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Abstract

Benign biliary strictures are being increasingly treated
with endoscopic techniques. The benign nature of the
stricture should be first confirmed in order to ensure
appropriate therapy. Surgery has been the traditional
treatment, but there is increasing desire for minimally
invasive endoscopic therapy. At present, endoscopy has
become the first line approach for the therapy of post-
liver transplant anastomotic strictures and distal (Bismuth
Iand ) post-operative strictures. Strictures related to
chronic pancreatitis have proven more difficult to treat,
and endoscopic therapy is reserved for patients who
are not surgical candidates. The preferred endoscopic
approach is aggressive treatment with gradual dilation of
the stricture and insertion of multiple plastic stents. The
use of uncovered self expandable metal stents should
be discouraged due to poor long-term results. Treatment
with covered metal stents or bioabsorbable stents
warrants further evaluation. This area of therapeutic
endoscopy provides an ongoing opportunity for fresh
research and innovation.
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INTRODUCTION

Therapy of benign biliary strictures can pose great
challenge. Surgical repair traditionally has been the
preferred approach. Lately with advances in therapeutic
endoscopy, there is increased opportunity for endoscopic

management. The lack of well designed trials, combined
with evolving technology allows opportunity for further
advances.

ETIOLOGY

An understanding of the etiology of the stricture can help
guide therapy. The etiology of benign biliary strictures is
diverse (Table 1). In Western countties, the most common
type is the post-operative stricture. Strictures can occur
secondary to intraoperative injury, most commonly during
laparoscopic cholecystectomy. Anastomotic strictures are
seen following bile duct reconstruction or orthotopic liver
transplant (OLT)!"?. Benign strictures can also occur in
the setting of chronic pancreatitis. These strictures often
develop within the intrapancreatic portion of the common
bile duct?. A common cause of bile duct stricture in
Asia is infection with the fluke, Clonorchis sinensis. While
these strictures are benign in nature, they can progress
to cholangiocarcinoma. Other causes of benign biliary
stricture include primary sclerosing cholangitis, recurrent
cholangitis, sarcoidosis, abdominal trauma, ischemic injury,
chemotherapy, radiation therapy, HIV cholangiopathy,
Mirizzi syndrome, vasculitis in lupus or polyarteritis
nodosa, infections such as tuberculosis and histoplasmosis,
sphincter of Oddi dysfunction, papillary stenosis, and
choledochal cyst.

CLASSIFICATION

Bismuth et al® in 1978 proposed a classification based on
the location of the biliary stricture (Table 2). Bismuth I
strictures are located > 2 cm distal to the confluence of the
left and right hepatic ducts (hepatic bifurcation). Type I
strictures are located < 2 cm from the hepatic bifurcation.
Bismuth I lesions are present at the bifurcation. Type IV
lesions involve the right or left hepatic ducts, while type V
lesions extend into the right or left hepatic branch ducts.

PRESENTATION

Benign biliary strictures are associated with a broad
spectrum of presentations, from subclinical disease
with mild elevation in liver function tests to complete
hepatic obstruction with jaundice and hyperbilirubinemia.
Recurrent cholangitis is a life-threatening complication
of biliary strictures. Biliary stones may develop above
the stricture and provide a nidus for persistent infection.
Chronic low-grade biliary obstruction may have devastating
long-term consequences by leading to secondary biliary
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Surgical
Cholecystectomy (open or laparoscopic)
Biliary anastomosis

Orthotopic liver transplant

Biliary reconstruction
Chronic pancreatitis
Clonorchis sinensis
Primary sclerosing cholangitis
Recurrent cholangitis
Sarcoidosis
Abdominal trauma
Ischemic injury
Chemotherapy
Radiation therapy
HIV cholangiopathy
Mirizzi syndrome
Vasculitis
Infection (e.g. tuberculosis or histoplasmosis)
Sphincter of Oddi dysfunction
Choledochal cyst

Location

> 2 cm distal to the hepatic bifurcation

<2 cm distal to the hepatic bifurcation

At the level of the hepatic bifurcation

Involves the right or left hepatic duct

Extends into the left or right hepatic branch ducts

Bismuth classification

<288 ~—

cirthosis and development of end-stage liver diseasel..
Post-operative strictures present at various intervals after
the procedure. If the duct was clipped, the patients usually
present within days. By contrast, it may take over a year for
symptoms to become evident if a stricture develops from
heat injury or biliary leak!. Strictures due to transplant-
related biliary anastamosis have a variable presentation,
from a few days to over 2 years after transplantation.

