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ABSTRACT - Background: Once a biliary injury has occurred, repair is done by a
hepaticojejunostomy. The most common procedure is to perform a dilatation with balloon
with a success of 70 %. Success rates range using biodegradable stents is from 85% to 95%.
Biodegradable biliary stents should change the treatment of this complication. Aim: To
investigate the use of biodegradable stents in a group of patients with hepaticojejunonostomy
strictures. Methods: In a prospective study 16 biodegradable stents were placed in 13
patients with hepaticojejunostomy strictures secondary to bile duct repair of a biliary surgical
injury. Average age was 38.7 years (23-67), nine were female and four male. All cases had a
percutaneous drainage before at the time of biodegradable stent placement. Results: In one
case, temporary haemobilia was present requiring blood transfusion. In another, pain after
stent placement required intravenous medication. In the other 11 patients, hospital discharge
was the next morning following stent placement. During the patient’s follow-up, none
presented symptoms during the first nine months. One patient presented significant alkaline
phosphatase elevation and stricture recurrence was confirmed. One case had recurrence of
cholangitis 11 months after the stent placement. 84.6% continued asymptomatic with a mean
follow-up of 20 months. Conclusion: The placement of biodegradable stents is a safe and
feasible technique. Was not observed strictures caused by the stent or its degradation. It could
substitute balloon dilation in strictures of hepaticojejunostomy.

RESUMO - Racional: Uma vez que lesdo biliar ocorreu, o reparo é feito por hepaticojejunostomia.
O procedimento mais comum é efetuar dilatacdo com baldo com sucesso de 70%. As taxas de
sucesso utilizando stents biodegradaveis é de 85% a 95%. Stents biliares biodegradaveis devem
mudar o tratamento desta complicacdo. Objetivo: Investigar o uso de stents biodegradaveis
em um grupo de pacientes com estenose hepaticojejunal Métodos: Em estudo prospectivo 16
stents biodegradaveis foram colocados em 13 pacientes com estenose de hepaticojejunostomia
secundarias usados para reparagdo do ductos biliares de lesdo cirdrgica. A média de idade foi
de 38,7 anos (23-67), nove pacientes eram homens e quatro mulheres. Todos os casos tiveram
drenagem percutanea antes do momento da colocagdo de stent biodegradavel. Resultados:
Em um caso, haemobilia temporaria estava presente com necessidade de transfusdo de sangue.
Em outro, dor apos a colocacdo do stent necessitou de medicagdo intravenosa. Nos outros 11
pacientes, alta hospitalar foi na manha seguinte ap6s o procedimento. Durante o seguimento,
nenhum apresentou sintomas durante os primeiros nove meses. Um paciente apresentou
significativa elevacdo da fosfatase alcalina por recidiva da estenose. Um caso teve recorréncia
de colangite 11 meses ap0ds a colocacdo do stent. Continuaram assintomaticos 84,6% com
média de acompanhamento de 20 meses. Concluséo: A colocacdo de stents biodegradaveis
é técnica segura e viavel. Nao foram observadas restricdes causadas pelo stent ou pela sua
degradacao. Stent pode substituir dilatacdo com baldo na estenose de hepaticojejunostomia.
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INTRODUCTION

repairis done by a hepaticojejunostomy. When a stricture of the anastomosis

occurs, the most common procedure is to perform a dilatation with balloon
with a success of 70 %. Using biodegradable stents, success rate of the procedure in
tertiary centers goes from 85% to 95%"'>2°.When a hepatopancreatobiliary surgeon
does not do the repair, results are alarmingly compromised*” 152,

Strictures of a hepaticojejunostomy present with clinical signs of repeated cholangitis,
with or without jaundice. Complementary laboratory studies report elevation of alkaline
phosphatase and leukocytes. Ultrasound identifies intrahepatic dilatation of the bile duct
in 50% of the cases and cholangioresonance identifies the stricture of the anastomosis.
The presence of pneumobilia and of an intestinal loop in the area may confound the
diagnosis, especially in non-dilated bile ducts.

