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Summary: Bio-degradable stents are be made of different synthetic polymers (like polylactide or polyglycolide) or their
co-polymers (polydioxanone). They can be used for treating benign stenoses of the small and large intestine, particularly
in Crohn’s disease. Endoscopic introduction of bio-degradable stents into small and large intestinal stenoses is feasible and
relatively simple. Initial results are encouraging and the complication rate is low. However, there are still some difficulties
that need to be overcome. The rate of early stent migration is still rather high (up to one third of patients). This might be
solved by changes in the shape or rigidity of the stents as well as by further improvement in the design. Proof of long-term
efficacy and safety requires further studies.
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Introduction

Self-expanding metal stents play an important role in
the palliative management of malignant stenoses in the gas-
trointestinal tract, including the small intestine (1-9). As
their placement and removal may be associated with several
problems and drawbacks, use of metallic stents for treating
benign stenoses of the gastrointestinal tract, and the small
and large bowel in particular, should be restricted to situa-
tions in which all other treatment has failed. The uncovered
metal part or flared ends of covered stents induce early mu-
cosal hyperplastic reaction (with over- and/or in-growth)
and thus shorter patency. Removal of these embedded
stents afterwards can be extremely difficult. Plastic stents
are associated with a higher risk of migration and lower flex-
ibility and shorter/lower radial force (10—15). Stents made of
bio-degradable materials could theoretically overcome the
above-mentioned shortcomings of metallic and plastic stents
as they do not require removal (16—18).

Bio-degradable materials

Bio-degradable materials are natural substances or syn-
thetic compounds which disintegrate over time in the human
body at the location of their implantation. Bio-degradable
materials have been used for decades in surgery (e.g. ab-
sorbable sutures). Nowadays, they are also being tried in
gastroenterology, urology, cardiology, ophthalmology, ENT
and other disciplines.

Bio-degradable stents can be made of different syn-
thetic polymers (e.g. polylactide or polyglycolide) or their
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co-polymers (polydioxanone or caprolactone), polyethylene
glycol, hybrid polyurethanes, chitosan glycerophosphate,
hydroxyapatite non-polymer substance, manganese or mag-
nesium alloys, special corrodible iron and others (19-25).
To decrease intimal reaction, bio-degradable polymers can
be coated with radioactive compounds or drugs such as
tacrolimus, biolimus, sirolimus, paclitaxel, aspirin or dexa-
methasone (19, 26-28). Radioactive and drug-eluting stents
have mostly been tried in cardiology for coronary use to
prevent recoil and inflammation (23, 25, 29).

Bio-degradable stents
in an experimental setting

Ginsberg et al. (30) evaluated bio-degradable stents
in a porcine model of biliary stenosis. The stents were
manufactured from a copolymer of 4% D-lactide and 96%
L-lactide. The D-lactide, an enantiomer of L-lactide, was
added to decrease the crystallinity of the polymer and to
accelerate its absorption rate. All stents were delivered with-
out sphincterotomy and effectively deployed endoscopically.
They remained patent up to 6 months. Although there was
no clinical evidence of biliary obstruction, filling defects
were observed upon cholangiography. There was no bile
duct integration or proliferative changes on histopathologic
evaluation (30). In another study in a canine model, stents
made of helical poly-L-lactic acid not only exhibited good
biocompatibility but, interestingly, also provided a self-
clearing effect to clear the attached bile sludge away (31).

Laukkarinen et al. (32, 33) tried bio-degradable poly-
lactide stents in the biliary and pancreatic ducts in animal
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models. In their first study, a self-expanding, radio-opaque
polylactide-barium sulphate bio-degradable stent was com-
pared with a polyethylene stent in the endoscopic treatment
of cystic-duct leakage after cholecystectomy in experimental
pigs. In a bio-degradable group, bile output was significantly
lower and the time of drain removal significantly shorter
compared to the plastic stent group (32). In their second
study, the same bio-degradable stents were evaluated after
placement into the porcine pancreatic duct and upon fol-
low-up. All stents disappeared within one to three months.
There was no significant pathology found in the histology
of the pancreas (33). The radio-opaque polylactide-barium
sulphate bio-degradable stent was fully bio-compatible and
non-toxic according to another study in the rat pancreas (34).