DIAGNOSIS AND EVALUATION OF
BILIARY STRICTURE

Before deciding on a therapeutic plan, it is of utmost
importance to thoroughly investigate the stricture
(Figure 1). Of special interest is to ascertain whether
a stricture is benign or malignant. In post-operative
patients, the clinical history may be sufficient to ensure
the benign nature of the stricture. In cases where there
is ambiguity about the etiology of the stricture, further
work-up is helpful. Benign strictures tend to have lower
alkaline phosphatase and AST levels than malignant
strictures®™. Tumor markers, such as carbohydrate antigen
19-9 with a value greater than 100 U/mL have been found
to be 50%-60% sensitive for cholangiocarcinoma and
gallbladder cancer. Unfortunately the specificity of this
test is very low since carbohydrate antigen 19-9 levels are
increased in benign biliary obstruction as well"”l. Elevated
carcinoembryonic antigen level is present in nearly 40%
patients with pancreatic cancet!".
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‘ Clinical history and presentation consistent with biliary stricture ‘

l

Initial laboratory evaluation (include
CA19-9 and CEA if suspicion for
malignancy is sufficient)

!

Trans-abdominal ultrasound

!

Additional radiographic investigations,
depending on the index of suspicion and
clinical scenario with MRCP, PET/FDG,
or CT cholangiogram

y N

ERCP (both diagnostic and therapeutic EUS guided FNA

applications) may incorporate brushings,
SpyGlass cholangioscope, IDUS, and/or
intraductal forceps biopsy.

N

Cytology and tissue analysis
with or without FISH

Figure 1 Flow chart demonstrating the diagnostic work-up of biliary strictures.

Trans-abdominal ultrasound is often the first
investigation carried out to evaluate biliary strictures.
This test usually identifies the presence of an obstruction
and may help localize the site of the obstruction.
Hepatic scintigraphy with imino-diacetic acid (HIDA)
is highly sensitivity in showing an obstructive process,
but beyond this provides little additional diagnostic
information'. HIDA scans have been used to confirm
improved biliary drainage after treatment of strictures!™.
Magnetic resonance cholangio-pancreatography (MRCP)
is increasingly utilized to evaluate the biliary tree and
help localize a lesion before a therapeutic procedures
is undertaken. MRCP is especially useful in high grade
strictures, which are difficult to inject with contrast
from a proximal duct. MRCP is also useful in patients
with a transected duct where opacification of the
excluded distal segments is difficult. Helical and multi-
detector CT scanners have allowed the development
of CT cholangiography; however, at the present time
this technique is used much less frequently than MRCP.
Initial clinical studies suggest a potential role of positron
emission tomography (PET) using 2-[18F]fluoro-2-deoxy-
D-glucose (FDG) in differentiating cholangiocarcinoma
from benign disease!". An additional benefit of
radiographic imaging studies is that they provide valuable
information about the surrounding structures and organ
systems and allow assessment of a more wide-spread
disease process involving the biliary tree.

Endoscopic techniques can provide additional
diagnostic information about the biliary stricture.
Endoscopic retrograde cholangio-pancreatography
(ERCP) helps to characterize the stricture by providing
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[Benign biliary stricture |

Bismuth I or 1 post- Post-OLT stricture Other benign biliary
strictures

operative stricture

Contraindication to
surgery

Endoscopic therapy: ERCP with
gradual dilation of stricture and
placement of multiple stents

Surgical therapy: traditionally
involves anastomosis of bile
duct to small bowel

Figure 2 Flow chart demonstrating the therapeutic options for initial treatment of
benign biliary strictures.

