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(5–18 cm), and wall composition (polytetraflu‑
oroethylene, polyethylene, or polyurethane).4,5

The lifespan of stents is limited as they become 
occluded by biliary sludge, biofilm formation, 
or tumor growth.6 Numerous factors influence 
the duration of stent patency, including the in‑
ner diameter of the stent7 or the location of bili‑
ary stricture. Moreover, endoscopic stenting car‑
ries certain risks related either to the implanta‑
tion and presence of stents in the biliary ducts 
or to ERCP alone. The stenting of distal biliary 
strictures is associated with higher technical and 
clinical success rates than stenting of hilar biliary 
strictures.8 Despite various methods employed to 
prevent stent occlusion, such as stent impregna‑
tion with antimicrobial agents, coating with sil‑
ver, or the use of special polymers, a significant 

Introduction  The implementation of biliary 
stenting during endoscopic retrograde cholangi‑
opancreatography (ERCP) has been a significant 
advancement in the treatment of biliary stric‑
tures. Endoscopic stenting is performed both in 
benign1 and malignant biliary diseases. Stenting 
has effectively replaced palliative surgery in pa‑
tients with cancer, improving their quality of life 
and prolonging life expectancy.2,3 Plastic biliary 
stents were introduced into clinical practice in 
the 1980s. Despite their gradual replacement by 
self‑expandable metal stents (SEMS), they are still 
used today, mostly because of significantly low‑
er costs and the ease of implantation. Currently 
available biliary stents show large differences in 
shape (straight, double pigtail, or single pigtail), 
diameter (5–12 French [F]; 1 F = 0.33 mm), length 
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Abstract

Introduction  Endoscopic plastic biliary stenting has been used for more than 30 years as a tempo-
rary or definitive treatment of benign and malignant neoplasms. These stents are commonly available, 
inexpensive, and easy to implant.
Objectives  We aimed to evaluate the duration of plastic stent patency, to assess complications 
associated with stent use, and to determine the optimal timing of stent replacement depending on 
the indication for biliary stenting.
Patients and methods  This was a retrospective cohort study with a 5‑year follow‑up including patients 
who underwent plastic biliary stent implantation between 2012 and 2013 in a tertiary referral gastro-
enterological center. The performance of stents was assessed on the basis of medical records, direct 
contact with patients or their family members, and information derived from the national death registry.
Results  We assessed 830 biliary stenting procedures performed in 346 patients. The indications for 
biliary stenting included choledocholithiasis in 120 patients (34.7%), benign stricture in 70 patients (20.2%), 
and malignant stricture in 156 patients (45.1%). The mean duration of stent patency for these conditions 
was 110, 106, and 55 days, respectively (P <0.001). Stents implanted for malignant perihilar strictures 
had a shorter duration of patency than those used for distal strictures (40 days vs 76 days, P = 0.002).
Conclusions  The patency of plastic stents depends on the underlying disease. In patients with benign 
biliary disease, stent replacement is recommended after about 3.5 months. In patients with cancer, 
the timing of stent replacement should be guided by survival prognosis and location of stricture.
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stent dysfunction as specified below. In patients 
who died without apparent signs of stent dys‑
function (as determined on the basis of hospi‑
talization records or information provided by 
family members), the duration of stent paten‑
cy was defined as the time from stent insertion 
to the date of death.

As there are no standardized criteria for diag‑
nosing stent dysfunction, the diagnosis was based 
on the criteria proposed by Schmidt et al,11 in‑
cluding biliary dilatation on ultrasound (as com‑
pared with the bile duct size after stenting); bil‑
irubin concentration of at least 2 mg/dl or high‑
er with an increase of 1 mg/dl or higher as com‑
pared with the concentration after successful 
stenting; at least a double increase above the up‑
per limit of normal or an increase by at least 
30 IU/l in alkaline phosphatase or γ‑glutamyl 
transferase levels; and signs of cholangitis (fe‑
ver or leukocyte count >10 000/mm3 or C‑reac‑
tive protein >20 mg/dl).

