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Abstract 

Purpose: To clarify the frequency, severity, and risk factors of acute pancreatitis after percutaneous biliary stent 

placement across the papilla of Vater for malignant biliary obstruction. 

Materials & Methods: This retrospective study included 95 patients who underwent percutaneous biliary 

metallic stent placement (64 [67.4%] bare stents and 31 [32.6%] covered stents) across the papilla of Vater for 

malignant biliary obstruction between January 2010 and December 2012. The incidence of acute pancreatitis 

(Atlanta classification of acute pancreatitis) and its severity (Common Terminology Criteria for Adverse Events, 

version 4) were reviewed. Additionally, the characteristics of the patients and biliary stents, as well as the 

computed tomography findings of the pancreas were evaluated. 

Results: Grade 3 acute pancreatitis was observed in 23 patients (24.2%); acute pancreatitis of grade 4 or higher 

was not observed. The incidence of acute pancreatitis was lower in patients with atrophic pancreas than in those 

with non-atrophic pancreas (7.5% vs. 36.4%, p = 0.004). It was also lower in patients with main pancreatic duct 

(MPD) obstruction than in those without MPD obstruction (12.5% vs. 36.2%, p = 0.026). There was no 

difference in the incidence of acute pancreatitis between bare and covered stents. 

Conclusion: Percutaneous biliary stent placement across the papilla of Vater for malignant biliary stricture 

caused acute pancreatitis requiring medication in 24.2% of patients. Atrophy of the pancreas and presence of a 

dilated MPD may be associated with a decreased risk of acute pancreatitis. 

Level of Evidence: Level 4, Case Series. 

 

Keywords: Acute pancreatitis, interventional radiology, malignant biliary obstruction, percutaneous biliary stent 

placement, self-expandable metal stent  
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Introduction 

Endoscopic or percutaneous biliary interventions, such as endoscopic retrograde biliary drainage and 

percutaneous transhepatic biliary drainage (PTBD), have been used in patients with obstructive jaundice caused 

by choledocholith or malignant biliary tract obstruction [1-3]. In patients with malignant biliary tract obstruction 

who are not candidates for surgical resection, chemotherapy, radiation therapy, or other treatments are generally 

adopted. Additionally, biliary stent placement is indicated for patients who are not candidates for surgical 

interventions in order to avoid the use of an external tube. Biliary stents can be placed endoscopically or 

percutaneously [4-10, 3, 11]. A metallic stent is another option, with its patency being superior to that of tube 

stents owing to its large lumen diameter. Among metallic stents, bare stents and covered stents are available. 

Theoretically, covered stents can prevent tumor in-growth, and long-term patency is expected with these stents; 

however, their use is still controversial [12-14]. 

For middle or lower biliary obstruction, the stent is generally placed across the papilla of Vater. However, acute 

pancreatitis can occur in 0.8–25.0% of patients, following biliary stent placement across the papilla of Vater, 

owing to blockage of pancreatic juice flow by the stent [5, 8, 12-14]. The frequency, severity, and risk factors of 

acute pancreatitis after percutaneous metallic biliary stent placement across the papilla of Vater have not been 

sufficiently reported [4, 9, 11]. Therefore, the present study aimed to clarify the frequency, severity, and risk 

factors of acute pancreatitis following percutaneous biliary metallic stent placement across the papilla of Vater 

for malignant biliary obstruction. 

 

Materials and Methods 

Patients 

This retrospective study was approved by the institutional review board of our hospital. The study included 95 

patients who underwent initial biliary stent placement across the papilla of Vater for malignant biliary stricture 

between January 2010 and December 2012. The patient characteristics are summarized in Table 1. Of the 95 

patients, 58 were men and 37 were women. The median age of the patients was 66 years (range, 38–89 years). 

The primary tumor was pancreatic cancer in 32 patients, gastric cancer in 29 patients, gallbladder cancer in 6 

patients, colon cancer in 5 patients, bile duct cancer in 4 patients, and others in 19 patients. During the study 

period, all biliary interventions were performed percutaneously by interventional radiologists; no patient 

underwent endoscopic biliary stent placement in our institution. All the biliary stents used were metallic stents, 

which were placed percutaneously via the PTBD route by experienced interventional radiologists. Locations of 



4 

 

stents were determined based on demonstration of strictures on fluoroscopic images (figure 1). Stents were 

placed to cover strictures completely (figure 2). The choice of biliary stents depended on each interventional 

radiologist. Written informed consent was obtained from each patient before biliary stent placement. The 

characteristics of the stents are summarized in Table 2. The diameters of the stents placed across the papilla of 