tissue samples. Although, the sensitivity of bilary fluid
and brush cytology is low; the addition of fine needle
aspiration biopsy and intraductal forceps biopsy ("triple
tissue sampling") improves the sensitivity to about 60%!".
It has been observed that the addition of fluorescence
in situ hybridization (FISH) analysis to routine brush
cytology improves the diagnostic accuracy. Some recent
data shows higher sensitivity and specificity with biliary
brush cytology for the diagnosis of cholangiocarcinoma
in primary sclerosing cholangitis, with a sensitivity of 70%
to 100% and specificity of 80% to 95%!"". Conflicting
data exists as to whether intraductal ultrasonography
(IDUS), when used to supplement ERCP, improves the
ability to distinguish benign from malignant strictures"**’.
Some studies have shown that IDUS improves the
accuracy of ERCP in differentiating malignant from
benign strictures to neatly 90%?". Endoscopic ultrasound
(EUS) with fine needle aspiration (FNA) may also help
determine whether the stricture is benign or malignant.
Currently, the sensitivity of EUS-FNA for the diagnosis
of malignant strictures varies widely, from 43% to
86%***1. The SpyGlass peroral cholangiopancreatoscopy
system 1s a developing technology that utilizes a
fiberoptic cholangioscope passed through a therapeutic
duodenoscope, and allows biopsy of the biliary tract under
direct vision™. A recent teport in humans showed that its
use is indeed clinically feasibleP®. The SpyGlass system was
evaluated in 35 patients with indeterminate stricture and
demonstrated a sensitivity of 71% and specificity of 100%
in diagnosing malignancy. Prospective multicenter trials
are currently underway to further evaluate the SpyGlass
system.

TRADITIONAL THERAPY

Traditionally, surgery has been the treatment of choice
for benign extrahepatic bile duct strictures and usually
involves creating an anastomosis between the bile duct
and the small bowel (Figure 2). A choledocho-jejunostomy
or choledocho-duodenostomy is created for distal
common bile duct strictures, while a hepatico-jejunostomy
is performed for high common bile duct strictures.
Complex biliary leaks or transected ducts may require
partial hepatectomy or orthotopic liver transplantation.
Success rates are upwards of 90% after surgery involving

small bowel anastomosis, and reintervention rates ate
less than 10%?"*1. Complications of surgery including
side effects of general anesthesia, laparotomy, and
extended hospitalization are seen in about 25% patients!”.
Furthermore, recurrent stricture rate varies from 10%
to 45%[%*1 Many patients are poor surgical candidates
because of comorbidities and may prefer an initial attempt
at less invasive treatment. Endoscopic therapy does not
preclude surgery, because if it is unsuccessful, surgery
can still be performed. As a result, minimally invasive
endoscopic treatment is an attractive option for the
management of benign biliary strictures.

ANTIBIOTIC TREATMENT BEFORE
CORRECTIVE THERAPY

Resistance to bile flow secondary to a biliary stricture
follows the Hagen-Poiseuille's law, which states that the
resistance to flow in a tube is inversely proportional to
the fourth exponent of the tube's radius. Thus, the overall
goal of therapy is to increase the radius of the stenosis.
According to this law, even small increases in the diameter
decrease the resistance significantly. However, until the
stenosis is remedied, the static bile provides an excellent
culture medium for bacterial growth, and the development
of cholangitis. Indeed, nearly 25% patients with obstructive
jaundice have significant bacterobilia®!. Therefore, patients
with obstructing lesions should receive prophylactic broad-
spectrum antibiotics before an endoscopic procedure.
The duration of antibiotic prophylaxis is guided by the
outcome of the intervention, i.e., whether ot not it was
successful in relieving the obstruction®”. Adequate choices
for antibiotic prophylaxis include piperacillin, cefuroxime,
and ciprofloxacin®*!. Coverage for pseudomonas should
be added if local epidemiological data suggests high rates
of this infection, or if there is a history of improper
disinfection of endoscopes’. Regardless of the antibiotic
therapy, the single most important factor in preventing
cholangitis is relief of the obstruction.

