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Abstract

The main aim of this study was to find a standardized method for preventive stenting of 
biliary tract anastomosis with biodegradable self-expandable stent from polydioxanone and to 
evaluate the functionality of the stent. The experimental study was conducted using four pigs with 
a follow-up of eight weeks. The procedure was done under general anaesthesia. The function of 
the stent was verified by clinical stage, blood test, magnetic resonance cholangiopancreatography 
and necropsy. Our duodenum sparing technique was described in detail and photographically 
documented. All pigs finished the follow-up period without clinical, laboratory or radiologic 
signs of biliary obstruction. Necropsy did not reveal complication of the procedure or anastomotic 
stricture. In conclusion, this study demonstrated a simple new duodenum sparing method of 
transanastomotic insertion of a biodegradable self-expandable stent from polydioxanone. We did 
not find any complications during the follow-up. This method will be used in our follow-up study 
with an extended experimental control group of animals and a longer follow-up period to verify 
the preventive functionality of this stent. 
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A benign stenosis or stricture of the biliary tract anastomosis is a clinical problem which 
has its consequences in recurrent cholangitis and the possible development of secondary 
biliary cirrhosis, often in immunosuppressed transplanted patients.

In contemporary medicine, we have some opportunities to diagnose and treat this 
complication by dilatation and stenting via endoscope, transhepatic drainage or by surgical 
procedure as the last step. Only few authors have focused on the prevention of a stricture 
during surgery in their studies (Luo et al. 2013; Shi et al. 2013; Janousek et al. 2016). 
As a solution to the disadvantages connected with the placement, occlusion, migration 
and extraction of the commonly used plastic or more recently covered metallic stent, 
the biodegradable self-expandable polydioxanone stent has been studied in a preventive 
setting.

Based on our previous experimental study dealing with the biodegradable self-expandable 
stent in the biliary tree which observed its biocompatibility during biodegradation (Grolich 
et al. 2015), we decided to follow up with its use in the transanastomotic setting. The main 
aim of this study was to find a safe and simple method of transanastomotic stent delivery 
during its surgical construction without the need of duodenotomy. The evaluation of the 
stent function by blood tests, magnetic-resonance cholangiopancreatography (MRCP) and 
necropsy was planned as the secondary aim. 
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Materials and Methods

Stent and the delivery system
The braided stents were manufactured from commercially available polydioxanon monofilament EP 3 fibre 

(European Pharmacopoeia; n EP = n * 0.1 mm; EP 3 = 0.3 mm = USP 2-0). All stents were handmade according 
to our requirements (Ella DV biliary stent, Ella-CS, s.r.o., Hradec Králové, Czech Republic). The sterile stent was 
packed separately from the delivery system because of its plastic deformation and was loaded manually into the 
delivery system just before the implantation (Plate I, Figs 1, 2). 

Animal care and the anaesthetic protocol
The whole study was carried out upon the approval by the Ethics Committee of the University of Veterinary 

and Pharmaceutical Sciences in Brno and by the Ministry of Health (reg. no. 43-2015) according to the applicable 
law on experimental animal protection. Four white domestic pigs (aged 3 months; weight, 30–35 kg, gilts only, 
because of their different anatomy during the midline laparotomy) were used for implantation of the intra-biliary 
stent. The animals were housed in a stable of the Veterinary Research Institute, Brno, Czech Republic. The 
implantation was performed at the Department of Surgery of the Faculty of Veterinary Medicine, University of 
Veterinary and Pharmaceutical Sciences in Brno, Czech Republic. Pigs were fed at a basic rate with an all-day 
access to water. The pigs were anaesthetized using the following protocol: tiletamine 2 mg/kg + zolazepam 
2 mg/kg (Zoletil 100, Virbac, France) + ketamine 2 mg/kg (Narketan, Vetoquinol, France) + xylazine 2 mg/
kg (Sedazine, Fort Dodge, USA) i.m. for introduction, followed by the placement of an i.v. canula and the 
administration of propofol (Propofol, Fresenius, Germany) 2 mg/kg i.v., placement of a tracheal canula and 
conduction of anaesthesia by isoflurane (Aerrane, Baxter, USA) and oxygen.

