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Development of novel biliary
metal stent with coil-spring
structure and its application in
vivo swine biliary stricture model
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Namyoung Park 2, Min Woo Lee 1, Joo Seong Kim 3,
Seok Jeong 3,4, Don Haeng Lee 4,5, Tae-Won Jeong5,
Byoung-Yun Ki6, Woo Hyun Paik 1, Ji Kon Ryu 1

and Yong-Tae Kim 1

1Department of Internal Medicine and Liver Research Institute, Seoul National University College of
Medicine, Seoul, Republic of Korea, 2Department of Gastroenterology, Kyung Hee University Hospital at
Gangdong, Seoul, Republic of Korea, 3Department of Internal Medicine, Dongguk University College of
Medicine, Dongguk University Ilsan Hospital, Goyang-si, Republic of Korea, 4Digestive Disease Center,
Department of Internal Medicine, Inha University School of Medicine, Incheon, Republic of Korea, 5The
National Center of Efficacy Evaluation for the Development of Health Products Targeting Digestive
Disorders (NCEED) and Utah-Inha DDS & Advanced Therapeutics Research Center, Incheon, Republic
of Korea, 6CG Bio Co., Ltd., Seoul, Republic of Korea
Background: As of date, endoscopic biliary stenting with plastic stent (PS) and self-

expandable metal stent (SEMS) have been widely used for the palliation of biliary

tract strictures. However, these two stents have several limitations regarding the

management of bi l iary str ictures caused by intrahepatic and hilar

cholangiocarcinoma. PS has short patency and also risks bile duct injury and

bowel perforation. SEMS is difficult to revise when occluded by tumor overgrowth.

To compensate for such shortcomings, we developed a novel biliary metal stent

with coil-spring structure. The aim of this study was to investigate the feasibility

and efficacy of the novel stent in a swine model.

Methods: The biliary stricture model was prepared in six mini-pigs using

endobiliary radiofrequency ablation. Conventional PS (n=2) and novel stents

(n=4) were deployed endoscopically. Technical success was defined as

successful stent placement and clinical success was defined as >50% reduction

of serum bilirubin level. Adverse events, stent migration, and endoscopic

removability for one month after stenting were also assessed.

Results: The biliary stricture was successfully created in all animals. The technical

success rate was 100%, and the clinical success rate was 50% in the PS group and

75% in the novel stent group. In the novel stent group, the median pre- and post-

treatment serum bilirubin levels were 3.94 and 0.3 mg/dL. Stent migration

occurred in two pigs and two stents were removed by endoscopy. There was no

stent-related mortality.
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Conclusions: The newly designed biliary metal stent was feasible and effective in a

swine biliary stricture model. Further studies are needed to verify the usefulness of

the novel stent in the management of biliary strictures.
KEYWORDS

endoscopic retrograde cholangiopancreatography, biliary tract neoplasms, bile duct
obstruction, stent, animal experiment
Introduction

Biliary stricture can be caused by various diseases and the majority of

biliary strictures are malignant (1, 2). Although endoscopic biliary

stenting is considered as the preferred treatment modality, the

management of malignant hilar and intrahepatic duct strictures

remains a clinical challenge. The lengthy distance from the duodenal

papilla to the stricture site requires a long stent (generally >10 cm) and

severe angulation of the bile duct causes difficulties in stent deployment.

Also, the thin diameter of the intrahepatic bile duct and the presence of

branch ducts make it technically more challenging than extrahepatic

strictures. Thus, it is difficult to define the optimal drainage strategy and

stent type for the palliation of hilar and intrahepatic duct stricture.

As of date, two types of stents are conventionally used in clinical

practice - plastic stent (PS) and self-expandable metal stent (SEMS)

(3). However, PS and SEMS still have several limitations to overcome

in the management of hilar and intrahepatic strictures. PS has an

advantage in terms of cost and convenience in deployment and

exchange (4). However, PS shows a relatively short patency due to

clogging caused by biofilm formation and therefore requires frequent

exchange (5, 6). The axial force of PS may also increase the risk of

complications such as stent dislocation and intestinal perforation (7).

SEMS, with larger caliber about 10mm, is generally considered to

have a longer patency than PS. However, the uncovered SEMS

(ucSEMS) cannot be removed, and revision is difficult when

obstructions from tumor progression occur (8). Fully covered SEMS

(fcSEMS) can be removed if required and provides longer stent

patency by preventing tumor ingrowth. Nevertheless, it has the risk

of migration and associated risks of intrahepatic bile duct branch

occlusion and subsequent cholangitis and abscess formation (9).