In many of these patients, treatment of the cholangitis consists of antibiotic
therapy and percutaneous drainage of the bile duct, confirming also the diagnosis of a

O nce a biliary injury has occurred, especially in the case of complex lesions,
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stricture. Once the infection is under control, a percutaneous
dilatation of the stricture can be performed with high-pressure
balloon, unless there are severe construction deficiencies in the
previous biliodigestive anastomosis. Long-term success rates
with this technique range between 45% and 71%, according
to different series>'82,

Recurrence rates with this technique are approximately
40% and as successive dilations at around four months shall
be needed, it is necessary to find other minimally invasive
treatments for these patients.

The aim of the present study was to investigate the
use of biodegradable stents in a group of patients with
hepaticojejunostomy strictures.

METHODS

In a prospective study carried out in a specialized reference
center, since March 2011, 16 biodegradable stents were
placed using the percutaneous route in 13 patients with
hepaticojejunostomy strictures secondary to bile duct repair
of a biliary surgical injury (Table 1).

Average age in the series was 38.7 years (23-67), nine
patients were female. In nine patients, the hepaticojejunostomy
stricture was treated with a high-pressure balloon (three sessions
with 8 to 10 mm diameter balloons at 6 atmosphere pressure
for 3 min) and in four patients, with failure of the balloon
dilatation, with prolonged dilatation with 5 to 6 percutaneous
plastic stents during nine to 12 months. In two patients a
stent was placed, as the balloon dilatation did not seem to be
effective after the second session.

In four cases stents were placed without previous
percutaneous dilatation.

All cases had a percutaneous drainage at the time of
stent placement. One presented an intrahepatic lithiasis located
proximal to the stent. Three patients had bilateral drainage, six
only from the right hepatic duct and four from the left one. No
patient presented cholangitis at the moment of stent placement.

During that session and before stent placement, the

TABLE 1 - Analysis of the 13 treated cases

stricture was dilated with a 8mm diameter high-pressure
balloon. Following stent placement a supra-stent external
drainage was placed and removed next morning, previous to
hospital discharge.

The stent (ELLA-CS, s.r.o., Hradec Kralove, Czech Republic)
is a biodegradable stent made of polydioxanone, that is a
semicrystalline, biodegradable polymer of the polyester family’.
The size used in all cases was 10 mm in diameter by 40 mm
long. The stent is radiolucent with two radiopaque markers
at both stent ends. Prior to placement it is mounted on a 15
French introducer (Figure 1).

FIGURE 1 - Biodegradable stent mounting on the introducer:
radiopaque markers on both stent edges

Patient’s follow-up was 18 to 24 months. Follow-up was
carried out by clinical examinations, laboratory studies and
images (CT-Scan or MRI).

Clinical success was defined as absence of repeated
cholangitis or alkaline phosphatase elevation during patient
follow-up.

The procedure was performed before the patient's signature
of the consent and information form and the approval of the
bioethics committee.

Balloon/sustained

1 E 23 Hepaticojejunostomy PBD + atb
2 F 45  Hepaticojejunostomy PBD + atb
. F 39 Hepaticojejunostomy PBD + atb
4 M 49  Hepaticojejunostomy PBD + atb
5 M 26  Hepaticojejunostomy PBD bilateral + atb
6 E 42  Hepaticojejunostomy PBD + atb
! M 38 Hepaticojejunostomy PBD + atb
8 F 27 Hepaticojejunostomy PBD bilateral + atb
£ F 31 Hepaticojejunostomy PBD + atb
10 F 32 Hepaticojejunostomy PBD + atb
11 M 67 Hepaticojejunostomy PBD + atb
12 F 58 Hepaticojejunostomy PBD bilateral + atb
13 B 27 Hepaticojejunostomy PBD + atb

dilation Yes 1 Asymptomatic 24
Balloon Yes 1 Asymptomatic 24
Balloon No 1 Asymptomatic 23
Balloon Yes 1 Asymptomatic 23
Balloon/sustained .
dilation Yes 2 Asymptomatic 23
Balloon/sustained .
dilaton Yes 1 Asymptomatic 22
Balloon No 1 Asymptomatic 21
No treatment No 2  Redrainage 11/20*
No treatment No 1 Asymptomatic 19
Balloop/sgstamed Yes 1 Redrainage / 12/19*
dilation surgery
No treatment No 1 Asymptomatic 19
Balloon Yes 2 Asymptomatic 18
No treatment No 1 Asymptomatic 18