Vater were 10 mm in 71 patients (74.7%), 8 mm in 23 patients (24.2%), and 6 mm in 1 patient (1.1%). Of the 95 

stents used, 64 (67.4%) were bare stents and 31 (32.6%) were covered stents. The Zilver stent (Cook Medical, 

Bloomington, IN) was most frequently used (47 stents, 49.5%), followed by the Viabil stent (W.L. Gore & 

Associates, Phoenix, AZ) (19 stents, 20.2%). In 56 (58.9%) cases, balloon dilatation was performed before stent 

placement for severe stricture (30 cases) or after stent placement for insufficient stent dilatation (26 cases). 

Medical charts and medical images were reviewed to evaluate the incidence of acute pancreatitis and its 

severity. The characteristics of the patients and biliary stents, and the computed tomography (CT) findings of the 

pancreas were also evaluated. 

 

Characteristics of the pancreas 

With regard to the imaging characteristics of the pancreas, the degrees of pancreatic atrophy and dilation of the 

main pancreatic duct (MPD) before biliary stent placement were evaluated using CT images obtained by a CT 

scanner with 80-raw detectors (Aquilion Prime, Toshiba, Tochigi, Japan) (slice thickness: 5 mm) before stent 

placement. Median duration between CT examination and biliary stent placement was 6 days (range; 0-67). CT 

images were evaluated by two experienced radiologists independently. To assess the amount of pancreatic 

parenchyma, we measured the anteroposterior (AP) diameter of the pancreas (figure 3). In a previous study, the 

mean AP diameter of the pancreatic body was 14.3 mm (range, 7–27 mm), with atrophic changes progressing 

with age [15]. Furthermore, when the thickness of the pancreatic parenchyma in the pancreatic body was less 

than 10 mm, it was considered as pancreatic atrophy (figure 4) [16, 15]. The thickness of the pancreatic body 

was measured at the left margin of the superior mesenteric vein (SMV) for reproducibility. In the present study, 

pancreatic atrophy was confirmed when the AP diameter of the pancreatic body was less than 10 mm. 

To assess for MPD dilation, the diameter of the MPD in the pancreatic body was measured. Generally, an MPD 

diameter of less than 3 mm is considered normal [17, 18]. Hence, in our study, dilation of the MPD was 

confirmed when its diameter was over 4 mm (figure 4).  

The incidence of acute pancreatitis, its severity, and serum amylase levels before and after stent placement were 

also evaluated retrospectively. 
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Acute pancreatitis 

Acute pancreatitis was diagnosed according to the Atlanta classification of acute pancreatitis [19]. The 

diagnostic criteria were abdominal pain, elevation of the serum amylase level, and imaging findings consistent 

with acute pancreatitis (figure 5). Patients who fulfilled 2 or more criteria were diagnosed with acute pancreatitis 

[19]. The severity of acute pancreatitis was evaluated according to the Common Terminology Criteria for 

Adverse Events (CTCAE), version 4[20]. Grade 3 or higher acute pancreatitis, i.e., acute pancreatitis requiring 

medical treatment, was regarded as clinically severe acute pancreatitis in this study. The serum amylase 

elevation rate was calculated using the serum amylase levels within 7 days before and after stent placement. 

 

Statistical analysis 

The relationships between acute pancreatitis after biliary stent placement with pancreatic atrophy, obstruction of 

the MPD, stent diameter, and balloon dilatation were evaluated using the chi-square test. Changes in the serum 

amylase levels before and after biliary stent placement were evaluated using the t-test. All statistical analyses 

were performed using the SPSS software, version 20 (IBM Corp., Armonk, NY). A p-value of <0.05 was 

considered statistically significant. 

 

Results 

In percutaneous biliary stent placement, technical success was achieved in all patients. Among the 95 patients, 

40 (42.1%) had atrophy of the pancreas and 48 (50.5%) had obstruction of the MPD before biliary stent 

placement. The mean serum amylase levels (normal value; 44 - 132 U/L) before biliary stent placement in 

patients with atrophic and non-atrophic pancreas were 132.7 ± 212.3 U/L (mean ± standard deviation) and 189.9 

± 231.1 U/L, respectively (p = 0.246); in patients with and without MPD obstruction, the levels were 197.0 ± 

263.2 U/L and 135.0 ± 175.1 U/L, respectively (p = 0.203) (Table 3). 

 

Acute pancreatitis after biliary stent placement 

Overall, grade 3 acute pancreatitis occurred in 23 (24.2%) patients, while grade 2 acute pancreatitis occurred in 

15 (15.8%) patients after biliary stent placement. Acute pancreatitis of grade 4 or higher was not observed. 

