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Abstract 

Bile duct stricture is an abnormal narrowing of the bile duct caused by traumatic injury, 

malignancies (bile duct, liver, or pancreas), and fibrosis or scarring from gallstone obstruction. 

Management typically involves surgical intervention or endoscopic techniques such as dilation 

or stenting. Conventional plastic and metallic stents are associated with complications like 

infection, migration, tissue overgrowth, and the need for removal through secondary surgery. 

Biodegradable stents offer a potential solution by naturally dissolving within the body, thereby 

reducing complications. To evaluate the clinical effectiveness, safety, and performance of a self-

expanding bioabsorbable stent in managing biliary strictures. A fluoroscopically guided 

procedure was performed on an elderly patient to place bioabsorbable stents in the bilateral 

hepatic ducts. The stent is composed of braided bioabsorbable fibers, which degrade within three 

months and fully resorb by six months post-implantation. The primary outcome was the patency 

of the biliary ducts and the absence of recurrent stricture. The procedure was successful, with no 

immediate complications. Follow-up imaging confirmed that the biliary ducts remained patent, 

with no evidence of recurrent stricture or adverse events. The bioabsorbable stent functioned 

effectively within the expected degradation timeline, demonstrating positive clinical outcomes. 

Bioabsorbable stents offer a safe and effective alternative for managing biliary strictures, 

reducing the need for secondary surgical removal and minimizing complications associated with 

longer stent retention. Further clinical studies are necessary to validate these findings and explore 

long-term benefits. 

Keywords: Bile duct stricture, Bioabsorbable stent, Self-expanding stent, Biliary intervention, 

Stent degradation  
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1. Introduction 

The biliary system involves body organs and ducts that include the bile ducts, gallbladder, and 

associated structures, which helps in transport of bile. The bile is crucial for digesting fats and is 

produced by the liver and then kept in the gallbladder before being released into small intestine 

[1]. 

Obstruction of the bile duct lumen is called biliary stricture, which can be caused by factors such 

as intraoperative biliary injury, cancer, inflammation, and gallstone scaring [2].  

 

Figure 01: Schematic illustration of intrahepatic and extrahepatic biliary tract [3]. 

Overall, 70% of biliary strictures are malignant, commonly raised with cancers such as 

pancreatic adenocarcinoma and cholangiocarcinoma (bile duct cancer). These malignancies can 

cause strictures either through direct invasion or by compressing the bile ducts externally [4]. The 

noncancerous (benign) conditions, as well as certain procedures, cause about 30% of biliary 

strictures like abdominal injuries or trauma, autoimmune pancreatitis and pancreatitis, bile duct 

scarring from gallstones etc. [5]  

Management of biliary stricture involves dilation, Percutaneous Transhepatic biliary Drainage 

(PTBD), such as resection and anastomosis, and bypass surgery. Biliary stents are a further 

treatment option.    

Biliary stents whether plastic, self-expandable metal (SEMS), or bioresorbable can be inserted 

via a variety of minimally invasive techniques, depending on the patient's anatomy and on 

clinical need. 
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Following are different approaches discussed below; 

Endoscopic Retrograde Cholangiopancreatography (ERCP): where a stent is placed with an 

endoscope threaded orally to the duodenum and into the bile duct via the ampulla. This is 

suitable for most benign and malignant obstructions and allows concomitant therapeutic and 

diagnostic interventions [6]. Where ERCP is not feasible such as in the context of changed 

surgical anatomy or high hilar strictures Percutaneous Transhepatic Biliary Drainage (PTBD) is 

used. 

Percutaneous Transhepatic Biliary Drainage (PTBD): This involves needle access through 

the liver into the biliary tree under imaging guidance, with follow-up stenting. In those patients 

where ERCP and PTBD are not possible [7], Endoscopic Ultrasound-Guided Biliary Drainage 

(EUS-BD) offers a solution by creating a biliary-enteric fistula under the guidance of EUS, 

typically with covered SEMSs or lumen-apposing metal stents [8]. These various approaches are 

what ensure stent placement in an appropriate fashion to the unique individual anatomical and 

pathological requirements of each patient. 