F=female; M=male; PBD=percutaneous biliary drainage; Atb=antibiotic therapy; balloon=dilatation with high-pressure balloon; sustained dilatation=dilation sustained
with five to six 8 Fr. plastic stents during 9 to 12 months; *=time stent placement and re-drainage/total follow- up
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RESULTS

Sixteen stents were placed in 13 patients (Figure 2).

FIGURE 2 — A) Hepaticojejunostomy stricture; B) biodegradable
stent placed with identification of radiopaque markers

In three cases two stents were placed, one in a stricture of a
bilateral hepaticojejunostomy (Figure 3) and two in stricture of the
hepaticojejunostomy with fibrosis of both hepatic ducts (Figure 4).
Technical implantation of the stent was successful in all patients.

FIGURE 3 - A) Stricture of the hepaticojejunostomy drained
bilaterally; B) plain X-ray of the same patient with
identification of the radiopaque markers of both
biodegradable stents placed

FIGURE 4 - MRI of a hepaticojejunostomy stricture involving both
hepatic ducts: A) bilateral percutaneous drainage;
B and C) placement of two biodegradable stents

In one case, temporary haemobilia was presentin the supra-
stent drainage, requiring blood transfusion, delaying hospital
discharge for 24 h. In another case, pain after stent placement
(in one of the bilateral cases) required intravenous medication
and delayed the discharge for 72 h. In the rest of cases, 11
patients, hospital discharge was the next morning following
stent placement. All patients were discharged without drainage.

During the patient’s follow-up, none presented symptoms
during the first nine months. In all cases, alkaline phosphatase
decreased, reaching normal values in six.

Stent presence, positioning and degradation were studied
by images. Sequential CT-Scans were performed in two patients,
MRIinfive, and both studiesin five. In one patient, noimages were
done after stent placement because they where asymptomatic
and with unremarkable after stent placement (Table 2). No
complications were observed related to stent degradation.

114

TABLE 2 - Degradation time (by CT/MRI scan)

Follow -up* 0 4 8 12 16 20 24 28
Stent visualization 12/12 5/5 3/3 12/12 9/10 3/8 1/3 0/1
% 100% 100% 100% 100% 90% 375% 33% 0%

* in weeks

One patient nine months after stent placement, presented
an episode of cholangitis, with a minor elevation of the alkaline
phosphatase, without dilatation of the intrahepatic bile duct.
MRI was unable to diagnose recurrence of the stricture and
a percutaneous drainage was placed. The transparietohepatic
cholangiography showed absence of a stricture in the anastomosis,
with good bilateral passage of contrast to the jejunum (Figure
5). The drainage was carried out and a short jejunal Roux limb
“sump syndrome following hepaticojejunonostomy” was
identified, a condition overlooked during the initial treatment
of the stricture, and medical treatment was indicated.

FIGURE 5 - Patient 8 with symptom recurrence at month 9, with
a monthly episode of cholangitis. Non-conclusive
MRI. Transparietohepatic cholangiography was
done, showing absence of stricture; good contrast
passage to the jejunum

FIGURE 6 - Patient 10 with symptoms recurrence at month 11.
Re-drainage and re-operation with surgical extraction
ofthe involved area and redo-hepaticojejunostomy.
Anatomopathological report of the bile duct:
“Basophilic amorphus material of synthetic origin
observed in the biliary mucosa. No significant
inflammatory reaction”

Patientnumber 10 presented asignificantalkaline phosphatase
elevation eight months after stent placement, with repeated
cholangitis by month 11, re-drainage and antibiotic therapy
were indicated. Stricture recurrence was confirmed; a surgical

ABCD Arq Bras Cir Dig 2016;29(2):112-116



BIODEGRADABLE BILIARY STENTS: A NEW APPROACH FOR THE MANAGEMENT OF HEPATICOJEJUNOSTOMY STRICTURES FOLLOWING BILE DUCT INJURY. PROSPECTIVE STUDY

excision of the area involved and a new hepaticojejunostomy
were carried out. The pathology report, indicated presence of
basophilic amorphus material of synthetic origin in the biliary
mucosa without significant inflammatory reaction (Figure 6).

