Review articles

The Current State of Biodegradable Self-expanding
Stents in Interventional Gastrointestinal and

Pancreatohiliary Endoscopy

Oscar A. Alvarez B., MD," Rodrigo Castafio Llano, MD,? David Restrepo.?

Radiologist, Internist, Gastroenterologist and

Professor at the University of Texas, San Antonio.

Director of Gastroenterology at the Texas Valley

Coastal Bend Veterans’ Administration Hospital in

Harlingen, Texas

2 Gastrointestinal and Endoscopic Surgeon and
Head of the Postgraduate General Surgery program
U.PB., Gastro Group at the University of Antioquia,
Institute of Cancer Clinic of the Americas in Medellin,
Colombia

3 Medical Student at CES in Medellin, Colombia.

Abstract

Keywords

Biodegradable stents are a very attractive option for use in patients with benign but recurrent and recalcitrant
digestive tract and biliary strictures. In theory, use of these biodegradable stents mitigates the need for repe-
titive expansion of digestive or biliary strictures which are refractory to conventional management and avoids
the need of surgical resection. This is especially true for patients at high surgical risk. Stents can also minimize
the number of interventional endoscopic procedures performed on a patient.
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INTRODUCTION

The use of self-expanding metal stents has proven to be an
effective treatment for managing refractory benign and
malignant stenoses of the digestive tract. Nevertheless, these
stents which are mostly used for treating benign pathologies,
have been associated with various complications including
difficult extraction, migration and hyperplasia. The costs
inherent in procedures that must be repeated must also be
taken into account (1-3). Plastic stents have higher migra-
tion rates, less flexibility and less expansive radial force (4, S).

In the last two decades there have been significant advan-
ces in the development of biocompatible and biodegradable
materials for medical applications. These materials have
been used to develop biodegradable stents to remedy the
problems associated with metal and plastic stents (6). This
article reviews the scant and little known experience with
biodegradable stents that has been accumulated to date. The
emphasis is on their biomechanical aspects with the inten-
tion of consideration of these stents for future local use.

BIOMATERIALS

A biomaterial is an inert compound designed to be
implanted or incorporated within a living biological sys-
tem. Biomaterials are subject to adverse situations since
they are temporarily or permanently exposed to body
fluids which corrode elements of implants. Biomaterials
can restore functions of living tissues and organs in the
body, but the properties required of a material vary
according to the particular application. For this reason it
is essential to understand the relationships between the
properties, functions and structures of biological mate-
rials. Biomaterials can be inert, bioactive, or biodegra-
dable. Inert materials do not trigger any reaction in the
host, bioactive materials can ensure stable and lasting
performance, and biodegradable materials can decom-
pose as the product of natural factors such as bacteria or
can be chemically degraded. It is vital that biodegradable
materials for medical use have no risks of carcinogenesis,
immunogenicity, teratogenicity or toxicity (7).
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Synthetic polymers and magnesium-based materials
are the materials most commonly used for biodegradable
applications. The synthetic polymers include polylactic
acid, polyglycolic acid, polycaprolactone, polydioxanone
and poly (lactic-co-glycolic acid) (8-10). Biomaterials
made of magnesium-based alloys are very biocompatible
and have the property of dissolving in the body during
degradation. However, due to rapid corrosion, degradation
can occur before the therapeutic objective is reached.

Polymeric biomaterials have several advantages: they are
elastic, have low densities and relatively easy to manufac-
ture. The polymers used in medical devices degrade more
slowly than magnesium alloys, and the process is hydrolytic
degradation. This hydrolysis process degrades the polymers
into molecules with little molecular weight so that they can
be metabolized by the body.

The following six qualities characterize the ideal polymer
for use in biodegradable stents:

1. The ability to maintain sufficient expansive force until
the stenosis is resolved.

2. It must not be toxic.

3. It must not induce an inflammatory response in the
surrounding tissue.

4. Tt must be easily metabolizable in the body after it ful-
fills its function.

S. It must be easily processed and never leave traces.

6. It must be easy to sterilize.

Given these characteristics, the main advantages of a
synthetic polymer are:

1. Adequate biocompatibility

2. The potential to change composition and physical-
mechanical properties

Low friction coefficients

Viability and potential for being processed.
Alternatives for surface chemical and physical changes.
Ability to immobilize cells or biomolecules within cells
or on the surfaces of cells.
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This ability to immobilize cells and/or biomolecules led to
the development of drug-eluting stents (DES) such as those
used for some coronary applications. These biodegradable
polymers used for drug delivery are a major technological
advance which, until now, have primarily been used in DES
for the vascular system (11).

