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Abstract

Background: Endoscopic treatment of benign biliary strictures (BBS) can be challenging.

Objective: To evaluate the efficacy of fully covered self-expandable metal stents (FCSEMS) in BBS.

Methods: Ninety-two consecutive patients with BBS (chronic pancreatitis (n=142), anastomotic after liver transplantation
(n=136), and post biliary surgical procedure (n= 14)) were included. FCSEMS were placed across strictures for 6 months
before endoscopic extraction. Early success rate was defined as the absence of biliary stricture or as a minimal residual
anomaly on post-stent removal endoscopic retrograde cholangiopancreatography (ERCP). Secondary outcomes were the
final success and stricture recurrence rates as well as procedure-related morbidity.

Results: Stenting was successful in all patients. Stenting associated complications were minor and occurred in 22 (23.9%)
patients. Migration occurred in 23 (25%) patients. Stent extraction was successful in all but two patients with proximal stent
migration. ERCP after the 6 months stenting showed an early success in 84.9% patients (chronic pancreatitis patients:
94.7%, liver transplant: 87.9%, post-surgical: 61.5%) (p=0.01). Final success was observed in 57/73 (78.1%) patients with a
median follow-up of 124+ 3.56 months. Recurrence of biliary stricture occurred in 16/73 (21.9%) patients.

Conclusions: FCSEMS placement is efficient for patients with BBS, in particular for chronic pancreatitis patients. Stent
extraction after 6 months indwelling, although generally feasible, may fail in a few cases.
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lower than surgery. Until recently, the standard of care
for the endoscopic management of BBS was using one
or several plastic stents exchanged serially over a period
of approximately one year.' Circa 2008, the advent of
removable fully covered self-expandable metal stents
(FCSEMYS) opened a new paradigm for BBS manage-
ment.* After initial studies demonstrated the feasibility
of short temporary stenting with partially covered self-
expandable stents,” and encouraging results were found
in specific conditions such as post-liver transplant stric-
tures,®’ outcomes of a modified strategy consisting in
using only one, large bore FCSEMS for a shorter
period of time with no intermediate exchange needed
to be assessed in patients responding to the broader
definition of common bile duct BBS. The present
study was designed to evaluate prospectively the out-
comes of the temporary placement of FCSEMS for
benign biliary strictures in a multicenter setting.

Materials and methods
Patients

This study was conducted prospectively in ten French
hospitals, under the aegis of the French Society of
Digestive Endoscopy (SFED). Consecutive patients
presenting with a BBS were considered for temporary
placement of FCSEMS and included after informed
consent was obtained. Inclusion criteria were a history
of liver transplantation, chronic pancreatitis or biliary
surgery, sustained impairment of liver function tests
and a biliary stricture associated with ductal dilation
detected by ultrasonography (US), computed tomog-
raphy (CT), or magnetic resonance imaging (MRI),
with a minimum distance of 2cm between the upper
stricture’s edge and the lower limit of the main biliary
confluence or liver hilum. Exclusion criteria were an
uncertainty about the benign nature of the stricture,
an intra-hepatic cholangitis and/or a stricture extending
beyond the hilum, and previous interventions using
metal stents. The study received IRB approval by the
Comité de Protection des Personnes Ile de France 3 and
received clearance by the AFSSAPS (2006-A00197-44).

Endoscopic protocol

Briefly, all procedures were performed with a large-
channel duodenoscope under deep sedation using
propofol. After selective biliary cannulation, a cholan-
giogram was obtained to evaluate the location and the
severity of the stricture. Permalume®-fully covered
Wallflex® stents (Boston Scientific, 10 mm in diameter,
40, 60, or 80 mm in length) were used in all patients.
The choice of stent length was adjusted to the anatomy
of the common bile duct and the length and level of the

stricture. The proximal stent end had to be placed
below the main hepatic confluence, in order to prevent
occlusion of one biliary branch by the stent cover.
Performing a biliary sphincterotomy was not manda-
tory, but was usually done to allow for a full expansion
of the stent through the papilla, make extraction easier
and prevent pancreatitis due to pancreatic duct occlu-
sion by the stent cover. Stricture dilation with a balloon
before placing the stent was not recommended system-
atically but was allowed, especially in case of a tight
stricture with difficult passage of a catheter.

