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Abstract

Bile duct stenosis is a common condition in gastroenterology and hepatobiliary surgery and can be divided into 
benign stenosis and malignant stenosis according to different etiologies. The implantation of a gall stent into the 
site of the stenosis or obstruction is currently an important means of treating the bile duct stenosis. Biliary stents 
encompass two main types: plastic stents and metal stents. In recent years, biodegradable biliary stents and 
drug-eluting stents have also emerged. The material and structure of biliary stents have an important influence on 
their performance. In this paper, the research progress on biliary stent implantation technology in the treatment 
of biliary stenosis is reviewed. Besides, the advantages and disadvantages of biliary stents made from different 
materials and structures, along with their respective indications are summarized, and the development trend of 
degradable biliary stents is prospected.
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Highlights
● Plastic stents are more suitable for diseases such as benign bile duct stenosis.
● Metal-uncoated biliary stents are available for patients with malignant biliary obstruction.
● Degradability of biliary stents is a major research direction at present.

Introduction

The bile system of the human body primarily 
consists of the gall bladder, the common liver 
canal, and the common bile duct. The common 
bile duct is a small tubular structure (average 
7.5–11 cm long and 6–8 mm wide) that trans-
ports bile stored in the gallbladder to the duo-
denum [1]. Due to complex clinical pathologies, 
the lumen of the bile duct may be narrowed or 
structured, resulting in obstruction of normal 
bile flow [1]. Bile duct stenosis can be benign or 
malignant. Biliary stricture, without appropriate 
clinical intervention, can lead to impaired liver 
function, secondary biliary cirrhosis, and even 
death.

Li et al. reported that endoscopic retrograde 
cholangiopancreatography (ERCP) and percuta-
neous transhepatobiliary drainage are effective 

means for the treatment of biliary stricture and 
biliary obstruction [2]. ERCP is less aggressive 
with fewer complications than surgery, so en-
doscopic therapy is the preferred treatment for 
benign strictures [3]. In 1979, Soehendra et al. 
performed endoscopic biliary stenting for the 
first time using plastic stents (PSs), performing 
palliative drainage in patients with malignant 
biliary stenosis [4]. In patients with malignant 
biliary strictures such as distal or hilar stenosis, 
less than 20% of patients can undergo radical 
resection due to local spread and distant me-
tastasis. Among these patients, 70% to 90% 
have biliary obstruction, resulting in jaundice, 
cholangitis, pruritus, malabsorption, coagulop-
athy, and hepatocellular dysfunction [3]. Due to 
the higher safety profile, ERCP is currently con-
sidered the optimal option for palliative care in 
patients with malignant distal biliary obstruc-
tion that cannot be resected or inoperable [5]. 

        https://doi.org/10.61189/031576vfjfax
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Biliary stents are tubular medical devices. Ac-
cording to the different stent materials, they 
are categorized into PSs and self-expanding 
metal stents (SEMSs). The plastic scaffold is 
mainly composed of polymer materials, includ-
ing non-degradable polymer and degradable 
polymer. Metal scaffolds are also composed of 
non-degradable and degradable metals (Figure 
1). Endoscopic stenting is the most commonly 
used method for the treatment of biliary ste-
nosis, and there are two ways to insert biliary 
stents through the ERCP route: Endoscopic Ret-
rograde Biliary Drainage and Endoscopic Metal 
Biliary Endoprosthesis. Of them, the PSs (Figure 
2A) inserted through Endoscopic Retrograde 
Biliary Drainage is much cheaper than the met-
al stents, but it is prone to frequent occlusion 
in about three to six months after stenting and 
needs to be replaced in time. Metal stents (Fig-
ure 2B) can be divided into bare metal stents, 
partially coated stents, and fully coated stents 
[6, 7]. Bare metal stents should be considered 
when the expected survival period exceeds 6 
months. Due to its large diameter and high re-
silience, it is often used in cases of malignant 
biliary stricture.

This article reviews the current progress on bil-
iary stent implantation for the treatment of bili-
ary strictures, compares the stent patency after 
the implantation of stents made from different 
materials and structures, and outlines the ne-
cessity for re-intervention and the incidence of 
stent dysfunction. In addition, this review sum-
marizes the advantages and disadvantages 

of biliary stents made from different materials 
and structures, along with their respective indi-
cations, and finally prospects the development 
trend of degradable biliary stents.

