)

P

Preoperative administration of antibiotics 24(47.1) 109(55.3) 0.292

Preoperative fever ( 37.5 °C) 9(17.6) 40(20.3) 0.672

MPD obstruction 31(60.8) 135(68.5) 0.296

In-stent restenosis 1(2) 16(8.1) 0.121

Intervention process

Local anesthesia was performed by intramuscular injection of 2% lidocaine hydrochloride. Puncture
points were selected according to the location of the target bile duct. Ultrasound-guided puncture was
performed to establish the biliary tract operation pathway. The site of bile duct obstruction was
determined via cholangiography. After that, the appropriate stent was chosen to lie across the obstructive
site. Stent should cover the stricture completely, which need to be at least 1 cm longer than the stricture.
Types of stents included E-Luminexx Biliary Stent (Bard Peripheral Vascular Inc., Tempe, AZ, U.S.A.),
 Biliary Stent (Cook Ireland Ltd. Limerick, Ireland), SMART Control Nitinol Stent System (Cordis
corporation, Ciudad Mexico), Shape Memory Nitinol Stent and Transport System (Beijing Antai
Biomedical Materials Co. LTD, Beijing, China). And all of them are covered stents. All surgical procedures
were performed in accordance with the standard guideline. Weather to implant the stent in one-stage
operation is determined by the patient's general status and liver function. External biliary drainage for 3–5
days is required in patients with two-stage operation. Whether the stent is implanted across the duodenal
papilla and which type stent to choose depends on the location and length of the obstruction, as well as
the physician's clinical experience. The process was shown in the Fig. 1 and Fig. 2.

Acute pancreatitis

The diagnosis of acute pancreatitis was based on the Atlanta classi�cation of acute pancreatitis. The
diagnostic criteria were abdominal pain, serum amylase and/or lipase levels ≥ 3 times the upper limit of
normal value, and imaging manifestations consistent with acute pancreatitis. Patients who met two or
more above criteria were diagnosed as pancreatitis. Using Common Terminology Criteria for Adverse
Events (CTCAE), version 4 to assess the severity of acute pancreatitis [14, 15].

Statistical analysis
Mann–Whitney U-test and the Chi-square test were used to compare and analyze continuous variables
and categorical variables, respectively. Statistically signi�cant variables in univariate logistic regression
analysis (P < 0.1) were incorporated into multivariate analysis to identify independent risk factors.
Variables considered to be in�uential in previous studies can also be included in multivariate analysis. All
statistical analysis was performed by SPSS software, version 25.0 (SPSS Inc, Chicago, IL). A P value
0.05 was considered statistically signi�cant.



Page 6/18

Results
Patient characteristics

PTBS was successfully achieved in all patients. The condition of primary disease is as follows: 73
originate from bile duct, 131 originate from pancreas and 44 originate from other parts of ampulla.
Among the 248 patients, 17 patients had in-stent restenosis, 46 patients were implanted biliary stent in
one-stage surgery, 198 patients underwent biliary stent implantation across the duodenal papilla
(Table 1).

Acute Pancreatitis After PTBS

The diagnosis of pancreatitis was detected within 24 hours following PTBS in all cases. In all patients
with pancreatitis, the increase of amylase and lipase was detected in emergency laboratory after
presenting symptoms such as abdominal pain, nausea and vomiting. The Incidence of pancreatitis after
PTBS is 20%, which is higher than that in previous studies. The grade of pancreatitis was mild in all
cases. The serum amylase and lipase levels restored to normal within 3–7 days following conservative
therapy in all patients.

Risk factors analysis

On univariate analysis, stent type, stent implantation across the duodenal papilla (OR = 7.893, 95%CI:
1.850-33.675; P = 0.005), preoperative white blood cell count > 10 × 10 9 /L (OR = 0.107, 95%CI: 0.014–
0.804; P = 0.03), preoperative alkaline phosphatase level (OR = 0.998, 95%CI: 0.997-1; P = 0.044) and
preoperative(within 3 days) administration of proton pump inhibitors(PPIs) (OR = 2.183, 95%CI: 1.170–
4.073; P = 0.014) were signi�cant in�uence factors for pancreatitis (P 0.1). However, other factors had no
signi�cant effect on the morbidity of postoperative pancreatitis (Table 2).
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Table 2
Univariate logistic regression analysis of risk factors for pancreatitis after PTBS