ACCESSING THE STRICTURE

Retrograde cholangiogram is not only difficult to perform
in the presence of a tight biliary stricture, but the
passage of a guidewite across the stricture becomes quite
challenging. Benign strictures, especially those associated
with chronic pancreatitis, may be surrounded by dense
fibrous tissue. As a result, the introduction of guide
wires becomes very difficult. The standard endoscopic
dilating device used for traversing strictures is 5F in size
and is passed over a 0.035 inch guidewire. Several other
approaches have been used in such a situation. The 7F
Soehendra screw-type stent extractor (Cook Medical,
Winston Salem, NC) is useful in difficult stricturesP* ).
Another technique is to use a 3.3F peripheral angioplasty
balloon threaded over a 0.018 inch guidewire*!. This
balloon inflates to a 6.0 mm diameter at 16 atm pressure.
A steerable catheter (Autotome Rx, Boston Scientific,
Natick, MA), with tapered tip sizes ranging from 3.9F to
4.9F facilitates traversing complex hilar strictures®.. If the
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endoscopic approach is not successful in traversing the
stricture, it may become necessary to consider a combined
endoscopic and percutaneous approach*l. Regardless
of the method used, therapeutic procedures for biliary
strictures require a high degree of patient cooperation, and
the use of general anesthesia often helps in achieving a
successful outcome*’.

POSTOPERATIVE STRICTURES

It has been estimated that 0.1% to 0.2% of patients
develop a biliary stricture after open cholecystectomy!**.
Since the introduction of laparoscopic cholecystectomy
in 1985, the rates of bile duct injury with resultant
stenosis from intraoperative injury have decreased as
the surgeons have gained greater experience with the
procedure. Currently, the biliary stricture rates vary from
0.2% to 0.7%7"%1 although some reports indicate
figures as high as 2.8%0P%. Biliary complications also
occur frequently after orthotopic liver transplantation,
with an incidence of around 12%-13%F>l. One of the
most common complications is stricture formation at the
choledochocholedochostomy anastomosis. These strictures
are the result of a size mismatch between the donor and
recipient ducts, and ischemia at the anastomotic sitel”.

As mentioned previously, surgical therapy has
traditionally been the preferred approach in correcting
benign biliary strictures. However, beginning in the 1970's,
minimally invasive therapies gained greater acceptance. A
report from the Johns Hopkins Hospital on 42 patients,
from 1979 to 1987, compared surgical therapy with
percutaneous balloon dilation®”. After a 5-year follow-up,
recurrence of jaundice or cholangitis were markedly lower
in the surgical group (treated with Roux-Y choledocho- or
hepaticojejunostomy) compated to balloon dilation (12%
5 45%). Of note, the total hospital stay and cost associated
with therapy were not significantly different between the
two groups.

The success rates began to improve with the
introduction of endoscopic stenting. The initial clinical
data showed short-term benefit from endoscopic therapy.
A 1986 case seties documented 21 patients who had one or
two 10F stents placed for benign postoperative stricturet’l.
After a follow-up of at least 6 mo, 19 patients (90%) had
a good (14%) or excellent (76%) tesult. Another report
in 1989, described 29 patients with benign postoperative
biliary stricture who underwent endoscopic stent
placement with a single 7F, 9.5F, or 11.5F stent inserted
for a mean of 162 d before removal®®. During follow-up
of 19 mo, 74% patients demonstrated successful response
to therapy, with 48% showing an excellent response and
26% having a good response.

The success of endoscopic treatment for benign
postoperative biliary strictures was confirmed by studies
with more long-term patient follow-up. A 1989 report?’
on 25 patients who underwent endoscopic balloon
dilation with or without stent placement revealed that
88% patients benefited from the procedure, and none
suffered a recurrence of symptoms, stricture formation or
elevation of the liver function tests during 4-year follow-
up. Furthermore, there was no significant morbidity or
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mortality associated with the endoscopic therapy. Another
study on 70 patients who received endoscopic stenting for
post-operative biliary strictures was published in 19921,
The patients were followed for a mean of 42 mo. Outcome
assessment revealed that 83% patients had excellent
(defined as remaining asymptomatic with normal ot stable
liver enzymes) or good results (defined as having only one
episode of cholangitis). Thus, these studies revealed that
endoscopic therapy offered a safe and effective alternative
to surgery for benign biliary strictures.

