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Bacterial biofilm and clogging of biliary stents 
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Endoscopic biliary stenting has become a standard palliative treatment for obstructive jaundice due to malignancies 
of the pancreas and the hepatobiliary system. Despite the high initial success rate in achieving biliary drainage, 
durable endoscopic stenting has been limited by the clogging of biliary stents, usually after 4-5 months, due to 
formation of an adherent bacterial biofilm. Various methods have been investigated for the prevention of bacterial 
adhesion and prolongation of stent patency. These include: 1) prophylactic use of antimicrobial agents and bile 
salts; 2) testing of new stent material and new designs for these biliary stents; and 3) the recent introduction of 
self-expandable metal stents. Each method has its own merits as well as specific problems. This article reviews the 
pathogenesis of biofilm formation on the biliary stents and the latest status of research in avoiding the problem of 
stent occlusion. 
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Introduction 

Malignant tumours causing biliary obstructions are associ- 
ated with high morbidity and mortality. The annual inci- 
dence of pancreatic cancer in the United States is approxi- 
mately 28 000 cases [42]. Malignancies of the gallbladder 
and the bile ducts are relatively few with an annual inci- 
dence of about 25% that of primary pancreatic cancer [28]. 
The rich lymphatic network and generous blood supply of 
the hepatobiliary tract assure early spread of these tumours. 
As a result, malignant tumours of the pancreas and the bile 
ducts are usually silent until a relatively late stage of the 
disease when curative surgery becomes impossible. Since 
the first endoscopic transpapillary insertion of biliary stents 
was performed in 1979 [30], this procedure has quickly 
become a standard method of palliation for pancreatico- 
biliary malignancies causing obstructive jaundice [4,19] 
(Figure I). The success rate for endoscopic stenting exceeds 
90% and initial procedure-related complications are rare 

Stent 

( / ......... ~176 

Duodentu~ Tumour 

Sphincter of Oddi ~ - ~ J  

Figure 1 A line drawing of a biliary stent inserted for the palliation of 
tumour in the distal common bile duct causing obstruction of bile flow 
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[4,15,19]. When endoscopic stenting was compared with 
bypass surgery, the two modes of treatment were found to 
have comparable survival rate and quality of life [1]. Since 
it does not involve puncturing the liver, endoscopic stenting 
is also considered safer than percutaneous stenting [33]. 
Unfortunately, the plastic stents in current use have a strong 
tendency to clog, resulting in recurrence of jaundice, chills, 
fever and abnormalities of liver function. The median inter- 
val for a 10-French gauge (Fr) stent to remain patent is 
only 4-5 months [4,15,19]. Replacement with a new stent 
can resolve the problem, but only temporarily, until the 
lumen of the endoprosthesis is clogged again after a short 
duration. Clogging of a biliary stent thus poses a limitation 
to its use. Formation and growth of bacterial biofilm plays 
a central role in stent clogging [24,32]. In the last decade, 
various methods have been investigated to prevent, or at 
least to delay, the formation of adherent biofilm with the 
goal of prolonging the life of biliary stents. This article 
intends to review the present status of research in this area. 

Microbial ecology of the biliary tract 

The biliary tract of a healthy individual does not harbour 
any microorganisms [6,10]. The sphincter of Oddi, which 
is located at the junction between the biliary tract and the 
duodenum (Figure 1), serves as a mechanical barrier to 
minimize bacterial invasion from duodenal reflux [37]. A 
daily bile flow of 800-1000 cc and the continuous secretion 
of mucus from the biliary epithelium ensure that microbes 
do not adhere to the biliary mucosa. Nevertheless, there are 
transient excursions of bacteria through the biliary system. 
When a foreign body is surgically implanted into the 
gallbladder, a bacterial biofilm forms on the foreign surface 
after 6-12 weeks [38]. The implant provides a favourable 
substratum for bacterial adhesion and proliferation, trap- 
ping bacteria passing through the biliary tract. Microorgan- 
isms invade the biliary tract via two major routes. First, 
bacteria from the lower gastrointestinal tract invade the bili- 
ary system via the portal circulation [41]. As the tight junc- 
tions between hepatocytes breaks down and Kupffer cell 



functions a e  impaired with elevated intra-biliary pressure, 
the entry of bacteria via this hematogenous route is facili- 
tated in obslLructive jaundice. On the other hand, in patients 
who had undergone surgical sphincterotomy or endoscopic 
stenting, the, function of the sphincter of Oddi as a mechan- 
ical barrier is disrupted and duodenal-biliary reflux is inevi- 
table, leading to ascending infection of the biliary system 
[11,16,35]. 

