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Despite advances in surgical techniques, organ selec-
tion, preservation and immunosuppression, biliary tract
complications are the most common complications
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Anastomotic biliary strictures (ABSs) occur in up to 15% of patients after
liver transplantation (LT). The aim of this study was to compare the effi-
cacy and safety of self-expandable metal stents (SEMS) versus multiple
plastic stents (MPS). Databases were searched through April 2017. The
outcome measures were technical success, stricture resolution, recurrence
and complications. We synthesized the findings descriptively and per-
formed a meta-analysis. Three randomized controlled trials and one retro-
spective cohort study were identified, including 179 MPS and 119 SEMS
patients. Outcome data were pooled in a meta-analysis that showed an
advantage of SEMS in terms of the number of ERCP procedures (mean
difference: 1.69 ERCP; 95% CI, 1-2.39; P < 0.00001) and treatment days
(mean difference: 40.2 days; 95% CI, 3.9-76.4; P = 0.03), with no differ-
ences in terms of ABS resolution or recurrence. Fourteen case series
reported MPS outcomes and fifteen reported SEMS outcomes, including
647 and 419 patients, respectively. Based on low-quality evidence, we can-
not draw any reliable conclusions on the superiority of MPS or SEMS
strategies. Even though shorter treatment times and fewer ERCP proce-
dures support the use of SEMS, whether one technique has well-defined
advantages over the other remains unclear.
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after liver transplantation (LT), with major impacts on
patient and graft survival [1,2]. Anastomotic biliary
strictures (ABSs) occur in up to 15% of patients,
mainly within the first year after transplantation [1,3—
6]. Risk factors for ABS are related to both donor and
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recipient characteristics (e.g. prolonged ischaemia time,
the fibrotic healing process,
between the donor and recipient bile ducts), tension at
the anastomosis, the use of electrocauterization, bile
leak and infection [2,3,7-10]. The typical presentation
involves elevated liver enzymes, obstructive jaundice
and cholangitis. Endoscopic treatment is the first-line
therapy in patients with duct-to-duct biliary anastomo-
sis [6,11-15].

No standard protocol has emerged for the endoscopic
management of ABS. Analogous with the more frequent
benign biliary stricture (i.e. postcholecystectomy), endo-
scopic therapy for ABS usually requires biliary sphinc-
terotomy plus balloon dilatation (BD) and stent
placement [16—18]. Multiple plastic stents (MPS) are
usually kept in place until stricture resolution or for a
period of 12 months [19-21]. An increasing number of
stents are placed through the stricture and exchanged
every 2-3 months to reduce the likelihood of stent
blockage [16,18,22,23]. The reported ABS resolution
rate in the literature using the MPS method is between
85% and 97%, with large differences between strategies
[11,13,24,25].

Self-expandable metal stents (SEMS), which are usu-
ally used in biliary and pancreatic malignancies, have
gained popularity in recent years because they may offer
the advantages of longer stent patency and a larger
diameter, allowing faster benign stricture resolution and
requiring reintervention less often compared with MPS
[26,27]. SEMS should be kept in place for a minimum
of 3 months as a shorter stenting duration could result
in slower ABS resolution [28-30]. However, a higher
stent migration rate has been described for initial SEMS
compared with MPS [24]. Furthermore, SEMS carry a
low but significant risk of tissue ingrowth and stent
impaction [31].

The current evidence is insufficient to suggest a clear
advantage of one strategy over the other in the manage-
ment of ABS. In a recent large multicentre prospective
study [32], the resolution rates using SEMS in 42 post-
LT ABS patients were 68% and 75% at 3 and 6 months,
respectively. Two recent trials comparing SEMS and
MPS in patients with ABS [33,34] found that the reso-
lution rates were similar with both stent protocols, sug-
gesting that SEMS may be a cost-effective alternative to
MPS.

The aim of this systematic review was to provide an
exhaustive overview of the literature concerning the effi-
cacy and safety of SEMS and MPS techniques in the
management of ABS after LT.

a mismatch in size
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The methodological approach included development of
the selection criteria, definition of the search strategies,
assessment of study quality and extraction of relevant
data. The PRISMA statements checklist for reporting a
systematic review was followed [35].

Study inclusion criteria

The study selection criteria were defined before data col-
lection for proper identification of eligible studies for the
analysis. All publications in which the primary objective
was to describe the efficacy, safety, complications and/or
long-term outcomes of endoscopic treatments for ABS in
LT patients were retrieved and analysed.

Randomized controlled trials (RCT), cohort studies,
case—control studies and case series including more than
five patients were considered eligible for inclusion. No
trial duration limitation was set. Case reports, review
articles and conference abstracts were not considered.

By applying the PICO (Population, Intervention,
Comparison, and Outcome) framework, we defined the
following study selection criteria:

Populations/participants: Adult deceased donor LT

patients with ABS after duct-to-duct reconstruction.
ABS was defined as a dominant narrowing at the anas-
tomotic site as demonstrated by cholangiography. Early
ABS was defined as a stricture occurring less than
3 months after LT, and late ABS was defined as a stric-
ture occurring 3 months or more after LT.

Studies on ABS treatment in paediatric patients or after
living donor LT were excluded because these cases involve a
reduced-size graft from either split-liver transplantation or a
living donor that can be associated with different biliary
complications and ABS management compared to adult LT
patients receiving a whole graft from a deceased donor.

Interventions: Patients who received both primary

and secondary treatments for ABS with either MPS

or covered (partially or fully) SEMS were eligible.
Primary treatment was defined as the first endoscopic
intervention for ABS, and secondary treatment was
defined as a salvage endoscopic procedure after primary
treatment failure. Studies that included both primary
and secondary SEMS patients were analysed within a
Secondary subgroup.