Distal migration of straight stents was rec‑
ognized if the lower end of the stent rested on 
the opposite wall of the duodenum or if its up‑
per end was located below the stricture or stone. 
A pigtail stent was considered distally dislocated 
when its upper end was found in the main bil‑
iary duct or below the stricture level or stone. 
Proximal migration of both straight and pigtail 
stents was diagnosed in the case of an invisi‑
ble protrusion of the stent from the ampulla of 
Vater with the presence of stent in the biliary 
tree on fluoroscopy. Complete migration was de‑
fined as the absence of a stent in the bile ducts 
on fluoroscopy.

Malignant strictures were divided into those 
located in the proximal biliary ducts (hilar chol‑
angiocarcinoma and gallbladder cancer) and dis‑
tal biliary ducts (ampullary carcinoma, pancreat‑
ic cancer, and distal cholangiocarcinoma). As bili‑
ary strictures caused by metastases often involve 
several portions of the intrahepatic biliary tree, 
they were not included in this division.

Short biliary strictures, the strictures of mod‑
erate length, and long strictures were defined as 
the narrowing of the biliary duct over a distance 
of less than or equal to 10 mm, 11–30 mm, and 
more than 30 mm, respectively. Patients includ‑
ed in the study did not use ursodeoxycholic acid 
or antibiotics to exclude their effect on bile litho‑
genicity owing to divergent results reported in 
the literature.10 Patients were treated with anti‑
biotics before ERCP in accordance with the Eu‑
ropean Society of Gastrointestinal Endoscopy 
(ESGE) recommendations (eg, in the case of im‑
munocompromised patients or if incomplete bil‑
iary drainage was expected).8

Ethical approval  The need for ethical approval was 
waived by the Ethics Committee of the Medical 
University of Silesia (decision no., KNW/0022/
KB/326/18/19). The study was conducted in ac‑
cordance with the Declaration of Helsinki. The pa‑
tient’s consent was not required.

increase in the duration of stent patency has not 
been achieved so far.9,10

The main objective of our study was to evalu‑
ate the performance of plastic stents in patients 
with benign and malignant biliary strictures to 
determine suggested time intervals for stent re‑
placement to avoid the development of acute chol‑
angitis that may quickly progress to sepsis, espe‑
cially in patients on immunosuppressive treat‑
ment, with multimorbidity, and at advanced age.

Patients and methods  We retrospectively 
assessed 830 consecutive biliary stenting proce‑
dures with plastic stents performed in 346 pa‑
tients hospitalized in the Department of Gastro‑
enterology and Hepatology of the Medical Univer‑
sity of Silesia in Katowice, Poland, between Janu‑
ary 1, 2012 and December 31, 2013. The follow‑up 
lasted 5 years. Data on indications for stenting, 
laboratory results, short‑term outcomes, and 
complications were obtained from medical re‑
cords, while information on long‑term outcomes 
was collected via direct phone calls to patients or 
their authorized representatives and, if necessary, 
from the national death registry.

Endoscopic biliary stenting during ERCP was 
performed by 5 experienced endoscopists (more 
than 2000 procedures each). Patients received 
100 mg of diclofenac rectally and an adequate 
fluid supply prior to ERCP, unless contraindicat‑
ed. They were divided into 3 groups depending 
on the diagnosis: choledocholithiasis (n = 120), 
benign biliary stricture (n = 70), and malignant 
biliary stricture (n = 156). Malignancy was di‑
agnosed on the basis of histopathologic results 
(material collected during ERCP, endoscopic ul‑
trasound, or percutaneous biopsy). The study 
also included 12 patients in whom imaging tests 
and the course of the disease clearly supported 
the diagnosis. Stenting efficacy was evaluated on 
the basis of the clinical picture and laboratory 
parameters. The lack of efficacy was defined as 
persisting cholangitis and / or no decline in bil‑
irubin or alkaline phosphatase levels. The du‑
ration of stent patency was defined as the time 
from stent insertion to the first symptoms of 

What’s new?