Biliary stents are mainly employed to restore unidirectional bile flow and promote lumen 

remodeling in cases where the bile duct is obstructed or constricted. Common bile duct 

prostheses include both T-shaped tubes and biliary stents, which are made from either plastic or 

metal materials. T-shaped tubes are typically inserted into the bile duct through open surgical 

procedures, with the aim of preventing stricture development and aiding bile drainage [9]. 

However, the use of T-shaped tubes is associated with various complications, including lumen 

blockage, retrograde infection, and biliary leak following T-tube removal. 

Plastic and self-expandable metal stents (SEMSs) for biliary procedures are available in all 

classes of structural designs and compositions to address different clinical scenarios. 

Plastic biliary stents are made in different shapes, including straight, curved, wedge, angled, 

winged, and single or double pigtail, with or without central or duodenal bends. Wedge stents 

lack anchoring features, whereas others have internal or external flaps single to quadruple to 

prevent migration. S-shaped stents are custom-made for the best drainage of the left biliary 

system. Common materials are polyethylene (PE) the most prevalent polyurethane (PU), blends 

of PE/PU, polytetrafluoroethylene (PTFE or Teflon), and polymer soft composites. Some more 

advanced stents have a multilayer configuration that includes a perfluoropolymer inner lining, a 

stainless steel mechanical strength core, and a polyamide elastomer outer layer. The European 

Society of Gastrointestinal Endoscovery (ESGE) advises against use of Teflon-based stents due 

to their reduced flexibility compared with polyethylene [10]. 

Self-expandable metal stents (SEMSs) are produced in various structural geometries, including 

hook-and-cross, handwoven, and laser-cut geometries. Some are equipped with retrieval loops to 

facilitate repositioning or removal once deployed. SEMSs are available as uncovered, partially 
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covered, or fully covered systems. Covering membranes are constructed of materials such as 

silicone, polyether polyurethane, polyurethane, PTFE, fluorinated ethylene propylene (FEP), or 

polycaprolactone, selected on the basis of their biocompatibility and mechanical properties [10]. 

Tubular plastic and metallic biliary stents, although clinically effective, must be removed once 

benign biliary stricture (BBS) is resolved. If not, these stents can lead to biliary obstruction, 

either through bile sludge buildup in plastic stents or tissue overgrowth in metallic stents which 

occur due to prolonged foreign body irritation of the bile duct. Moreover, the removal stent 

procedure itself carries risk of bile duct injury [11]. These complications highlight the limitations 

of non-degradable plastic and metal stents for the treatment of benign bile duct strictures. 

Currently most of the biliary stents used in clinical practices are non-biodegradable and require 

removal through secondary surgery. The development of biodegradable stents additional 

performance could offer a revolutionary approach for the treatment of biliary stricture. In recent 

clinical studies have shown that biodegradable biliary stents can be an effective alternative to 

permanent stents in patients with benign biliary obstructions and in those undergoing palliative 

care for malignant conditions [12]. A study by Cui et al. (2014) demonstrated that biodegradable 

stents offer a similar or even superior clinical outcome compared to traditional metal stents, 

particularly in patients with benign bile duct strictures. The study reported fewer complications 

and a lower need for additional interventions, which is a significant advantage in terms of patient 

quality of life and healthcare costs [13]. 

Device details 

The Self-expanding BioResorbable Biliary Scaffold System is an implantable device composed 

of braided structures of bioresorbable fibers which will completely resorb after implantation. The 

stent is composed of a biodegradable material which starts to degrade after an implantation of 3 

months and completely degrade within completing 6 months, eliminating the need for 

subsequent removal procedures, reducing hospital visits, and minimizing clinical risks. Its self-

expandable design preserves stent integrity and radial force for duration of 6 to 8 weeks post-

implantation. The uncovered structure minimizes the potential for migration, ensuring stable 

positioning. Radiopaque markers are embedded to enable accurate localization and monitoring of 

the stent during placement and follow-up. 
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Figure 02: Biodegradable Biliary Scaffold System  

 

2. Methods and Material:  

The monofilaments that make up the bioresorbable biliary stent are made of polydioxanone 

(PDO), a unique kind of plastic which is colored violet so that surgeons can more easily 

visualize it during the procedure. PDO is not harsh on the body and irritates very little when 

inserted. Polydioxanone (PDO) can be melted and shaped without thermal decomposition. 