Comparison: MPS and SEMS were compared.

Outcome measures included:

Technical success: defined as the ability to obtain a
cholangiogram and achieve stenting with or without
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previous stricture dilation during endoscopic retro-
grade cholangiopancreatography (ERCP).

Stricture resolution: defined by easy passage of con-
trast through the anastomosis during ERCP at the
end of endoscopic treatment and improvements in
clinical and liver blood chemistry. Resolution is
defined as no need for further interventions.

Stricture recurrence: defined by cholangiographic evi-
dence of ABS and the need for endoscopic, percuta-
neous or surgical treatment related to cholestasis
during the follow-up period after initial resolution.
Complications: defined as any adverse effect related to
ERCP or stenting procedures.

Studies that did not clearly report ABS outcomes sep-
arately from other types of strictures (i.e. chronic pan-
creatitis) or from other complications (i.e. leaks) were
excluded. Studies that focused on patients with
nonanastomotic biliary strictures, hepatic artery stenosis
and/or thrombosis, and hepaticojejunostomy strictures
or on therapy with a single PS or BD only were also
excluded.

Literature search strategy

A literature search was performed in the following online
databases: MEDLINE, EMBASE, Scopus, Cochrane data-
base and ProQuest Dissertations and Thesis Database. To
increase the probability of identifying all relevant articles,
a specific research equation was formulated for each data-
base using the following keywords: anastomotic biliary
stricture or stenosis or pathologic constriction, biliary
duct-to-duct anastomosis, endoscopic biliary stent, liver
transplantation, adult deceased donor liver transplant,
endoscopic cholangiography, endoscopic treatment or
therapy, hepatic artery thrombosis and nonanastomotic
biliary strictures. In addition, reference lists from eligible
studies and relevant review articles were cross-checked to
identify additional publications. No time or language
limitation was applied. The literature was searched from
inception to April 2017.

Article selection and quality assessment

The titles and abstracts of retrieved articles were indepen-
dently screened for relevance by two reviewers (FL and
NdeA). To enhance sensitivity, records were removed only
if both reviewers excluded the record at the title screening
level. All disagreements were resolved by discussion with a
third reviewer (AM-P). Subsequently, both reviewers per-
formed a full-text analysis of the selected articles. The two
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reviewers independently assessed the risk of bias using
appropriate tools according to the study design. Briefly,
the Cochrane criteria described in the Cochrane Hand-
book for Systematic Reviews of Interventions [36] were
applied for RCTs, and the Newcastle-Ottawa Scale (NOS)
[37] was used for nonrandomized studies. The NICE
checklist (http://www.nice.org.uk/) [38] was used for the
quality assessments of case series, which involves ratings
on an 8-point scale regarding eight questions concerning
the following aspects: setting (i.e. uni-/multicentric),
hypothesis/objective, case definition, outcome definition,
data collection, patient recruitment, results description
and analysis. Additionally, the Grading of Recommenda-
tions Assessment Development and Evaluation (GRADE)
system was used to grade the “body of evidence” arising
from this review [39]. GRADE specifies four categories:
high, moderate, low and very low. In the context of a
meta-analysis, the quality of evidence reflects the confi-
dence that the estimates of the effect are correct and sur-
pass the individual study risk of bias by evaluating the
following aspects: study design, imprecision, inconsistency,
indirectness of the study results and publication bias.

Data extraction and data analysis

Data from the included studies were processed for qual-
itative and quantitative analyses. Outcome measures
(percentages, mean/median values with standard devia-
tions/ranges)
approach. Average technical success, ABS resolution and
recurrence rates and various complication rates were
calculated as weighted percentages (and ranges) of the
values reported. Whenever a meta-analysis of pooled
data was possible, the risk ratio (RR) and 95% CI were
estimated using the Mantel-Haenszel method for binary
outcome data. The mean differences and 95% CIs were
estimated using inverse variance weighting for continu-
ous data. Heterogeneity was assessed by the I’ statistic,
and values of 25%, 50% and 75% were considered low,
moderate and high, respectively [36,40]. Random-effects
models were used for the pooled estimates of the mean
differences. The pooled effect was considered significant
at P < 0.05. The meta-analysis was performed using Rev-
MAN software (version 5.3; Cochrane Collaboration).

were extracted for each treatment

Literature search and selection

All database searches were performed in April 2017. A
total of 277 articles were retrieved from MEDLINE, 201
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from Scopus and 306 from EMBASE. After title and
abstract evaluations, 84 articles were retained, 30 of which
were ultimately excluded because they were not pertinent
to the review question or were conference abstracts. A
total of 54 articles underwent full-text evaluations.
Among them, 22 were excluded for the following reasons:
no relevance to the review question (n = 11), review arti-
cles (n=6) and case reports including less than 5
patients (n = 5). An additional article was retrieved from
the reference cross-check. Finally, 33 articles published
between 2003 and 2017 were selected and included in
qualitative synthesis (Fig. 1). Three RCTs [27,33,34] and
one retrospective cohort study [26] compared MPS and

SEMS procedures. There were two prospective case series
[21,22] and 12 retrospectives case series [19,20,23,41-49]
reporting on MPS. We identified five prospective case
series [32,50-53] and 10 retrospective case series report-
ing on SEMS [28-30,54-60]). Among the MPS case series
and the RCTs/cohort studies, heterogeneity was observed
for the stenting protocol, including the number/diameter
of the stents, the interval for stent exchange and the total
duration of treatment. Among SEMS case series and
RCTs/cohort studies, heterogeneity was also identified for
the type of stent and the duration of therapy. A summary
of the main characteristics of the included studies is
shown in Table 1.

