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INTRODUCTION

The treatment of malignant bile strictures is a big challenge
for specialists. Establishing a surgical treatment which pro-

Summary

Background: Biliary stent clogging is the principal limitation in the use of palliative treatments for malignant
biliary stricture. The patency of metal stents lasts longer than that of plastic stents but metal stents are more
expensive. Well-established criteria for choosing metal or plastic stents do not yet exist

Patients and Methods: A retrospective trial was carried out with 80 patients in Pablo Tobon Hospital,
between January 2002 and June 2008. 40 patients had plastic stents implanted while the other 40 had metal
stents installed. Biliary stricture improvement, stricture recurrence, complications and survival rates for each
group were compared.

Results: 48 males (60%) and 32 females (40%) with an overall average age of 66+6 years and ages
ranging from 47 years old to 78 years old were diagnosed with inoperable malignant distal biliary stricture.
The two groups were comparable in terms of ages, genders, laboratory tests, diagnoses and liver metastases.
Clinical success was the same for both treatments (92%). Hospital stays were significantly shorter for patients
with metal stents than for patients with plastic stents. (6.1 + 6.6 days versus 10.6 £ 5.9 days. 95% confidence
interval: 1.6 to 7.2, p<0.01). Recurrent biliary stricture was identified in 19 of 40 patients with plastic stents
(47.5%) and 13 of 40 patients with metal stents (45%) (95% Confidence Interval: -0.4 to 0.08, p=0.2). Average
duration of stent patency was longer in patients with metal stents than in patients with plastic stents (174.2 +
60.4 days versus 108 + 50.9 days. 95% confidence interval: 41.1 to 90.8, p<0.01). Early complications occu-
rred in 5% of patients with metal stents and in 12.5% of patients with plastic stents (95% confidence interval:
-0.22 10 0.07, p = 0.4). Later complications occurred in 42.5% of patients with plastic stents and 30% of pa-
tients with metal stents (95% confidence interval: -0.35t0 0.1, p = 0.3). Patients with metal stents required less
intervention for treatment of complications than did patients with plastic stents (6 versus 17. 95% confidence
interval: 0.06 to 0.48, p<0.01). Patients with metal stents required endoscopic retrograde cholangiography
(ECRP) 11 times, whereas patients with plastic stents required ECRP 18 times (95% Confidence Interval -0.4
to 0.05, p=0.1). Average survival time after stent insertion was 159.4 + 9.4 days for plastic stents and 189.5 +
7.6 days for metal stents (p=0,07).

Conclusions: Plastic and metal stents are effective for inoperable distal malignant stricture treatment.
However a comparison between the two types of stents reveals that although patient survival rates for the two
types of stents are equal, metal stents had better patency, and patients with metal stents had shorter hospital
stays, and fewer procedures for complications.
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vides better expectations for patient survival is the measure
of success for this kind of stenting. However, around 80% of
patients can not be drained for purposes of healing due to
advanced lesions or metastases (1).
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Patients with undrainable lesions survive less than a year
on average and are likely to endure a poorer quality of life. To
improve quality of life the therapeutic objective is to palliate
the symptoms of this stricture such as jaundice, itching,
cachexia and vomiting while avoiding complications like
cholangitis, sepsis and avoiding hepatic resection (2).

Palliative methods for malignant bile duct obstructions
include surgical bilioenteric derivatives (3), intraluminal
or external (§) radiotherapy (brachytherapy) (4), chemo-
therapy (6), photo-dynamic therapy (7), percutaneous
therapy (8), and endoscopic palliation (9).

Endoscopic retrograde cholangiopancreatography (ERCP)
allows palliation of malignant bile duct strictures in patients
with inoperable tumors. In some cases, this procedure also
allows histological diagnosis, as we reported previously
(10).

Plastic or metal stents can palliate jaundice and its compli-
cations, improving patients’ sensation of well-being. Stent
patency is an important factor because it affects patient
quality of life and service costs (11). There are two kinds
of biliary stents on the market: plastic and metal. Plastic
stents are made of polyethylene, polyurethane or tephlon,
with sizes that vary between 7 Frand 11 Fr. Self-expandable
metallic stents, covered or uncovered, are made of nitinol
with sizes from 24 Fr to 30 Fr.