Eleven patients (84.6%) continued asymptomatic with a
mean follow-up of 20 months.

DISCUSSION

The initial use of biodegradable stents was in the digestive
tract, its first indications were for benign esophageal*?>* and
colonic®" strictures.

The first publications referring to the possible use in the
bile duct date back to mid 2000°s''¢. Later, several animal
studies®'1213 confirmed their feasibility and absence of deleterious
effects in their utilization or degradation; all this allowed these
stents to be subsequently used in human beings. Recently,
some isolated clinical cases in benign strictures and as splints
in biliodigestive anastomosis have been reported'®?. This is
the first series and follow-up of patients with benign biliary
strictures secondary a hepaticojejunostomy by bile duct injury
treated with biodegradable stents.

It is generally accepted that in hepaticojejunostomy
strictures, unless the existence of severe construction deficiencies,
the initial treatment is percutaneous drainage and dilatation
with a high pressure balloon®'823, When ineffective or when the
patient presents repeated cholangitis, the treatment to follow
next is still matter of controversy. A redo-hepaticojejunostomy,
aliver excision or, in selected cases, even a liver transplantation?
may be carried out according to the case.

For a couple of years and as another treatment option,
we have been carrying out in our Center and in an unpublished
series, sustained percutaneous dilatation with multiple plastic
stents for nine to 12 months. Even though it is a treatment
with long-term patency results of 80%°¢, it is technically
complex — both placement and removal of the catheters - and
when done by a percutaneous approach, it requires one or two
external percutaneous drainages for several months. Therefore,
biodegradable stents could allow sustained dilatation, without
the long-term complications of catheters or metallic stents.

The stent used in this study is a biodegradable stent
manufactured from a commercially available polydioxanone
absorbable surgical suture. Polydioxanone is a semicrystalline,
biodegradable polymer belonging to the polyester family. The
stent is radiolucent with radiopaque markers at both proximal
and distal ends’. Theoretically, this biodegradable stent allows
long-term dilatation without the need for removal. Itis braided
from a monofilament of specially treated polydioxanone, a
reabsorbable suture and implant material used for over 20 years?.

Degradation occurs by hydrolysis?’. The monofilament loses
50% of its breaking strength after three weeks and is absorbed
within six months'; a reduced pH accelerates hydrolysis.

The degradation product, glyoxylic acid, is the primary
precursor of oxalic acid and is an intermediate in the conversion
of glycolic acid to glycine. None of the degradation products
orintermediates is harmful. The degradation process occurs in
two stages. The first involves amorphous regions of the matrix
and the second involves the crystalline areas of the polymer.
Because of the fact that mechanical and physical properties
largely depend on the presence of the crystalline areas, the
effect of the degradation is not linear®.

Regarding degradation time, an in-vitro study performed
by ELLA-CS showed that in a saline solution buffered with
sodium phosphate (pH 7) at a temperature of 37° C, the radial
strength was around initial values for the first five weeks. At
week 7, the radial strength was about two thirds and at week
9 about one half of the initial strength?. In our series, imaging
studies after stent placement show presence of the stent in all
the patients studied up to week 12, 37.5% up to week 20, and
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no stent was seen at week 28 (Table 2).

There are different kinds of publications on biodegradable
stents used in the bile duct, most of them are experimental
studies in animals (Table 3).