Endoscopic biliary stenting has been used for over 30 years as a definitive or 
temporary treatment of benign and malignant conditions. Plastic stents are 
still commonly applied today despite technological advances and the devel-
opment of self‑expandable metal stents. Data on the optimal timing of stent 
replacement are equivocal. In this study on a large population of patients, we 
showed that stents should be replaced after about 3.5 months in the case 
of benign biliary disease. In patients with malignancy, the  timing of stent 
replacement should depend on the location of the biliary stricture and survival 
prognosis, because systemic infection resulting from stent dysfunction may 
be life threatening. Our findings have important implications for future clinical 
decision making, because, so far, all patients with neoplastic biliary disease 
were treated as a uniform population.
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of 40 (20–89) days, while those inserted for dis‑
tal strictures (n = 89), for a median (IQR) of 76 
(34–129) days (P = 0.002).

A relationship between time (months) and 
the proportion of patients with stent patency 
depending on the underlying disease is shown 
in Figure 1. The frequency of stent migration de‑
pending on tumor site, the number and length 
of inserted stents, and the location of the stent’s 
proximal end are presented in Table 3.

Complications associated with stenting are list‑
ed in Tables 4 and 5. Of the 72 episodes of stent 
migration, proximal migration occurred in 9 cases 
only when using the straight stent. Two patients 
were referred for surgery because the stents could 
not be removed by endoscopy (straight stents 
with a diameter of 10F and a length of 12 cm or 
9 cm). Distal migration was observed for 45 dou‑
ble pigtail stents and for 18 straight stents. We 
noted 5 cases of bowel perforation, all of which 
were caused by straight stents with a diameter 
of 10F and a length of 9 cm or 12 cm. Two cas‑
es of bile duct perforation occurred with a dou‑
ble pigtail stent (diameter of 7F and length of 
9 cm). Stent fracture was noted in 4 cases, in‑
cluding 2 with double pigtail stents (diameter 
of 7F and length of 12 cm or 15 cm) and 2 with 
straight stents (each with a diameter of 10F and 
a length of 9 cm).

Discussion  In 2018, the ESGE released updated 
guidelines regarding indications for biliary stent‑
ing and stent selection.8,12 For malignant lesions, 
SEMS were recommended owing to their longer 
duration of patency, smaller number of required 
reinterventions, and longer patient survival.13-15 
However, plastic stents are still used in clinical 
practice in patients with short life expectancy 
(<6 months), no histopathological confirmation of 
the disease, or contraindications to the use of ful‑
ly covered SEMS (eg, hilar stricture, scheduled en‑
doscopic ultrasound–guided biopsy, or incidence 
of cholecystitis after using fully covered SEMS).

Our study indicates that the timing of stent 
replacement should be strictly guided by an indi‑
cation for stenting and the type of suspected or 
diagnosed cancer. In perihilar tumors, an endo‑
scopic reintervention can be scheduled after ap‑
proximately 35 days for gallbladder cancer and 
47 days for cholangiocarcinoma. For tumors lo‑
cated in the distal part of the biliary tract (pan‑
creatic cancer, ampullary carcinoma, distal chol‑
angiocarcinoma), this period should be almost 
twice as long.

In benign strictures (postinflammatory, iat‑
rogenic, secondary to liver transplant or chron‑
ic pancreatitis), the ESGE recommends using as 
many plastic stents or fully covered SEMS as pos‑
sible. In patients with plastic stents, replacement 
is recommended every 3 to 4 months for about 1 
year.8 In our study, the duration of plastic stent 
patency was significantly longer in benign com‑
pared with malignant strictures, which can be 
explained by cancer progression associated with 

Statistical analysis  Data were presented as me‑
dian with interquartile range (IQR) or the num‑
ber (percentage) of procedures / patients. 
The Mann–Whitney test was used for a compar‑
ison of quantitative variables between 2 groups, 
while the Kruskal–Wallis test was applied for 
a comparison of more than 2 groups. The χ2 test 
was used for comparison of qualitative variables. 
A P value of less than 0.05 was considered signifi‑
cant. Statistical calculations were made using Sta‑
tistica 12.0 (StatSoft, Kraków, Poland).