A smaller rate of occlusion is the most important advan-
tage of metal stents over plastic stents (6-12 months ave-
rage patency for metal stents versus 3-4 months for plastic
stents). Occlusion is frequently caused by proximal or distal
growth of tumors into the stent and also, butless frequently,
biliary mud (12).

On the other hand, disadvantages of metal stents include
high prices and greater difficulties in replacement or remo-
val once they become loose. Occlusions in plastic stents
are most commonly caused by the growth of biofilms on
biliary mud deposits. Plastic stents frequently need repea-
ted changes to maintain biliary drainage (13).

Worldwide, the number of publications comparing metal
stent and plastic stent patency and effectiveness, and which
mention palliation in patients with malignant distal biliary
stenosis, is limited (14). To date there have been no reports
in Colombia.

The present work addresses this issue by comparing the
effectiveness of 10 Fr plastic stents with uncovered metal
stents in patients with inoperable malignant bile duct distal
strictures.

PATIENTS AND METHODS

We carried out a retrospective and descriptive study in
Medellin, Colombia in three level three centers: Hospital
Pablo Tobén Uribe, Hospital San Vicente de Paul and
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Clinica el Rosario. The study was conducted between
January 2002 and June 2008.

We selected a data base of patients with plastic stents or
metal stents, discarding patients with strictures at the hepa-
tic confluence. We analyzed 40 patients with metal stents
and 40 with plastic stents.

Diagnosis

In most cases diagnoses were made through imaging using
computerized axial Tomography or abdominal magne-
tic resonance was used to diagnose the malignancy. Less
frequently, we obtained percutaneous biopsies of lesions,
endoscopic cytology of brushed lesions (10), or diagnoses
were made from clinical sources when histopathological
diagnosis was not available.

Procedure

Each endoscopy was done according to the preferences of
the endoscopist, using general anesthesia or Midazolam/
Fentanyl, Ketamin sedation.

Prophylactic antibiotics were administered intravenously
one hour before the proceeding: 3gr of ampicillin sulbac-
tam and 400 mg of ciprofloxacin.

Cholangiopancreatography was done before the procee-
ding to determine the anatomy of the biliary system. To
view the stenting process we cleared the biliary confluence
using an absorbent guide.

Stents

Three plastic prostheses were used in the experiment. They
consist of 10 Fr, polyethylene or polyurethane conduits (no
tephlon prostheses were used). We modified the end of the
prosthesis to adapt them to different sizes of flaps (figure 1).

The metal stents used in this study were developed by
Tecnostent of Seoul, South Korea and produced at their
plant in Medellin, Colombia under the supervision of Drs.
Song and Kan. The stents are self expanding and flexible
along their longitudinal axis.

9 Fr stents come premounted in 220 cm introductory
systems. To reduce friction they must be irrigated exter-
nally and internally with saline solution prior to use. Once
they are located in the stenosis, progressive retirement of
the cover frees the metal stent. It expands up to 10mm
(30 Fr) with a shortening of 30% once it is released. The
introductory system with in-situ stent is passed over a 4m
long, 0.35 mm caliber radio-opaque guide (ideally without
papilotomy).

Looking directly through the endoscope we performed
cutaneous cholangioscopic insertion of the stent. The stent
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Figure 1. Stents used. A. 10 Fr Biliary stent, Cotton-Leung variety. Produced by Cook Medical Inc. Winston-Salem, NC. B. 10 Fr Biliary stent, RX
Biliary System variety, Boston Scientific Corporation, Natick, Mass. C. Nitinol biliary stent, 10mm diameter. Produced by Tecnostent. Medellin-

Colombia.

is radio-opaque and has two gold marks on each end for
better radiological recognition. The stent can be recove-
red and remounted immediately if no more than 2/3 of its
length have left the introductory system. However, after 2
days have passed from the time of release, recovery beco-
mes very difficult and can have serious complications.