TABLE 3 — Publications on type of biodegradable stents used
in the bile duct

Reference Type of stent Specifications
Meng 2006' Se:\feﬁ)égfgtii?le Poly-I-lactic acid

Melt spinning of 96L/4D
biodegradable polylactide
blended with barium sulfate.
Copolymerization of L-lactide

Laukkarinen
20071314

Self expandable
stent

Tashiro 20097 Non expandable

stent and E-caprolactone
Yamamoto Belloch .
2011% expandable Z Poly-I-lactic acid
stent
ltoi 2011 Self expandable Polyglecaprone suture 4-0
stent wire. (hand-made)
Polydioxanone,
Giménez 2013* el e)s(&anrldable biodegradable polymer of

the polyester family
*This series

As to the indications for biodegradable stents in the
bile duct, besides those described in the present series, we
can mention splinting of surgical biliodigestive anastomosis.
According to studies performed by Laukkarinen et al.'31420
in hepaticojejunostomy in non-dilated ducts, at 18 month
follow-up, biodegradable stents were easier to insert, nontoxic,
disappear safely from the anastomosis and may be associated
with a larger and better drainage of the anastomosis. Another
indication mentioned by these researchers in a study carried out
in experimental animals™?is stent placement in trans-cystic-duct
bile leakage or lateral injury of the bile duct. They observed
a reduction in the drain output and duration of bile leakage.
Finally, these stents may be used in benign partial strictures of
the bile duct without biliodigestive diversions. Theoretically this
would avoid a surgical repair, but the possible cholangitis or
pancreatitis due to stent degradation are yet to be established.

During the follow-up, two patients presented symptoms
of cholangitis requiring re-drainage. In one, when a new
drainage was placed, both hepatic ducts and anastomosis were
patent (Figure 5), implying that apparently the stents had been
effective, but a sump syndrome for the hepaticojejunostomy
reconstruction was observed, causing reflux of intestinal fluid
to the anastomosis. This condition together with a bilateral
stricture had been overlooked during the first procedure.
In these cases, cholangitis was not accompanied by severe
fluctuations of alkaline phosphatase.

Inthe other patient with a repeated cholangitis, a re-drainge
was performed confirming the stricture of the anastomosis and
carrying out a partial excision of the stricture biliary area and a
re-hepaticojejunostomy. The pathology report (Figure 6) indicated
stent inclusion in the biliary mucosa with little inflammatory
components. In an experimental study in animals Yamamoto®°
observed that after placement of a biodegradable stent in the
bile duct, there was a moderate endothelial proliferation at
month 3, but mild or absent at month 9. On the other hand,
the author observed embedding of the stent in two of the
three cases at month 9, such as we observed in the case of
the excision.

At present, fully covered metallic stents are used endoscopically,
theideais to remove them later and induce sustained dilatation
during that period. In an experimental study by Bakhru et al.",
the biliary mucosa was analyzed after placement of fully-covered
stents, during three months. At the moment of stent removal,
there was slight endothelial proliferation, which progressed to
a moderate chronic inflammation one month after removal.
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These events did not represent a severe inflammatory or
fibrotic duct injury. Likewise, in a retrospective multicentre
analysis™, covered stent were removed in the 37 cases tested.
Three patients presented secondary strictures at the distal stent
margin of oversized intra-ductal stents and another stricture at
the proximal stent margin of an oversized trans-papillary stent.
Nevertheless, percutaneous and endoscopic approaches and
specially removal of covered stents in hepaticojejunostomy is
a complex technique, not exempt of a possible failure. In high
strictures, the placement of a covered stent could also occlude
secondary biliary branches, causing cholangitis.

The results in our series prompt us to consider changing
the management algorithm of this condition, and therefore,
in case of strictures of biliodigestive anastomosis — without
severe construction deficiencies - the treatment option shall
be drainage with placement of a biodegradable stent, thus
replacing the treatment presently used which is balloon dilation.

Technical matters are yet to be resolved, such as — as in
this series—dilatation previous to stent placement; improvement
of the introducer system for stent mounting and reduction of
its diameter. Finally, it will be necessary to have a long-term
follow-up to determine the true benefit of this treatment.

CONCLUSIONS

The placement of biodegradable stents is a safe and
feasible technique. We did not observed strictures caused by the
biodegradable stent or its degradation. Along-term follow-up
is necessary to establish the actual patency of the stricture. It
could eventually substitute balloon dilation in the treatment
of strictures of hepaticojejunostomy, changing radically the
way of treat this complex patients.
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