Records identified
through scopus
database searching
(n=201)

Records identified
through MEDLINE
database searching
(n=277)

Records identified

through cochrane

database searching
(n=0)

Records identified Additional records

through EMBASE identified through
database searching other sources
(n = 306) (n=0)

T

e

Records retained after screening on title and
abstract and duplicate removal
(n =84)

30 records excluded
because nonpertinent to
the review questions or

conference abstracts

Pertinent articles

Articles retained after full-
text evaluation
(n =54)

22 articles excluded:

- Nonpertinent to the
review questions (n = 11)

- Review articles (n = 6)

retrieved by hand-

search and cross-

check references
analysis (n=1)

- Casereports<5(n=05)

Studies included in
qualitative synthesis
(n=33)

Figure 1 Flow chart of the electronic literature search on MEDLINE, Scopus, EMBASE and other sources (to April 2017). Example of the MED-
LINE database equation: ((“endoscopy”[MeSH Terms] OR “endoscopy”[All Fields] OR “endoscopic”[All Fields]) AND (“stents”[MeSH Terms] OR
“stents”[All Fields] OR “stent”[All Fields])) AND (biliary[All Fields] AND anastomotic[All Fields] AND (”constriction, pathologic”[MeSH Terms] OR
(“constriction”[All Fields] AND “pathologic”[All Fields]) OR “pathologic constriction”[All Fields] OR “strictures”[All Fields])) OR (biliary[All Fields]
AND (“constriction, pathologic”[MeSH Terms] OR (“constriction”[All Fields] AND “pathologic”[All Fields]) OR “pathologic constriction”[All
Fields] OR “stenosis”[All Fields])) AND (“liver transplantation”[MeSH Terms] OR (“liver”[All Fields] AND “transplantation”[All Fields]) OR “liver
transplantation”[All Fields]) NOT ((“hepatic artery”[MeSH Terms] OR (“hepatic”[All Fields] AND “artery”[All Fields]) OR “hepatic artery”[All
Fields]) AND (“thrombosis”[MeSH Terms] OR “thrombosis”[All Fields])) NOT (“child”[MeSH Terms] OR “child”[All Fields] OR “children”[All
Fields]) NOT (“pediatrics”[MeSH Terms] OR “pediatrics”[All Fields] OR “pediatric”[All Fields]) NOT (“ischemia”[MeSH Terms] OR “ischemia”[All
Fields] OR “ischemic”[All Fields]) NOT (“living donors”[MeSH Terms] OR (“living”[All Fields] AND “donors”[All Fields]) OR “living donors”[All
Fields] OR (“living”[All Fields] AND “donor”[All Fields]) OR “living donor”[All Fields]) NOT (nonanastomotic[All Fields] AND biliary[All Fields]
AND (“constriction, pathologic”[MeSH Terms] OR (“constriction”[All Fields] AND “pathologic”[All Fields]) OR “pathologic constriction”[All
Fields] OR “strictures”[All Fields])).
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Endoscopic treatment of ABS after LT
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Multiple plastic stents studies

Three RCTs and one cohort study included a total of
179 patients with MPS aged between 49 and 58 years
[26,27,33,34]. Technical success was between 95% and
100%, the resolution rate was 80-95%, the recurrence
rate was 3-37%, treatment duration was 6—10 months
and the number of ERCPs/patient was 3—4.5 (Table 2).

Multiple plastic stents case series

Overall, fourteen case series reported outcomes for MPS
[19-23,41-49], including 647 patients with ages between
35 and 61 years (Table 2). BD before stent placement
was performed in approximately two-thirds of the
patients. In most case series, the stent exchange interval
was 3 months and the mean number of ERCP proce-
dures per patient ranged between 2.5 and 5.

Technical success: The technical success rate of MPS
in the case series was between 91.6 and 100%.
Stricture resolution: The ABS resolution rate in the
MPS case series was between 53.8 and 100%, and the
mean stent
15.8 months.
Stricture recurrence: The ABS recurrence rate for the
MPS case series was between 0 and 21% after widely
variable follow-up periods.

Complications: There was an overall per-ERCP com-
plication rate between 0 and 16.2% and a per-patient
complication rate between 0% and 71% (Table 5).

duration was between 3.5 and

Self-expandable metal stents studies

Three RCTs and one cohort study included a total of
119 patients with SEMS aged between 48 and 57 years
[26,27,33,34]. Technical success was 100%, the resolu-
tion rate was 86-100%, the recurrence rate was 15—
30%, treatment duration was 4-6 months and the aver-
age number of ERCPs/patient was 2 (Table 3).

Self-expandable metal stents case series

Overall, fifteen case series reported outcomes of SEMS
procedures for ABS treatment, which were used as pri-
mary treatment in five of them [29,30,52,53,55], includ-
ing 115 patients with ages between 40 and 59 years. The
mean number of ERCP procedures per patient ranged
between 3 and 6.8 (Table 3). These procedures were
used as secondary intervention in five of the studies
[50,54,56-58]. The other five studies [28,32,51,59,60]

140

included SEMS as both primary and secondary treat-
ments in a total of 304 patients with an age range of
49-59 years. The mean number of ERCP procedures
per patient was between 2.7 and 3.7 (Table 3).

Technical success: The technical success rates were
100% for the primary SEMS case series and 86—-100%
for the secondary SEMS case series.

Stricture resolution: The ABS resolution rate in the
primary SEMS case series was 53.3—100%, with a mean
stent duration between 2 and 6.8 months. In the sec-
ondary SEMS cases series, the rate was 50—100%, with a
mean stent duration between 2 and 9.2 months.

Stricture recurrence: The overall ABS recurrence rate
in the primary SEMS case series was 8.3-30.3%. In the
secondary SEMS case series, the rate was 4.5-47.4%.