With the improvement of pancreatobiliary cancer prognosis due

to advances in chemotherapy (10–12), there is a growing clinical need

for a novel stent to overcome the limitations of PS and SEMS and also

effectively manage malignant hilar and intrahepatic biliary stricture.

Thus, we devised a novel biliary metal stent with the following

characteristics: larger inner diameter compared to PS with same

outer diameter, more flexibility due to coil-spring structure, and

easily removable. Using the novel biliary metal stent, we performed

a three-stage preclinical study.

The aim of this study is to verify the validity of the novel biliary

metal stent with coil-spring structure and investigate its feasibility and

efficacy in a swine biliary stricture model.
02
Materials and methods

Novel biliary metal stent with coil-spring
structure, delivery system and phantom
model

In this preclinical study, we used the novel biliary metal stent (as

experimental) and conventional PS (as control). The structure of the

novel biliary metal stent with coil-spring structure (CG Bio Co., Ltd.,

Seoul, Korea) is shown in Figure 1. A metal stent was processed into a

coil-spring structure through laser cutting. The metal material used

was nitinol and silicone membrane was coated inside and outside the

stent. By adopting the coil-spring structure, the novel stent was

designed to increase flexibility and have high compliance with the

bile duct structure. To prevent migration, there were irregularities on

the outside of the stent. Silicone skirt and a lasso were attached to the

distal end to prevent migration and enable easy removal. The Cotton-

Leung® Biliary Stent (Cook Medical, Bloomington, IN, USA) with 8.5

Fr outer diameter and 7 cm length was used as conventional PS.

The novel biliary metal stent had the following features: 400mg

weight, 8.5 Fr outer diameter, and 7 cm length. Compared to a

conventional PS with the same outer diameter, the novel stent had

23.8% larger cross-sectional area inside the lumen (diameter: 2.6mm

vs. 2.1mm). In addition, flexibility and resistance to external

compression force increased by 92.8% and 92.1%, respectively, a

result of the 3-p bending test. Stents are delivered with a 9-Fr pull-

back delivery system, which is compatible with the working channel

of a duodenoscope. It is designed for easy access to the biliary stricture

site with high flexibility and pushability.

To verify the validity of the stent and delivery system, usability

test was performed using the phantom model (Medical training tools,

Roosendaal, Netherlands) made like the human body. Through the

test, we could confirm that the stent was deployed without any

problems and adapted well to the biliary structure (Figure 2).
Animals

A total of six mini-pigs (Sus scrofa; Medi Kinetics Co. Ltd.,

Pyeongtaek, Korea) were used for the in vivo experimental study

(Supplementary Figure 1). The mean age of the mini-pigs were 14

months and each subject weighed approximately 30 kg. All animals
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were quarantined and acclimated in a vivarium for one week before

the experiments. They were kept in specific pathogen-free facilities

with complete substrate feeding. All animals fasted overnight and

were given only water for 24 hours before the endoscopic procedure.

Pre-anesthesia sedation consisted of an intramuscular injection of

tiletamine/zolazepam (5mg/kg), xylazine hydrochloride (2mg/kg),

and atropine sulfate (0.04 mg/kg). The animals were subsequently

intubated, and general anesthesia was achieved with 1.5% isoflurane

(Foran®; JW Pharmaceutical Corp., South Korea). During the

procedure, heart rate, respiratory rate, and oxygen saturation were

monitored continuously. The pigs resumed their usual diet (1000

kcal/day) on the day after the procedure.
Ethical statement

This animal study was approved by the Institutional Animal Care

and Use Committee at the KNOTUS Co. Ltd, (IRB No. KNOTUS

IACUC 21-KE-025). All procedures carried out for the animal

experiment were performed in accordance with the ARRIVE

guidelines (13). The introduction and breeding of animals were

carried out according to the institutional ethics guidelines and

ARRIVE guidelines, under the supervision of KNOTUS employees.