A direct comparison of surgical and endoscopic
therapy was published in 1993, with 66 patients in the
endoscopic therapy group and 35 patients in the surgical
group?. This trial was non-randomized and non-blinded,
and the type of therapy selected was based on patient and
physician preference. Endoscopic therapy consisted of a
single 10F plastic stent placed after biliary sphincterotomy,
followed 6 wk later by exchange with two 10F stents.
These stents were then changed electively every 3 mo
for 1 year. Surgical therapy consisted of biliary-bowel
anastomosis, usually hepaticojejunostomy. The mean
length of follow-up was 50 mo for the surgery group and
42 mo for the endoscopic group. Early complications
occurred more frequently in the surgically treated group
(26% s 8%). Late complications occurred only in the
endoscopically treated patients (27% »s 0%), mostly due
to stent occlusion and resultant cholangitis. Recurrent
stricture occurred in 17% of patients in both the surgical
and endoscopic groups. These findings suggested that
surgery and endoscopy have similar long-term success rate
in benign biliary strictures.

A retrospective case-control study on 42 patients
with postcholecystectomy stricture revealed similar
results with surgery and endoscopic treatment®!. Twenty
patients wete treated endoscopically with one to three
10F to 12F stents, while 22 patients received surgery
(hepaticojejunostomy, choledochojejunostomy, ot
intrahepatic cholangiojejunostomy). The patients were
followed for at least 60 mo. Excellent or good results were
achieved in 77% with surgery »s 80% with endoscopic
treatment, revealing no significant difference in outcome
between the two groups. The average length of hospital
stay was shorter in the endoscopy group compared
with the surgery group (5.8 »s 10.8 d). Again, the main
complication of the endoscopic group was stent occlusion
and cholangitis.

In 2000, a French group published data showing
benefit with ERCP-directed therapy for post-laparoscopic
cholecystectomy biliary stricture®d. Sixty-five patients had
balloon dilatation followed by stent placement (one to
four stents per patient, with a mean of 1.6 stents inserted
simultaneously and exchanged at approximately 3 mo
intervals). Stents remained in place for an average of 14
mo, and patients were followed for 28 additional months
after the stents were removed. A success rate of 69%,
defined as normal ultrasound and liver function tests, was
obtained in this group.

Stent placement is associated with complications that
may limit the role of endoscopic therapy. As mentioned
previously, there is a significant risk of stent occlusion
and subsequent cholangitis. Also, there is a tendency for
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strictures to fibrose around the stent as the time from
the initial dilation increases. To avoid these problems,
attempts to place multiple stents across the stricture
have been made. In theory, multiple stents should permit
greater stricture dilation over a longer period of time;
thus, preventing restenosis when the stents are removed.
Furthermore, the incidence of jaundice and cholangitis
should decrease when multiple stents are placed, because
even if all the stents become occluded, some bile flow may
occur in the spaces between the stents.

A report of 45 patients treated with endoscopic
insertion of multiple plastic stents was published in
20011 After pneumatic dilation of the stricture, the
maximum possible number of 10F stents based on the
tightness of the stricture and the diameter of the bile
duct were inserted. As many as 4 stents were placed
simultaneously during the index ERCP. Every 3 mo, the
stents were exchanged with an increasing number of
stents until the stricture was obliterated on an occlusion
cholangiogram. Forty patients were able to complete the
protocol and were followed for 49 mo. Thirty nine of
the 40 patients (97.5%) had no recurrence of symptoms
related to recurrence of biliary stricture, and liver function
tests and ultrasound examinations remained normal.
The one patient who developed symptoms experienced
2 episodes of cholangitis but did not have stricture
recurrence. Thus, this more aggressive approach with
increased numbers of stents placed across strictures may
be associated with an improved long-term outcome.