Complications: The per-patient complication rate in
the primary SEMS case series was 10—46.7%. In the sec-
ondary SEMS cases series, the rate was 12.9-63.6%
(Table 5).

Meta-analysis of the RCTs and cohort study

Three RCTs [27,33,34] and one cohort study [26] were

included in the meta-analysis for different outcomes.
Overall analysis: The pooled data from the three RCTs
[27,33,34] and the cohort study [26] showed ABS res-
olution in 153 (91%) of 167 patients who received
MPS and in 100 (92%) of 108 patients who received
SEMS (RR: .89; 95% CI, 0.40-2.02; P = 0.79; hetero-
geneity I = 0%) (Fig. 2). The same studies showed
recurrence in 16 (10.5%) of the 152 MPS patients and
in 23 (23%) of the 100 SEMS patients (RR: .55; 95%
CI, 0.22-1.38; P = 0.20; heterogeneity I = 20%). The
pooled data from the RCTs [27,34] and cohort study
[26] found no differences in treatment duration (mean
difference of 83.5 days; 95% CI, —4.1 to 171 days;
P = 0.06; heterogeneity I’ = 91%). The pooled data of
the three RCTs [27,33,34] and cohort study [26] found
a number of ERCPs/patient in favour of SEMS (mean
difference of 1.69 ERCP procedures; 95% CI, 1-2.39
ERCP  procedures; P < 0.00001; heterogeneity
I = 86%).
Sensitivity analysis: The pooled data from the three
RCTs [27,33,34] (excluding the cohort study [26])
found ABS resolution in 62/67 MPS patients (92.5%)
and 67/70 SEMS patients (95.7%) (RR: 1.42; 95% ClI,
.37-5.43; P = 0.61; heterogeneity I’ = 0%) (Fig. 3).
The same studies found recurrence in 9/61 MPS
patients (14.7%) and in 13/67 SEMS patients
(19.4%) (RR: 0.88; 95% CI, .38-2.02; P = 0.76;
heterogeneity I° = 9%). The pooled data from two
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Endoscopic treatment of ABS after LT

. 2 3 RCTs [27,34] found a total duration of treatment in
8 § i favour of SEMS (mean difference of 40.2 days; 95%
5 - 'g % Cl, 3.9-76.4 days; P = 0.03; heterogeneity P = 0%).
o @ S The pooled data of the three RCTs [27,33,34] con-
[a — . .
Y - firmed a number of ERCP procedures per patient in
= - g favour of SEMS (mean difference of 1.64 ERCP pro-
v ©
ENS r_és @- cedures; 95% CI, .62-2.65 ERCP procedures;
S 3 = P < 0.002; heterogeneity I* = 80%).
2 g £
s E
2 s z Management of recurrence
) o o
L 3 é_ Treatments after recurrence are summarized in Table 4.
2 E > For the patients who previously underwent MPS place-
5 2 ment, repeat ERCP was the most frequent treatment,
2 & a i followed by surgery and SEMS placement. For the
i~ I g patients who initially underwent SEMS placement,
S g $ repeat SEMS or MPS placement was the most common
E 3 treatment after recurrence, followed by surgical proce-
- E;,O dures. Overall, three patients [42,58] needed a second
(] ~ . .
- Ei 3 LT for ABS recurrence, including one after MPS therapy
z ° 2 S and two after SEMS therapy.
= £
.© n
- B ] Quality assessments of the studies and case series
(o)) = v [J]
=1 <
2 2 Most of the publications were case series without a con-
8 g = ‘g trol group. Only three RCTs were found. By applying
gt g I the Cochrane criteria, the risk of bias was considered
® % A . © ) low in one study [34] and high in two studies [27,33].
— e N = =, R .
< < < T The quality of the retrospective cohort study [26]
w = @ = . . .
2 A= ‘8 according to the NOS was 7/9, and the risk of bias was
Z g E © % classified as low (Table S1). Based on the NICE check-
3 2 | g 0 8 list, eight case series received a score of 7/8
o 5 .
2 g = ? ;cj [19,21,22,42,45,49,51,59], seven received a grade of 6/8
=) g w E - = [28,29,32,41,44,56,60], nine case series received a grade
I S |y z s z 8 of 5/8 [20,23,30,46-48,52,54,57] and the other five
(o) . .
§ F Y % o § received a grade of 4/8 [43,50,53,55,58] (Fig. S1).
(—: ‘g 5 2 % < Based on the GRADE concerning the quality of evi-
NN g S g £ 22 dence for meta-analysis, one RCT had high-quality evi-
~ [ . .
2 2 f |5 S _(% dence [34] and three studies had moderate-quality
o = Ty 2R D= evidence [26,27,33].
c -g_ - 2 o o
S ® c wn * =
g5 ©T S o =
.. |28 emz2
§ 5 |%8 25§ ¢
) S § § é ¥ 2 2 E The present systematic review describes the outcomes of
3 A & g 8 e 3 o two endoscopic treatments for ABS in adult LT patients.
2 = g 2 L. 5 The outcomes summarized in the present systematic
= - ot = = o . . . .
% o % €79 - § g\r ® review, which are based on low-quality evidence, do not
X e
v £ 3 @ o v o L, E allow the determination of any reliable conclusion
: gs) : s+ S £ . .. .
m ?o sg|® B 5 z g 3 = 2 regarding the superiority of one technique over another
() = 5 < 5 2 2l .
) & c s S g § 22N 2 in terms of efficacy and safety. However, the data from
fras] c = . .
i SerzHaz e the meta-analysis of the RCTs suggest advantages in