Surgical technique
Midline upper laparotomy was performed after standard aseptic preparation of the surgical field. After the 

exposure of the common bile duct and preparation of a 2 cm long segment of it (Plate I, Fig. 3), a transection 
followed in the middle of the liberalized segment with measurement of the proximal lumen diameter with a biliary 
Bakeš probe (Medin, Nové Město na Moravě, Czech Republic) (Plate I, Fig. 4) and followed by the construction 
of the dorsal part of end-to-end anastomosis (Plate I, Fig. 5) with continuous suture using a biodegradable stitch 
- 5/0 polydioxanone (Monoplus, BBraun, Melsungen, Germany). Then a guidewire from the central venous 
catheter (Certofix Trio, BBraun, Melsingen, Germany) of a 0.89 mm diameter was introduced with its straight 
tip through the anastomotic site and the duodenal papilla into the duodenum against its wall (Plate I, Fig. 6) and 
a small puncture wound was performed by electrocautery to access the tip of the guidewire. The wire was placed 
with its flexible J-tip as high as possible into the biliary tree and the ventral part of anastomosis was finished 
with the same stitch. After the completion of anastomosis, the stent in its delivery system was placed through the 
anastomosis using a dilatator (Plate I, Figs 7, 8) and released. The position of anastomosis approximately in the 
middle of the stent and out of the duodenal lumen was kept in check (Plate II, Fig. 9). The puncture wound of 
the duodenum was closed by one stitch with 5/0 Monoplus (Plate II, Fig. 10). Laparotomy was closed using the 
monofilament suture; the peritoneum with 1/0 polyglactine (Novosyn, BBraun, Melsungen, Germany), the fascia 
and subcutaneous tissue separately with 1/0 polydioxanone (Monoplus, BBraun, Melsungen, Germany), and the 
skin with 3/0 polyamide (Dafilon, BBraun, Melsungen, Germany). Animals were checked daily for their clinical 
status. Postoperative analgesia was administered by i.m. application of buprenorfin (Temgesic, Schering-Plough, 
Kenilworth, USA) at a dose of 0.01 mg/kg. 

The experimental animals were followed up for 8 weeks and investigated by MRCP at the end of the follow-up 
period under general anaesthesia, and after that euthanized with an i.v. injection of T61 (200 mg embutramide, 
50 mg mebozonium iodide and 5 mg tetracaine hydrochloride) which was preceded by i.m. sedation with 
medetomidin (Domitor, Orion CorporationOrion Corporation, Finland) and followed by necropsy. Blood tests 
including the complete blood count (Sysmex XT-2000iV, Sysmex Corporation, Kobe, Japan), serum bilirubin and 
liver tests for alanine transaminase, aspartate transaminase, alkaline phosphatase, gamma-glutamyltransferase 
(Abbott Architect c4000, Abbott Laboratories, IL, USA), at the time of the operation and before euthanasia were 
carried out. All data were analyzed using basic descriptive statistics.

Results

All stents were inserted through the anastomosis easily. Self-expansion was correct in all 
cases. Clinical symptoms of bile duct obstruction were absent and no animal suffered from 
any surgical procedure complication in the biliary tree or the duodenum. The clinical status 
of the pigs in the postoperative period was good except for a lower appetite within two 
days immediately after the surgery. Euthanasia of the experimental animals was performed 
according to the established schedule. 
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Blood tests did not reveal any pathological findings in the leukocyte levels, serum 
bilirubin levels and in all liver tests in all pigs before the procedure and at the end of the 
follow-up period.

Magnetic-resonance cholangiopancreatography showed patency of the stent in all pigs 
after 8 weeks and the anastomotic stricture or dilatation of the proximal biliary tree was 
absent (Plate II, Fig. 11).