PSs

Non-degradable PSs

The first literature on PSs was reported in 1979. 
Soehendra et al. successfully unobstructed the 
biliary system through percutaneous transhep-
atic bile duct implantation of a PS and achieved 
palliative bile drainage in patients with malig-
nant biliary stenosis [4]. At that time, surgery 
such as biliary anastomosis was still the pri-
mary palliative means of reducing jaundice, 
while PSs, on the other hand, have a limited 
patency period and seem to be more suitable 
for preoperative or temporary internal drainage 
of benign diseases. Since 1979, researchers 
have continued to improve the function of plas-
tic biliary stents. The advantages of PSs are low 
cost and easy to remove [8]. Commonly used 
non-degradable polymer materials are polyeth-
ylene (PE), polyurethane (PU), and polytetrafluo-
roethylene. Due to the limitation of endoscopic 
attachment access, the diameter of a stent is 
usually 3 - 5 mm, and therefore the stents tent 
to clog 3 to 6 months after placement [1, 6]. 
According to the characteristics of PSs, they are 
generally used in patients with malignant ob-
structive jaundice with an estimated survival of 
less than 3 months, or for patients with benign 
bile duct obstruction, who have an expected 

Figure 1. Classification of common biliary stents.
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life of over 3 months, for temporarily drainage 
along with surgical treatment [9, 10].

In terms of PS structure, depending on the de-
gree of stricture, the length of non-degradable 
plastic biliary stent is about 5-20 cm and the 
diameter is about 3-5 mm. Although the PS can 
be bent, its diameter cannot be changed, so the 
type of stent needs to be determined according 
to intraoperative angiography. Notably, due to 
the limitation of the duodenoscopic channel, 
the maximum stent can only pass through 14F 
catheter at present. In 1982, Huibregtse et al. 
first placed a large-bore (10F) PS endoscopical-
ly into the bile duct, and the stent used single 
or double flaps instead of braids to prevent 
displacement [11]. Although this bracket has a 
unique flap design to eliminate the side holes, 
its performance was still not significantly differ-
ent from that of traditional brackets. In 1988, 
Speer et al. demonstrated that the 10F stent 
had a much greater flow capacity than physio-
logical bile flow due to its large diameter, so it 
was recommended to use a stent with a diam-
eter of at least 10F to alleviate biliary obstruc-
tion caused by malignant tumors [12].

In terms of materials used in PSs, the first ma-
terial widely used for stents in clinical treatment 
of biliary stenosis was PE in 1979. PE stents 
have been shown to have better plasticity and 
are easier to adapt to the shape of the biliary 
tract. However, due to the limitation of the di-
ameter, PSs are prone to blockage. Vaishnavi 
et al. systematically characterized the complex 
chemical biofilm formed on the surface of the 
stent and clarified that smaller stent diameter, 
longer residence time (more than 6 months), 
and the presence of cholangitis at the time of 
implantation, could all lead to an increased risk 
of biofilm formation [13]. Easy displacement is 

also a major problem of PSs that needs to be 
improved. Johanson et al. retrospectively ana-
lyzed 322 cases of biliary stenting and found 
a distal displacement rate of 5.9% and a prox-
imal displacement rate of 4.9% [14]. Cheon 
et al. compared a new PU rack (Cotton-Leung 
SOF-Flex bracket; Cook Endoscopy, Winston-Sa-
lem, NC, USA) and a standard 10F PE stent 
(Cook Endoscopy) [15]. The two types of scaf-
folds were found to have similar structures but 
different fabrication materials. Their results 
showed that there was no difference in paten-
cy between the two, but the total mobility and 
distal mobility of the PU rack were significantly 
lower than those of the PE stent (4.5% versus 
29%, P=0.032 and 4.5% vs. 26.1%, P=0.049, 
respectively). Overall, PU stents are made of 
medical-grade PU, which has excellent biocom-
patibility, is not easy to scab, prevents against 
both distal and proximal stent migration, and 
has a smooth surface for easy placement and 
extraction.