—
w
g
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ABS resolution

MPS SEMS Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kaffes 2014 2 10 0 10 7.8% 5.00[0.27, 92.62] 2014
Prata-Martins 2015 9 100 5 38 63.1% 0.68 [0.24, 1.91] 2015
Cote 2016 2 33 H 36 22.4% 0.73 (0,13, 4.08] 2016 .
Tal 2017 1 24 0 24 6.75% 3.00[0.12, 70.16] 2017 —
Total (95% CI) 167 108 100.0% 0.89 [0.40, 2.02] ’
Total events 14 8
Heterogeneity: T2 = 0.00; 3 = 2.28, df = 3 (F= 0.52); /* = 0% E t t i
Test for overall effect, 2 = 0.27 (F = 0.79) 0.001 Favgﬂ%s MPSlFavour:!fSEMS 1000
ABS recurrence
MPS SEMS Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kaffes 2014 3 8 3 10 24.4% 1.25 [0.34, 4.60] 2014 P
Prata-Martins 2015 7 41 10 33 233% 0.25 [0.11, 0.61] 2015 ——
Cote 2016 1 20 5 33 13.8% 0221002, 1.78] 201& —_—
Tal 2017 5 23 5 24 28.4% 1.04 0,25, 2. 12] 2017
Total (95% CI) 152 100 100.0% 0.55 [0.22, 1.38]
Total ewents 16 23
i 2 _ - = = - I 1 } ]
Heterogeneity, T° = 0.46; X 651, df =3 (F=009]/ 4% D001 o1 T 0 1000
Test for overall effect 7 = 128 (P = 0.20) Favours MPS Favours SEMS
Treatment duration (days)
MPS SEMS Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Prata-Martins 2015 2827 1354 100 1242 &7.9 38 352% 15850([124.29, 192.71] 2015 -+
Cote 2016 1635 88.7 31 1582 887 32 34.0% 35.20[-B.42,79.02] 201 -
Tal 2017 2295 107.75% 24 1785 1215 24 30.8% 5100[-13.97, 11597] 2017 T
Total (95% CI) 155 95 100.0%  83.45 [-4.13, 171.04] -
i 2 Cr? - <2 o } | ) |
Heterogenaity, ©° = 537522, X° = 2L78, df = 2 (F < 0.0001);/* = 91% —3h0 160 20
Test for owerall effect; 2 = 1.87 (P = 0.06) Favours MPS Favours SEMS
Number of ERCPs per patient
MPS SEMS Mean difference Mean difference
Study orsubgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C| Year IV, Random, 95% CI
Kaffes 2014 4.25 131 10 2 0.0001 10 22.9% 2.25[1.44, 3.06] 2014 —
Prata-Martins 2015 34 15 100 2 00001 38 315% 140161, 2.14] 2015 -
Cote 2016 312 088 31 221 0.48 33 30.7% 0.92 057, L.27] 2016 -
Tal 2017 4 225 24 2 2.5 24 14.8% 2.00[0.65, 3.35] 2017 —_—
Total (95% CI) 165 105 100.0% 1.69 [1.00, 2.39] -
Heterogeneity, t2 = 0.38; %% = 21.14, df = 3 (P < 0.0001); 1* = 86% _54 —Ib 2‘ é

Test for owerall effect: 2 = 4.77 (P < 0.00001)

Figure 2 Forest plots of the overall analysis.

terms of fewer ERCP procedures and shorter treatment
durations in favour of SEMS.

In recent years, the standard of care for symptomatic
ABS has been ERCP as a first-line intervention, with
MPS exchanged every 3 months over a 12-month per-
iod. There is no consensus on this treatment, with some
authors supporting alternative timing while others pre-
ferring single stents or dilation alone to minimize com-
[8,13,16,43,61]. However, this strategy
requires repeated hospital admissions and endoscopic

plications
procedures and exposes patients to ERCP-associated

144

Favours MPS Favours SEMS

morbidity [6,62]. Kobayashi et al. [63] demonstrated
that endoscopic manoeuvring for biliary dilatation and
stent placement following LT resulted in a higher risk
of post-ERCP pancreatitis than the use of the same
technique for the treatment of other types of biliary
stricture. The potential benefit of a single covered self-
expandable metal stent is related to its relatively simple
management compared with MPS. SEMS have larger
diameters and are easily removed and can potentially
limit costs by reducing the number of procedures
needed to achieve ABS resolution [33]. However,
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ABS resolution

Endoscopic treatment of ABS after LT

MPS SEMS Risk ratio Risk ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Kaffes 2014 2 10 0] 10 21.2% 5000027, 92.62] 2014 j:'—
Cote 2016 2 33 3 36 B60.6% 0.73[0.13, 4 08] 2016
Tal 2017 1 24 0 24 18.2% 3.00[0.13, 70.16] 2017 L
Total (95% CI) 67 70 100.0% 1.42 [0.37, 5.43] ’-
Total ewvents 5 3
i : _ Cn? - - - } | t {
Heterogeneity T° = Q,OOJ Xe=153,df =2 (P=046);/* = 0% D001 o1 T 0 1000
Test for overall effect: 2 = 0.51 (P = 0.61) Favours MPS Favours SEMS
ABS recurrence
MPS SEMS Risk ratio Risk ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kaffes 2014 2 8 2 10 26.2% 1.25 [0.24, 4 60] 2014
Cate 2016 1 30 5 33 15.1% 0.22 [0.02, 1.78] 201&
Tal 2017 5 23 5 24 48.7% 1.04 [0.35, 3.13] 2017
Total (95% CI) 61 67 100.0% 0.88 [0.38, 2.02]
Total ewents 9 12
Heterogeneity, T2 = 0.05; X2 =221, df =2 (P= 033, /* = 8% ; t I |
Test for owerall effect: Z = 0.30 (P = 0.76) e00t oL Mpsipamu}fsms 1ooo
Treatment duration (days)
MPS SEMS Mean difference Mean difference
Study or subgroup ean otal ean otal eight , Random, ear , Random,
d by M SD Total M SD Total Weigh IV, Rand 95% Cl Y IV, Rand 95% ClI
Cote 2016 1935 88.7 31 1582 837 33 688X 35.30([-842 79.02] 2016 —0—
Tal 2017 2285 107.75 24 1785 1215 24 31.2% 51.00([-13.97, 115.97] 2017 T
Total (95% CI) 55 57 100.0% 40.19 [3.92, 76.47] <
i 1. . - - o ; : ; ,
;Ieutarfugenew”rﬁ-lo.gti 2?61? %%56?;3 1(F=089)/"=0% 00 —100 1 200
estior overall effect. £ = (#= ] Favours MPS Favours SEMS
Number of ERCPs per patient
MPS SEMS Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Kaffes 2014 4,25 131 10 2 00001 10 24.0% 2.25[1.44, 2.06] 2014 ——
Cote 2016 213 088 21 221 0.48 33 41.3% 0.92 [0.57, 1.27] 201& L
Tal 2017 4 225 24 2 2.5 24 24.6% 2.00[0.65, 3.35] 2017 —
Total (95% CI) 65 67 100.0% 1.64 [0.62, 2.65] S
Heterogeneity T2 = 062; X = 1021, df = 2 (P = 0.006);/° = 0% _14 _‘E 5 é ‘L'