Formation of bacterial biofilm results in stent 
clogging 

A clogged biliary stent contains inspissated bile debris with 
a high protein content. Microcolonies of bacteria admixed 
with deconjugated bilirubin, protein and amorphous 
material are found under electron microscopy [24,32,43]. 
Based on the morphological similarities between the sludge 
material causing stent clogging and brown pigment biliary 
stones, we ihypothesized that the two conditions have a 
similar pathogenic mechanism [36]. Bacterial /3-glucuroni- 
dase and phospholipase of biliary pathogens deconjugate 
bilirubin-diglucuronide and lecithin in the bile, leading to 
the precipitation of calcium bilirubinate and calcium salts 
of fatty acids. With time, the biofilm grows as progressive 
agglomeration of bile sediment and biliary sludge form, 
resulting in occlusion of the stent lumen. The first step in 
the pathogenesis of stent occlusion is therefore adhesion of 
bacteria on the stent surface. A layer of protein was 
detected on the surface of the stent which was considered 
an important surface conditioning protein for bacterial 
adhesion [18]. However, the origin of this protein is 
unkown and its chemical nature remains to be elucidated. 
Defects introduced during the manufacture of biliary stents 
such as in'egular inner surface and badly constructed side- 
holes could s bacterial colonization [2,8]. New stent 
materials and[ different designs of the stents have thus been 
put forward (see below). The importance of 13-glucuronid- 
ase production of biliary pathogens in the formation of bili- 
ary sludge has been debated. In an in vitro study, the 
amount of sludge formed by /3-glucuronidase-producing 
bacteria was no more than that by non-enzyme producing 
bacteria [9]. 

Antibiotics and other antimicrobial agents 

As clogging of biliary stents is a result of bacterial coloniz- 
ation and biofilm formation, it is logical to keep the biliary 
tract 'sterile' with antimicrobial agents, in the earliest 
report, aspirin (an anti-prostaglandin to reduce mucin 
secretion) and doxycycline (an antimicrobial to suppress 
bacterial growth) were given to a group of 60 patients who 
needed biliary stenting [29]. Unfortunately, doxycycline is 
not the right antibiotic to test since most biliary pathogens 
are gram-negative coliforms. A high dropout rate and short 
follow-up contributed to the failure of the study to confirm 
the benefit of antibiotic treatment. Recently, Libby et al 
added a sub-bactericidal dose of ciprofloxacin to E. coli 
infected bite and perfused polyethylene stents for 24 h in 
an in vitro system. Bacterial adherence to polyethylene 
stents was significantly reduced [25]. The decreased bac- 
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terial adherence was attributed to the change of bacterial 
surface characteristics, as shown by scanning electron 
microscopy. In an animal study, treatment with ciproflox- 
acin alone significantly prolonged the median stent patency 
from 17 to 62 days [26]. However, the benefits of prophyl- 
active antibiotic treatment in this animal study have not 
been translated into clinical benefit. Ghosh et al used a cyc- 
lical antibiotics regimen (composed of ampicillin, metroni- 
dazole and ciprofloxacin) together with ursodeoxycholic 
acid (a choleretic agent), and found no improvement in the 
duration of stent patency [14]. In their study, however, anti- 
biotics and ursodeoxycholate were commenced two weeks 
after endoscopic stenting. Once tile first layer of bacterial 
biofilm has established itself on the stent surface, it would 
be more difficult to eradicate the biomass [3]. The use of 
long-term antibiotic therapy has always raised the concern 
of cultivating resistant bacterial strains as well as producing 
untoward effects by altering the bowel flora. Coating the 
plastic surface with a biocide could theoretically avoid 
these problems. Silver-coated polyurethane has been tested 
in vitro and showed a dose-related reduction in bacterial 
adherence by t0-I00 fold [23]. 