Diagnosis of acute pancreatitis was made one day following biliary stent placement in all cases with acute 

pancreatitis. In 3 patients, acute pancreatitis could not be assessed owing to lack of data in the medical chart. 
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Pancreatitis was managed with medication in all patients; no patient underwent biliary stent removal. 

Changes in the serum amylase levels and incidence of grade 3 acute pancreatitis after biliary stent placement in 

patients with or without obstruction of the MPD and atrophy of the pancreas are summarized in Table 3. The 

incidence of grade 3 acute pancreatitis and the serum amylase elevation rate were significantly lower in patients 

with atrophic pancreas than in those with non-atrophic pancreas (7.5% vs. 36.4%, p = 0.004, and 2.2 fold vs. 

11.0 fold, p = 0.001, respectively). Additionally, the incidence of grade 3 acute pancreatitis and the serum 

amylase elevation rate were significantly lower in patients with MPD obstruction than in those without MPD 

obstruction (12.5% vs. 36.2%, p = 0.026, and 2.2 fold vs. 12.2 fold, p < 0.001, respectively). There was no 

difference in the incidence of grade 3 acute pancreatitis between the patient groups that received bare and 

covered stents (28.1% vs. 16.1%, p = 0.438). The incidence of grade 3 acute pancreatitis was 19.7% (14/71) in 

the group that received stents with a diameter of 10 mm, compared to 37.5% (9/24) in the group that received 

stents with a diameter of 8 mm or less. There was no statistical difference between these two groups (p=0.149). 

There was also no relation in the incidence of grade 3 acute pancreatitis with the presence or absence of balloon 

dilatation (17.9% [10/56] vs. 33.3% [13/39], p=0.094). 

 

Discussion 

In the present study, grade 3 acute pancreatitis was observed in 24.2% of the patients in whom biliary stents 

were placed across the papilla of Vater percutaneously. All the patients were managed well with conservative 

treatment, and severe acute pancreatitis of grade 4 or higher were not noted. In biliary stent placement for 

patients with malignant biliary stricture invading the inferior bile duct, the stent can only be placed across the 

papilla of Vater, and the distal end of the stent should be in the duodenum. Previous studies have suggested that 

acute pancreatitis occurs in 0.8–25.0% of patients who have undergone endoscopic or percutaneous biliary stent 

placement across the papilla of Vater [5, 6, 8, 7, 11]. Additionally, a previous study revealed that the incidence of 

acute pancreatitis was lower in patients with suprapapillary biliary stent placement (4.1%) than in those with 

transpapillary (across the papilla Vater) biliary stent placement (25.0%) [11]. 

The risk factors of acute pancreatitis after percutaneous biliary stent placement have not been reported enough. 

Studies on endoscopic biliary stent placement have shown that accidental injection of contrast medium into the 

pancreatic duct, high axial force of the stent, non-pancreatic cancer, and age >40 years were risk factors of acute 

pancreatitis after endoscopic biliary stent placement [5, 8]. Endoscopic sphincterotomy has been reported to be a 

promising method for decreasing the occurrence of acute pancreatitis after biliary stent placement [6]; however, 
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this is still controversial [5, 7, 8].  

In the present study, the incidence of acute pancreatitis after biliary stent placement was lower in patients who 

had atrophic pancreatic parenchyma than in those who did not have atrophic pancreatic parenchyma. The 

blockage of the pancreatic duct might not influence the atrophic pancreatic parenchyma owing to the low 

exocrine function. Previous studies on pancreatic surgery have suggested that the risk of a pancreatic fistula 

after pancreaticoduodenectomy is higher in patients with normal pancreas (soft pancreas) than in those with 

fibrotic pancreas (hard pancreas) [21-23]. This difference in the pancreas results from differences in the numbers 

of residual exocrine cells. A large number of exocrine cells correlates with severe acute pancreatitis after biliary 

stent placement [5]. Additionally, patients with existing pancreatic duct obstruction are considered to have 

outflow obstruction of pancreatic juice before biliary stent placement; therefore, the stent might not have a 

strong influence on outflow blockage, and it might reduce the incidence of acute pancreatitis [5]. Patients with 

atrophic pancreatic parenchyma and pancreatic duct dilation had less elevation of the serum amylase level, and 

this might have resulted from the mechanism described above. According to these results, a biliary stent should 

be placed in the suprapapillary position in patients with abundant pancreatic parenchyma or a patent MPD, as 

long as it is possible to avoid acute pancreatitis [11]. 

