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The perfect biliary plastic stent: the search goes on
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The introduction of biliary plastic stents has been a landmark achievement in the field of endoscopic 
retrograde cholangiopancreatography, ensuring minimally invasive and highly effective relief of 
the obstructed biliary system. Attempts to improve the patency and avoid complications after 
biliary plastic stenting have led to several innovations, but complications due to stent occlusion 
are still frequent. Because these complications are clinically relevant, and may guide stent choice 
and patient management, efforts have been made to elucidate the causes of and ways to prevent 
occlusion of indwelling stents. In this narrative review we focus on biliary plastic stents and discuss 
the mechanisms of stent occlusion, existing evidence on salient outcomes, as well as options to 
overcome existing limitations and prolong plastic stent patency.
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Introduction

Endoscopic stent therapy is a well-established therapeutic 
approach in patients with benign or malignant biliary 
obstructive disease. First described in the early 1980s [1], it 
is now routinely used in strictures caused by biliopancreatic 
malignancy, regional adenopathies, postoperative strictures 
or fistulas, chronic pancreatitis, and in some cases of complex 
choledocholithiasis. Because of its superior mortality and 
morbidity profile, there has been a definite shift from surgery 
towards endoscopic stent placement for most of these 
indications [1-4]. Expert opinion and guidelines highlight 

the strengths of individual stent types, but the choice of stent 
hinges on many factors [2]. Despite its obvious benefits, stent 
placement does carry a risk for adverse events, and stent 
occlusion is a relevant common complication. The risk for 
occlusion increases with time and is associated with severe 
adverse events, such as cholangitis, which is a potentially life-
threatening condition [5].

Because these complications are clinically relevant and may 
guide stent choice and patient management, efforts have been 
made to clarify the underlying pathological mechanisms and 
devise ways to prevent occlusion of indwelling stents. Most 
recommendations on stent follow up or exchange are based 
on older studies or expert opinion and no clearcut, evidence-
based algorithm has been adopted. Recent guidelines mark a 
shift toward metal stenting of malignant strictures, but there is 
still a lack of definite consensus on the relative merits of plastic 
vs. metal stents in various other clinical settings. The approach 
to biliary stenting depends on several variables, including 
stricture etiology and extrahepatic vs. perihilar location of 
the stricture. Traditionally, benign biliary strictures have been 
managed with serial plastic stent placement [6], as this allows 
for a patient-tailored, temporary and progressive approach 
that ensures adequate dilatation of the stricture. For malignant 
biliary strictures, the choice between plastic and metal 
stenting is dependent on stricture characteristics and patient-
related factors, including expected survival, physician choice, 
and stent availability. Despite definite advantages regarding 
diameter and patency, metal stenting makes reintervention 
more challenging and may interfere with subsequent surgical 
resection, particularly for perihilar strictures. On the other 
hand, plastic biliary stents are much more commonly used, are 
easy to insert and remove, can be used in temporary conditions, 
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and are financially less burdensome than self-expandable metal 
stents, but their main disadvantage is the rate of malfunction 
due to clogging. With the advent of interventional endoscopic 
ultrasound, both biliary plastic stents and new lumen-apposing 
metal stents have been used for a variety of indications, but 
these are not covered in the current discussion, which deals 
with their much more widespread use in the setting of 
endoscopic retrograde cholangiopancreatography (ERCP). 
In this narrative review, we focus on biliary plastic stents and 
discuss the mechanisms of biliary plastic stent occlusion, 
existing evidence on salient outcomes, and present tested or 
new techniques to overcome existing limitations and prolong 
stent patency.

Materials and methods

On March 20, 2022, we conducted a structured search of 
studies reporting on biliary plastic stent occlusion on PubMed 
(MEDLINE). We focused on studies reporting stent patency, 
stent-related complications and survival rate. Our review 
covers general aspects relating to the composition, diameter 
and design of plastic stents, characteristics of biofilm and 
biliary sludge formation, and novel approaches to improve 
stent patency.

The search terms included the following medical 
subject headings (MeSH) and text words: for ERCP: 
cholangiopancreatography endoscopic retrograde, cholangio*, 
ERCP; for stent: biliary endoprosthesis, bilioduodenal or 
biliary stent, bile duct endoprosthesis; and for occlusion: 
patency, blockage, clog*, cholangitis, occlusion.