Variables Univariate analysis

  OR 95%CI P

Sex (Male) 1.672 0.9-3.108 0.104

Age 1.011 0.984–1.038 0.434

Diabetes 0.929 0.474–1.822 0.83

Primary disease 0.896 0.567–1.415 0.637

Stent type 0.762 0.579–1.001 0.051

Stent diameter 1.184 0.677–2.069 0.553

Stent length ( 50 mm) 1.422 0.644–3.139 0.384

Pancreatic ducts visualization (PTC) 0.922 0.379–2.243 0.857

One-stage stent implantation 0.778 0.338–1.792 0.556

Stent implantation across the duodenal papilla 7.893 1.850-33.675 0.005

Time of operation 0.848 0.393–1.829 0.674

Preoperative albumin 0.97 0.897–1.049 0.44

Preoperative alkaline phosphatase 0.998 0.997-1 0.044

Preoperative total bilirubin 1 0.997–1.003 0.929

Preoperative white blood cell > 10 × 10 9 /L 0.107 0.014–0.804 0.03

Preoperative administration of PPIs 2.183 1.170–4.073 0.014

Preoperative administration of antibiotics 0.718 0.387–1.331 0.292

Preoperative fever ( 37.5 °C) 0.841 0.378–1.870 0.671

MPD obstruction 0.712 0.376–1.347 0.296

In-stent restenosis 0.226 0.029–1.748 0.154

Stent type, stent implantation across the duodenal papilla, preoperative alkaline phosphatase level,
preoperative (within 3 days) administration of PPIs and preoperative administration (within 3 days) of
antibiotics were included in the multivariate analysis, which revealed that stent implantation across the
duodenal papilla (OR = 13.242, 95%CI: 1.729-101.405; P = 0.013), preoperative administration of PPIs (OR 
= 2.113, 95%CI: 1.024–4.36; P = 0.043) were independent risk factors for developing acute pancreatitis,
while preoperative administration of antibiotics (OR = 0.466, 95%CI: 0.226–0.961; P = 0.039) was a
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protective factor (Table 3). Furthermore, stent type was also an independent factor, and the incidence of
pancreatitis is as follows: Cook 36%, Cordis 10%, Bard 26%, Antai 28%, respectively.

Table 3
Multivariate logistic regression analysis of risk factors for pancreatitis after PTBS

Variables multivariate analysis

  OR 95%CI P

Stent type 0.721 0.528–0.984 0.039

Stent implantation across the duodenal papilla 13.242 1.729-101.405 0.013

Preoperative alkaline phosphatase 0.999 0.997-1 0.088

Preoperative administration of PPIs 2.113 1.024–4.36 0.043

Preoperative administration of antibiotics 0.466 0.226–0.961 0.039

Discussion
PTBS has been used in patients with malignant obstructive jaundice who are not suitable for surgery.
Compared with endoscopic retrograde cholangiopancreatography (ERCP) (3%-10%), the morbidity of
pancreatitis after PTBS is lower (0.8%-5.1%) [1, 9, 16]. In this research, the morbidity of postoperative
pancreatitis was 20%, which is higher than that in previous studies. That’s probably because this research
only selected patients with distal malignant biliary tract obstruction. Some scholars believe that
postoperative pancreatitis is more likely to occur in patients with relatively low obstruction, which
probably owing to a higher incidence of stimulation of the pancreas during the procedure.

To the best of our knowledge, studies on risk factors of acute pancreatitis after PTBS are scarce. In a
previous meta-analysis, female gender, di�cult cannulation, previous pancreatitis, previous post-ERCP
pancreatitis (PEP), intraductal papillary mucinous neoplasm (IPMN), sphincter of Oddi dysfunction
(SOD), endoscopic sphincterotomy (EST), precut sphincterotomy and main pancreatic duct injection are
risk factors for post-ERCP pancreatitis [17, 18]. Combined with previous reports and clinical experience,
20 variables were included in our study to analyze their in�uence on pancreatitis after PTBS (Table 1). In
previous studies, main pancreatic duct injection was a risk factor of postoperative pancreatitis, while the
morbidity of postoperative pancreatitis in patients who had atrophy of pancreas and dilation of main
pancreatic duct signi�cantly decreased [19]. In present study, main pancreatic duct injection and main
pancreatic duct expansion were not signi�cant risk factors (P = 0.857, P = 0.296, respectively).

Univariate analysis showed that stent type, stent implantation across the duodenal papilla, preoperative
white blood cell count > 10 × 10 9 /L, preoperative alkaline phosphatase level and preoperative (within 3
days) administration of PPIs were signi�cant in�uence factors for postoperative pancreatitis. Our results
show that the OR of preoperative white blood cell count > 10 × 10 9 /L was 0.107, which suggested this
variable has a protective effect. One explanation of this condition may be that clinicians usually treat



Page 9/18

patients who have leukocytosis with antibiotics. Meanwhile, some scholars believe that prophylactic use
of antibiotics before surgery may reduce the risk of postoperative infection. Therefore, preoperative
administration (within 3 days) of antibiotics was enrolled in the multivariate analysis instead of white
blood cell count. Multivariate analysis showed that stent type, stent implantation across the duodenal
papilla, preoperative administration of PPIs and preoperative administration of antibiotics have
statistically signi�cant difference, stent implantation across the duodenal papilla and preoperative
administration of PPIs were risk factors for developing pancreatitis, while preoperative administration of
antibiotics was a protective factor. The OR of alkaline phosphatase is close to 1, which reveals that it has
little in�uence on the occurrence of pancreatitis. In this study, the postoperative pancreatitis rate with
different stent was statistically signi�cant. However, bias such as the capacity for medical payment by
patients in the choice of stents should not be ignored. Thus, our study could not properly assess whether
pancreatitis rate is signi�cantly related to stent types, and a large sample multicenter trial is necessary.