The development of drugs that cannot be administered
through traditional intramuscular, subcutaneous or intra-
venous routes together with the convenience of delivering
a drug in a very localized and controlled mannered has led
to research into biomaterials for use in the field of phar-
macy. One result has been the development of devices that
incorporate a drug into a bioabsorbable matrix in which

the release and subsequent availability of the drug is deter-
mined by the speed at which the polymer containing the
drug degrades (12). Coronary stents are a great example
of these devices. Different compounds such as tacrolimus,
sirolimus, paclitaxel, aspirin, dexamethasone, and radioac-
tive materials have been used in the matrixes of biodegrada-
ble stents in order to prevent restenosis and inflammation
while avoiding intimal reactions (13-15). Until now, no
similar applications have been developed in the gastroente-
rological area for humans (Figure 1).

Figure 1. Bioabsorbable drug-coated coronary stent

Polymers, whether or not they are biodegradable, have
different mechanisms of action. Although all matter degra-
des over time, the term biodegradable is only applied to
polymers term that complete degrade within a short time.
Polyesters are synthetic biodegradable polymers that
have many commercial applications in the medical field.
They are characterized by ester bonds within the main
chain which permit them to be degraded hydrolytically.
Processes of hydrolysis degrade polymers into low mole-
cular weight molecules which can be metabolized by the
body. The human physiological environment provides the
appropriate conditions for these processes to occur under
normal conditions between pH 7 and pH 7.4 (16).

As mentioned, biodegradable stents are made from
various synthetic polymers such as polylactic acid, polygly-
colic acid, polyglyconate, poly-L-lactic (Figure 2) and
copolymers of polylactic-co-glycolic acid and polydioxa-
none (Figure 3) (17). Biodegradable stents have been used
for treatment of refractory benign stenoses including those
in the ureters, urethra, trachea, bile ducts, pancreas, small
intestine, colon and esophagus (18).

Figure 2. Poly-L-lactic acid (PLLA) biodegradable stent
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Figure 3. Polydioxanone biodegradable stent

CLINICAL EXPERIENCE WITH GASTROINTESTINAL
AND PANCREATOBILIARY BIODEGRADABLE STENTS

The idea of using biodegradable stents is not new. In fact
there were there were experimental prototypes in 1991 and
1992. Nevertheless, only in recent years have models safely
passed the experimental stage in animals and begun to be
tested in humans. In 1993 Kemppainen published the first
study of biodegradable stents. The study used an experi-
mental model of treatment of urethral stenosis in rabbits
with a biodegradable stent made of poly-L-lactic acid. The
study concluded that this type of stent had a great future for
preventing restenosis of the narrow urethra (19).

The first biodegradable stents for the gastrointestinal
tract were made from polylactic acid and were developed
by Goldin (20). He reported the experience of using these
stents on five patients with benign esophageal stenoses that
had been refractory to endoscopic treatment (Figure 4).
The authors concluded that this prototype stent was una-
ble to maintain significant sustained radial force for more
than three weeks. The stent disintegrated within six weeks
of placement and induced obstruction of the esophageal
lumen. These findings were confirmed in another study by
Fry & Fleisher (21).

Figure 4. Poly-L-lactic biodegradable stent
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Results have improved significantly with biodegradable
stents made from polydioxanone (Figure S).

This type of stent has greater integrity and retains its
radial force for 6 to 8 weeks after placement as has been
demonstrated by Rejchrt (22). This pilot study of three
patients with benign stenoses of the small intestine and
colon confirmed that degradation and fragmentation of
the stent occur between the 11" and 12" weeks after stent
placement. It seems that the degradation of the stent is pH
dependent: degradation is faster when the pH is lower. It
seems that these preliminary observations of prolonged
dilation before degradation and absorption of the stent
may offer a solution for patients who are refractory to con-
ventional dilatation of benign stenoses. This new type of
biodegradable stent allows for constant radial expansion
similar to that achieved with expandable metal stents.
The only difference is that biodegradable stents need not
be removed. Polydioxanone biodegradable stents may
become an alternative treatment for refractory benign ste-
noses of the digestive tract.

Parviainen has treated two pancreaticojejunal anastomo-
ses with biodegradable polylactide stents. Neither patient
developed post-procedure complications. These stents
degrade more easily in this environment than in the pan-
creatic biliary duct environment (23).

Esophagus

The placement of biodegradable stents is an alternative
for treating benign esophageal stenoses that are refractory
to conventional treatment with dilation. It should also be
considered for patients with achalasia. These esophageal
stenoses are generally related to gastroesophageal reflux,
caustic ingestion or develop after esophageal surgery or are
secondary to radiation therapy (18). Conventional dilation
treatment of these stenoses uses plug dilators or hydrosta-
tic balloons. Immediate clinical improvement of dysphagia
occurs in 80% to 90% of cases. However, 30% to 60% of
benign stenoses recur either in the short orlong term. These
patients with recurrent benign stenoses that are recalci-
trant to conventional treatment are those who can benefit
from an alternative treatment. Biodegradable stents were
developed for this special group of patients (24). Saito has
reported the results of two studies of patients treated with
stents made of polylactic acid (Figure 6). Even though 77%
of these stents had migrated over a period of 10 to 21 days
after placement, clinical success was observed in all patients
for a period of 7 months to two years (10).