Using the process of melt spinning, the polymer is pushed through a fine spinneret to create 

continuous monofilaments. The monofilaments are subsequently braided or woven to create 

the scaffold structure of the bioresorbable stent. This substance gradually dissolves in the 

body by a biological process known as hydrolysis, in which water assists in the breakdown of 

the substance into fragments that can be safely metabolized by the body. It generally takes 6 

to 7 months (180 to 210 days) for the substance to completely dissolve. 

Notably, the monofilament maintains roughly half its initial strength after 6 weeks (42 days), 

so it has the capacity to support the bile duct as tissue heals. While it degrades, the material 

does not produce harmful effects since it breaks down into substances that are easily 

processed by the body. The pH value affects the stent degradation process. At higher pH, stent 

degradation is slower, at lower pH, stent degradation is faster. In summary, PDO 

monofilament provides temporary support for the bile duct, keeping it open during the healing 

process, and then harmlessly dissipates without having to be taken out.  

Platinum radiopaque markers are embedded at both the distal and proximal ends of the 

Bioresorbable Biliary Scaffold System to provide distinct fluoroscopic visibility during 

delivery. The markers allow for accurate scaffold placement, controlled release, and post-

procedure assessment.  
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3. 3.1 Clinical Use of Biliary Scaffold System: Case Reports 

Case 01 Patient Profile: 

Table 01: Patient-01 characteristics prior to the procedure 

3.2 Initial Assessment 

A middle-aged female with a history of choledochojejunostomy performed five years earlier 

presented with progressive jaundice, dark urine, and pale stools, indicating obstructive jaundice.  

3.3 Findings: 

The imaging findings have revealed caudate lobe hypertrophy of the liver. The liver surface was 

also mildly nodular, indicative of slight unevenness of the liver surface. The findings of 

pneumobilia and non-visualization of the gallbladder were obtained. The pancreas showed no 

abnormal collections and was at normal size with no evidence of pancreatic duct dilation, so 

apparently, there is nothing wrong with the pancreas. These findings suggest the possibility of 

the liver involvement but indicate no significant pancreatic abnormalities.  

3.4 Diagnostic Procedure:  

Cholangiography via PTBD demonstrated a benign stricture at the site of the 

choledochojejunostomy. Biopsies taken during the procedure confirmed the benign nature of the 

stricture, ruling out malignant causes. 

3.5 Procedure details: 

3.5.1 Preparation: Appropriate sedation was administered to ensure the patient’s comfort 

throughout the procedure.  

 

Sr. 

No 
Field Value 

1 Age 62 Years 

2 Sex Female 

3 Clinical condition Obstructive jaundice 

4. Device used  Biodegradable Biliary Scaffold System 

5.  Size of device used  8 x 50 mm & 8 x 60 mm 

6 Quantity of device used 2 Nos 
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3.5.2 Accessing the Biliary system 

By following the Percutaneous Transhepatic Cholangiogram (PTC) method, the common bile 

duct was cannulated with a specialized catheter under the fluoroscopic guidance.  

3.5.3 Deployment of the Stent  

A Biodegradable stent of size 8 x 50 mm was selected and advanced over the guidewire to the 

location of the obstructed bile duct. After confirming the appropriate placement of the first stent, 

the second stent of size 8 x 60 mm was introduced and placed at targeted site.  

3.5.4 Therapeutic Intervention 

Initial management involved PTBD with internal drainage catheters, which required multiple 

exchanges due to persistent obstruction. Given the benign pathology, metallic stents were 

contraindicated due to the risk of complications and the need for future re-intervention. 

Therefore, bio-absorbable stents were selected. 

On 24/11/2023, the patient underwent a fluoroscopically guided procedure to place bio-

absorbable stents in the bilateral hepatic ducts. The procedure was successful, with no immediate 

complications.  