Results  Demographic data of patients and in‑
dications for stenting are listed in Table 1. Dura‑
tion of stent patency depending on stent type and 
diameter, indications for stenting, the length of 
stricture, and the number of stones are shown 
in Table  2. Stents used for perihilar strictures 
(n = 126) remained patent for a median (IQR) 

TABLE 1  Clinical and procedural characteristics of patients

Parameter Value

General data

Number of patients 346

Age, y, median (IQR) 67.3 (58.3–75.9)

Sex, n (%) Female 167 (48)

Male 179 (52)

Number of ERCPs 830

Indication for biliary stenting, n (%)

Choledocholithiasis Patients 120 (34.7)

Procedures 210 (25.3)

Benign strictures Patients 70 (20.2)

Procedures 255 (30.7)

Malignant strictures Patients 156 (45.1)

Procedures 365 (44)

Procedural data

Number of ERCPs per patient, n (%) 1 303 (36.5)

2 187 (22.5)

3 and 4 179 (21.6)

≥5 161 (19.4)

Number of implanted stents, n (%) 1 720 (86.7)

2 110 (13.3)

Type of stent, n (%) Double pigtail 346 (41.7)

Straight 451 (54.3)

Both types 33 (4)

Type and diameter of stent, n (%) One 7F double pigtail stent 303 (36.5)

Two 7F double pigtail 
stents

38 (4.6)

One 8.5F–10F straight 
stent

417 (50.2)

Other combination 72 (8.7)

Clinical outcome, n (%) Primary loss of function 49 (5.9)

Secondary loss of function 430 (51.8)

Sustained function 323 (38.9)

Unknown 28 (3.4)

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; F, French; 
IQR, interquartile range
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the increasing narrowing and the size of stric‑
ture or alterations in bile consistency. The dura‑
tion of stent patency in our study correlated with 
the length of stricture.

Short‑term stenting is recommended if bili‑
ary stones cannot be removed at first attempt.16 
Di Giorgio et al17 suggested stent replacement af‑
ter approximately 3 months in these cases, which 
is in line with our results (mean patency dura‑
tion, 110 days). Nevertheless, we did not find 
a relationship between the diameter or number 
of stones and stent patency duration. With tem‑
porary stenting, not only can the normal bile 
outflow be preserved, but also the size of stones 
may be decreased by about 50% within 2 to 6 
months.18

Several small studies suggested that stents 
with a diameter of less than 10F are characterized 
by a shorter duration of patency compared with 
larger stents, although the duration was not sig‑
nificantly improved with stents over 10F.5 In our 
study, no clear relationship was found between 
stent diameter and patency duration.

The stent migration rate of 8.7% found in our 
study is in line with literature data.19 Stent mi‑
gration was less common in patients with malig‑
nancy than in those with benign lesions. A sim‑
ilar relationship was also reported by other au‑
thors.20 This finding can probably be explained 
by the fact that malignant strictures are longer 
and firmer than benign ones, thus better stabi‑
lizing the stent. Both partial and complete migra‑
tions were significantly more common with dou‑
ble pigtail stents, which may be related both to 
the small inner diameter and the curved lower end 
of the stent being more susceptible to peristaltic 
waves of the duodenum compared with straight 
stents. We also noted a tendency for an easier 
migration of shorter stents (both straight and 
double pigtail), but the difference was not signif‑
icant. Moreover, the location of the proximal end 
in the biliary tree and the number of stents had 
no significant effect on the stent migration rate.