The search string employed was the following: 
(((((“cholangiopancreatography, endoscopic retrograde”[MeSH 
Terms]) OR “ERCP”[Title/Abstract] OR “cholangio*”[Title/
Abstract] OR (“endoscopic retrograde cholangiography” 
[text word]))) AND (“Stents”[MeSH Terms] OR (“biliary 
endoprosthesis”[Title/Abstract]) OR ((“bilioduodenal”[All 
Fields] OR “biliary”[All Fields])) AND (stent”[All Fields]) 
OR (“bile duct endoprosthesis”[Title/Abstract]))) AND 
(“occlusion”[Title/Abstract] OR “patency”[Title/Abstract] 
OR “blockage”[Title/Abstract] OR “clog*”[Title/Abstract] 
OR “cholangitis”[Title/Abstract]) NOT ((‘Case reports’ 
[Publication Type] OR ‘Letter’ [Publication type] OR 
‘Comment’ [Publication Type] OR ‘Letter’ [Publication type] 
OR ‘Comment’ [Publication type] OR letter* [ti] OR comment* 
[ti] OR (case report* [tiab]) OR rat [tiab] OR rats [tiab] OR 
mouse [tiab] OR mice [tiab] OR animal* [tiab])))).

All manuscripts published from January 1980, with full text 
version available online via open access, were included in the 
screening process. Initial searching identified 1028 studies, of 
which 924 were excluded based on the title, repetition and/or 
abstract. Thus, 104 studies were fully assessed and a further 18 
were excluded for the following reasons: non-English language 
studies, pediatric studies, case reports, letters to the editor. The 
algorithm of the literature search is presented in Fig. 1.

Plastic stents

Biliary plastic stents are composed of various materials: 
polyethylene (most common), polyurethane, polyethylene/
polyurethane blend, Teflon, or soft polymer blend. Some 
stents are constructed by combining different layers: e.g., an 
inner layer of perfluoro, a middle layer of stainless steel and 
an outer layer of polyamide elastomer. The European Society 
of Gastrointestinal Endoscopy (ESGE) recommends against 
Teflon stents as they are not as soft as polyethylene stents [7].

The 2 main specifications that are essential for clinical 
use are: 1) the stent diameter, which ranges from 3-12 Fr (the 
French [Fr] is the unit of measurement of the external diameter 
of biliary stents and is equal to one third of a millimeter) with 
standard external diameters of 7.0, 8.5 and 11.5 Fr; and 2) its 
length, from 1-25  cm. Standard models range from 5-18  cm 
in length, while longer models are used in liver transplant 
patients. Stents also vary in shape, as they may be straight, 
angled or curved, plus the so-called “pigtail” stents, which are 
coiled at one or both ends (single or double pigtail). Plastic 
stents may also have side-holes, which are round and placed 
near the extremities for better drainage. Non-pigtail stents are 
also manufactured with a side hole and flanges arising from 
the proximal and distal ends in order to prevent migration 
while also providing drainage. The Tannenbaum (tree-type) 
design is provided with 4 flaps proximally and distally, but 
no side-holes. All plastic stents are radiopaque, and some of 
them have additional radiomarkers proximally and distally, to 
facilitate correct placement in the bile ducts [8]. Fig. 2 shows 
a representation of the most common types of biliary plastic 
stents.

Other applications of biliary plastic stents and alternatives 
to plastic stent placement

Plastic stent use has evolved beyond the initial indications, 
with various designs applied for pancreatic duct stenting, 
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Figure 1 Literature search strategy and results



492 B. Dinescu et al

Annals of Gastroenterology 36 

both in a prophylactic manner, to prevent post-ERCP 
pancreatitis [9], and as a therapeutic method for pancreatic 
duct strictures in chronic pancreatitis [10]. In addition, plastic 
stents can be used for endoscopic ultrasound-guided drainage 
of various fluid collections, mainly in cases of complicated 
acute pancreatitis [11], but also in temporary draining of the 
gallbladder as a bridge to surgery during acute cholecystitis.

Because of the intrinsic limitations of plastic stents, mainly 
related to long-term stent patency issues, metal stents have 
been proposed as an alternative to plastic stents, both in the 
setting of temporary stenting for benign conditions [12] 
and as definitive palliation of malignant obstruction [13]. 
The choice of a particular type of stent (plastic stent, tubular 
self-expanding metal stent or lumen-apposing metal stent) 
should be individualized in each case, according to clinical 
and technical factors, including operator preference and 
experience, and constitutes a discussion beyond the scope of 
this particular review.