No unnecessary animal discomfort was caused during the experiment

including the endoscopic procedure. All authors complied with the

ARRIVE guidelines, and the outcome measures and statistical

analysis also followed the guidelines.
Endoscopic procedure for making biliary
stricture model

Endoscopic procedures were performed by experienced

endoscopists (I.R.C. and S.H.L.) using a standard side-viewing
Frontiers in Oncology 03
duodenoscope (TJF-240; Olympus Optical Co. Ltd., Tokyo, Japan)

under general anesthesia. After the endoscope was inserted into the

duodenum, the bile duct orifice was identified. A 0.035-inch

hydrophilic-tipped guidewire (Cook Medical, Bloomington, IN,

USA) was inserted into the bile duct using the pull-type

sphincterotome (MicroTech, Nanking, China). After obtaining the

cholangiogram, endoscopic sphincterectomy was performed and the

endobiliary radiofrequency ablation (RFA) catheter (18mm electrode

length, 7F diameter, 175-cm working length; STARmed Co., Ltd,

Goyang, Korea) was advanced into the common bile duct (CBD) over

the guidewire under fluoroscopic guidance. RFA applications (VIVA

combo RF generator, VCS10, STARmed Co., Ltd) were performed at

an energy setting of 7W, 80° C for 80 seconds according to the

previously published protocol (Figure 3) (14).

During the 4 weeks following the initial procedure, the animals

were fed their usual diet. Clinical signs and parameters including

weight loss, daily food intake, and demeanor score were monitored

daily and X-rays and biochemical laboratory tests were assessed

every week.
Stent deployment

After 4 weeks of the RFA procedure, the second endoscopic

procedure was performed to deploy a stent. Novel coil-spring stents

were deployed in four pigs (experimental group) while conventional

PS were inserted into the two pigs (control group). First, the

duodenoscope was inserted into the duodenum, and the

cholangiogram was obtained. After confirming the biliary stricture

was well created, the novel metal stent or PS was inserted over a guide

wire using a delivery system under fluoroscopic guidance and

deployed across the stricture site (Figure 3). Technical success was

defined as successful stent placement in an appropriate position

(across the stricture) without any immediate adverse events.
FIGURE 1

Novel biliary metal stent with coil-spring structure. (A) Structure of novel stent. (B) Coil-spring structure was adopted to increase flexibility and prevent migration.
(C) A silicone skirt was installed at the distal end to prevent duodenal mucosa damage and a lasso was attached for endoscopic removal. (D) Silicone coating was
applied to both sides of the nitinol.
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Follow−up and clinical parameters

During 4 weeks after stent insertion, the animals were fed their

usual diet and clinical evaluation was performed daily to confirm

improvements in jaundice and detect any adverse events (AEs). X-ray

and biochemical laboratory tests were assessed every week. Clinical

success was defined as a reduction in serum bilirubin level of >50%

during the first week after stent placement. For other clinical

parameters, the stent patency and migration were evaluated.

Regarding stents that were placed for more than 4 weeks,

endoscopic removal using rat tooth forcep was performed, and

follow-up cholangiogram was taken one week after stent removal

(or migration) and necropsy was performed. All the retrieved stents

were cut and the cross section was investigated to check the changes

in the lumen such as biofilm formation or sludge clogging (Figure 4).
Histologic examination

After the experiment, all animals were euthanized and assessed

for bleeding, perforation or damage to surrounding structures in

peritoneal cavity. After removing the stent endoscopically, the bile

duct was excised with a longitudinal incision. The excised bile duct

was grossly observed, and then, the formalin-fixed bile duct samples

were cross-sectioned at three levels for microscopic examination: the

distal and proximal ends, and the middle of the stented segment

(Figure 5A). The sectioned tissue samples were stained with

hematoxylin-eosin and examined by an experienced pathologist (T-

W. J.) who evaluated the degree of submucosal inflammatory cell

infiltration. The degree of submucosal inflammatory cell infiltration

was graded as 0 (none), 1 (mild), 2 (moderate), or 3 (severe).
Statistical analysis

All statistical analyses were performed using SPSS for Windows

version 23.0 (IBM, Armonk, NY, USA). Categorical variables were

described as subject number and proportions for all subjects.

Continuous variables were described as medians and interquartile ranges.
Frontiers in Oncology 04
Results

Endobiliary RFA procedure and
technical aspects

Endobiliary RFA procedure was successfully performed on all

subjects. There were no technical difficulties or immediate adverse

events during the procedure. On the follow-up fluoroscopy 4 weeks

after the procedure, biliary stricture was observed in all subjects and

there was no difference in the degree of stricture between the control

and experimental groups (Supplementary Figure 2). The novel biliary

metal stent was deployed in four subjects and PS was deployed in two

subjects. Technical success rate was 100% (6/6), and no procedure-

related complications were encountered during stent deployment.

Also, there was no difficulty when removing the stents. The novel coil-

spring stent could be easily removed through the endoscopy working

channel by holding the lasso with a rat tooth forcep.
Clinical parameters and follow−up in the
animal model

The treatment details and outcomes of all subjects are

summarized in Table 1. Among the control group subjects, one pig

(subject #1) expired due to severe cholangitis eight days after the

procedure. In other subjects (#2) in the control group, a 78.3%

decrease in serum bilirubin level was confirmed after the procedure,

and the stent was placed for seven weeks without migration.