A covered stent can prevent tumor growth into the stent, and theoretically, long-term stent patency is expected 

with this stent. There was no difference in the incidence of acute pancreatitis between bare and covered stents in 

this study, and this finding was consistent with the results of previous studies [5, 12, 14, 11]. Hence, covered 

stent placement may be preferable for malignant lower biliary stricture; however, there is controversy regarding 

the patency of covered and bare stents [14, 13, 12]. A previous study suggested that stent placement with high 

axial force can increase the risk of acute pancreatitis [5]. In the present study, no relationships were noted 

between the characteristics of the stent and the incidence of acute pancreatitis after biliary stent placement 

across the papilla of Vater. However, there was bias (e.g., operator’s preference) in the choice of stents. 

Therefore, the study could not appropriately evaluate the relationships. 

The present study has several limitations. First, it was retrospective in nature. Therefore, the reliability of the 

evaluated data might be low. Another limitation is the grading of acute pancreatitis. The indication of medication 

for acute pancreatitis in each patient was decided by the physician. Therefore, the indication of medication 

might be biased, and this might have influenced the CTCAE grading for acute pancreatitis. Additionally, the 

anteroposterior diameter of the pancreatic body was measured at the left margin of the SMV to evaluate the 

diameter of the pancreas. However, it does not always represent the thickness of the entire pancreas because 
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differences are present among the head, body, and tail of the pancreas. Therefore, if the thickness is measured at 

the pancreatic tail, the result might differ from that in the present study. 

 

Conclusion 

Percutaneous biliary metallic stent placement across the papilla of Vater for malignant biliary stricture led to 

acute pancreatitis requiring medication in 24.2% of patients. Atrophy of the pancreas and presence of a dilated 

pancreatic duct might decrease the risk of acute pancreatitis after percutaneous biliary stent placement. 

 

Conflict of interest 

The authors declare that they have no conflict of interest. 

 

  



9 

 

References 

1. Committee ASoP, Chathadi KV, Chandrasekhara V, Acosta RD, Decker GA, Early DS et al. The 

role of ERCP in benign diseases of the biliary tract. Gastrointest Endosc. 2015;81(4):795-803. 

doi:10.1016/j.gie.2014.11.019. 

2. Adler DG, Baron TH, Davila RE, Egan J, Hirota WK, Leighton JA et al. ASGE guideline: the 

role of ERCP in diseases of the biliary tract and the pancreas. Gastrointest Endosc. 2005;62(1):1-

8. doi:10.1016/j.gie.2005.04.015. 

3. Saad WE, Wallace MJ, Wojak JC, Kundu S, Cardella JF. Quality improvement guidelines for 

percutaneous transhepatic cholangiography, biliary drainage, and percutaneous cholecystostomy. 

J Vasc Interv Radiol. 2010;21(6):789-95. doi:10.1016/j.jvir.2010.01.012. 

4. Han YH, Kim MY, Kim SY, Kim YH, Hwang YJ, Seo JW et al. Percutaneous insertion of Zilver 

stent in malignant biliary obstruction. Abdom Imaging. 2006;31(4):433-8. doi:10.1007/s00261-

005-8017-8. 

5. Kawakubo K, Isayama H, Nakai Y, Togawa O, Sasahira N, Kogure H et al. Risk factors for 

pancreatitis following transpapillary self-expandable metal stent placement. Surg Endosc. 

2012;26(3):771-6. doi:10.1007/s00464-011-1950-4. 

6. Simmons DT, Petersen BT, Gostout CJ, Levy MJ, Topazian MD, Baron TH. Risk of pancreatitis 

following endoscopically placed large-bore plastic biliary stents with and without biliary 

sphincterotomy for management of postoperative bile leaks. Surg Endosc. 2008;22(6):1459-63. 



10 

 

doi:10.1007/s00464-007-9643-8. 

7. Artifon EL, Sakai P, Ishioka S, Marques SB, Lino AS, Cunha JE et al. Endoscopic 

sphincterotomy before deployment of covered metal stent is associated with greater complication 

rate: a prospective randomized control trial. J Clin Gastroenterol. 2008;42(7):815-9. 

doi:10.1097/MCG.0b013e31803dcd8a. 