Test for overall effect; 7 = 3 16 (P = 0.002)

Figure 3 Forest plots of the sensitivity analysis.

disadvantages such as a higher complication rate and
migration may affect both patient tolerability and costs
[27,30,64,65].

The technical success rates of both strategies are close
to 100% in the studies and case series summarized in
the present review. Relatively easy access to the stricture
and stenting without any major complications with
either technique represent ideal conditions for future
RCTs.

For the MPS group, most authors (13/18) [19,21-
23,26,27,33,34,44-47,49] conform to a stent exchange
policy of every 12 weeks, and this period was chosen by

Transplant International 2018; 31: 131-151
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all RCTs. Two case series [42,43] did not report a
replacement frequency, and the other three case series
[20,41,48] reported a variable frequency between 8 and
16 weeks. Such heterogeneity does not allow the deter-
mination of a reliable conclusion regarding the best
timing strategy for MPS. The impact of closer surveil-
lance or more frequent stent replacements should be
investigated in a specifically designed RCT. Based on
the limited available evidence, we recommend MPS
replacement every 12 weeks with a monthly outpatient
physical examination and blood test surveillance to
detect early signs of complications. For the SEMS
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Table 4. Management of ABS recurrence.

Author, year

Mean F/U, ABS Need for surgery/PTC  Type of treatment after

ABS mo recurrence (%) after recurrence n (%) recurrence

RCTs and cohort study on multiple plastic stents

Tal, 2017

Coté, 2016
Prata-Martins, 2015
Kaffes, 2014

Case series on multiple plastic stents

Tringali, 2016
Fernandez-Simon, 2014
Albert, 2013
Poley, 2013
Ribeiro, 2012
Sanna, 2011
Tabibian, 2010
Morelli, 2008
Holt, 2007
Pasha, 2007
Solmi, 2007
Alazmi, 2006
Morelli, 2003
Rerknimitr, 2002

RCTs and cohort study on self-expandable metal stents

Tal, 2017

Coté, 2016
Prata-Martins, 2015
Kaffes, 2014

Case series on self-expandable metal stents

Aepli, 2016
Jimenez-Perez, 2016

Tarantino, 2015
Deviere, 2014
Cerecedo-Rodriguez, 2013
Kahaleh, 2013
Haapamaki, 2012
Sauer, 2012
Tarantino, 2012

Hu, 2011

Chaput, 2010
Marin-Gomez, 2010
Garcia-Pajares, 2010
Kahaleh, 2008
Vandenbroucke, 2006

24 16.4* 5/24 (20.8) N/R N/R
36 12 1/30 (3.3) 0 ERCP and repeat stenting
109 22.7 7/91 (7.7) 3/7 (42.9) SEMS, MPS, surgery (HJ)
10 25.5* 3/8 (37.5) 0 16 ERCP
56 60 3/50 (6) 0 ERCP and repeat MPS
42 41.5 3/37 (8.2) N/R 3 ERCP
47 352 16/47 (34) 2/16 (12.5) 1 surgery/1 re-LT/14 ERCP (MPS)
31 28* 6/31 (19.4) 5/0 (16.1) 5 HJ/1 ERCP (SEMS)
13 28* 1/7 (14.3) 0/0 1 ERCP
45  88* 6/28 (21.4) 6/28 (21.4) HJ/PTC
69 12 2/65 (3.1) 0/0 1 ERCP/patient
38 12 5/38 (13.2) 1/0 (2.6) 4 ERCP/1 HJ
53 18* 2/34 (5.9) 0 2 ERCP
25 21.5% 4/22 (18.1) 2/0 (9) 2 ERCP/2 HJ
12 19 0/11 0/0 -
148 28 24/131 (18.3) N/R 1-4 ERCP/patient
25 54 2/22 (9) 0/1 (4) 1 ERCP/patient
43 39.6 0/43 0/0 -
24 16.4* 5/24 (20.8) N/R N/R
36 12 5/33 (15.2) 0 ERCP and repeat stenting
48 204 10/38 (30.3) 7/0 (70) 8 MPS, 2 SEMS, 4 HJ
10 26%* 3/10 (30) 0/10 19 ERCP
31 12.8 7/29 (24.1) 0 ERCP and stenting
(2 SEMS and 4 MPS)
44 27.8-29.5% 9/41 (22) 0 ERCP and repeat FCSEMS in all
cases
70 48 18/46 (39) N/R N/R
42 20.3* N/R N/R N/R
55 4.6-38.9 N/R 3/55 (5.4) N/R
35 N/R N/R N/R N/R
16  21.7* N/R 0/0 1 FCSEMS
9 12 1/6 (17) 0/0 1 SEMS
15 14.4 2/8 (25) N/R N/R
13 121 1/12 (8.3) 0 SEMS
22 12 9/19 (47.4) 1/0 (10) 4 PS, 6 SEMS, 1 HJ
8 N/R 3/8 (37.5) 33 1 HJ/2 re-LT
22 12.5% 1/22 (4.5) 0/0 Repeat SEMS
16 12* N/R N/R N/R
21 37.8 N/R N/R N/R

*Median values.

tValues related to patients without and with ABS recurrence, respectively.