FCSEMS were left in place for 6 months and then
removed using a snare and/or a rat tooth forceps, by
grasping the metallic loop at the distal end of the stent.
As to assess biliary patency, a cholangiogram was per-
formed immediately after stent removal, by using a
12mm retrieval balloon passed downwards through
the stricture with contrast liquid being injected above
the balloon. The bile duct was deemed patent with sat-
isfactory sizing when the fully inflated balloon was
passed without any significant resistance and if there
was no evidence of contrast retention above the initial
stricture site. Antibiotics were systematically adminis-
tered prophylactically before each ERCP.

Follow-up

Patients were followed through a combination of clin-
ical examination and liver function tests at 1, 3, 6, 9,
and 12 months after FCSEMS removal. In case of
recurrent stricture, follow-up was stopped and the
patient was offered a new treatment whose choice was
left to the investigator’s decision.

Statistical analysis

Descriptive results are reported as means (+ standard
deviation (SD)) or medians (range and inter-quartile
range) for continuous variables, and as count (percent-
age) for categorical data. Univariate analysis of the
patient or procedures’ characteristics associated with
outcomes of interest (i.e. initial success, migration,
recurrence) were performed using Chi® tests or
Fisher’s exact test for categorical variables, and
unpaired t-tests or Wilcoxon rank-sum tests for con-
tinuous variables to account for non-normality of the
variable distributions when demonstrated by the use of
the Shapiro—Wilk test for normality. Multivariate ana-
lysis was conducted for potential predictors associated
at the p <0.2 level in univariate analysis using Firth’s
bias correction to account for the small sample size.
A stepwise approach was followed by removing non-
significant variables at each step. Censored data (time
to recurrence as the endpoint) were analyzed using uni-
variate survival analysis by the log-rank test and
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multivariate Cox proportional hazards models fitted to
assess the independent role of each predictor. A p-
value <0.05 was considered statistically significant.
All statistical analyses were performed using Stata ver-
sion 12.1 (StataCorp, College Station, TX, USA).
Based on previously reported results and our own
experience, a sample size of at least 80 subjects was
required to estimate the primary endpoint with an
accuracy of £ 10%, assuming an expected early success
rate of at least 70%.

Results

Ninety-two patients (68 men, 24 women) aged
54.4 +9.9 years (median 55; range 15-78) were included
in ten centers (a mean of 9.2 £ 12 patients per center).
The etiology of the biliary stricture was chronic pan-
creatitis (n=42), anastomotic after liver transplant-
ation (n=36) and post-surgical biliary procedure,
mainly cholecystectomy (n=14). Forty-five (48.9%)
patients had at least one previous endoscopic treatment
of the same stricture with dilation and/or plastic stent-
ing. Table 1 summarizes endoscopic treatments prior to
inclusion in the study.

FCSEMS placement was performed successfully in
all patients. Twenty-six (28.3%) patients underwent an
endoscopic balloon dilation before stenting, at a
median diameter of §mm (mean=7.44+0.92mm,
range 6-8).

Icterus resolved in all jaundiced patients after stent-
ing, and liver function tests improved in all other
patients. Complications occurring within five days of
stenting were observed in 11 (11.9%) patients, all of
which were minor. Five patients, all of whom had
undergone a standard (n=23) or precut (n=2) sphinc-
terotomy developed a minor post-ERCP pancreatitis.
One patient presented a minor hemorrhage treated
endoscopically per procedure by a local injection of
epinephrine. Four patients had transient abdominal
pain without hyperlipasemia and one developed a
cholecystitis which promptly responded to antibiotics
and did not require surgery.

Table 1. Endoscopic treatments prior to inclusion in the study

No previous treatment 47 (51.1%)
Previous treatment 45 (48.9%)
Plastic stent alone 33 (35.8%)
Balloon dilation alone 2 (2.1%)
Balloon dilation associated 16 (17.4%)

with plastic stent

Mean number of previous
ERCP (SD); median (range)

0.8 (£1.13); 0 (0-6)

Delayed complications (between five days and
6 months) occurred in 11 (11.9%) patients.
Hepatobiliary infection occurred in the form of cholan-
gitis in six patients and liver abscess in one. Biological
abnormalities (cholestasis and/or jaundice) without any
clinical sign occurred in four other patients.