In the novel stent group, three of four (75%) subjects showed

clinical success. Stent migration occurred in two subjects and two

stents were removed successfully by endoscopy five weeks after the

deployment. The median stent indwelling period was 31.5 days. Stent

migration was confirmed by plain X-ray, and there was no bowel

injury due to stent migration. Adverse events affecting the survival of

the subjects did not occur. Table 2 showed pre- and post-treatment

laboratory values of novel stent group subjects. After stent

deployment, median white blood cell count (24,490/mm3 to 21,920/

mm3), aspartate aminotransferase (AST, 81.2 U/L to 51.7 U/L), and

total bilirubin level (3.94 to 0.3 mg/dL) were reduced.
FIGURE 2

Fluoroscopic images of the endoscopic deployment of a novel biliary metal stent in a phantom model.
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Luminal change evaluation of retrieved
stents and histologic examination
of bile duct

To evaluate luminal patency, the cross sections of the

endoscopically retrieved stents (one plastic stent and two novel
Frontiers in Oncology 05
biliary metal stents) were investigated. In comparison to PS, the

novel biliary metal stent was confirmed with less biofilm formation

and sludge clogging in the stent lumen (Figure 4).

Through histologic examination, we found that the inflammation

score of the novel stent group was lower than that of the PS group.

The inflammation score of subject #2, in which PS was deployed and

removed endoscopically, was 2.3 ( ± 1.5), whereas in subjects #3 and

#5, in which the novel biliary metal stent was inserted and removed,

the scores were 1.3 (± 0.6) and 1.0 (± 0.0), respectively (Figure 5).

There was no evidence of intra-abdominal bleeding, perforation, or

bowel damage in any of the subjects in autopsy.
Discussion

This preclinical in vivo study shows that the novel biliary metal

stent with coil-spring structure can be a potentially effective

instrument for biliary stricture. The technical success rate was 100

% and clinical success was achieved in most subjects. The novel metal

stent could be easily removed endoscopically and did not induce

severe inflammation in the bile duct epithelial tissue. In addition,

there were no adverse events related with the procedure and after self-

migration of the stent. Although there are limitations in the relatively

short length of the stent and the biliary stricture swine model, we

established a basis for the development of a novel biliary metal stent.

This novel coil-spring metal stent with improved stent structure, has

the potential to serve as an efficient alternative for the palliation of

hilar and intrahepatic duct strictures.

Unlike extrahepatic duct stricture, the successful endoscopic

management of intrahepatic and perihilar duct stricture caused by

intrahepatic and hilar cholangiocarcinoma are very difficult to achieve
FIGURE 3

Endoscopic retrograde cholangiograms of animals. (A)
Cholangiogram obtained during endobiliary RFA. RFA catheter
positioned in the CBD (B) Cholangiogram at four weeks after
endobiliary RFA showing stricture at site of procedure (C) Novel
biliary metal stent was deployed successfully. Distal tip located in the
duodenal bulb. (D) Stent was deployed across the stricture site.
A

B

FIGURE 4

The cross section of plastic stent (A) and novel biliary metal stent (B) were checked after endoscopic stent removal. Both stents had been placed for 4
weeks. Novel biliary metal stent showed a large inner diameter through less formation of biofilm and biliary sludge.
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(15). There are technical difficulties and the risk of post-procedural

cholangitis due to stricture complexity and the possibility of

incomplete drainage (16–18). Both PS and SEMS have their pros

and cons, so the optimal strategy for these types of biliary strictures

remains unclear. Although ucSEMS is superior to PS in many aspects,

it has disadvantages including impossible stent exchanges and

difficult revision (19). In particular, recently, local therapy such as

photodynamic therapy and RFA have been performed for biliary tract

cancer patients who are not eligible for operation, and PS is more

desirable in this case due to requirements for stent replacement (20,

21). In addition, for the treatment of anastomotic stricture after liver

transplantation, repeated stent exchange using PS has been

performed, and thus replaceable stents are also more useful in such

cases (22). Therefore, a novel biliary metal stent with coil-spring

structure which is flexible, exchangeable, and has prolonged patency

could play an important role.
Frontiers in Oncology 06
The novel biliary metal stent has potential advantages derived