Parviainen et al. (35) performed in vitro testing of a bio-
degradable pancreatic stent that could be easily placed into
the human pancreatic duct during surgery and the degrada-
tion of which could be easily followed up. Spiral-shaped
stents were manufactured from a polylactide wire in which
barium sulphate was added. The bio-degradability of the
stents was studied in vitro at two different pH values, the
first resembling that of pancreatic juice and the other that of
bile. The effects of enzyme activity in the test solution and
the composition of the stents (with or without the barium
addition) were evaluated. Degradation of the stents occurred
within 24 to 52 weeks of incubation. The alkaline milieu
together with the presence of pancreatic enzyme made the
stents degrade twice as fast as when either the alkaline mi-
lieu or enzyme was present alone. In the milieu resembling
pancreatic juice, barium sulphate had no effect on the deg-
radation time (35).

Overall experience in gastroenterology

In clinical use, to date, bio-degradable stents have mostly
been tried for benign refractory oesophageal strictures. Fry
& Fleischer (36) were the first to introduce a bio-degradable
stent made of poly-L-lactide for a refractory benign oesopha-
geal stricture. The stent disintegrated six weeks later and
obstructed the oesophageal lumen. Goldin et al. (37) inserted
poly-L-lactide bio-degradable stents of two different designs
in five patients for benign refractory oesophageal strictures.
The first three patients improved over a period of 2-3 weeks
but then suffered from a recurrence of the stricture. The last
two patients received a stent built with a wider and stronger
poly-L-lactide wire and were symptom-free for the next two
months of follow-up.

Tanaka et al. (38) introduced stents made of polylactic
acid monofilaments in two patients with oesophageal sten-
oses. There was no recurrence of stenoses during the next
6-month follow-up. Saito et al. (39) achieved similar results
in another two patients. Bychkova et al. (40) reported on
their use of a bio-degradable stent made of polydioxanone in
a 4-year-old child with refractory caustic oesophageal steno-
sis. The stent fully disintegrated 18 weeks after implantation.
Because of the recurrence of stricture, a second bio-degrada-
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ble stent was introduced 13 months later with a satisfactory
effect for the next 18-month period of follow-up. Dhar et al.
(41) presented their initial experience with a polydioxanone
bio-degradable stent in four patients with benign refracto-
ry oesophageal strictures. Stent disintegration occurred in
10-12 weeks. At 3 months, the patients had no dysphagia
and no additional treatment was needed. Stivaros et al. (42)
reported their use of bio-degradable stents in two patients
with benign and malignant oesophageal stenoses. In the first
case of peptic stricture of the distal oesophagus, early migra-
tion of the stent occurred (six hours after the placement).
Surprisingly, the peptic stricture appeared to be well dilated
and the patient was symptom-free for the next four months.
The authors stated that a migrated bio-degradable stent can
be left in the stomach as it will be dissolved in hydrochlo-
ric acid, which accelerates hydrolysis. The second patient
suffered from dysphagia to solids because of carcinoma of
the gastro-oesophageal junction. Two bio-degradable stents
had to be introduced to overcome the stenosis. The stent
remained patent in subsequent follow-up. The patient died
from cancer three months following stent placement (42).

Recently, Repici et al. (43) reported on their results
with a polydioxanone bio-degradable stent in 12 patients
with benign refractory oesophageal strictures. Stents were
successfully placed in all patients, no early complications
occurred. At 3 months, stents were endoscopically visible
in place, but partially fragmented in 3/6 patients. Stent mi-
gration was observed in two patients (17%). One of these
patients was treated using a second bio-degradable stent and
was afterwards free of dysphagia. The other patient did not
require any further treatment because of resolution of the
stricture and absence of symptoms (43).

Parviainen et al. (35) tried a polylactide bio-degrada-
ble stent in two pilot patients for the pacreatico-jejunal
anastomosis. Neither of these two patients developed any
postoperative complications. These bio-degradable stents
degraded faster in pancreatic than in biliary milieu (35).
Petrtyl et al. (44) successfully introduced bio-degradable
stents percutaneously into intrahepatic biliary strictures in
two patients. Janik et al. tried bio-degradable polydioxa-
none stents in three patients with refractory benign strictures
after radiotherapy and resection of carcinoma of the recto-
sigmoideum. Stent degradation occurred in all three subjects
4-5 months following implantation, and long-term anasto-
motic patency was demonstrated in all patients (45).