Mechanisms of biliary stent occlusion

Plastic biliary stent dysfunction is generally due to stent 
occlusion or migration [14-16]. Other significant complications 
due to stent placement include cholecystitis, duodenal 
perforation, bleeding, pancreatitis and stent fracture [17-21].

There are very few studies in the literature about migration 
risk [22]. Migration is predominantly distal, and occurs in 
5-10% of cases [23,24]. Emara et al reported that proximal and 
distal stent migration occurred at a rate of 8.4%, the independent 
predictors for stent migration being a wide sphincterotomy, 
a dilated biliary common duct and biliary balloon dilation. 
Furthermore, wide, straight stents inserted for more than 
1 month were more prone to migration. Cholangitis and stent 
obstruction are the most commonly reported complications of 
migrated stents [25].

Stent occlusion is a much more frequent adverse event 
than migration, and several studies have proposed hypotheses 
about the mechanisms presumably involved. All plastic stents 
eventually clog up, which is why they are viewed as a temporary 
solution and require periodic exchange or follow up, except for 
terminally ill patients. The time to occlusion is dependent on 
many factors, including internal diameter, correct placement 
and underlying pathology, but it is generally measured in 
months. The identification of risk factors associated with 
early stent occlusion would help individualize stent exchange 

intervals and prevent complications of stent occlusion that 
develop in at least one third of patients [26].

A common theory is that bacterial biofilm and biliary 
sludge produce a synergic effect when combined with dietary 
fibers [27-30]. Neither the gallbladder nor the bile duct wall 
has biofilm under regular, pre-sphincterotomy conditions, 
suggesting that opportunistic attachment of the microbes 
occurs later, with subsequent biofilm formation on the biliary 
stents [31]. The mechanism of biofilm formation is initiated 
by the process of “priming” of the stent surface with various 
proteins (fibronectin, vitronectin, laminin, fibrin, collagen) 
followed by microbial adherence and subsequent formation 
of an exopolysaccharide matrix to embed the microbial 
colonies and other particles that give rise to the final mature 
biofilm [32]. Biliary immunoglobulin–bacteria complexes 
promote the binding of the bacteria to the inner surface of the 
stents [33]. This process is very rapid, and Yu et al reported 
attachment of fibronectin to the inner surface of the stents 
within 24 h of exposure to bile [34].

Bacterial adherence is an important factor of the process. 
The Gram-negative Escherichia coli (E. coli), Klebsiella 
species and Gram-positive Enterococcus species are the most 
encountered aerobic bacteria, while Clostridium species 
predominate among anaerobic bacteria. The ratio between 
aerobic and anaerobic species varies in different studies, 
depending on the part of the stent analyzed and time expended 
from stent extraction to actual analysis [32,35]. Rerknimitr et al 
studied all biliary cultures collected during ERCP performed in 
patients with or without a biliary plastic stent in situ, focusing 
on the microbiology of bile and the antibiotic sensitivities of 
the organisms identified. E. coli and Enterococcus were the 
most common organisms found overall, while enterococci and 
polymicrobial infections were more common in patients with a 
biliary stent than in those without a stent [36].

Healthy individuals have sterile bile and pancreatic juice, 
thanks to the tonic action of the sphincter of Oddi, which 
prevents ascending development of microorganisms inside 
the ducts [37]. When a biliary stent is inserted across the 
sphincter of Oddi, this physical antimicrobial barrier is lost, 
and reflux of intestinal content promotes ascending microbial 
colonization [38]. Surface irregularities are thought to enhance 
bacterial adherence and biofilm formation, facilitating the 
accumulation of sludge [39]. Chemical analyses have shown 
that, in addition to the nonbacterial constituents, calcium 
palmitate and calcium bilirubinate crystals, as well as cholesterol 
crystals, are commonly present in biliary sludge [27,39,40].

How to improve stent patency?

Given the potential risk of stent obstruction and associated 
morbidity, most guidelines recommend that biliary stents 
be removed or changed every 3  months on a scheduled 
basis [2]. While the median patency of a 10-Fr plastic 
stent is 4-5  months, the occlusion risk increases rapidly 
after 3 months [41,42], while premature stent occlusion leads to 
complications (jaundice, cholangitis or sepsis) that may be life-
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Figure 2 Diagram illustrating basic shapes of common biliary plastic 
stents in use 
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threating [43]. Therefore, prevention of premature occlusion or 
long-term assurance of stent patency is highly desirable.