In 2002, further data confirmed that multiple stents
allow better success in correcting postoperative benign
biliary strictures!”. This study evaluated 29 patients
with benign strictures, of which 19 were post-surgical.
Patients had balloon dilation and one stent, with the
largest diameter technically possible, placed during the
index ERCP. At 3 mo intervals, additional stents were
placed without removal of the indwelling stents if
possible, and additional balloon dilation was performed
if necessary. After 12 mo from the index ERCP, all stents
were removed, and the patients were followed clinically
for 48 mo. In the post-operative stricture group, the
treatment was successful in 64% patients, defined as lack
of symptoms, normal alkaline phosphatase and bilirubin,
and no evidence of stricture by imaging studies (ERCP
ot MRCP) if available. Only 2 patients developed mild
cholangitis during the follow-up period, and this occurred
when the patients had only 1 stent in place. Additionally,
the data revealed that the distal post-operative lesions
(Bismuth [ and 1) were associated with better success rate
compared with proximal hilar lesions (Bismuth III) (80% »s
25%).

A 2005 report from Hungary documented a series of
20 patients with distal common bile duct strictures related
to a previous endoscopic biliary sphincterotomy in the
setting of choledocholithiasis®!. The patients underwent
endoscopic therapy consisting of sequential insertion of
an increasing number of plastic stents every three months,
with steadily increasing diameters until the stricture was
seen to resolve on cholangiogram. Stents were left in place
for an average of 9 mo, and the median maximum stent
diameter was 20F. Follow-up was performed for an average

of 14.5 mo, during which time 18 of 20 patients (90%)
had no stricture recurrence or need for repeat ERCP with
stent placement. This study provided additional evidence
in favor of sequential stent placement with increasing
numbers of biliary stents in the treatment of distal biliary
strictures.

POST-OLT STRICTURES

Because of the high incidence of biliary complications
after liver transplantation, an increasing body of data
has developed with regard to the treatment of post-
OLT biliary strictures. A report of 15 patients with post-
OLT strictures was published in 20001, ERCP was
used to access the stricture for balloon dilation, but no
stents were placed. Among patients where ERCP was
successful in accessing the stricture, the outcome was
considered to be good in 4 (27%), partial in 3 (20%), and
poor in 5 (33%). Thus, this study showed that balloon
dilation by itself was not a reliable method for treatment
of anastomotic strictures. Greater success was observed
when stent placement was used in addition to balloon
dilation. For example, a 2003 study®”! on 22 patients
with post-OLT anastomotic strictures who were treated
endoscopically with stent placement and were followed for
54 mo, successful stricture resolution was noted in 20 of
22 (90%). In two patients (10%), only partial success was
demonstrated. Importantly, there was no long-term failure
in any patient.

Further data supporting the use of endoscopic
treatment for post-OLT biliary strictures was published in
200611 A total of 25 patients with anastomotic strictures
seen at ERCP were included in the study. Balloon dilation
alone was compared with dilatation plus placement of
an increasing number of bile duct stents. All patients
were followed for a median of 6 mo after conclusion of
endoscopic therapy. Endoscopic treatment was technically
successful in 22 of 25 patients. Nine patients were treated
solely with balloon dilatation and the treatment was initially
successful in 8 of 9 (89%) patients. However, recurrent
strictures developed in 5 patients (62%). In 15 patients,
a combination of balloon dilatation and stent placement
was utilized, with an increasing number and diameter of
stents placed at a median of 4 sessions at 2 mo intervals.
In this group, initial success occurred in 13 of 15 (87%)
patients, and only 4 of 15 (27%) patients showed stricture
recurrence. These 4 patients were successfully treated
again with a combination of balloon dilatation and stent
placement. These findings confirmed the benefit of
combination treatment with balloon dilation followed by
an increasing number and diameter of stents placed at
intervals of 2-3 mo.

CHRONIC PANCREATITIS RELATED
STRICTURES

Chronic pancreatitis is a cause of benign stricture of the
distal common bile duct in up to 30% patients!®. Often,
these strictures are found incidentally on ERCP and do not
cause any symptoms. On other occasions, such strictures
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may result in obstructive jaundice, chronic abdominal
pain, abnormal liver function tests, recurrent cholangitis,
secondary biliaty cirrhosis, and choledocholithiasisP!.
Traditionally, surgery is the recommended treatment in
such patients. However, many of these patients are not
ideal surgical candidates due to malnutrition, chronic liver
disease, thrombosis of the splenic or portal veins, and
other comorbidities™. Endoscopic therapy is technically
difficult due to dense fibrotic tissue, often associated with
calcification around the distal bile duct.