Monitoring

One week after the stent was placed, biliary drainage was
considered successful if bilirubin levels had fallen by more
than 50%. Stent patency is the time between placement and
displacement, or between placement and the appearance of
fever and jaundice, an increase in bilirubin or the patient’s
death. Stay in hospital was measured as the number of days
the patient stayed in the hospital after the first stent was pla-
ced until death (including days spent in the hospital during
return stays for treatment of complications). Early complica-
tions were defined as those occurring during the first week
following stent placement. Late complications were defi-
ned as those which occurred after the end of the first week
following placement. We evaluated ERCP complications and
biliary sphincterotomy according to Freeman’s guide (15).

Given that greater patient comfort and improved quality
of life are the principal objectives of endoprosthesis, the
measure of palliative success is the degree to which biliary
symptoms are reduced. If there was no direct access to the
patient’s medical history file, the patient, a family member
or the attending physician was contacted by telephone
to determine when jaundice or symptoms of cholangitis
reappeared after stent placement. In a case of obstruction of
a metal stent, a plastic stent is used to open the passage. In
the case of obstruction of a plastic stent, the stent must be
removed and replaced with another plastic stent (figure 2).

Metal stent obstruction opened with plastic stent.
Obstructed plastic stent replaced with another plastic stent
(figure 2).

Figure 2. Endoscopic views of stents after placement. A. Transpapillar
Plastic Stent. B. Metallic Stent released
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Statistical analysis

The SPSS (Statistical Package for the Social Sciences,
Version 15.0, Chicago, IL, USA) was used for analysis of
data. Patency and survival were estimated according the
Kaplan-Meier technique. Stent patency (measured in days)
represents the time interval between insertion and time of
first intervention (replacement with new stent) or patient’s
death. All results are shown in averages. Statistical analysis
was done using nonparametric tests. The Mann-Whitney
test was used for quantitative variables and the chi square
test for qualitative variables. Statistical significance was
established with a p value smaller than 0.0S.

Results

Between January 2002 and June 2008 medical records of 80
patients who fit the evaluation criteria were included in this
study. Patients” average age was 66.3 years (47 to 78 years,
SD + 6.5). The two groups were similar in terms of gender,
malignances, laboratory tests, tumor locations and liver
metastases. The basics characteristics of patients who recei-
ved plastic stents and metal stents are shown in table 1.

Table 1. Basic characteristics of patients.

Plastic Stent Metal stent
Number of patients 40 40
Gender(Male/Female) 22/18 24/16
Average age in years 67+6 65+7
Average Bilirubin (mg/dl) 88+25 9.2+213
Average hemoglobin (gr/dl)  10.3+0.7 10.6£0.9
Leucocytes (uL) 4647 £ 776 4866 + 645
Average albumin (gr/dI) 26+03 27+03
Pancreatic cancer 20 17
Cholangiocarcinoma 12 16
Vesicle tumors 7
Ampullary tumors 1
Liver metastases 9

10 sphincterotomies were performed on patients in the
metal stent group while 3 were performed in the plastic
stent group. 1 precut was done in the metal stent group and
3 were done in the plastic stent group.

Complications appeared frequently in the plastic stent
group, especially late obstructive complications.

Of the three bleeding papillas presented, two required
endoscopic intervention (esclerotherapy with adrenalin

dilution 1:10.000) but did not require transfusions.
Patients with complications who had plastic stents requi-
red a greater number of interventions than patients with
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complications who had metal stents. Table 2 shows early
and late complications for both groups.

Table 2. Early and late complications for both groups.

Plastic Metal 95% p
stent stent  Confidence
n=40 n=40 Interval
Early Complications
Bleeding papillas 2 1
Pancreatitis 1 0
N -0.07t00.22 0.42
Cholangitis 1 0
Migration 1 1

Late Complications
Stent clogging 12
Duodenal obstruction 5

-0.35t00.10 0.35

Intervention for complications

0 23 34
1 5 1
0.06t0048 0.01
2 10
3 2

Biliary drainage occurred in both kinds of patients,
documented by decreases of more than 50% of the initial
bilirubin value after the first week in 92% of the cases. One
week after stent placement, jaundice had not decreased nor
did ecography show any evidence of biliary dilation for two
patients in the metal stent group, however both patients
improved spontaneously thereafter. Another patient had
a bleeding papilla which needed endoscopic intervention.
This intervention improved the patient’s biliary stricture. In
patients with plastic stents that did not work it was found
that the stents had loosened early and new plastic stents
were needed. An early obstruction occurred in a patient
with hepatic metastases. The obstruction never was resol-
ved despite the placement of two stents. This patient also
suffered from a gastroduodenal obstruction that was han-
dled with another stent. The patient survived only 47 days.
Another patient’s stent never functioned. Death occurred
after only 23 days.