In summary, the affordability of non-degradable 
PSs makes it widely used in clinical practice, 
although there are still shortcomings such as 
short patency time and easy displacement. 
There are also clinical reports of new non-de-
gradable PSs. Researchers have modified the 
material to reduce the friction coefficient of the 
inner surface, improve the anti-bacterial adhe-
sion performance, and increase the diameter 
of the stent, thereby prolonging the patency 
time of the PSs and reducing the occurrence of 
stent displacement.

Biodegradable PSs

Biodegradable biliary stent (BDBS), as a novel 
type of stent, is safe and effective and does 
not need to be replaced, with great applica-

Figure 2. Schematic diagram of insertion of stents in biliary duct. (A) plastic stents; (B) metal stents. This figure 
is cited from [7].
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tion prospects. At present, the materials used 
in degradable plastic biliary stents include 
polylactide (PLA), polycaprolactone (PCL), 
polydioxanone (PDX or PDO), polyglycolic and 
their copolymers, etc. Since 2003, Ginsberg 
et al. reported the first in vivo experiment on 
BDBS. They successfully implanted PLA stents 
in the normal bile ducts of pigs without obvi-
ous stent complications, and the stents were 
still unblocked after six months [16]. In 2007, 
Laukkarinen et al. explored the therapeutic 
role of BDBS after cholecystectomy in minipigs, 
showing that compared with PSs, the PLA stent 
resulted in less bile drainage and earlier drain-
age tube extubation [17]. In 2010, Petry et al. 
pioneered the use of biodegradable stents in 
human bile ducts and successfully placed the 
PDX stent using percutaneous hepatic punc-
ture cholangiogram in two patients with biliary 
anastomotic stenosis [18]. Cholangitis occurred 
after surgery, but no recurrence of stenosis 
during 2-year follow-up. Mauri et al. reported 
a study of PDO biodegradable biliary stents in 
107 patients in 2013 and 2016, respectively 
[19]. They concluded that percutaneous place-
ment of biodegradable biliary stents is a viable 
and safe strategy for the treatment of benign 
biliary strictures. PDO stents are superior in 

flexibility and can degrade within 3-6 months, 
and they can maintain their mechanical prop-
erties longer than most polymers such as PLA 
[20]. A degradable plastic biliary stent, ARCHI-
MEDES™ (Figure 3), has obtained Conformité 
Européenne certification in February 2019, 
which is a biliary and pancreatic drainage de-
vice made of degradable PDX. ARCHIMEDES is 
available in three different degradation rates to 
address different indications, offering products 
in sizes ranging from 2-3.4 mm in diameter and 
40-225 mm in length [21]. The stent degrades
rapidly within a few weeks of implantation and 
loses its mechanical strength, but its safety and 
efficacy still need to be further demonstrated in 
large-scale clinical trials. PLA typically takes an 
average of 2 years to fully degrade in the body, 
but the advantage of absorbable polymers is 
that the degradation rate can be adjusted to 
some extent by copolymerizing the appropriate 
polymer [1]. For example, PLA, polycaprolac-
tone (PCA) and PGA, i.e., synthetic copolymers 
(lactide-co-glycolide-co-caprolactone)/PLGCL 
are completely absorbed within six months [22]. 
Table 1 compares the degradation rates and 
advantages and disadvantages of PLA, PDX 
and PDO. However, at present, there is relative-
ly little research on polycaprolactone stents, 
which means that there is still a lot of room for 
exploration in the future.

Metal biliary stents

Non-biodegradable metal stents

At the end of 1980s, SEMSs were introduced, 
and Nam et al. proved its superior patency than 
PSs [26]. With the development of minimally 
invasive technology, interventional therapies 
tend to be primary palliative treatment for 

Table 1. Comparison of stents made of different polymer materials
Polymer Degradation time Advantages Deficiencies

PLA About two years Less bile drains and drains can be re-
moved earlier;
Easy deployment;
Good immediate self-deployment 

The radial support force is much 
lower than that of the metal stents 
[23].

PDX In 3 months 8 mm self-expanding PDX stents with 
radial force up to 90% of normal metal 
stents [24];
Better flexibility, slower hydrolysis rate, 
and longer retention of mechanical 
properties in bile [25].

Cholangitis is prone to occur after 
surgery.