In 2007 the ELLA-CS stents (Hradec Kralove, Czech
Republic) began to be used. This biodegradable stent is
made of polydioxanone polymer and is currently the only
biodegradable stent used in the digestive tract. This stent
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is placed onto a 28F delivery system and comes in sizes
between 18 mm and 25 mm. This stent is manufactured
for commercial use and is made of polydioxanone, a semi-
crystalline biodegradable polymer that degrades through
hydrolysis. Biodegradation products are not toxic. The
stent is transparent and has radiopaque markings on the
proximal and distal ends (Figure 7) (25).

In 2009, a study published by Rejchrt of this polydioxa-
none stent showed that the radial force and integrity of the
stent were continuously maintained for at least six weeks
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Figure 7. Biodegradable polydioxanone stent by ELLA-CS, Czech Republic

after placement (25). This is much better than previously
published experience with other biodegradable stents.
Sixty percent of stent degradation occurs 7 to 9 weeks after
placement and 90% degradation occurs by 9 weeks. Acid
suppression therapy is recommended as it has been shown
that degradation of this type of stent is faster when exposed
to acid. The average time of degradation of this type is bet-
ween 11 and 12 weeks (Figure 8).

Several studies of experience with SX-ELLA polydio-
xanone biodegradable stents for treatment of refractory
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Figure 8. Endoscopic images of ELLA stent during biodegradation

patients with benign stenoses of the esophagus and achala-
sia have been published (16, 18,25-31, 32). Technical suc-
cess, clinical responses and complications vary from study
to study. Stenting was not a problem in any of the reported
cases. Clinical success varies from 0% to 100% with an
average of 40% (33-35). In 2010 Repici published a pros-
pective study at two European centers (31). In this study
biodegradable stents were used in 21 patients with esopha-
geal stenoses that were refractory to endoscopic treatment.
All patients were treated with ELLA-CS stents (Hradec
Kralove, Czech Republic). The stenting was successful in
100% of the cases. Stents migrated in only two patients
several weeks after placement. Stent biodegradation occu-
rred between 3 and 6 months after placement. Follow-up
endoscopy at three months showed that all stents had frag-
mented. Follow-up endoscopy at 6 months showed that all
stents had dissolved. At the end of the follow-up, dysphagia
had been resolved in nine patients (45%). The fact that the
frequency of endoscopic dilatation was lower in patients
who had been stented than among other patients should
be taken into consideration. The study of this type of stent
with the greatest long-term monitoring was reported by
Hirdes. Clinical success was achieved in 25% of the 28
patients in this series (28).

Theoretically, biodegradable stents are ideal for benign
stenoses that are refractory to endoscopic treatment. These
stents can temporarily provide permeability together with
remodeling the area of the stenosis. The effectiveness of bio-
degradable stents stems from a simple concept in which the
repeated dilatation of the stenosis required for endoscopic
treatment can be replaced by prolonged dilation through
the use of a stent left in situ for several weeks or months.
The basic principle is to remodel a fibrotic stenosis using
a stent made of highly biocompatible materials that do not
induce mechanical damage or irritation that could result in
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overgrowth of granulation tissue or in the formation of a
new stricture or a fistula.

Three different kinds of expandable stents have been
used to treat refractory esophageal stenoses: plastic, cove-
red metal stents and biodegradable stents. So far only a
single study has been published that compares the effec-
tiveness of the three types of stents. Canena has shown
that temporary placement of a self-expanding metal stent
or a biodegradable stent has similar utility for treating
refractory esophageal stenoses (36). In that study, long-
term resolution of dysphagia was achieved in 40% of the
patients treated with self-expanding metal stents and in
30% of those treated with biodegradable stents. Placement
of self-expanding plastic stents had lowest clinical success
rate of only about 10%. Self-expanding plastic stents were
also associated with increased incidence of migration and
repeated intervention. Thirty percent of the expandable
metallic stents migrated while only 20% of the biodegra-
dable stents migrated. Balloon dilation after placement of
biodegradable stents decreased the incidence of migration.

Chest pain is the most common complication that has been
reported in these studies. Tissue hyperplasia occurs in con-
junction with stent degradation. Cases of severe hyperplasia
with recurrence of dysphagia have also been reported (29,
32-35). Argon plasma treatment and balloon dilation have
been used to solve this problem (29, 32, 35). Other potential
complications of biodegradable stents are stent collapse in
the esophageal lumen and tracheoesophageal fistulas (37).