New stent materials 

Polyethylene, polyurethrane and Teflon T M  are the most 
common materials for biliary stents. Less sludge formed on 
the surface of Teflon than on polyethylene and poly- 
urethane stents perfused with infected bile [2,8]. Among 
these three materials, Teflon has the lowest coefficient of 
friction [17] implying that smoothness of surfaces directly 
affects adherence of bacteria. At least two new polymers 
have come into the market in recent years, both claiming 
to have an 'ultrasmooth' surface. Vivathane TM, a cross- 
linked urea polymer with a critical surface tension 
approaching zero, is claimed to have no detectable surface 
irregularity at 2000 times magnification under scanning 
electron microscopy [27]. Hydromer TM, a hydrophilic poly- 
mer (poly-N-vinylpyrrolidone or PVP), is coated on poly- 
urethane which also produced a smooth texture to the stent 
surface [20]. Both products reduce bacterial adhesion in the 
infected bile perfusion experiments and thus prevent devel- 
opment of a bacterial biofilm. Although in vitro data on 
vivathane and hydromer seems promising, they have not 
been tested in clinical trials to confirm their superiority. 

Bile salt 

Bile salts have potent antibacterial activities which contrib- 
ute to the sterility of the biliary system. When the antibac- 
terial activity of bile salts with different hydrophobicities 
was tested, hydrophobic bile salts (eg deoxycholate) had 
more profound bactericidal effects on common biliary 
pathogens than the hydrophilic bile salts (eg taurocholate) 
[39]. Electrostatic interactions and surface hydrophobicity 
are crucial factors affecting bacterial adhesion [21]. Indeed, 
hydrophobic bile salts are potent inhibitors of adhesion of 
biliary pathogens on stent material [40]. Deoxycholate and 
taurodeoxycholate, even at sub-bactericidal levels, reduce 
bacterial adhesion on plastics by 100-1000 fold. It is an 
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attractive idea to develop an orally absorbable hydrophobic 
bile salt that recycles in the bile to prevent adhesion of 
bacteria on the biliary stent. A major problem with the use 
of hydrophobic bile salts is the cytopathic effects of these 
compounds which cause gastrointestinal upset. Bile salts 
such as ursodeoxycholate with greater hydrophilicity are 
better tolerated but have little effect on bacterial adherence 
[12]. The potential role of ursodeoxycholate, chenodeoxy- 
cholate or combination therapy in the prevention of stent 
blockage deserves further investigation. 

New designs for biliary stents 

One of the most important improvements in stent patency 
was made by using stents with a larger luminal diameter. 
Clinical study has shown, with convincing results, that a 
10-Fr stent drains significantly better than the original 8-Fr 
stent [31]. However, the use of still larger stents is limited 
by the size of the endoscope channel. It is not feasible to 
place plastic stents with outer diameter greater than 12 Fr 
and the mean time-to-occlusion of these stents remains at 
5-6 months [5]. Recently, self-expanding metal stents with 
a maximum diameter of 7-10 mm have significantly pro- 
longed median stent patency [7,22]. The much bigger 
lumen of the fully deployed metal stent is undoubtedly use- 
ful in keeping the drainage of bile even with biofilm and 
sludge formation. Several investigators have pointed out 
that sludge formation in plastic stents accumulates mainly 
around the side holes [2,8]. The detrimental effect of the 
side-holes seems to outweigh the effect of stent material 
[2]. In vitro and in vivo studies have demonstrated that, by 
omitting side-holes in polyethylene stents, a reduction in 
the amount of sludge formed [2,8]. However, in our study 
of patients randomized to receive polyethylene stents with 
or without side-holes, the median time before total 
occlusion and the weight of encrustation formed did not 
show a significant difference between the two groups [34]. 
Furthermore, the partial thickness flaps in the stents without 
side-holes gave weaker anchorage support in the bile duct. 
Migration of stents into the duodenum after implantation 
has been reported, resulting in early drainage failure [34]. 
As ascending infection from duodenal-biliary reflux is an 
important route of acquiring infections, another modifi- 
cation of the design of biliary stems is placing the whole 
stent in the common bile duct above the sphincter of Oddi, 
preserving the function of the sphincter as a mechanical 
barrier. Animal studies have shown that stents placed above 
the sphincter have a longer duration of patency [13,35]. The 
clinical advantage of these non-protruding stents needs to 
be substantiated by clinical trials. 

Conclusion 

Biliary stents inserted for inoperable cancer of the hepatobi- 
liary system are clogged by formation of bacterial biofilm 
4-6 months after implantation. To prevent, or delay, the 
stent blockage, various methods have been tried. These 
include the use of antimicrobial agents and bile salt, the 
development of new stent materials and new designs for 
biliary stents. Most of these methods are still in experimen- 

tal stages and none has proven clinical advantage in the 
prevention of biofilm formation. Until an effective method 
of preventing bacterial adhesion is achieved, the most 
promising result arises from using stents of a larger diam- 
eter, especially the self-expanding metal stents. 
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