8. Cote GA, Kumar N, Ansstas M, Edmundowicz SA, Jonnalagadda S, Mullady DK et al. Risk of 

post-ERCP pancreatitis with placement of self-expandable metallic stents. Gastrointest Endosc. 

2010;72(4):748-54. doi:10.1016/j.gie.2010.05.023. 

9. Lawson AJ, Beningfield SJ, Krige JE, Rischbieter P, Burmeister S. Percutaneous transhepatic 

self-expanding metal stents for palliation of malignant biliary obstruction. S Afr J Surg. 

2012;50(3):54, 6, 8 passim.  

10. Dumonceau JM, Tringali A, Blero D, Deviere J, Laugiers R, Heresbach D et al. Biliary 

stenting: indications, choice of stents and results: European Society of Gastrointestinal 

Endoscopy (ESGE) clinical guideline. Endoscopy. 2012;44(3):277-98. doi:10.1055/s-0031-1291633. 

11. Jo JH, Park BH. Suprapapillary versus transpapillary stent placement for malignant biliary 

obstruction: which is better? J Vasc Interv Radiol. 2015;26(4):573-82. 

doi:10.1016/j.jvir.2014.11.043. 

12. Isayama H, Komatsu Y, Tsujino T, Sasahira N, Hirano K, Toda N et al. A prospective 

randomised study of "covered" versus "uncovered" diamond stents for the management of distal 



11 

 

malignant biliary obstruction. Gut. 2004;53(5):729-34.  

13. Kullman E, Frozanpor F, Soderlund C, Linder S, Sandstrom P, Lindhoff-Larsson A et al. 

Covered versus uncovered self-expandable nitinol stents in the palliative treatment of malignant 

distal biliary obstruction: results from a randomized, multicenter study. Gastrointest Endosc. 

2010;72(5):915-23. doi:10.1016/j.gie.2010.07.036. 

14. Telford JJ, Carr-Locke DL, Baron TH, Poneros JM, Bounds BC, Kelsey PB et al. A 

randomized trial comparing uncovered and partially covered self-expandable metal stents in the 

palliation of distal malignant biliary obstruction. Gastrointest Endosc. 2010;72(5):907-14. 

doi:10.1016/j.gie.2010.08.021. 

15. Sato T, Ito K, Tamada T, Sone T, Noda Y, Higaki A et al. Age-related changes in normal adult 

pancreas: MR imaging evaluation. Eur J Radiol. 2012;81(9):2093-8. 

doi:10.1016/j.ejrad.2011.07.014. 

16. Saisho Y, Butler AE, Meier JJ, Monchamp T, Allen-Auerbach M, Rizza RA et al. Pancreas 

volumes in humans from birth to age one hundred taking into account sex, obesity, and presence 

of type-2 diabetes. Clin Anat. 2007;20(8):933-42. doi:10.1002/ca.20543. 

17. Glaser J, Hogemann B, Krummenerl T, Schneider M, Hultsch E, van Husen N et al. 

Sonographic imaging of the pancreatic duct. New diagnostic possibilities using secretin 

stimulation. Dig Dis Sci. 1987;32(10):1075-81.  

18. Mortele KJ, Rocha TC, Streeter JL, Taylor AJ. Multimodality imaging of pancreatic and 



12 

 

biliary congenital anomalies. Radiographics. 2006;26(3):715-31. doi:10.1148/rg.263055164. 

19. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG et al. Classification of 

acute pancreatitis--2012: revision of the Atlanta classification and definitions by international 

consensus. Gut. 2013;62(1):102-11. doi:10.1136/gutjnl-2012-302779. 

20. Institute NC. Common terminology criteria for adverse events (CTCAE) version 4.0. 2009. 

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40. 

21. Berger AC, Howard TJ, Kennedy EP, Sauter PK, Bower-Cherry M, Dutkevitch S et al. Does 

type of pancreaticojejunostomy after pancreaticoduodenectomy decrease rate of pancreatic 

fistula? A randomized, prospective, dual-institution trial. J Am Coll Surg. 2009;208(5):738-47; 

discussion 47-9. doi:10.1016/j.jamcollsurg.2008.12.031. 

22. El Nakeeb A, Salah T, Sultan A, El Hemaly M, Askr W, Ezzat H et al. Pancreatic anastomotic 

leakage after pancreaticoduodenectomy. Risk factors, clinical predictors, and management (single 

center experience). World J Surg. 2013;37(6):1405-18. doi:10.1007/s00268-013-1998-5. 