Endoscopic retrograde cholangiopancreatog‑
raphy is associated with a high rate of complica‑
tions, the most common being acute pancreatitis, 
cholangitis, cholecystitis, bleeding, and duodenal 
perforation.20 In our study, the rate of post‑ERCP 
acute pancreatitis was 1.4%, which is lower than 
in other publications (3.5%–9.7%).21 Importantly, 
in accordance with the ESGE guidelines, our pa‑
tients were routinely administered intravenous 
hydration and rectal diclofenac (100 mg) during 
the procedure.20,22 In addition, post‑ERCP acute 
pancreatitis is more frequent in patients younger 
than 55 years, while our patients were generally 

TABLE 2  Duration of stent patency depending on indications for stenting, 
characteristics of the stent and stricture, as well as type of disease (only in patients 
with stent dysfunction)

Variable n/N Duration of stent 
patency, d, median (IQR)

P value

Indication for stenting

Choledocholithiasis 78/430 110 (42–218) <0.001

Benign stricture 125/430 106 (54–252)

Malignant stricture 227/430 55 (26–108)

Type of stent

Double pigtail 159/430 71 (38–150) 0.1

Straight 253/430 79 (30–156)

Both types 18/430 79.5 (39–147)

Stent diameter

7F 134/430 85 (38–162) 0.18

Double 7F 25/430 48 (33–69)

8.5–10F 232/430 81 (30–156)

≥15F 39/430 76 (39–171)

Number of ERCPs

1 127/430 89 (26–155) 0.92

2 96/430 82.5 (31.5–170.5)

3–4 101/430 69 (38–157)

≥5 106/430 72.5 (39–138)

Type of malignancy

Ampullary cancer 36/227 79 (23.5–109) <0.001

Pancreatic cancer 53/227 76 (36–132)

Gallbladder cancer 19/227 35 (20–82)

Cholangiocarcinoma 107/227 47 (23–91)

Liver metastases 12/227 172 (75.5–303)

Site of malignant biliary stricture

Distal 89/215 76 (34–129) 0.002

Proximal 126/215 40 (23–89)

Length of stricture

≤10 mm 56/341 122.5 (68–283) <0.001

11–30 mm 185/341 67 (31–137)

>30 mm 80/341 57.5 (28–105)

Number of stones in the common bile duct

1 35/125 101 (52–184) 0.65

2 13/125 121 (59–260)

≥3 77/125 108 (40–217)

Abbreviations: n, number of procedures; N, total number of procedures; others, see 
Table 1

Figure 1�  A relationship between time and proportion 
of patients with stent patency depending on 
the underlying disease (only in patients with stent 
dysfunction) 
Abbreviations: BBS, benign biliary stricture; CBDS, 
common bile duct stones; MBS, malignant biliary stricture
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of other complications was also similar to that 
described in the available literature. In a large 
meta‑analysis, Cirocchi et al27 reported that per‑
foration during ERCP occurred in 0.6% of cas‑
es,27 while cholecystitis was observed in 0.5% 
to 5.4% of cases.28 Duodenal perforation occurs 
mostly with straight stents,29 which is in line with 
our findings.

Our study shows the clinical advantages of bil‑
iary stenting with plastic stents based on the as‑
sessment of a large cohort in the real‑life setting. 
However, the study is not without limitations. 

much older and most stenting procedures were re‑
interventions after previous sphincterotomy. Fur‑
thermore, the procedures were performed by ex‑
perienced endoscopists who avoided unnecessary 
cannulations of the papilla of Vater and the pan‑
creatic duct, thus reducing the risk of acute pan‑
creatitis.23-26 We also assessed ERCP‑associated 
bleeding requiring an  endoscopic interven‑
tion with transfusion of packed red blood cells. 
The bleeding rate in our study was 0.5%, which is 
closer to the lower margin of the range reported 
by other centers (0.3%–9.6%).20 The prevalence 

TABLE 3  Migration of stents according to procedural data and the underlying disease

Stent migration Total number of 
procedures

Procedures with stent 
migration, n (%)

χ2 value P value

Indication for stenting

Choledocholithiasis 210 32 (15.2) 17.88   0.001

Benign stricture 255 22 (8.6)