Total hospital stays were significantly greater for the plas-
tic stent group than for patients with metal stents. (10.6 +
5.9 versus 6.1 £ 6.6 days, p<0,01). Table 3 shows the results
for both groups.

The accumulated patency of the first stent was signifi-
cantly better for the metal stent group than for the plastic
stent group. Average patency of the first stent was 108 *
50.9 days for the plastic stent group (range: 20 to 201 days)
while average patency of the first stent was 174.2 + 60.4
days for the metal stent group (figure 3).
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Table 3. Results for different groups.

Plastic Stents  Metal Stents p

n=40 n=40

Clinical success (%) 92 92 0.67
Total hospital stay (days)  10.6 +5.9 6.1+6.6 <0.01
Mortality in 30 days 2 0 0.45
Sphinterotomy 6 11 0.17
Patency average (days) 80.4+8.3 116.9+8.2  <0.01*
Survival between stricture  58.3 +10.4 46.9+7.04  0.59*
and death (days)

0 25 29
Stentchanges 1 12 11 0.16

2 3 0
Required endoscopic 18 1 0.15
cholangiography

Survival average indays ~ 159.4+9.4 189.5+7.6  0.07*

* Tarone-Ware
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Figure 3. Accumulated patency for metal and plastic stents.

After stent occlusion the survival rate was lower in the
metal stent patients because these obstructions appeared
later instance than in the plastic stent group and at the stage
when there was little that could be offered to these patients.
No percutaneous drainage was done in these cases. All
patients had died by the final evaluation of the study.

No differences in survival were found between the two
groups. Average survival for the metal stent groups was
189.5 + 7.6 days (range: 54 to 336 days) and 159.4 + 9.4
days for the plastic stent group (figure 4).

— Metalic stent
..t== Plastic stent

0.8 Hoog

=]
i
1

Accumulated survival
5
1

=]
[N]
1

0.0

Follow up-days

Figure 4. Accumulated survival for plastic and metal stents.
DISCUSSION

Obstructive jaundice caused by an inoperable distal malig-
nantbiliaryillnessis associated with different complications
including poor absorption, coagulopathy, hepatocellular
and progressive renal dysfunction, cholangitis, and itching.
These complications make the quality of life of terminal
patients worse than it would be otherwise. Endoscopic
stent placement decreases risks of these complications. It is
considered to be the best palliative procedure for patients
with inoperable pancreatobiliary tumors (16). Plastic
stents were introduced 30 years ago, and metal stents were
introduced 15 years ago.

A disadvantage of plastic stent use is the high risk of obs-
truction three to four months after placement. Nevertheless,
they relieve jaundice very efficiently once they are placed.
Plastic stents showed a greater incidence of repeated obs-
tructions. These obstructions are the result of multiple fac-
tors including stent design, constituent materials, proteins,
and bile viscosity, but the most important factors are the
presence of bacteria with calcium bilirubinate and calcium
palmitate crystals (13).

The Sphincter of Oddi acts as barrier between a colonized
duodenum and a sterile biliary tract, a kind of mechanical
defense against microbial colonization. A disruption of this
barrier through the placement of a prostheses through the
sphincter in the duodenal lumen allows bacteria to reach
the biliary tract. This event allows biofilms and bile mud to
form in the endoprosthesis.
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The process of stent occlusion begins with the fixation of
bacterial pili to the stent surface.

Bilirubin diglucuronide conjugation and biliary lecithin
formation by bacterial beta-glucoronidase and phospholi-
pase lead to the precipitation of calcium bilirubinate, cal-
cium salts and fatty acids. Over time, biofilm progression
and progressive agglomeration of biliary sediment cause
the formation of biliary mud which in turn leads to stent
occlusion.