 

Figure 03: Illustrate the process of Biodegradable Scoffold System on the targeted site 
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Figure 04: Diagnostic image of biliary stricture in the bilateral hepatic duct  

3.5.5 Follow-Up 

In the follow-up case of PTBD with Bio Absorbable Stent the Plain CT of Abdomen and Pelvis 

revealed the following findings:  

The pancreas appeared normal in size, with no signs of abnormalities such as collections, 

peripancreatic fat stranding, or calcifications. Additionally, the pancreatic duct (PD) was not 

dilated, indicating no signs of obstruction. The spleen and adrenal glands showed no 

abnormalities, and both kidneys were of normal size with no signs of perinephric fat stranding, 

hydronephrosis, or calculi. The ureters were unremarkable. There were no signs of ascites or 

adenopathy, and the pelvic soft tissues appeared normal. The lower lungs were clear, and no 

bony lesions were detected. Notably, calcification was observed in the abdominal aorta just 

above the bifurcation, which may have suggested atherosclerotic changes. Overall, the scan 

showed a generally normal abdominal and pelvic examination with some localized findings in 

the liver and aortic calcification, warranting further evaluation if clinically indicated. 

 

4. Result   

The procedure was successfully performed on a 62-year-old female patient with obstructive 

jaundice secondary to a benign biliary stricture at the site of a previous choledochojejunostomy. 

Two biodegradable stents (8 x 50 mm and 8 x 60 mm) were placed in the bilateral hepatic ducts 

using a fluoroscopically guided Percutaneous Transhepatic Cholangiogram (PTC) method. There 

were no immediate post-procedure complications, and the stents remained well-positioned 

without evidence of migration. Follow-up imaging demonstrated patent biliary ducts with no 

recurrent stricture or biliary obstruction. The abdominal CT scan showed normal pancreatic size 
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and structure, no biliary duct dilation, and no other significant abnormalities apart from mild 

calcification in the abdominal aorta. The liver surface exhibited mild nodularity, suggesting 

minor fibrosis or chronic liver changes. The biodegradable stents began degrading within three 

months post-implantation, and full resorption was achieved by six months without the need for 

secondary surgical removal. 

5. Discussion  

Biliary strictures are typically managed with surgical intervention or endoscopic stenting using 

plastic or metallic stents. However, these conventional stents are associated with complications 

such as migration, infection, tissue overgrowth, and the need for secondary surgical removal. The 

use of bioabsorbable stents presents a promising alternative by offering spontaneous degradation 

within a predictable timeline, thereby reducing the need for secondary interventions and 

minimizing complications. In this case, Percutaneous Transhepatic Biliary Drainage (PTBD) 

has been effectively used for the placement of bioresorbable biliary scaffolds. Under imaging 

guidance, PTBD allows for accurate scaffold deployment in complex biliary strictures. 

The successful placement and performance of the biodegradable stents support their potential 

advantages over conventional stents. The self-expanding design-maintained lumen patency 

without migration or tissue overgrowth. The absence of recurrent stricture and normal bile duct 

function on follow-up imaging indicates that bioabsorbable stents could provide a safe and 

effective solution for benign biliary strictures. 

6. Conclusion  

The successful use of biodegradable stents in the management of benign biliary strictures 

underscores their clinical efficacy, safety, and procedural advantages. These stents effectively 

maintain duct patency, demonstrate a predictable degradation profile, and eliminate the need for 

secondary stent removal, thereby simplifying the overall treatment pathway. The minimally 

invasive nature of their implantation via ERCP or PTBD results in shorter procedure times, 

reduced patient trauma, and lower procedural risk. These benefits translate to faster patient 

recovery, earlier hospital discharge, and improved patient satisfaction. Additionally, the absence 

of a permanent implant reduces the likelihood of long-term complications such as stent migration 

or occlusion, commonly associated with metallic and plastic stents. Collectively, these outcomes 

highlight the potential of biodegradable biliary scaffolds as a superior alternative to conventional 

stents, offering both enhanced clinical outcomes and improved healthcare efficiency. Further 

prospective studies are warranted to confirm these findings and to fully define their role in 

standard biliary practice. 
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