N/R, not reported; LT, liver transplantation; ABS, anastomotic biliary stricture; F/U, follow-up; PTC, percutaneous transhepatic
catheter; HJ, hepaticojejunostomy; ERCP, endoscopic retrograde cholangiopancreatography; LT, liver transplantation; SEMS,
self-expandable metal stents; MPS, multiple plastic stents; PS, plastic stents; FCSEMS, full-covered self-expandable metal stents.

group, only nine articles [26,27,29,30,33,34,52,53,55]  significant variability in timing (replacement between 2
concerning primary treatment were analysed to deduce  and 6 months) prevents the determination of any con-
the best strategy to prevent complications. Again, the  clusions. Interestingly, both major trials using FCSEMS
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Table 5. Most common complications.

Endoscopic treatment of ABS after LT

Complications

Complications

n Total per ERCP, per patient,
Author, year ABS ERCP n (%) n (%) Type of complication
RCTs and cohort study on multiple plastic stents
Tal, 2017 24 N/R N/R 2/24 (8.3) 1 severe haemobilia (crossover to SEMS arm to
stop bleeding); 1 bilio-duodenal fistula.
Coté, 2016 36 N/R N/R N/R
Prata-Martins, 2015 109 271 26/271(9.6) 26/109 (23.9) 11 pancreatitis, 7 bleeding, 2 duodenal
perforation, 15 stent migration (5.5%)
Kaffes, 2014 10 N/R NR 5/10 (50) 4 cholangitis, 1 abdominal pain
Case series on multiple plastic stents
Tringali, 2016 56 N/R N/R 3/56 (5.3) 1 mild pancreatitis, 1 severe pancreatitis, 1 bleeding
Fernandez-Simon, 2014 42 N/R N/R N/R
Albert, 2013 47 198 32/198 (16.2) 32/47 (68) 19 cholangitis, 6 pancreatitis, 5 bleeding,
2 duodenal perforation
Poley, 2013 31 155 22/155 (14.2) 22/31 (71) 12 cholangitis, 7 pancreatitis, 3 abdominal pain
Ribeiro, 2012 13 33 0/33 0/13 (0) =
Sanna, 2011 45 85 N/R N/R
Tabibian, 2010 69 286 4/286 (1 4/69 (5.8) 2 pancreatitis, 2 bacteremia (moderate cholangitis)
Morelli, 2008 38 131 2/131 (1 2/38 (5.3) 2 mild cholangitis
Holt, 2007 53 180 11/180 (6 11/53 (20.8) 5 mild pancreatitis, 5 mild/moderate cholangitis,
1 stent migration
Pasha, 2007 25 105 5/105 (4.8) 5/25 (20) 3 mild pancreatitis, 2 stent migration
Solmi, 2007 12 54 0/54 (0) 0/11 (0) —
Alazmi, 2006 148 423 N/R N/R
Morelli, 2003 25 79 3/79 (3.7) 3/24 (12.5) 3 mild cholangitis
Rerknimitr, 2002 43 157 N/R N/R
RCTs and cohort study on self-expandable metal stents
Tal, 2017 24 N/R NR 8/24 (33.3) 8 stent migration (4 crossover to MPS arm)
Coté, 2016 37 NR NR 13/37 (35.1)* 13 stent migration
Prata-Martins, 2015 48 70 17/70 (24.3) 17/48 (35.4) 12 pancreatitis, 1 mild cholangitis, 4 abdominal
pain, 3 stent migration
Kaffes, 2014 10 20 1/20 (5) 1/10 (10) 1 cholangitis
Case series on self-expandable metal stents
Aepli, 2016 31 N/R NR 4/31 (12.9) 2 cholangitis, 1 embedding, 1 migration
Jimenez-Perez, 2016 44 N/R N/R 31/44 (70.5) 1 severe embedding, 8 pancreatitis (3 severe),
5 cholangitis, 17 stent migration
Tarantino, 2015 70 NR N/R 32/70 (45.7) 32 stent migration
Deviere, 2014 42 NR N/R 17/42 (40.5) 10 cholangitis, 4 abdominal pain, 2 cholestasis,

Cerecedo-Rodriguez, 2013 55 N/R N/R

Kahaleh, 2013 35 N/R N/R
Haapamaki, 2012 16 58 9/58 (15.5)
Sauer, 2012 9 N/R N/
Tarantino, 2012 15 N/R 0

Hu, 2011 13 N/R NR
Chaput, 2010 22 N/R NR
Marin-Gomez, 2010 8 N/R N/R
Garcia-Pajares, 2010 22 75 14/75(18.7)

Transplant International 2018; 31: 131-151
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10/55 (18)

5/31 (16.1)
9/17 (53)

N/R

7/15 (46.7)
2/13 (16.6)
12/22 (54.5)

2/8 (25)
14/22 (63.6)

1 bleeding
2 cholangitis, 1 pancreatitis, 3 stent occlusion,
4 stent migration
5 stent migration
5 cholangitis, 1 pancreatitis, 1 bleeding,

4 stent migration

7 stent migration

1 mild pancreatitis, 1 complicated cholangitis

2 mild cholangitis, 1 minor bleeding, 3 mild
pancreatitis, 6 stent migration

5 stent migration

4 abdominal pain, 1 bleeding, 4 stent migration,
1 stent occlusion, 1 stent embedding
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Table 5. Continued.