Malignant stricture 365 18 (4.9)

Site of malignant biliary stricture

Distal 158 6 (3.7) 1.42   0.23

Proximal 185 12 (6.5)

Type of stent

Double pigtail 346 43 (12.4) 10.98  0.04

Straight 451 26 (5.8)

Both types 33 3 (9.1)

Number and length of stents

Single 720 66 (9.2) 1.66  0.2

Multiple 110 6 (5.5)

Straight ≤7 cm 85 8 (9.4) 2.95  0.09

Straight >7 cm 326 15 (4.6)

Double pigtail ≤9 cm 138 24 (17.4) 2.72  0.1

Double pigtail >9 cm 158 17 (10.8)

Location of the proximal end of the stent

Double pigtail Right hepatic duct 123 13 (10.6) 3.88  0.14

Left hepatic duct 198 29 (14.6)

Bilateral 32 1 (3.1)

Straight Main bile duct 257 11 (4.3) 3.65  0.3

Right hepatic duct 165 10 (6.1)

Left hepatic duct 47 5 (10.6)

Bilateral 9 1 (11.1)

Spontaneous stent discharge in relation to its type / length and clinical indication for stenting

Double pigtail 346 37 (10.7) 33.63 <0.001

Straight 451 6 (1.3)

Choledocholithiasisa 166 24 (14.5) 4.73 0.03

Benign and malignant stricturesa 180 13 (7.2)

Choledocholithiasisb 44 0 0.66 0.42

Benign and malignant stricturesb 407 6 (1.5)

Straight ≤7 cm 85 3 (3.5) 3.19 0.07

Straight >7 cm 326 1 (0.3)

Double pigtail ≤9 cm 138 21 (15.2) 2.85 0.09

Double pigtail >9 cm 158 14 (8.9)

a  Double pigtail only 

b  Straight only
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First, it was a retrospective analysis presenting 
the experience of a single gastroenterological unit. 
Second, the number of patients with a simulta‑
neous insertion of numerous biliary stents was 
small. Finally, we did not assess anthropometric 
parameters, comorbidities, or physical activity of 
the included patients, while these factors have 
a potential impact on reducing biliary cholesterol 
saturation and facilitating biliary tract peristalsis.

In summary, in patients with benign biliary 
strictures, stent replacement should be recom‑
mended at an interval of about 3.5 months to 
avoid cholangitis caused by stent dysfunction. 
Stent patency duration is affected by the length 
and location of the stricture. Therefore, in pa‑
tients with malignant biliary strictures with 
short life expectancy, the timing of stent re‑
placement should be guided by the site of bili‑
ary stricture and life expectancy. There was no 
significant relationship between the diameter, 
type, and number of inserted stents and the du‑
ration of their patency. The rate of stent migra‑
tion depends on the characteristics of stricture 
and the type of stent. Our findings have impor‑
tant implications for clinical practice and deci‑
sion making on stent replacement in patients 
with benign versus those with malignant bili‑
ary strictures.
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TABLE 4  Stent‑related complications in patients undergoing biliary stenting 
procedures

Complication Proceduresa, n (%)

Overall 77 (9.3)

Stent migration 72 (8.7)

Stent fracture 4 (0.5)

Nonremovable stentb 2 (0.2)

Proximal insertion 1 (0.1)

a  Total number of procedures, N = 830

b  Nonremovable stents were broken at the same time.

TABLE 5  Complications other than stent dysfunction and cholangitis in patients 
undergoing biliary stenting procedures

Complication Proceduresa, n (%)

Overall 43 (5.1)

PEP 12 (1.4)

Bleeding 4 (0.5)

Liver or pancreatic abscesses 15 (1.8)

Cholecystitis 5 (0.6)

Duodenal perforation 5 (0.6)

Biliary perforation 2 (0.24)

a  Total number of procedures, N = 830

Abbreviations: PEP, postendoscopic retrograde cholangiopancreatography pancreatitis
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