Stent migration occurred in 23 (25%) patients.
The stent migrated distally in eighteen patients: either
completely (the stent was no more attached to the
papilla) in twelve patients, or partially (stent dislodged
below the stricture but still attached to the papilla) in
six patients. Proximal migration (stent dislodged above
the stricture) occurred in five cases. Twelve out of 23
patients (52.2%) with stent migration presented a per-
sistent stricture requiring further endoscopic treatment.
Most persistent strictures were post orthotopic liver
transplantation (OLT) (n=15) or post cholecystectomy
(n=16), only one stricture was due to chronic pancrea-
titis. These clinically significant stent migrations were
observed a mean of 20.8 &8 weeks after stent implant-
ation. Nine of 23 (39.1%) patients with stent migration
had undergone balloon dilation at the time of stenting.

Stent removal was possible in all but two patients
with proximal migration of the stent. One of them pre-
sented with a severe chronic pancreatitis and developed
a duodenal obstruction secondary to cystic dystrophy,
in which the stent is unlikely to have any causal rela-
tionship. Duodenal obstruction made it impossible to
remove the stent endoscopically, and the patient subse-
quently underwent a Whipple’s procedure, during
which the stent was removed. The other one died
later from cardiovascular disease, with no biliary symp-
tom or complication. Removal was found to be
demanding in two types of situation: impaction of the
distal end of the stent in the papilla (#=2) and prox-
imal migration (n=2) of the stent. Argon Plasma
destruction of the hyperplastic tissue covering the
distal end of the stent was required in two patients to
successfully achieve stent extraction.

Early success of endoscopic treatment, was 84.9%
per-protocol (n=73), but 79.3% in an intention-to-
treat (ITT) perspective. Success rates relative to the eti-
ology of BBS were 87.9%, 94.7%, and 61.5% in
patients with BBS due to liver transplantation, chronic
pancreatitis, and post-surgical, respectively. ERCP
after the 6 months sizing period showed a persistent
stricture in 11 (11.9%) patients, ten of whom had had
a partial (n=23) or a complete (n="7) distal migration
of the metal stent. Table 2 displays outcomes after the
stenting period.

Final success defined as a sustained biliary stricture
resolution was observed in 57/73 (78.1%) patients
(61.9% from an ITT perspective) with a median
follow-up of 12 (£3.56 SD) months. Recurrence of
biliary stricture after early success occurred in 16/73
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(21.9%) patients. All recurrences developed at the ori-
ginal site of the stenosis. In particular, there was no
evidence of a new stenosis at the proximal edge of the
original FCSEMS. The mean time to recurrence of bil-
iary stricture was 4.2 (£ 3.3 SD, range 0.5-12) months.
Table 3 displays the outcomes at the end of follow-up.
One patient died of pulmonary embolism before any
treatment; data from two cases were unavailable.
Overall outcomes are summarized in Figure 1.
Univariate statistical analysis showed that stent
migration was associated with female sex (p =0.013),
post-transplant and other post-surgical BBS (p=
0.006), and a higher number of endoscopic procedures
before FCSEMS placement (p=0.026), such as
endoscopic dilations (p=0.025). However, endoscopic
dilation at the time of FCSEMS placement was
not associated with more stent migrations (see

Table 2. Outcomes and management at the end of the 6 months
stenting period

ERCP findings n (%) patients Management

Failed stent 2 (2.3%) Surgery, n=1,
extraction conservative, n=1

Persistent 11 (13.25%) Dilation, n=1

stricture

Dilation + plastic

stent, n=1
Dilation 4+ 2nd FCSEMS, n=3
Plastic stent, n=1

2nd FCSEMS, n=5
Observation

Minimal residual 46 (53.5%)

anomaly
No stricture
Early success

27 (31.4%)  Observation

73 (84.9%)  Observation

Supplementary table 1 online). In the multivariate ana-
lysis of risk factors for stent migration, the etiology of
the stricture was independently predictive, chronic pan-
creatitis being a protective factor (Table 4).