23. Yang YM, Tian XD, Zhuang Y, Wang WM, Wan YL, Huang YT. Risk factors of pancreatic 

leakage after pancreaticoduodenectomy. World journal of gastroenterology : WJG. 

2005;11(16):2456-61.  

 

  

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40


13 

 

Fig 1. Cholangiography before stent placement. 

Cholangiography demonstrated complete obstruction in the inferior bile duct (arrow) 
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Fig 2. Cholangiography after stent placemen. 

A metallic bare stent (10 mm in diameter and 40 mm in length) was placed to cover the obstruction completely 
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Fig 3. CT image of a normal pancreas. 

The anteroposterior diameter of the pancreatic body was 18 mm (double arrow). The main pancreatic duct was 

not dilated. 
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Fig 4. CT image of an atrophic pancreas with dilatation of the main pancreatic duct. 

On this contrast-enhanced CT before stent placement, thickness of the pancreatic body was 6.9 mm since the 

thickness of the ventral pancreatic parenchyma was 3.1 mm (white arrow) and dorsal pancreatic parenchyma was 

3.8 mm (black arrow). The diameter of the main pancreatic duct in the pancreatic body was 7.6 mm. 
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Fig 5. CT image of acute pancreatitis following stent placement (obtained one day after biliary stent placement). 

Contrast-enhanced CT of the patient who had abdominal pain and elevation of serum amylase level (1,557 U/L) 

after biliary stent placement demonstrated fluid infiltration around the pancreas (arrows). Enhancement of the 

pancreatic parenchyma was preserved. An imaging diagnosis of acute pancreatitis was made.  
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Table 1: Characteristics of patients who underwent percutaneous biliary stent placement across the papilla of 

Vater 

 

Characteristic N=95 

Value (%) 

Sex  

  Male 58 (61.1) 

  Female 37 (38.9) 

Age, years (median) 66 (range, 38–89) 

Primary disease  

  Pancreatic cancer 32 (33.7) 

  Gastric cancer 29 (30.5) 

  Gallbladder cancer 6 (6.3) 

  Colon cancer 5 (5.3) 

  Bile duct cancer 4 (4.2) 

  Others 19 (20) 

Pancreatic atrophy  

  (+) 40 (42.1) 

  (−) 55 (57.9) 

MPD obstruction  

  (+) 48 (50.5) 

  (−) 47 (49.5) 

Metallic stent diameter  

  10 mm 71 (74.7) 

  8 mm 23 (24.2) 

  6 mm 1 (1.1) 

Stent type  

  Bare 64 (67.4) 

  Covered 31 (32.6) 
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*Data are presented as number (percentage) or median (range). 

Abbreviations: MPD, main pancreatic duct 
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Table 2: Characteristics of stents placed percutaneously across the papilla of Vater for malignant biliary 

obstruction 

 

Stent Bare/covered Laser-cut/woven No.  

(Total = 95) 

% 

Zilver Bare Laser-cut 47 49.5 

Viabil Covered Woven  19 20.0 

NitiS Covered Woven  11 11.6 

Epic Bare Laser-cut 9 9.5 

HANARO Bare Woven  5 5.3 

HANARO Covered Woven 1 1.1 

BONA Covered Woven  1 1.1 

SMART Bare Laser-cut 1 1.1 

Fluency Bare Laser-cut 1 1.1 

 

  



21 

 

Table 3: Changes in the serum amylase levels and incidence of grade 3 acute pancreatitis after biliary stent placement 

 

 

 
Preoperative serum 

amylase p-value 

Postoperative serum 

amylase p-value 

Serum amylase 

elevation rate p-value 

Grade 3 acute 

pancreatitis p-value 

 (mean ± SD, U/L) (mean ± SD, U/L) (fold) (%) 

MPD         

Patent 135.0 ± 175.1 
0.203 

1100.0 ± 1426.9 
0.005 

12.2 
<0.001 

36.2 
0.026 

Obstructed 197.0 ± 263.2 408.9 ± 704.7 2.2 12.5 

         

Pancreas         

Non-atrophic 189.9 ± 231.1 
0.246 

1145.5 ± 1393.3 
<0.001 

11.0 
0.001 

36.4 
0.004 

Atrophic 132.7 ± 212.3 214.1 ± 329.3 2.2 7.5 

 

 

*Some laboratory data were not available owing to lack of data in the medical chart. The number of patients whose data were available is presented in the table. 

Abbreviations: MPD, main pancreatic duct 

 

 