from its unique structure (Supplementary Table 1). Compared to PS,

which has limitations in enlarging the outer diameter beyond the size

of the duodenoscope working channel, the novel metal stent has a

larger inner diameter and effective cross-sectional area due to less

sludge clogging and biofilm formation. Also, the novel stent has no

side hole which could prevent the generation of microturbulence that

occurs around the side hole and causes sludge formation (23). In

addition, it has a coil-spring structure that can respond to external

forces in a more flexible manner. Therefore, even with stent

migration, the risk of causing bowel obstruction or perforation is

relatively low. In comparison to ucSEMS, the novel stent has

advantages in terms of multiple stenting and revision. Thus, it can

be useful for the palliation of proximal bile duct stricture. In addition,

a smaller diameter may facilitate bilateral, multiple stent insertion,

and possibly prevent branch bile duct occlusion that may occur in
TABLE 1 Characteristics of all subjects that underwent endoscopic stent deployment.

Subject
No

Group Technical
success

Clinical
success

Stent migra-
tion

Indwelling period
(days)

Endoscopic
removal

T.bil reduction
(%)

1* Control Yes No . 8 . .

2 Control Yes Yes No 42 Success 78.30%

3 Experimental Yes Yes No 35 Success 89.00%

4 Experimental Yes No Yes 28 . 46.70%

5 Experimental Yes Yes No 35 Success 91.90%

6 Experimental Yes Yes Yes 21 . 54.20%
*Subject was expired due to severe cholangitis.
FIGURE 5

Histologic examination of bile duct. (A) Gross inspection of extracted bile duct was conducted. For microscopic examination, fixed sample was sectioned
at 3 levels (black dots). (B, C) Inflammatory cell infiltration sites were seen in the bile duct mucosa of subject #2 and #3 (black arrow, H&E X100) (D)
Inflammation scores of each subject were calculated and compared.
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fcSEMS. Based on such properties, this novel biliary metal stent could

be useful for patients who require multiple stent insertion in the

proximal bile ducts, repeated local therapies such as RFA, and long-

term placement and exchange of stents.

A number of challenges need to be solved through follow-up

studies after this preclinical study. Most of the existing swine biliary

stricture models were established in a way that induces benign

stricture of the extrahepatic biliary duct (14, 24). We also created

biliary stenosis in the extrahepatic bile duct due to difficulties in

establishing an appropriate and reproducible intrahepatic bile duct

stricture model. Therefore, the efficacy and safety of a ‘long’ coil-

spring stent for intrahepatic bile duct drainage could not be fully

evaluated. Further research is necessary to evaluate the usefulness of a

long stent through a hilar stricture model. In addition, stent migration

occurred in 50% of subjects in the novel stent group. As flared ends

could cause bile duct injury and embedment (25), the novel biliary

metal stent was structured without flared ends and an anti-migration

feature was attempted through surface irregularities. This is another

unsolved problem that needs structural improvement and further

preclinical research. Structural improvements such as the adoption of

a pigtail structure or the application of anti-migration flaps are

needed. However, despite such concerns, the novel biliary metal

stent with coil-spring structure displayed potentials of safety and

clinical usability. No adverse events such as bowel perforation or

impaction were observed even after migration, and no duodenal

ulceration was reported after more than 4 weeks of deployment. It

was confirmed to induce less inflammation of the bile duct epithelium

compared to PS. In addition, clinical success was confirmed even in

the subjects that showed early migration.

We learned several points from this preclinical study. In the

technical aspect, endoscopic procedures for mini-pigs were more

difficult than for humans. The stomach of mini-pig is larger than that

of a human and has more acute angulation (26). Also, the location of

the ampullary orifice was different, (just below the pyloric channel)

and the bowel was more redundant. Therefore, the duodenoscope

conventionally used for humans was relatively short in length. The

difficulty increased further as the swine continued to grow during the

experiment. Thus, the experimental period was not sufficient to

evaluate stent migration and patency with endoscopy. It is thought

that stent migration and patency can be investigated through follow-

up of X-ray and laboratory value for a sufficient period without

additional endoscopic procedure. The absence of antibiotics

administration raised concerns about ascending cholangitis after the

procedure and the contrast medium was not sufficiently injected. So,

the configuration of the proximal bile duct and cystic duct could not
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be sufficiently evaluated in some subjects. Therefore, there is a

possibility that the stent was deployed in inappropriate position

that could be related with modest clinical success and stent

migration. It is necessary to make a more precise protocol in the

future. Biliary stricture created by RFA-induced inflammation has a

benign nature and can influence pathological evaluation after stent

removal. Efforts are needed to find methods to discriminate the RFA-

induced inflammation and additionally induced inflammations by

stent insertion. Based on the lessons mentioned above, we believe that

we can design a more delicate plan in follow-up experiments, and

hope that the lessons of this study will be helpful to other researchers

who are planning similar experiments.