Our patients received a single dose of prophylactic anti-
biotic: ciprofloxacine or ampicillin sulbactam according to
the endocopist’s preference. Prolonged antibiotic use has
not demonstrated decreased incidence of stent occlusion.
In the presence of cholangitis the recommendation is to
use ciproflaxicine at least for 10 days because this agent
effectively penetrates to the obstructed biliary tract and can
be orally-administrated (17, 18).

In our study implanted metal stent patency lasted lon-
ger than plastic stent patency (116.9 + 8.2 days versus
80.4 + 8.3 days, p<0,01). Patients with metal stents have
less symptomatic biliary complications, longer periods
without symptoms, less need to repeat ERCP, plus and in
other studies they have had shorter hospital stays (2). This
superiority of metal stents is probably due to their greater
diameter (around 10 mm, 30 Fr) and to how the occlusions
are produced.

Strictures in metal stents develop more slowly and are
due to internal growth or growth at the end of the stents
rather than not to biofilm formation with biliary mud for-
mation as in plastic stents.

Studies have demonstrated that tumor growth frequently
exceeds stent ends which is crucial for selecting stent length.
Nevertheless, the use of metal stents is limited by their high
cost compared with plastic stents, a difference of almost 10
times in our environment.

Universal specifications for choosing between metal
stents and plastic stents for malignant biliary stricture do
not yet exist. However, most studies suggest choosing
metal prostheses for patients who are likely to survive more
than four months (19-21).

Usage of plastic prostheses have been related to higher
costs because of the need for more ERCPs and renewed
hospital cholangitis management. The studies of Prat (19)
and Kaasis (20) evaluate different variables for developing
prognoses to guide prosthesis election. The best forecast
indicator in Prat’s multivariable analyses was the presence
of a tumor larger than 3cm, while the best indicator in the
study done by Kaasis’s was the presence of hepatic metas-
tases.

Recently, Moss and colleagues (22) systematically
reviewed the use of different stents and made a global cost
benefit analysis of the use of the two different kinds of
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stents. They reviewed 7 randomized and controlled studies,
with 724 patients. They compared metal stents and plastic
stents for malignant biliary strictures. Parameters conside-
red included: technical excellence, quality of life, survival,
and cost-benefit trade-ofts. While they did not find any sig-
nificant differences in technical or therapeutic excellence,
complications, mortality or survival between plastic stents
and metal stents, they did find that plastic stent patency (62
to 165 days) was significantly less than metal stent patency
(111-273 days).

Metal stents have cost benefits for palliation in patients
with extrahepatic biliary stricture who survive more than
six months (19,23-25).

Other studies, using other kinds of measurements, have
demonstrated improvements in quality of life thanks to
stents due to control of many secondary symptoms in
patients with extrahepatic biliary stricture (26-28).

It is not clear whether or not stent changes should be
programmed. Although some people suggest programmed
stent changes (19), others suggest that changes only be
undertaken in dysfunctional situations in order to avoid
cholangitis (20, 29).

One proposal for stent selection based on the medical
evidence is reported in table 4 (13).

The evidence-based classification system seen in the
table has the following form: Class I: Evidence and agre-
ement exist regarding utility and effectiveness of a certain
procedure. Class II: Conflicting evidence and/or opinion
exist regarding a certain procedure. Class III: Existing evi-
dence and opinion indicates that a procedure is useless or
ineffective.

Table 4. Recommendations for the selecting plastic stents or metal
stents.

Metal Stent
Greater than 6 months of survival
Less than 6 months of survival
Duodenal stricture
Low tolerance from the patient
PLASTIC STENT repeated occlusion
Residence in remote zone

Plastic Stent
Less than 6 months of survival

Class | Level of A evidence

Class lla Level of C evidence

Class | Level of A evidence

The present study together with the literature on this
subject show both the reliability and effectiveness of plastic
stents and metal stents for management of malignant distal
biliary stricture. Metal stents resulted in shorter hospital
stays and greater patency rates, although survival time was
not significantly different.
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As more studies of stents are done, stents need to be
developed with the capacity to avoid bacterial or tumor
colonization or which have anti-bacterial and/or chemo-
radio therapeutic elements. The stents of the future should
have longer patency, less need of reinterventions, better
cost-benefit relationships and longer patient survival.

Disclosure

The authors of this study declare their absolute indepen-
dence from stent producers and producers of drugs used in
patient management.
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