To the best of our knowledge we were the first to report
on the use of bio-degradable stents in the small bowel (46).

Our own existing experience
Bio-degradable stents
Bio-degradable stents made of polydioxanone (SX-ELLA
BD bio-degradable stent, ELLA-CS, Hradec Kralove, Czech

Republic) were used in all patients (see Figure 1). These
stents provide an extended period of dilation compared to



conventional methods. Stent integrity and radial force were
maintained for 6-8 weeks after implantation. Stent deg-
radation and fragmentation occurs 11-12 weeks after its
insertion, with the speed of degradation being pH-dependent
(faster in lower pH). The dual flared-end stent design re-
duces the risk of migration (47).

We used different sizes of stents for each patient accord-
ing to the size of the stenosis and introducer system with an

Fig. 1: A bio-degradable stent woven from polydioxanone
filament, three different designs

Fig. 2: The introducer system prepared for deployment:
compressed stent in an introducer sheath. The introducer
tip is formed by an inflated angioplasty balloon (arrow)

Fig. 3: Introducer system protruding from the balloon over-
tube

outer diameter of 18—25 mm and a length of 40 to 80 mm.
Stents are fitted with radio-opaque markers at each end and
amid-point to enable precise stent positioning under fluoros-
copy control. The standard delivery system for oesophageal
implantation, which may be used in cases of distal (rectal)
stenoses, consists of a shaft with a detachable olive. For
proximal stenoses, a special introduction system for stent
insertion through the balloon overtube was developed. The
stent must be loaded just before implantation (see Figures 2
and 3). For details, see Ref. 48.

Patients

Eleven patients with stenosing small and/or large intesti-
nal Crohn’s disease entered the initial study (48). Significant
stenoses were found in the small intestine (1 case), large
bowel (2 cases) and ileo-colonic anastomoses after previous
surgery (see Figure 4) (8 cases). In addition to bio-degradable
stent insertion, the patients also received pharmacotherapy
(including anti-TNF treatment, azathioprine and enteral nu-
trition by polymeric formula).

Endoscopy

A double balloon enteroscopy or colonoscopy system
(Fujinon, Saitama City, Japan) was used in all cases. With
the patient under conscious sedation (i.v. midazolam and
pentazocine), all procedures were accomplished per anum
in one of two ways: a therapeutic enteroscope EN 450T5
(working channel 2.8 mm; outer diameter 9.4 mm) inserted
through an overtube (TS-13140; outer diameter 13.2 mm); or
a colonoscope EC 450BIS5 (working channel 2.8 mm; outer

Fig. 4: MR enteroclysis -T2 weighted image in coronal
plane. Circumferential thickening of the ileo-colonic ana-
stomosis (AC — ascending colon, TI — terminal ileum) and
30 mm of the neoterminal ileum (arrows)
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Fig. 5: Endoscopic view of the ileo-colonic anastomosis (arrow) (A — left). Bio-degradable stent deployed across the ana-

stomosis (B — right)

Fig. 6: Fluoroscopy images before and after stent insertion (the same patient as in Figure 5). A: stenosis (arrows) of the ileo-
colonic anastomosis. B: balloon (asterisk) dilation. C: bio-degradable stent with three radio-opaque markers (arrowheads)
immediately after deployment from the introducer. The proximal margin of the stenosis has been marked by an endoscopic
clip (arrow). D: Deployed bio-degradable stent with free passage of contrast medium

diameter 9.4 mm) inserted through an overtube (TS-13101;
outer diameter 13.2 mm). For details, see Ref. 48.
Intestinal stenoses were dilated first by through-the-
scope balloon dilation (Rigiflex, Boston Scientific, Natick,
USA), distal margins of stenoses were marked with metallic
clips and/or lipiodol injection. The inflated balloon on the
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tip of the overtube secured the correct stable position during
the procedure. Biodegradable stents were implanted over a
stiff guide wire by means of a special introducer inserted into
the enteroscope overtube after the removal of the endoscope.
Stent placement was accomplished under fluoroscopy con-
trol. Twisting or curling of the balloon overtube (mainly at



the splenic flexure) during the introducer insertion was the
only technical problem. The enteroscope or colonoscope,
used without a distal balloon to allow their smooth pull-out
through an overtube, was immediately reinserted via this
overtube to check correct stent position. See Figures 5 and
6 for details.