Risk factors for the persistence of a stricture in the
univariate analysis were found to be female sex
(p=0.04), stent migration (p <10™%), and the etiology
of the stricture (p =0.01). A significantly better stricture
resolution rate was found in patients with chronic pan-
creatitis (94.7%) than in those with liver transplant
(87.9%) and post-surgical (61.5%) (p =0.01) strictures.
However, the difference between chronic pancreatitis
patients and transplanted patients did not reach signifi-
cance (p=0.33, odds ratio (OR)=2.23, confidence
interval (CI) 0.44-11.3) probably due to the small
sample size (See Supplementary table 2 online). In a
multivariate analysis, etiology was the only significant
variable associated with early success with better results
for chronic pancreatitis patients compared to post-
surgical patients and liver transplant patients (p=
0.021, OR =15.5, CI 1.5-160.4) (Table 5).

Finally, stricture recurrence was associated in uni-
variate analysis with dilation before stent placement
(p=0.009, hazard ratio (HR) 3.68, CI 1.37-9.91) and
stricture etiology. Higher recurrence rates were found
in post-surgical (»p=0.007, HR 7.87, CI 1.76-35.28)
and post-transplant strictures (p =0.04, HR 3.99, CI
1.08-14.73) when compared to chronic pancreatitis
strictures. No variable was found to be independently
associated with stricture recurrence in the multivariate
analysis (Table 6).

Discussion

ERCP has recently become the first line treatment of
benign biliary strictures as a reward of a better safety

Table 3. Outcomes at the end of the follow-up (1 year after stent extraction)

ERCP findings n (%)

Management n

Stricture recurrence 16/73 (21.9%)

Final success (sustained
stricture resolution):

57/73 (78.1%)
57/92 (61.9%)

- Per-protocol
- T

Dilation + plastic stent
2nd FCSEMS alone
Dilation 4+ 2nd FCSEMS
Surgical treatment
Unavailable data

= N W W W

Death from other cause
Observation
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92 patients - Stent insertion

6 patients excluded:

- n=1:adenocarcinoma founded on liver biopsy
- n=1:diagnosis of late pancreatic cancer

- n=1:patient refused stent extraction

- n=1:patient died from non biliary cause

- n=1:lost of follow up

- n=1:retranplantation (acute rejection)

6 months sizing }

Extraction n = 72 Complete distal migration n = 12 I ‘Extraction failure n =2

| Early success n = 73 | |

| Follow-up | J'\‘

| No recurrence n = 57 | | Stricture recurrence n = 16

Persistent stricture n = 11

Figure 1. Flow chart summarizing overall outcomes.

Table &. Multivariate analysis of patient’s and procedural’s characteristics associated with stent migration

p-value 95% Cl
Age NS
Sex Male NS
Female
Etiology Liver transplantation 0.009 1.5-16.34
Chronic pancreatitis 1 reference
Post-surgical 0.009 1.62-28.77
No. of previous endoscopic treatments NS
Dilation in a previous procedure No NS
Yes
Dilatation preceding FCSEMS placement No NS
Yes
Dilation diameter 6 mm NS
8 mm
Stricture length NS
FCSEMS length 40 x 10 mm NS
60 x 10 mm

80 x 10 mm
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Table 5. Multivariate analysis of patients’ or procedure’s characteristics associated with early success

p-value 95% Cl
Age NS
Sex Male NS
Female
Etiology Liver transplantation 0.835 0.023-20.7
Chronic pancreatitis 1 reference
Post-surgical 0.021 1.5-160.45
Number of previous endoscopic treatments NS
Dilation in a previous procedure No NS
Yes
Dilatation preceding FCSEMS placement No NS
Yes
Dilation diameter 6 NS
(mm) 8
Stricture length NS
FCSEMS length 40 x 10 NS
60 x 10
80 x 10
Migration No NS
Yes

Table 6. Univariate analysis of patient’s or procedure’s characteristics associated with final success

Variable n p-value Hazard ratio 1C95%
Age 69 0.753 0.992 0.943 1.043
Sex Male 51 1 reference

Female 18 0.5735 1.35 0.47 3.9
Etiology Liver transplantation 28 0.0381 3.99 1.08 14.73