Endoscopic treatment with balloon dilation and the use
of a single biliary stent has produced excellent technical
success and promising short-term results. However, long-
term studies have called into question the benefit of
endoscopic therapy, as studies show that only 10%-28%
patients remain free of obstructive symptoms after
removal of the single plastic stent®’". An exception to
this poor response was a study published in 2000 which
also involved placement of a single biliary stent. This
study on 25 patients who underwent balloon dilation and
stenting demonstrated no recurrence of stricture in 20 of
25 patients (80%) over a follow-up period of 32 moP.

Other studies have evaluated whether multiple plastic
stents allow for greater success. A comparison of single
versus multiple stents in the treatment of common
bile duct strictures was performed on 12 patients who
received an increasing number of stents placed at 3 mo
intervals over a 14 mo treatment period”. A mean of
4.3 stents were placed per patient. The multi-stent group
was compared with a group of 34 patients who had
single stents placed and changed at 3 to 6 mo intervals.
Both groups were followed over a 4 year period, and
both groups included patients with evidence of chronic
calcific pancreatitis (56% in the single-stent group and
50% in the multiple-stent group). At the end of the
follow-up period, 92% patients in the multiple-stent
group remained asymptomatic with normal liver function
tests. Furthermore, the distal common bile duct diameter
was noted to increase from a mean of 1.0 mm to 3.0
mm after treatment. In the single-stent group, patients
demonstrated no change in the diameter of the common
bile duct stenosis, 38% of the group had persistent
liver function test abnormalities, 41% required surgical
choledochoduodenostomy, and 9% died of complications
related to liver disease.

A Hungarian study evaluated 29 patients with common
bile duct stricture due to chronic calcifying pancreatitis ["*.
These patients received the maximum possible number of
stents whenever the stents were changed (electively at 3
mo intervals or sooner if stent change was indicated). The
patients received a mean of 2.4 stents with a range between
1 and 5 stents. Eighteen patients (60%) had complete
radiologic and serologic recovery during 1 year follow-up
after a mean stenting time of 21 mo. Five patients (16%)
continued to require stent placements despite a mean
stenting time of 26 mo. Three patients (10%) required
surgery, and 3 patients died (1 of unrelated causes and
2 with septic shock of biliary origin). This study again
showed a higher rate of success with increasing number of
stents.

Nine patients with chronic pancreatitis-induced biliary
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strictures were included in the previously mentioned
2002 study detailing long-term outcome of benign biliary
strictures treated with multiple stent insertions . The
overall success rate during the 48 mo follow-up was only
44%. However, all 3 patients without pancreatic head
calcifications wete treated successfully, while only 1 of
6 patients with pancreatic calcification had a positive
response to therapy. This data suggests that pancreatic
calcification poses an important therapeutic challenge;
however, the small number of patients enrolled in the
study makes it difficult to draw firm conclusions.

METAL STENTS

Metal stents have been employed in an effort reduce
stricture recurrence and to maintain duct patency.
Traditional open-mesh metal stents are associated with
several flaws, including occlusion, stone formation, and
lack of permanency. Epithelial hyperplasia has also
been noted in the bile duct in response to open-mesh
metal stents. This results in the stent becoming embedded
within the wall of the duct and may lead to a chronic
inflammatory process, which could theoretically predispose
the patient to an increased tisk of cholangiocarcinomal™.
Furthermore, surgical management of patients with
metallic stents extending into the intrahepatic ducts is
difficult and may require partial hepatectomy or even liver
transplantation. These drawbacks of metal stents have
traditionally limited their use in benign biliary strictures.

The first use of metal mesh stents in benign strictures
was reported in 1990, when radiologists placed bare metal
stents percutaneously in 17 patients with postoperative
stricture™. Fourteen of the 17 patients had failed prior
attempts at surgical repair, and all 17 patients had failed
serial balloon dilations. The metal stents allowed the
majority (82%) of patients to be free of jaundice or
cholangitis during a mean follow-up of 8 mo. There were
no major complications or deaths during that time.