Results

We have published our initial results in detail elsewhere
(48). Briefly, insertion of bio-degradable stents was suc-
cessful at the first attempt in all but one case. We failed
to introduce a bio-degradable stent into a stenosis of the
descending colon in a 35-year-old man because of fixed
sharp bending at the sigmoideo-descending junction. No
complications occurred in the remaining cases of success-
ful insertion. Early, short-lived, mild and dull abdominal
pain did not require painkillers. Bio-degradable stent in-
sertion provided rapid clinical improvement and symptom
relief in all but one patient. Subsequent follow-up was 2
to 19 months (mean 10, median 10 months). We recorded
early stent migration in three patients (within one day to two
months). In another case (a 33-year-old woman with stenosis
of'the ileo-sigmoideal anastomosis), the proximal flared end
of the stent started to abut the intestinal wall (without stent
migration) two months after implantation, resulting in inter-
mittent obstruction (see Figure 7). The proximal end of the
stent was trimmed endoscopically by means of hot biopsy

Fig. 7: Magnetic resonance scan — T2 weighted image in
axial plane. The end of the biodegradable stent (arrow) pro-
truding from the stenosis of ileo-sigmoideal anastomosis
(arrowheads) is abutting the ileal wall, causing intermittent
obstruction (“chimney effect”)

forceps (see Figure 8) and the stent migrated spontaneously
five days later (see Figure 9). A good clinical result with
symptom-relief beyond stent expulsion was also achieved
in this patient. The mean time until stent degradation in the
remaining patients was 4 months. Information concerning
the long-term efficacy and safety of the procedure is not yet
available.

Efficacy of bio-degradable stents
for benign small intestinal stenoses
and remaining problems to be solved

Tight intestinal Crohn’s stenoses and strictures compli-
cating other diseases cause significant morbidity. Previously,
these were treated by surgical resections (often extensive)
or stricturoplasty. They can now be dilated endoscopically
(10, 49, 50), although the clinical effect of this treatment

Fig. 8: Bio-degradable stent being shredded by means of
hot biopsy forceps

Fig. 9: Spontaneously migrated bio-degradable stent from
the ileo-sigmoideal anastomosis after trimming
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is often limited or short-lived and repeated dilations with
perforation risk and repeated endoscopies are frequently
necessary. Bio-degradable stents may present a new ther-
apeutical option. These stents can be made of different
synthetic polymers (like polylactide or polyglycolide) or
their co-polymers (polydioxanone). Their degradation is a
hydrolytic one, first the amorphous and then the crystalline
structure is broken down. The speed of biodegradation is
dependent not only on the size and structure (crystallinity,
porosity, hydrophilic backbone etc.) but also influenced by
temperature, pH and type of body tissue/fluid (51, 52). To
date, bio-degradable stents have mostly been tried for benign
refractory oesophageal strictures (16, 24, 36, 38, 40-43).
Some of these reports have so far been published only as
abstracts.

Existing experience with the use of bio-degradable stents
for small and large intestinal stenoses is still in its early
stages. Only a limited number of patients were included and
long-term efficacy and safety results cannot yet be evalu-
ated. Intestinal implantation of a bio-degradable stent is
technically possible and relatively simple. However, there
are still some difficulties that need to be overcome. The rate
of early migration of the stent was rather high in our initial
group (3/10 patients). This might be solved by changes in
shape or stent structure. Further improvement in the design
of bio-degradable stents will be required.

An ideal stent for benign stenoses would be one that
has a large diameter, high expansion ratio, axial flexibility,
optimal delivery system, withstands ingrowth, maintains
lumen integrity, does not cause stent-induced mucosal or
parenchymal injury, and does not need a repeat endoscopy
for removal. Bio-degradable stents seem to be the correct
way of achieving this goal in the future.

Conclusions

Endoscopic introduction of bio-degradable stents into
benign small and large intestinal stenoses is feasible and
relatively simple. Proof of the long-term efficacy and safety
requires further studies, but improvements in stent design
are required to overcome the problem of migration.
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