Diameter

It seems logical that stents with a larger diameter would have 
longer patency, because it takes longer for the inner cavity to fill 
with foreign substances [44]. This has led to the development 
of large-bore stents, but there is an intrinsic limit to the width 
of a stent because it has to be delivered through the channel of 
a duodenoscope [45]. In 1982, the first large-bore 10-Fr plastic 
stent was endoscopically placed [46]. Speer et al retrospectively 
reviewed the results of 8-Fr stents with pigtails compared to 
10-Fr straight stents in the palliation of biliary obstruction due 
to malignancy. The incidence of cholangitis following stent 
insertion was significantly lower with 10-Fr stents, and the 
time until stent blockage was significantly longer [44,46,47]. 
Kadakia et al compared 10-Fr stents and 11.5-Fr stents with 
regard to the success rate of stent insertion (85% vs. 79% for 
11.5-Fr stents, P=0.79), clinical relief of jaundice (88% vs. 90% 
for 10-Fr stents, P=0.79), and the decline in total bilirubin 
(7.4  vs. 8.3  mg/100  mL, P=0.67). The complication rate was 
similar in both groups and the authors concluded that 10-Fr 
stents have similar efficacy and complication rates to 11.5-Fr 
stents in the management of biliary tract diseases [48].

Shape

Straight, angled or curved, with single or multiple flaps, 
with side holes proximally and distally—the effect on patency 
of plastic stent shape does not seem significant [45]. [29,45,56]. 
A  randomized prospective trial involving 130  patients 
compared the Olympus Doublelayer stent (DLS; perfluoro 
alkoxy), which has no side holes, with a classic polyethylene 
stent with side holes. The results showed that the Doublelayer 
stent had a longer patency (114±15  days vs. 105±12  days, 
P<0.05) and a smaller risk of occlusion (144±11  days vs. 
99±9 days, P<0.05) [49].

A small pilot study has reported the use of “wing stents” 
for the treatment of malignant biliary obstruction. The 
hypothesis was that, because of its lack of a lumen, it would not 
be susceptible to the usual clogging factors. In the short term, 
the stent appeared to be efficient, but whether such a stent will 
prove to be better than its conventional counterpart remains 
to be established via prospective comparative trials [50]. 
Further modifications, such as insertion of a larger circular 
lumen for bile flow into its architecture, or a combined use of 
conventional and wing stents in the same case, are also under 
consideration [51-53].

Stents with antireflux valves may also lead to longer patency. 
In a randomized trial performed by Dua et al, using a 10-Fr 
antireflux biliary plastic stent, average patency was 145 days for 
the antireflux stents and 101 days for the control group, with no 
statistically significant difference [54].

Material

It is unclear whether the choice of material significantly 
impacts patency rates [55]. Cheon et al performed a prospective, 
comparative randomized trial, comparing a new polyurethane 
stent made of a soft and pliable material (pellethane) with a 
standard 10-Fr polyethylene stent that showed a lower migration 
rate, but no difference in median stent patency was found 
between the 2 groups [56]. A 7-Fr double pigtail, dual tapered-
tip polyethylene stent, with less memory at body temperature 
and a larger number of drainage holes, was used successfully 
in 2012 [57]. The addition of 2 visual and radiopaque markers 
identifies the pigtail locations via both video endoscopy and 
fluoroscopy. Each pigtail is 5 cm long and contains 17 drainage 
holes, compared to the 4-6 holes on conventional double pigtail 
stents. These innovations are intended to increase the ease and 
accuracy of placement, while allowing for better biliary and 
pancreatic drainage and stent durability [58], but further data 
will be required to gauge their efficacy.

Because bacterial adhesion to plastic stents is associated 
with surface hydrophobicity, studies have attempted to 
evaluate stents with hydrophilic coatings [59-61]. Silver coated 
stents, impregnation of biliary stents with antimicrobial agents, 
or new biomaterials have been explored, but no definitive 
recommendation can be made at this point [62,63].