The present study has several limitations. First, the sample size

was too small to confirm the clinical effect and compare the efficacy

and safety between stents. We aimed to confirm the feasibility and

safety of the novel stent through this study, and thus the sample size

was not sufficient to prove the clinical benefits of the novel stent.

Although there was no additional inflammation and less sludge

formation in the novel stent group compared to the control group,

the small sample size makes it difficult to generalize. Second, this

study was conducted using only the extrahepatic duct stricture model

using RFA which cannot fully reflect the characteristics of malignant

stricture. Therefore, it was impossible to check the effect of the

common causes of stent failure in malignant biliary strictures such

as tumor overgrowth or ingrowth to the novel stent patency. Further

study is needed after establishing an intrahepatic bile duct or

malignant stricture model based on the experience of this study.

Third, stents with the same length, diameter and shape were used. The

novel stent was in its early stage of development and therefore the

novel stent used in the study had relatively short length and similar

outer diameter to the existing PS. Finally, there were limitations in

demonstrating clinical success with limited number of subjects and a

relatively short period of study. Some subjects in experimental group

showed lower bilirubin reduction rate due to stent migration and

persistent cholangitis. Improvement of stent structures for anti-

migration and the appropriate use of antibiotics should be

accompanied to improve clinical outcomes.

In conclusion, the novel biliary metal stent with coil-spring

structure was feasible and effective in the in vivo swine biliary

stricture model. Furthermore, novel biliary metal stent removal was

successful after a one-month stent-indwelling period. Therefore, the

novel biliary metal stent may facilitate biliary stricture treatment.

Further long term studies with a larger number of subjects in various

locations of the biliary stricture are needed to verify the usefulness of

the novel stent.
TABLE 2 Changes in laboratory values of the novel stent group subjects.

Pre-Treatment Post-Treatment

WBC, mm3 24,490 (14,292-35,522) 21,920 (14,450-31,765)

T.bilirubin, mg/dL 3.94 (0.92-6.23) 0.3 (0.18-2.52)

AST, U/mL 81.2 (65.9-205.4) 57.1 (35.1-389.0)

ALT, U/mL 23.1 (21.5-27.2) 24.6 (19.6-31.5)
Values expressed as median and interquartile range.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1103217
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Cho et al. 10.3389/fonc.2023.1103217
Data availability statement

The original contributions presented in the study are included in

the article/Supplementary Material. Further inquiries can be directed

to the corresponding author.
Ethics statement

The animal study was reviewed and approved by Institutional

Animal Care and Use Committee at the KNOTUS Co. Ltd.
Author contributions

IC contributed to the data collection and interpretation,

performance of endoscopies, and manuscript draft writing. SL

contributed to the study conception and design, performing

endoscopy, and study supervision. JC, NP, ML, JK contributed to

the performing endoscopies and data collection and interpretation. SJ

and DL contributed to the study conception and interpret the

endoscopic findings. T-WJ contributed to the tissue preparation,

histological examination and interpretation. B-YK contributed to

the stent development and study conception and design. WP, JR,

Y-TK contributed to the data interpretation and manuscript draft

writing. All authors contributed to the article and approved the

submitted version.
Funding

This research was supported by a grant of the Korea Health

Technology R&D Project through the Korea Health Industry

Development Institute(KHIDI), funded by the Ministry of Health &
Frontiers in Oncology 08
Welfare, Republic of Korea (grant number : HI20C1488) and Young

Medical Scientist Research Grant funded by the Daewoong

Foundation (Project ID: DY20207P).
Acknowledgments

The authors would like to thank the staff of NCEED for their

efforts in the in vivo experiments.
Conflict of interest

B-YK is employed by CGBio, a stent manufacturer.

The remaining authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1103217/

full#supplementary-material
References
1. Larghi A, Tringali A, Lecca PG, Giordano M, Costamagna G. Management of hilar
biliary strictures. Am J Gastroenterol (2008) 103(2):458–73. doi: 10.1111/j.1572-
0241.2007.01645.x

2. Choi JH, Paik WH. Unilateral versus bilateral biliary drainage for post-transplant
anastomotic stricture. Clin Endosc (2020) 53(3):255–60. doi: 10.5946/ce.2020.079

3. Xia MX, Cai XB, Pan YL, Wu J, Gao DJ, Ye X, et al. Optimal stent placement strategy
for malignant hilar biliary obstruction: A large multicenter parallel study. Gastrointest
Endosc (2020) 91(5):1117–28.e9. doi: 10.1016/j.gie.2019.12.023