PDO In 3-6 months Superior flexibility and elasticity;
Longer retention of mechanical proper-
ties.

Mild cholangitis

Note: PLA, polylactide; PDX/PDO, polydioxanone.

Figure 3. ARCHIMEDES biliary stent. This figure is 
cited from [21].
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malignant bile duct obstruction in the hepat-
ic portal [26]. There are two ways that metal 
stents unfold in the body: self-expanding and 
balloon-expanding. SEMSs can be divided into 
uncoated stents, partially coated stents, and 
fully coated stents, with metal uncoated stents 
being the first to be applied in practice, which 
are not easy to shift, but have the disadvan-
tage of being difficult to take out due to tissue 
ingrowth. The fully coated metal stents have 
a non-porous membrane coating designed to 
reduce occlusion rates and are easy to remove, 
but with a higher risk of stent displacement [27]. 
Metal stents are often metal mesh cylinders, 
designed primarily by laser cutting, and some 
by knitting or braiding [1]. Metal stents have an 
inner diameter of up to 8-12 mm and a com-
mon length 4-12 cm [28]. When being implant-
ed into the body, the metal stent is completely 
expanded to its full diameter. Therefore, the 
patency time of metal brackets is longer than 
that of PSs, usually 10 months.

With good expansion, better drainage effect, 
and larger lumen than PSs, metal biliary stents 
are commonly used in malignant biliary ste-
nosis. Malignant bile duct stenosis is mainly 
caused by cholangiocarcinoma, periampullary 
cancer, pancreatic head cancer, tumor metas-
tasis, or lymph node compression of the bile 
duct. Among the many types of cholangiocarci-
noma, there is a unique type - high-lying chol-
angiocarcinoma (hilar cholangiocarcinoma of 
the liver). Liang et al. classified hilar cholangio-
carcinoma into type 1, 2, 3, and 4 by Bismuth 
classification method (as shown in Table 2), of 
which type 3 can be divided into type 3a and 
3b [29]. Patients with type 1 cholangiocarcino-
ma should be treated with ERCP for drainage or 
internal stent therapy, and patients with type 2 
should be treated with double stenting.

Wagner et al. noted that in hilar tumors of the 
liver, metal stents improved patency and re-
duced the incidence of cholangitis compared 
to PSs [30]. The study of Chang et al. pointed 
out that double-branch drainage significantly 
reduced the occurrence of sepsis, decreased 
the mortality, and prolonged survival compared 

with single-branch drainage [31]. However, due 
to the difficulty of bilateral stent implantation 
and high operational technical requirements in 
clinical practice, it has not been popularized.  
The Y-shaped metal biliary stent, on the one 
hand, combines the advantages of metal stent 
and double branch drainage, and on the other 
hand is less difficult to implant than previous 
parallel double stents. Y-shaped metal biliary 
stent, characterized by a more open wire-wo-
ven mesh in the central section to facilitate the 
placement of the contralateral stent through 
the central section. Kim et al. retrospectively 
investigated the technical approach and clinical 
efficacy of implanting a new self-expanding bil-
iary stent with nitinol material in the treatment 
of malignant hilar occlusion, which is a trans-
verse stent with Y-shaped structure that com-
bined of spiral stent and Z-shaped stent, called 
Y-shaped stent (NITI-S biliary Y stent, MI Tech,
Heol, Korea) [32].

Bilateral stenting in patients with hilar cholan-
giocarcinoma requires multiple intubations with 
many instruments such as catheters, guide-
wires, dilators, and stents. Firstly, the first stent 
should be placed on the more curved side of 
the bile duct for successful access to the con-
tralateral side. Secondly, the newly designed 
Y-shaped stent has a longer central mesh seg-
ment, and the braided part of the main stent is
about 10-25 mm, allowing for better placement
of the central part of the stent in the hilar bifur-
cation. The desired catheter can be deflected
from the lateral wall of the common hepatic
duct or common bile duct to the desired cath-
eter through the middle and distal openings of
the three-lumen catheter or the distal guidewire
of the rotatable ERCP cannula. Finally, a slim-
mer open-hole stent can be used as the second
scaffold to help the second scaffold pass more
easily through the tight central mesh of the
first stent. Tex et al. performed Y-shaped metal
biliary stenting on 8 patients with hilar cholan-
giocarcinoma, 4 cases by external cardiopul-
monary resuscitation, 3 cases by percutaneous
transhepatic cholangio drainage, and 1 case by
combining the two, of which 7 cases achieved
good treatment results [33]. Kim et al. per-