Bioabsorbable stents have been studied for the treatment of 
benign and malignant biliary strictures. The use of polylactic 
acid as a potential bioabsorbable material was first described 
in 1966 [64]; Kukarni et al decided to use polylactic acid 
implants on porcine models, with good results, the implants 
being biodegradable and safe [64]. Meng et al showed that 
helical poly-l-lactic acid stents, evaluated in vivo and in vitro, 
had good biocompatibility and a self-clearing effect that 
cleared the attached sludge away, while also maintaining 
the self-expanding property [65]. Another feasibility study 
was performed in a porcine model, using a self-expanding 
10 mm/50 mm stent composed of polylactide filaments loaded 
with barium for radio-opacity. Stent function and biotolerance 
were assessed by cholangiography, serum bilirubin and 
necropsy for histopathology performed in pairs at 2, 4, 6, 
and 12 months. The patency was confirmed in 7 of 8 pigs at 
2 months, 6 of 6 at 4 months and 4 of 4 at 6 months. No bile 
duct integration or proliferative changes were seen at the level 
of the stent [66]. Haber et al demonstrated safe deployment 
of a 10 mm/74 mm bioabsorbable poly-l-lactide stent in 48 of 
50 patients with malignant biliary obstruction [67].

Recently, Yamamoto et al placed biodegradable 
6 mm/15 mm poly-l-lactide Y stents with a platinum marker 
in the bile ducts of 12 dogs. Cholangiography and laparotomy 
were performed at 1, 3, 6, and 9 months, and revealed that the 
stents were patent at all time points. Moderate fragmentation 
was seen in all stents removed at 9 months [68].

Bioabsorbable stents may offer advantages for the treatment 
of benign and malignant biliary strictures, including large stent 
diameter, low biofilm accumulation and proliferative changes, 
elimination of the need for stent removal and imaging artifacts, 
and prospects for drug impregnation.
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Other methods

Innovations in materials or construction, effective though 
they may be, do not change the underlying issue of a foreign 
body (i.e., the plastic stent) being deployed and disrupting 
the sphincter of Oddi. A  logical option to prevent bacterial 
colonization and stent dysfunction might seem to be the use 
of prophylactic antibiotic treatment. In vitro and in vivo studies 
have reported that ciprofloxacin has good tissue penetration 
and achieves a high concentration in the bile, thus reducing 
bacterial adhesions [69]. Despite the benefits demonstrated 
in vitro, clinical trials have failed to show significant 
improvement of stent patency, whereas quality of life was 
negatively influenced by antibiotic use [70-72]. Ampicillin-
sulbactam, ursodeoxycholic acid with cyclical antibiotics or 
plus norfloxacin have also been unsuccessfully tested in this 
setting [73-76]. Furthermore, a Cochrane review reported 
no significant effect of antibiotic therapy on stent patency or 
mortality rate [76].

Another way to reduce bacterial migration and deposition 
of organic material might be to place the stent above an intact 
sphincter of Oddi, instead of across the sphincter or after 
sphincterotomy. A  prospective randomized trial compared 
these 2 options, but found that stents placed above an intact 
sphincter for palliation of malignant obstructive jaundice had a 
higher migration rate, rather than improved patency [77].

Shockwave application to clean the occluded biliary 
endoprostheses was attempted in an in vitro study of 35 
plastic biliary stents retrieved from 24  patients. Shockwave 
pulses were administered every 10  mm along the prosthesis, 
stored in a liquid-filled latex balloon. Shockwave application 
showed only a limited cleaning effect in clogged plastic biliary 
endoprostheses and to date has not been further developed as a 
suitable alternative to regular stent replacement [78].

Unfortunately, all these different methods of increasing 
stent patency have not led to remarkable improvements in 
biliary plastic stenting, and for malignant indications self-
expanding metal stents continue to provide obvious benefits 
regarding patency [79]. New materials that are significantly 
more effective in preventing biofilm formation, and that 
translate into relevant clinical results, larger diameter channel 
duodenoscopes, self-expandable plastic stents or bioabsorbable 
plastic stents with larger diameter, are potential game changers 
for patency, but there is an intrinsic limit to what can be 
achieved by technologies designed with the express purpose of 
“temporary” stenting.

Concluding remarks

The introduction of biliary plastic stents has been a 
landmark achievement in the field of ERCP, ensuring minimally 
invasive and highly effective treatment for biliary obstruction 
of various causes. Attempts to improve the patency and avoid 
complications after biliary plastic stenting have led to several 
innovations, but complications due to stent occlusion are still 
frequent. Endoscopists should be aware of the existing stent 

specifications and their estimated life cycles in order to choose 
optimal solutions for their patients. Further study of the causes 
of stent occlusion, and how to avoid premature clogging and 
delayed adverse events, is necessary to improve patient care.
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