Metal stents have also been used in benign strictures
resulting from chronic pancreatitis. A study on 20
patients with chronic pancreatitis and evidence of biliary
obstruction was reported in 199411, Eleven of these
patients had failed treatment with plastic stents. All 20
patients had persistent cholestasis, seven patients had
jaundice, and three overt cholangitis. After placement of
uncovered self-expanding metal mesh stents, 90% patients
had relief of jaundice and cholangitis at completion of
the follow-up period (mean of 33 mo). In another study,
13 patients with chronic pancreatitis-related strictures who
had previously shown a poor response to plastic stents
received uncovered self-expanding metal®. After a mean
follow-up of 50 mo, 9 patients (69%) were considered to
have a successful response; 4 of the 9 patients required
another procedure due to stent occlusion during the
follow-up period. Therapy during the repeat procedure
consisted of insertion of a second metal stent within the
lumen of the first stent (3 cases) or balloon pull-through
for removal of sludge (1 case). The four unsuccessful cases
had stent occlusion in 3 cases and stent migration in one
case, which were not amenable to endoscopic treatment.
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Another group of 14 patients with symptomatic common
bile duct stenosis associated with chronic pancreatitis,
were treated with partially covered metal stents after
failing plastic stents®l. All patients responded initially with
resolution of cholangitis and improvement of cholestasis.
However, stent patency rate decreased over time, from
100% at 12 mo to 40% at 24 mo and 37.5% at 36 mo.
Thus, partially covered metal stents are effective in the
initial treatment of strictures, but long term success is
limited due to problems with stent patency.

The disadvantages of uncovered metal stents have
led to the use of covered metal stents, with the potential
benefit that these stents can be removed. In the canine
biliary tract, covered metal stents did not induce epithelial
hypertrophy and did not become embedded in the bile
duct epithelium, unlike bare metal stents. The ability to
remove a covered Wallstent™ (Boston Scientific, Natick,
MA) several months after placement was shown in
2004, when 13 of such stents were successfully removed
endoscopically at a single session after a mean duration
of 4.5 mo. By contrast, 4 patients with uncovered metal
Wallstents required multiple endoscopic sessions in
order to remove the stents in a piecemeal fashion. It is
possible that the self-expanding covered metal stents also
serve as potential dilators. However, the use of covered
metal stents needs further evaluation to determine their
therapeutic effectiveness.

BIOABSORBABLE STENTS

Self-expanding stents made of bioabsorbable material may
offer several advantages compared to the plastic and self-
expanding metal stents®>*. Studies in porcine models
show that these stents offer improved patency because
of their large diameter, lower biofilm accumulation and
reduced incidence of bile duct proliferative changes.
Furthermore, patients do not have to undergo additional
procedures to remove the stents. Bioabsorbable stents can
be impregnated with pharmaceutical compounds, such
as antimicrobial and antineoplastic agents. The stent's
underlying biological structure can be used as a reservoir
for drug-clution and to control elution kinetics. The
biological stents may provide the necessary framework for
bioengineered tissue culture and/or extra-cellular matrix
for treatment of strictures. However, these stents remains
investigational at the present time.

CONCLUSION

Therapeutic endoscopy plays an important role in the
treatment of benign biliary strictures. Despite the lack
of randomized controlled trials, endoscopy has become
the first line therapy for post-liver transplant anastomotic
strictures and distal (Bismuth [ and II) post-operative
strictures. Strictures related to chronic pancreatitis have
proven more difficult to treat, and endoscopic therapy is
reserved for patients who are not surgical candidates. At
present, the preferred endoscopic approach is aggressive
dilation of the stricture and insertion of multiple plastic
stents. The use of uncovered self expanding metal stents
should be discouraged due to poor long-term results.

Covered metal stents or even bioabsorbable stents may
provide superior results and deserve further investigation.
The atrea of therapeutic endoscopy will continue to evolve
and offer opportunities for innovative new techniques.
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