Table 2.  Bismuth classification of hilar cholangiocarcinoma
Type Feature
1 The tumor is located in the common hepatic duct and does not invade the confluence.
2 The tumor invades the common hepatic duct and the confluence of the left and right hepatic ducts.
3a The tumor invades the common hepatic duct, the confluence of the left and right hepatic ducts, and 

the right hepatic duct.
3b The tumor invades the common hepatic duct, the confluence of the left and right hepatic ducts, and 

the left hepatic duct.
4 The tumor invades the common hepatic duct, the confluence of the left and right hepatic ducts, and 

simultaneously invades the left and right hepatic ducts.
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formed Y-shaped metal biliary stenting on 12 
patients with hepatic hilar cholangiocarcinoma, 
and the success rate of the operation reached 
83.3% (10/12) [34]. In China, Y-shaped metal 
biliary stenting for the treatment of hilar ma-
lignant bile duct obstruction started late, and 
the patient data in the study of Li et al. showed 
that after Y-shaped metal biliary stent drainage, 
jaundice subsided rapidly and obviously, and 
there were no early complications such as chol-
angitis and bleeding [35].

Mukai et al. showed that uncoated metal 
stents, with a wire mesh structure, did not 
block the para-bile duct branches near the liver 
portal lesion, and the patency was better than 
that of the PSs [36, 37]. Srinivasan et al. point-
ed out that after the stent implantation, epi-
thelial hyperplasia embedded in the tissue wall 
and blocked the stent, making it easier for the 
tumor to grow inward between the stent retic-
ular filaments and overgrow proximal or distal 
to the stent as the main mechanism of SEMS 
obstruction [38, 39]. The inability to change or 
remove the stent after implantation is a major 
disadvantage of uncoated metal stents. Stud-
ies are underway to overcome these limitations 
to extend stent patency time. The Bonastent 
M-Hilar scaffold (Standard Sci Tech, Seoul,
Korea) has a mesh structure with a smaller
mesh size (1.6 mm * 1.6 mm) in the 25 mm
central section, which Kwon et al. noted that
could reduce tumor ingrowth [40]. At present,
the commonly used materials for metal biliary
stents are platinum (platinum core and nitinol
sleeve), stainless steel, and nitinol. The study of
Park et al. showed that compared with uncoat-
ed metal stents, coating silver nanoparticles
in nitinol stents and then implanting them into
extrahepatic bile ducts in rabbits significantly
reduced submucosal fibrosis and inflammation,
which can improve silt accumulation and epi-
thelial hyperplasia [41]. But at present, related
research is only limited to in vitro experiments
and animal experiments. Emerging partial cov-
erage (PCSEMS) and full-coverage self-expand-
ing metal scaffolds (FCSEMS) are covered with
a thin polymer membrane that prevents tumor
growth inward and is easy to remove [42]. At
present, commonly used polymer coating mate-
rials include degradable or non-degradable ma-
terials such as polytetrafluoroethylene, PU, and
silicone. Metal-covered stents are commonly
used for malignant hilar biliary obstruction.
Naitoh et al. reported a significant advantage
of CSEMS, which was their removability during
reintervention, they also found that FCSEMS
was easier to remove than PCSEMS during re-
intervention [8]. FCSEMS was easily removed in
all re-intervention cases, while PCSEMS could

not be removed in all cases. Kullman et al. pro-
posed and explained that the biggest problem 
with coated stents compared to non-coated 
stents is that the covering material can block 
the opening of the cystic and pancreatic ducts, 
resulting in cholecystitis and pancreatitis, which 
in turn can lead to cell epithelial hyperplasia 
around FCSEMS [43, 44]. 