4. Qumseya BJ, Jamil LH, Elmunzer BJ, Riaz A, Ceppa EP, Thosani NC, et al. ASGE
guideline on the role of endoscopy in the management of malignant hilar obstruction.
Gastrointest Endosc (2021) 94(2):222–34.e22. doi: 10.1016/j.gie.2020.12.035

5. Wagner HJ, Knyrim K, Vakil N, Klose KJ. Plastic endoprostheses versus metal stents
in the palliative treatment of malignant hilar biliary obstruction. A prospective randomized
trial. Endoscopy (1993) 25(3):213–8. doi: 10.1055/s-2007-1010295

6. Kim JH. Endoscopic stent placement in the palliation of malignant biliary
obstruction. Clin Endosc (2011) 44(2):76–86. doi: 10.5946/ce.2011.44.2.76

7. Barakat MT, Kothari S, Banerjee S. Cut and paste: Endoscopic management of a
perforating biliary stent utilizing scissors and clips. Dig Dis Sci (2018) 63(9):2202–5.
doi: 10.1007/s10620-017-4837-y

8. Son JH, Lee HS, Lee SH, Bang S, Kang J, Paik WH, et al. Revision of bilateral self-
expandable metallic stents placed using the stent-in-stent technique for malignant hilar
biliary obstruction. Hepatobiliary Pancreat Dis Int (2018) 17(5):437–42. doi: 10.1016/
j.hbpd.2018.07.007

9. 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 malignant biliary obstruction. Gut (2004) 53(5):729–34.
doi: 10.1136/gut.2003.018945

10. Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y, et al.
FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J Med (2011)
364(19):1817–25. doi: 10.1056/NEJMoa1011923

11. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, et al.
Increased survival in pancreatic cancer with nab-paclitaxel plus gemcitabine.N Engl J Med
(2013) 369(18):1691–703. doi: 10.1056/NEJMoa1304369

12. Shroff RT, Javle MM, Xiao L, Kaseb AO, Varadhachary GR, Wolff RA, et al.
Gemcitabine, cisplatin, and nab-paclitaxel for the treatment of advanced biliary tract
cancers: A phase 2 clinical trial. JAMA Oncol (2019) 5(6):824–30. doi: 10.1001/
jamaoncol.2019.0270

13. Kilkenny C, Browne W, Cuthill IC, Emerson M, Altman DG, Group NCRRGW.
Animal research: Reporting in vivo experiments: The ARRIVE guidelines. Br J Pharmacol
(2010) 160(7):1577–9. doi: 10.1111/j.1476-5381.2010.00872.x

14. Park JS, Jeong S, Kim JM, Park SS, Lee DH. Development of a swine benign biliary
stricture model using endoscopic biliary radiofrequency ablation. J Korean Med Sci (2016)
31(9):1438–44. doi: 10.3346/jkms.2016.31.9.1438
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1103217/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1103217/full#supplementary-material
https://doi.org/10.1111/j.1572-0241.2007.01645.x
https://doi.org/10.1111/j.1572-0241.2007.01645.x
https://doi.org/10.5946/ce.2020.079
https://doi.org/10.1016/j.gie.2019.12.023
https://doi.org/10.1016/j.gie.2020.12.035
https://doi.org/10.1055/s-2007-1010295
https://doi.org/10.5946/ce.2011.44.2.76
https://doi.org/10.1007/s10620-017-4837-y
https://doi.org/10.1016/j.hbpd.2018.07.007
https://doi.org/10.1016/j.hbpd.2018.07.007
https://doi.org/10.1136/gut.2003.018945
https://doi.org/10.1056/NEJMoa1011923
https://doi.org/10.1056/NEJMoa1304369
https://doi.org/10.1001/jamaoncol.2019.0270
https://doi.org/10.1001/jamaoncol.2019.0270
https://doi.org/10.1111/j.1476-5381.2010.00872.x
https://doi.org/10.3346/jkms.2016.31.9.1438
https://doi.org/10.3389/fonc.2023.1103217
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Cho et al. 10.3389/fonc.2023.1103217
15. Kanno Y, Koshita S, Ogawa T, Kusunose H, Masu K, Sakai T, et al. Inside plastic
stents versus metal stents for treating unresectable malignant perihilar biliary
obstructions: A retrospective comparative study. Clin Endosc (2020) 53(6):735–42.
doi: 10.5946/ce.2020.003