Chronic pancreatitis 33 1 reference

Post-surgical 8 0.007 7.87 1.76 35.28
Number of previous endoscopic treatments 69 0.1451 1.425 0.885 2.295
Dilation in a previous procedure No 50 1 reference

Yes 11 0.8622 1.12 0.32 3.96
Dilation preceding FCSEMS No 45 1 reference

Yes 20 0.0098 3.68 1.37 9.91
Dilation diameter (mm) 6 5 1 reference

8 10 0.1778 0.38 0.09 1.55
Stricture length 61 0.1521 0.614 0.315 1.197
Stent length 40 x 10 19 1 reference

60 x 10 17 0.1718 4.61 0.52 41.24

80 x 10 28 0.0385 8.69 1.12 67.37
Migration No 59 1 reference

Yes 10 0.5945 1.41 0.4 4.94
Persistent stricture Attenuated 43 0.8855 1.08 0.39 2.97

No 26 1 reference
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profile than interventional radiology and surgery, but
its best modalities are still debated. The simultaneous
and temporary placement of multiple plastic stents is
the current standard, as recently recommended
by ESGE. This modality showed good long term
results, usually over 70%, except in studies including
patients with chronic pancreatitis which reported long
term success of 31-62%.%° However, this approach,
requiring frequent endoscopic procedures, usually
every 3 months during one year, can be impaired by
poor compliance and intercurrent side effects, thus
increasing morbidity and raising costs. Fully covered
metal stents were developed in the 2000s initially for
the prevention of tumor growth during palliative stent-
ing. Unlike uncovered stents used for malignant condi-
tions, FCSEMS can be extracted and therefore placed
for a limited period of time in benign strictures. Recent
data from prospective studies have been encouraging,
with stricture resolution rates at stent removal of 43-
90%, although recurrences occurred in 6-47%.*7-10°13
A summary of major results from those studies is dis-
played in Table 7.

Our study included a large number of patients from
both academic and community hospitals as well as pri-
vate clinics, thus representative of the full range of BBS
patients, all treated along a standardized endoscopic
protocol and using only one type of FCSEMS. Some
predictable drop-outs were due to initially unsuspected
diagnoses of malignancy and the unexpected need for
surgery during follow-up, but only one patient was lost
at follow-up during the stenting period while less than
10% were lost during follow-up after stent removal.
The main study limitation was the non-randomized
design, making comparisons with conventional treat-
ment outcomes (i.e. plastic stenting) speculative.

In this study, the mean time to recurrence of biliary
stricture was relatively short (4.2+3.3 SD, range 0.5~
12 months). However, the early success (85%) and long
term success (78.1%) rates observed in our study are
similar to those previously reported with FCSEMS and
compare favorably with those of plastic stenting.'®
Moreover, most recurrences occur within the first
year of plastic stent removal, which is consistent with
our findings. The main hindrance to the efficacy of
FCSEMS in BBS appeared to be stent migration,
observed in nearly 25% of patients, with a particular
burden from distal migrations. It is noteworthy that
nearly all (10 out of 11) strictures persistent at the
end of the stenting were in patients with stent migra-
tion, although only 55% of migrations led to a persist-
ent stricture, thus suggesting that the stent can remodel
the bile duct in certain cases even when it does not stay
in place as long as expected. Migration was more fre-
quent in patients with short strictures due to liver trans-
plantation or after cholecystectomy than in patients

with BBS during chronic pancreatitis, thus possibly
explaining in part the better results in chronic pancrea-
titis patients. In liver transplant and also some post-
surgery BBS, migration is probably more likely when
the stricture is at the same time short and close to the
liver hilum, leading to an imbalance in the length of
stent above and below the stricture. Multiple plastic
stents or FCSEMS equipped with specific anti-
migration features could be preferred for such cases,
were this observation be confirmed by further studies.
Migration could also be favored by dilation at the time
of stenting, but our findings do not support this
hypothesis, since only dilations performed during pre-
vious endoscopic therapies were associated with a
higher migration rate, whereas only 39% of patients
with stent migration had undergone balloon dilation
at the time of stenting. Whether or not to dilate the
stricture before implanting an FCSEMS remains there-
fore open to the endoscopist’s choice, with dilation to
be considered when the stricture is very tight or its
location too close to the hilum to allow for expansion
and self-shortening without stent dislocation. Park
et al. reported a series of 22 patients treated with
metal stents with anti-migration flaps.'"" No case of
migration was observed in this series, but the rate of
post-stenting pancreatitis was unusually high at 18%.
Flared-end stents did not appear to reduce the migra-
tion rate up to 30-40% in two studies.'"'* Of several
other solutions proposed in order to reduce the migra-
tion rate of FCSEMS (placing the stent without prior
sphincterotomy, using systematically long FCSEMS or
stitching the stent to the duodenal mucosa by using
clips), none has been validated by prospective studies.