In the case of choosing a metal stent, there is 
still some controversy over whether to choose 
a coated stent or an uncoated stent. The de-
velopment of metal-coated stents overcame 
the problem of luminal stenosis caused by in-
tratumor growth after bare stent implantation. 
Isayama et al. have confirmed that although 
covered stents reduce stent occlusion caused 
by intratumor growth and are relatively easier 
to replace and remove, they also increase the 
possibility of stent displacement. In addition, 
there are cases of re-blockage after implanting 
covered stents, mainly due to external growth 
of tumors, bile sludge formation, and stent 
displacement [45]. The main evaluation indi-
cators of biliary stents include stent patency 
and patient survival. The results of Almadi et al. 
showed that there were no differences in stent 
patency and survival at 6 and 12 months after 
implantation between patients with the two 
stents [46]. It was suggested that coated stents 
had lower occlusion rates than bare stents, and 
there were no significant differences in survival 
and adverse events [47]. Therefore, without 
considering economic factors, Isayama et al. 
believe that choosing a coated stent is more 
likely to be beneficial [45].

Drug-eluting stents

At present, the drug-eluting stent is still in its 
infancy. Chun et al. showed that for malignant 
biliary obstruction, drug-eluting stents coated 
with antitumor agents could inhibit tumor in-
growth, thereby improving stent patency [48]. 
Paclitaxel has shown apoptotic, antiprolifera-
tive, and angiogenic activities in a variety of 
tumor-related chemotherapy. In basic studies, 
paclitaxel demonstrated dose-dependent inhi-
bition against the proliferation of gallbladder 
epithelial cells, fibroblasts, and pancreatic 
cancer cells. In a canine ureteral model, Shin 
et al. concluded that paclitaxel - eluting stents 
exhibited inhibitory effects on proliferative tis-
sue [49]. Shi et al. of Xi’an Jiaotong University 
developed paclitaxel-coated PLA stents and ap-
plied it in pig biliary anastomosis model. Their 
results showed that compared with stent-free 
and simple BDBS, paclitaxel-coated BDBS sig-
nificantly reduced biliary anastomotic tissue hy-
perplasia, showing that paclitaxel-coated BDBS 
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can reduce anastomosis granulation formation 
and excessive proliferation of extracellular ma-
trix, thereby preventing biliary-intestinal anas-
tomosis stenosis [50]. Lee et al. also showed 
that after implanting drug-eluting stents in 
the bile ducts of pigs, only local inflammatory 
reactions were manifested, and there were no 
complications such as perforation and necrosis 
[51]. However, the study using paclitaxel-eluting 
CSEMS by Song et al. did not show clear advan-
tages in stent patency and patient survival [52]. 
In the study by Jang et al., they mainly analyzed 
the effects of drug concentration, stent mem-
brane type, and shape on the effect of stent 
use [53, 54]. They concluded that the novel pa-
clitaxel-eluting scaffold containing 10% Pluronic 
F-127 was safe and provided enhanced topical
drug delivery.

In drug loading methods using polymer materi-
als as drug carriers, the adverse consequences 
of limited drug loading, uneven distribution, 
and increased wall thickness of the stent due 
to the use of polymer materials have been 
demonstrated. The maintenance and efficacy of 
the drug-eluting stents in long term are still not 
clear, and there are few corresponding studies 
in this field. By summarizing the relevant stud-
ies of drug-eluting vascular stents, it is shown 
that directly coating the drug on the stent 
cannot produce obvious anti-restenosis effect 
due to the “storm effect” released in the early 
stage. The first problem is that the polymer 
drug-loaded coating is unfirmly combined with 
the stent, and the poor adhesion can easily 
lead to coating falling off, and the drug coating 
may be damaged when the stent is stretched. 
The second is whether the biocompatibility of 
the scaffold can be maintained for a long time. 
Third, for biodegradable polymer drug-loaded 

scaffolds, the degradation rate of scaffolds in 
the generation of new cells is also a problem 
that needs to be explored. So, a great deal of 
work needs to be done in the research and 
application of drug-eluting scaffolds, but there 
is no doubt that combining drug elution charac-
teristics with absorbability to have coordination 
advantages will be a major development direc-
tion of biliary stents in the future.