16. Lee TH, Lee SJ, Moon JH, Park SH. Technical tips and issues of biliary stenting,
focusing on malignant hilar obstruction. Minerva Gastroenterol Dietol (2014) 60(2):135–
49. doi: 10.5946/ce.2013.46.3.260

17. Uppal DS, Wang AY. Advances in endoscopic retrograde cholangiopancreatography
for the treatment of cholangiocarcinoma. World J Gastrointest Endosc (2015) 7(7):675–87.
doi: 10.4253/wjge.v7.i7.675

18. Park JM, Lee SH, Chung KH, Jang DK, Ryu JK, Kim YT, et al. Endoscopic
bilateral stent-in-stent placement for malignant hilar obstruction using a large cell type
stent. Hepatobiliary Pancreat Dis Int (2016) 15(6):633–9. doi: 10.1016/s1499-3872(16)
60107-8

19. Choi JH, Lee SH, You MS, Shin BS, Choi YH, Kang J, et al. Step-wise endoscopic
approach to palliative bilateral biliary drainage for unresectable advanced malignant hilar
obstruction. Sci Rep (2019) 9(1):13207. doi: 10.1038/s41598-019-48384-x

20. Cha BH, Jang MJ, Lee SH. Survival benefit of intraductal radiofrequency ablation
for malignant biliary obstruction: A systematic review with meta-analysis. Clin Endosc
(2021) 54(1):100–6. doi: 10.5946/ce.2020.254
Frontiers in Oncology 09
21. Gao F, Bai Y, Ma SR, Liu F, Li ZS. Systematic review: Photodynamic therapy for
unresectable cholangiocarcinoma. J Hepatobiliary Pancreat Sci (2010) 17(2):125–31.
doi: 10.1007/s00534-009-0109-3

22. Lee DW, Han J. Endoscopic management of anastomotic stricture after living-
donor liver transplantation. Korean J Intern Med (2019) 34(2):261–8. doi: 10.3904/
kjim.2019.044

23. Kwon CI, Lehman GA. Mechanisms of biliary plastic stent occlusion and efforts at
prevention. Clin Endosc (2016) 49(2):139–46. doi: 10.5946/ce.2016.024

24. Rumalla A, Petersen BT, Baron TH, Burgart LJ, Herman LJ, Wiersema MJ, et al.
Development of a swine model for benign stenosis of the bile duct by endoscopic
application of intraluminal thermal injury. Gastrointest Endosc (2003) 57(1):73–7.
doi: 10.1067/mge.2003.27

25. Moon SH, KimMH, Park DH, Song TJ, Eum J, Lee SS, et al. Modified fully covered
self-expandable metal stents with antimigration features for benign pancreatic-duct
strictures in advanced chronic pancreatitis, with a focus on the safety profile and
reducing migration. Gastrointest Endosc (2010) 72(1):86–91. doi: 10.1016/
j.gie.2010.01.063

26. Kararli TT. Comparison of the gastrointestinal anatomy, physiology, and
biochemistry of humans and commonly used laboratory animals. Biopharm Drug
Dispos (1995) 16(5):351–80. doi: 10.1002/bdd.2510160502
frontiersin.org

https://doi.org/10.5946/ce.2020.003
https://doi.org/10.5946/ce.2013.46.3.260
https://doi.org/10.4253/wjge.v7.i7.675
https://doi.org/10.1016/s1499-3872(16)60107-8
https://doi.org/10.1016/s1499-3872(16)60107-8
https://doi.org/10.1038/s41598-019-48384-x
https://doi.org/10.5946/ce.2020.254
https://doi.org/10.1007/s00534-009-0109-3
https://doi.org/10.3904/kjim.2019.044
https://doi.org/10.3904/kjim.2019.044
https://doi.org/10.5946/ce.2016.024
https://doi.org/10.1067/mge.2003.27
https://doi.org/10.1016/j.gie.2010.01.063
https://doi.org/10.1016/j.gie.2010.01.063
https://doi.org/10.1002/bdd.2510160502
https://doi.org/10.3389/fonc.2023.1103217
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development of novel biliary metal stent with coil-spring structure and its application in vivo swine biliary stricture model
	Introduction
	Materials and methods
	Novel biliary metal stent with coil-spring structure, delivery system and phantom model
	Animals
	Ethical statement
	Endoscopic procedure for making biliary stricture model
	Stent deployment
	Follow&minus;up and clinical parameters
	Histologic examination
	Statistical analysis

	Results
	Endobiliary RFA procedure and technical aspects
	Clinical parameters and follow&minus;up in the animal model
	Luminal change evaluation of retrieved stents and histologic examination of bile duct

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