After reviewing the studies published to date it can be
concluded that a subgroup of patients with esophageal ste-
noses refractory to endoscopic treatment seem destined to
prolonged treatment with dilations which increases the risk
of complications, increase the costs involved in treatment,
and significantly reduce the quality of life. These patients
are candidates for treatment with biodegradable stents.
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Despite design limitations of the studies that have been
published, they have shown that biodegradable stents are
effective, safe and represent a very attractive option for this
subgroup of patients.

Small Intestine and Colon

Biodegradable stents may be a promising therapeutic
option for patients with stenoses of the small intestine
and colon. The first description of the use of a biodegra-
dable stent at this location was by the Czech group led by
Rejchrt (22). Stenoses after colon and rectum surgery are
the most common of these stenoses. They occur in bet-
ween 1.5% and 8% of patients who undergo this type of
surgery. A stenosis may also occur after resection of colon
cancer, resection of colonic fistulas, and stenosis associated
with Crohn’s disease (22, 35, 38-41, 42). Placement in the
intestine is possible and relatively simple except in cases of
proximal stenosis and when there is a marked deformity or
angulation. One limitation is 75 cm length of the delivery
system. In most cases it is difficult to place a stent more
than 30 cm from the anus. To address this problem an over
tube extension has been suggested (22). Stent migration,
one of the major limitations, is the main reason for failure
of clinical response. Different techniques have been used to
prevent migration. Mucosal hyperplasia has not been docu-
mented to date in cases of intestinal stenosis treated with
biodegradable stents (Figure 9).

One can say biodegradable stents are a new option for
treating stenosis of the postoperative small bowel and colon
stenoses and stenoses secondary to Crohn’s disease. Using
this type of stents reduces the need for repeat endoscopy
and dilatation. Consequently, they reduce the risk of perfo-

ration and surgical procedures. The high incidence of early
migration can be solved with improvements in stent design.
Further studies are needed to determine the efficacy and
safety of these stents over the long term.

Biliary Tract and Pancreas

Endoscopy is the treatment of choice for benign biliary
stenoses. The role of biodegradable stents in clinical prac-
tice is not well established and is one of the areas of current
research in animal models (43, 44). There are many causes
of biliary stenoses, but the two most common are postsur-
gical stenoses and stenoses secondary to chronic pancrea-
titis (45). Stents currently available in the market for bile
ducts and pancreatic ducts are made of plastic or metal.
These stents have limitations even in published studies of
animal models (46, 47, 48). Laukkarinen has published
various animal model studies using biodegradable stents in
the bile ducts and pancreatic ducts. This group of authors
has investigated the degradation, permeability and toxicity
of biodegradable stents made of polylactic acid. In studies
of stent placement pigs, no histological or anatomical chan-
ges were observed six months after placement.

Petrtyl and Mauri have published their experiences using
biodegradable polydioxanone stents placed percutaneously
into the bile duct. In these two studies twelve patients with
postoperative biliary stenoses were treated with good clini-
cal success after two years of monitoring (49, 50).

CONCLUSIONS

Although there are no domestically produced biodegra-
dable stents in the market, and their costs are currently

Figure 9. Ileal-colonic endoscopic images of stenosis before and after placement of the biodegradable stent.
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prohibitive, the experience accumulated using the only
biodegradable polydioxanone polymer stents available for
endoscopic use has shown promising results. This litera-
ture review allows us to say that biodegradable stents are a
new option for the treatment of refractory stenoses in the
esophagus, biliary ducts, small intestine and colon as well
as stenoses secondary to Crohn’s disease. Using this type of
stents reduces the need for repeated endoscopy and dilata-
tion. Consequently, it reduces the risks of perforation and
surgical procedures. The high incidence of early migration
can be solved with improvements in stent design. Further
studies are needed to determine the efficacy and safety of
these stents long term, and the loss of radial force over time
due to degradation needs to be overcome or mitigated.
Without doubt studies that compare biodegradable stents
with fully covered expandable stents are needed. Studies
with long term follow-up are needed to assess remission of
symptoms with the use of these stents. Evaluation of the
use of these biodegradable stents before chemotherapy or
radiotherapy in patients with esophageal cancer or malig-
nant dysphagia would also be of great significance. Finally,
the ideal stent for benign stenoses should have a large
diameter and be very expandable and highly flexible. This
would maintain luminal integrity, avoid epithelial hyper-
plasia and tissue damage and would not require repeat
endoscopy for removal of the stent. It is very likely that bio-
degradable stents are ideal for achieving these goals.
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