Biodegradable metal stents

Mg, Fe, Zn and their alloys are the most fa-
vorable metals in the research of degradable 
medical implants, including stents. The Unity-B 
magnesium alloy degradable biliary stent has 
obtained Conformité Européenne certification 
in June 2021 (Figure 4)  [55]. According to dif-
ferent degradation rates, it is divided into three 
types: (1) rapid degradation stent (1-3 months), 
(2) moderate degradation stent (3-6 months),
and (3) slow degradation stent (more than 6
months). The stent diameter ranges from 5-10
mm (1 mm apart) and the length ranges from
17-77 mm. The radial retraction of the stent is
2.8-4.1%. This type of stent can be implanted
via three routes, namely ERCP, percutaneous
intervention, and hepatic, biliary and pancre-
atic surgical placement. The degradable metal
stent avoids secondary surgical removal, great-
ly reducing the incidence of complications and
alleviating the burden on patients.

Conclusion

Since its first clinical application in 1979, bili-
ary stenting has made great progress. Biliary 
stents have also evolved from the early days 
of using only PSs without any customization, 
to patient-specific self-expanding metal and 
absorbable stents. The cumulative patency of 
metal stents generally exceeds that of PSs. 
Although new PSs continue to be introduced, 
there have been no reports found that the cu-
mulative patency of PSs exceeds that of metal 
stents, and there is no significant difference in 
cumulative survival between the two. In terms 
of the incidence of complications and adverse 
events, there is no significant difference in the 
early adverse events between the plastic and 
metal stents, while PSs are associated with 
higher late adverse event and total adverse 
events, and the main differences were reflect-
ed in sepsis, cholangitis, obstruction caused 
by bile sludge and reintervention caused by 
various causes. The advantages of PSs are low 
cost, simple operation, and easy removal and 
replacement in the event of blockage. However, 
its disadvantages are also obvious, including 
high incidence of re-obstruction in about 3 

Figure 4. Unity-B magnesium alloy degradable 
biliary stent. This figure is cited from [55].
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months and easy to cause cholangitis. For the 
above reasons, PSs are more suitable for be-
nign bile duct stenosis, sclerosing cholangitis, 
and biliary fistula, which can be used after en-
doscopic dilation, and their cost is much lower 
than that of metal stents. The advantages of 
metal stents are long stent patency time and 
low incidence of re-obstruction, but they are 
expensive and difficult to remove after implan-
tation. The leading causes of restenosis after 
bare metal stent implantation include intra-
tumoral growth, cholestasis, and granulation 
tissue hyperplasia. Management of restenosis 
after stent implantation include (1) re-implan-
tation of the stent, (2) changing the structure 
of the scaffold, such as inserting metal-coated 
stents, drug-eluting stents, double-layer stents, 
and biodegradable coated stents (still under 
study), (3) combination therapy, such as com-
bined radiotherapy, combined radiofrequency 
ablation, combined photodynamic therapy, and 
combined percutaneous perfusion chemother-
apy. Although USEMS metaloid stent implanta-
tion has obvious advantages over PSs in terms 
of surgical safety, long-term patency rate, and 
total medical cost during survival, its disadvan-
tage is that it is difficult to remove after implan-
tation, and permanent metal stent implanta-
tion should be contraindicated for those who 
cannot identify benign and malignant lesions 
and who intend to undergo surgery. Where 
economic permits, fully coated metal stents are 
also indicated for patients with benign biliary 
stenosis or whose nature is pending. Moreover, 
non-degradable PSs and metal stents have a 
common disadvantage, that is, secondary oc-
clusion when the stent is placed for a long time, 
so the degradability of biliary stents is a major 
research direction at present.

Prospect

With the continuous update of biliary stent 
design and materials, various types of SEMS, 
such as anti-migration, anti-reflux, drug elution, 
radioactivity, 3D printed scaffolds, and biore-
sorbable scaffolds, have been introduced. Al-
though many emerging stents are still in the re-
search stage, it is certain that the performance 
of stents will be further optimized, and more 
high-performance and targeted stents will be 
developed to benefit patients. It is foreseeable 
that more research on drug-eluting stents and 
drug-eluting degradable stents will be conduct-
ed in the future to play their synergistic advan-
tages, reduce the risk of secondary stenosis, 
and reduce the cost of coated stents. Besides, 
we also look forward to the development of 3D 
and 4D printing micro-size stent technology.
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