If biliary tumors involve the lower part of the common bile duct or the ampulla, it is inevitable that the
stent will cross the duodenal papilla. However, stents placed across the duodenal papilla can block the
discharge of pancreatic �uid, leading to acute pancreatitis [20]. Generally speaking, the length of the stent
to enter the intestinal tract should be controlled within 1 cm to avoid the stimulation and injury of the
distal end of the stent to the contralateral duodenal wall of the ampulla. If biliary tumors are located in
the middle part or above of the common bile duct, the stent should not cross the duodenal papilla as far
as possible, so as to retain the important function of the duodenal papilla. At this time, the lower edge of
the bracket should not be too close to the duodenal papilla. If the distance between them is < 2 cm, there
may be a possibility of papilla spasm. Shunsuke Sugawara et al. [19] found that biliary stent
implantation across the papilla for MBO would increase the morbidity of pancreatitis, which was
consistent with the present study. Some scholars also believe that no matter whether the tumor involves
the lower segment of the common bile duct and the ampulla, the stent should be placed across the
duodenal papilla in order to facilitate drainage and reduce the incidence of cholangitis after stent
implantation, which is still controversial and needs more clinical evidence to support [21]. When it comes
to the fact that the disease indicates the need to stent across the papilla, clinicians can take preventive
measures preoperatively in order to reduce the risk of pancreatitis.

PPIs combined with somatostatin are commonly used in the treatment of acute pancreatitis [22–24].
However, the prophylactic effect of using PPIs alone on the risk of acute pancreatitis is controversial
since some studies suggest that its e�cacy is limited to patients at high risk of postoperative
pancreatitis. PPIs work on gastric wall cells and block acid production by inhibiting H+-K+-ATPase.
However, a previous study revealed that PPIs therapy did not show bene�t on alleviating systemic
in�ammatory response and clinical scores in severe pancreatitis patients [25]. In addition, gastric acid is
an important barrier for the body to prevent abnormal colonization of bacteria in the upper digestive tract.
Theoretically, inhibition of gastric acid secretion by PPIs may lead to abnormal composition and higher
temporal instability of their intestinal microbiota, which may be an initiating factor for associated
infections of pancreas.
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The effect of PPIs consumption on the risk of pancreatitis after PTBS has not been investigated.
According to a previous study reported by Carmelo Scarpignato et al. [26], PPIs did not affect the clinical
course of acute pancreatitis, so they are not recommended routinely in this clinical setting [27, 28]. In the
present study, multivariate analysis showed an increased risk of postoperative pancreatitis was
associated with preoperative administration of PPIs, and the difference was statistically signi�cant. As a
consequence, the management of PPIs abuse before surgery should be emphasized.

Several studies have shown that strategies such as the administration of periprocedural antibiotic could
decrease the incidence of postoperative complications. Rty S et al. [29] found that antibiotic prophylaxis
effectively decreases the risk of pancreatitis. Multivariate analysis in the present study revealed that
preoperative administration of antibiotics has been linked to lower incidence and severity of
postoperative pancreatitis, which is an independent protective factor.

There are several limitations in our study. First, this was a single-center retrospective study, in all patients
with pancreatitis, the increase of amylase and lipase was detected in emergency laboratory only after
presenting symptoms such as abdominal pain, nausea and vomiting. It cannot be excluded that some
patients without clinical symptoms also have the increase of amylase and lipase. Thus, the authenticity
of the assessed data was relatively low to some extent. Second, clinical treatment strategies, such as
stent implantation position and the selection of stent, were decided by the physician. As a result, selection
bias may have in�ated the results. Additionally, the uneven surgical ability of different surgeons may also
cause different prognosis.

In conclusion, biliary stent implantation across the duodenal papilla may signi�cantly increase the risk of
postoperative pancreatitis. Preoperative (within 3 days) administration of PPIs was another independent
risk factor. Consequently, PPIs should be used with great caution before operation. Moreover, prophylactic
administration of antibiotics before PTBS may reduce the risk of pancreatitis.

Abbreviations
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Figure 1

A 72-year-old male with malignant distal biliary obstruction underwent PTBS, who developed
postoperative pancreatitis. A: The site of obstruction was located in the distal common bile duct (PTC). B:
The stent implantation across the duodenal papilla (PTC).
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Figure 1

A 72-year-old male with malignant distal biliary obstruction underwent PTBS, who developed
postoperative pancreatitis. A: The site of obstruction was located in the distal common bile duct (PTC). B:
The stent implantation across the duodenal papilla (PTC).
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Figure 2

A 65-year-old male with malignant distal biliary obstruction underwent PTBS without postoperative
pancreatitis. C: The site of obstruction was located in the upper common bile duct (PTC). D: The stent
was not placed across the duodenal papilla (PTC).
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Figure 2

A 65-year-old male with malignant distal biliary obstruction underwent PTBS without postoperative
pancreatitis. C: The site of obstruction was located in the upper common bile duct (PTC). D: The stent
was not placed across the duodenal papilla (PTC).