Necropsy showed normal healing within the abdominal cavity except for a ventral hernia 
and adhesions to the laparotomy in two pigs. No cholangitis, necrosis, abscess or excessive 
fibroplasia of bilioma was found in the hepato-duodenal ligament during the final necropsy.  
Macroscopic evaluation of bile ducts showed a lightening of the stent’s blue colour and 
its partial disintegration (Plate II, Fig. 12). Stenosis measured by the Bakeš probe was not 
found in the anastomotic site. (Plate II, Fig. 13)

Discussion

This study details our technique of duodenum sparing of transanastomotic stent 
placement. Our procedure allowed effortless placement of the stent through the duodenal 
puncture, papilla, and across the common bile duct anastomosis after its construction with 
correct self-expansion in all pigs. In their experimental study in rabbits, Chen et al. (2013) 
used different stents placed via a guide wire with the need of duodenotomy as described also 
in our previous study (Grolich et al. 2015). One clinical study referred to the preventive 
use of the same but shorter stent in transplanted patients. A stenting technique across 
anastomosis was not described (Janoušek et al. 2016). Shi et al. (2013) presented a study 
on the preventative stenting of biliary anastomosis with a completely different type of short 
stent covered with chemotherapeutics placed through the anastomosis without the need of 
tensile strength. Tanimoto et al. (2016) inserted a stent (made by copolymerization of 
L-lactide and ε-caprolactone and coated with barium sulphate) into the transected common 
bile duct and secured it with 6-0 polydioxanone absorbable monofilament suture. This 
was the only experimental study we found dealing with the preventive trans-anastomotic 
stenting with a radiologic (computed tomography) follow-up.

We have not found any other study on the surgical placement of a self-expandable 
biodegradable stent into the common bile duct anastomosis during its construction. This 
technique can be used in similar anastomoses in experimental animals or humans with the 
same or equally constructed stent and delivery system. 

Our results after eight weeks of follow-up suggest that this procedure is safe in terms of 
biliary obstruction as verified by blood tests and necropsy. Our previous study revealed that 
the time of complete degradation of this stent was at least 13 weeks without cholangitis 
in the period of 22 weeks of follow-up (Grolich et al. 2015). Small parts of the stent are 
eliminated through the duodenal papilla and could be the reason for the transient mild 
cholangitis observed in clinical studies in patients after the therapeutic stenting of a benign 
biliary stricture (Petrtýl et al. 2010; Mauri et al.  2013).

None anastomotic stenosis was found during the MRCP and necropsy of the biliary 
tree. All stents were patent during the MRCP and found during the dissection. We did not 
find any study using MRCP to detect complications after the preventive stenting of the 
biliary tree or its anastomosis. This method and all these promising findings will be used 
in our follow-up study with the extended experimental control group of animals and longer 
follow-up to verify the preventive function of this stent. 
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Fig. 1.

Plate I
Grolich T. et al.: Duodenum sparing ... pp. 287-290

Fig. 1. The polydioxanon self-expandable stent, 
10 × 30 mm

Fig. 3. Common bile duct preparation 

Fig. 5. Construction of the dorsal part of end-to-end  
anastomosis

Fig. 7. Dilatation of the duodenal papilla via the 
guide wire

Fig. 2. Stent loading into the delivery system 

Fig. 4. The Bakeš probes

Fig. 6. Retrograde puncture of the duodenal wall 
by the guide wire

Fig. 8. Placement of the stent delivery system 
through anastomosis via the guide wire



Fig. 1.

Plate II

Fig. 9. Checking the position after a full self-
expansion of the stent 

Fig. 11. The MRCP reconstruction after 
8 weeks, showing the common bile duct 
and its division (*) with patency of the 
stent in the lumen (+). Anastomotic site 
of stenosis on the common bile duct is 
not visible. 

Fig. 13. Extrahepatic biliary tree extracted during 
necropsy with its diameter measured using the 
Bakeš probe.

Fig. 10. Closure of the duodenal defect   

Fig. 12. The stent extracted during necropsy with 
a visible lightening of its blue color and partial 
disintegration. 