It is noteworthy that nearly 50% of patients in this
study had a refractory stricture, defined as a stricture
which had not responded to one or several previous
endoscopic treatment. This study shows that metal
stents can be used as a second line treatment and still
present a good efficacy profile. An important finding is
that chronic pancreatitis patients (45.6% of the patients
included), whose strictures are deemed difficult to treat
with plastic stents, had favorable outcomes and may
therefore benefit from this type of stent, not least
because they might be easier to convince of this exped-
itious, two-step treatment. On the contrary, it was
bewildering to find transplantation and biliary sur-
gery-associated strictures bearing a significantly
poorer prognosis in terms of long term success rate
than chronic pancreatitis strictures, although second-
line stentings were not significantly less common in
the latter subgroup (43% vs 48%). However, despite
several reports of lower stricture resolution rates
among chronic pancreatitis patients,*'*> one recent
international study found a 79.7% stricture resolution
rate after 10-12 months of FCSEMS stenting in this
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subset of patients,'” who could thus benefit from an
endoscopic treatment with a metal stent and only two
procedures. The main reason for poorer outcomes
in OLT patients, in contrast to other studies in
which somehow better results were reported with
FCSEMS,”!? can be related to the particular nature
of OLT strictures and also to a higher stent migration
rate in this subgroup. A different composition of anas-
tomotic strictures in fibroblasts, inflammatory cells and
elastic fibers may account for a higher elasticity and
resilience of those strictures, when compared to post-
cholecystectomy and chronic pancreatitis ones.
However, pathologic studies are lacking to support
this hypothesis. Another hypothesis may result from
the observation that most anastomoses were performed
pretty close to the hilum, with only a short portion of
the graft’s common bile duct available for stent
implantation above the stricture and below the main
confluence, an anatomic feature which makes stents
prone to migration.

Finally, stenting duration might crucially influence
outcomes. Stent migration was found to negatively
affect outcome primarily by reducing the duration of
stenting. One could also think that a protracted stent-
ing period would yield better results, as suggested by
the experience of plastic stents, yielding better out-
comes after 1 year than after shorter periods. We
chose a period of 6 months because we had enough
experience with the stents used in the study to have
little doubt as to their removability after this timespan,
whereas 2 or 3 months was more common in previous
studies.*®"131* We were also aware that a serious
matter for concern is removability of stents after a
long indwelling, if the stent cover is too damaged to
prevent impaction in hyperplasia and fibrotic-inflam-
matory tissue, a problem commonly encountered with
partially covered stents. In the above quoted study by
Deviére et al.,'” after a stenting period of 10-12
months, 4% of scheduled stent removals needed mul-
tiple attempts due to difficult extraction and 14%
required an anticipated removal due to complications.
In that study the stricture resolution rate after stent
removal was 76.3%, as against 79.3% in the present
study, suggesting that a longer stenting is not necessar-
ily associated with better outcomes.

In conclusion, FCSEMS placement is feasible and
efficient for patients with BBS in nearly 4 out of 5
patients, including those with previous standard endo-
scopic treatments. FCSEMS removal after 6 months of
implantation is generally easy, but there is a caveat
on the uncommon event of a failure to remove
an impacted stent. Best results seem to be obtained in
chronic pancreatitis patients, whereas outcomes in
other types of strictures (post-OLT and cholecystec-
tomy) may be hampered by more frequent stent

migration. Better initial and long term results could
be expected if stent migration rates were lower, a goal
that improving stents’ design is more likely to achieve
than modifying endoscopic protocols.
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