Complications Complications

n Total per ERCP, per patient,
Author, year ABS ERCP n (%) n (%) Type of complication
Kahaleh, 2008 16 N/R N/ N/R
Vandenbroucke, 2006 21 N/R NR N/R

N/R, not reported; LT, liver transplantation; ABS, anastomotic biliary stricture; ERCP, endoscopic retrograde cholangiopancre-
atography; SEMS, self-expandable metal stent; MPS, multiple plastic stents; PS, plastic stents; CBD, common bile duct.

*Only stent migration; no subgroup analysis was carried out on general complications for post-LT ABS patients.

[27,34] replaced them after a relatively long period (ev-
ery 6 months [27] and every 4-6 months [34]) com-
pared with previous publications [30,33,55]. These
RCTs reported a stent migration rate of approximately
30%, which is similar to others studies and case series
on SEMS. Based on current evidence, we believe that
stent replacement every 4—6 months is feasible and safe
under close clinical surveillance.

Only Kaffes et al. [33] provided a reliable cost analy-
sis of both strategies. They found that the SEMS strat-
egy was more cost-effective than the MPS strategy. The
cost of completing the protocol for ABS treatment
(Australian $) was lower for SEMS compared with
MPS: 10.830 versus $23.580 (P = 0.02). They also anal-
ysed the costs for any additional procedures required
during follow-up and found that SEMS were still more
cost-effective ($12.913 vs. $29.280), but without statisti-
cal significance (P = 0.08).

A recent randomized controlled trial of noninferiority
studied SEMS versus MPS in benign biliary strictures of
different aetiologies [27]. The study enrolled 112 patients
stratified by stricture aetiology and conducted endoscopic
reassessments for resolution every 3 months (MPS) or
every 6 months (FCSEMS), and 65% of the patients had
ABS after LT. As reported by this study, among the
patients with benign biliary strictures, SEMS were not
inferior to MPS in achieving stricture resolution after
12 months of treatment. In a particular subgroup of LT
patients, the observed resolution rate after 12 months of
stenting was noninferior (SEMS 91.7% vs. MPS 93.9%),
but a higher recurrence rate was observed among those
randomized to receive SEMS (15.2% vs. 3.3%) compared
to those who received MPS. Even if these outcomes are
consistent with the results of the literature summarized in
the present review, we cannot draw any definitive conclu-
sions from this trial because the enrolment criteria
included benign biliary strictures of other aetiologies (i.e.
chronic pancreatitis). Consequently, the study was not

148

adequately powered to conduct subgroup analyses to
compare the efficacy of SEMS vs. MPS relative to various
actiologies. Despite this limitation, among LT patients
who achieved ABS resolution, the number of ERCP pro-
cedures required to achieve stricture resolution was sig-
nificantly lower for those randomized to receive SEMS vs.
MPS (mean, 2.2 vs. 3.1). The same trend towards fewer
ERCP procedures per patient in SEMS patients was
reported by Tal et al. [34] and was confirmed by the
results of the meta-analysis. Another important element
that can be argued from the study of Coté et al. is that
endoluminal migration of SEMS remains a relevant clini-
cal issue. In this clinical trial, the observed migration rate
was 43%, which is consistent with previous case series in
which Tarantino et al. [30,56] reported a migration rate
greater than 40% for both primary and secondary treat-
ments with SEMS. The overall migration rate of the sum-
marized studies and case series included in this review
represents a probable underestimation of this particular
complication due to the retrospective design of most of
the articles. Some reports suggest that patients treated
with SEMS with some kind of inherent antimigration
design (i.e. modified SEMS with a central waist and a
long removal string) showed fewer complications
[33,59,66]. Park et al. [65] showed that significantly less
stent migration occurred among patients treated with
SEMS anchored with a 5F double-pigtail plastic stent
compared to a nonanchored group (6.3% vs. 41.2%).
Although the heterogeneity of the studies and case ser-
ies does not allow any reliable comparison between SEMS
and MPS patients, substantial qualitative differences in
terms of the types of complications between the groups
are not apparent (Table 5). Interestingly, only one anas-
tomosis rupture was described in the SEMS group [53],
and four duodenal perforations were reported in the MPS
group [26,42]. Among comparative studies, Prata-Mar-
tins ef al. [26] reported a per-patient complication rate of
23.9% for MPS versus 35.4% for SEMS. Cote et al. [27]

Transplant International 2018; 31: 131-151
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reported a similar mean number of adverse events per
ERCP procedure (although a subgroup analysis dedicated
to post-LT ABS patients was not available) for both study
arms (0.23 MPS vs. 0.36 SEMS; P = 0.31).

Our systematic review attempted to summarize the
current literature on the endoscopic treatment of duct-
to-duct ABS after LT. Although a considerable number of
publications were retrieved overall, the total evidence is
insufficient and is often underpowered to draw definitive
conclusions. Moreover, heterogeneity was observed in
endoscopic management across different studies and case
series, indicating that caution is required when interpret-
ing the results. Despite these limitations, the present sys-
tematic review and meta-analysis highlights the efficacy
and safety of both strategies to achieve ABS resolution
and manage biliary complications via minimally invasive
methods. Future RCTs should aim to establish the best
therapeutic strategy between SEMS and MPS to reduce
the number of per-patient endoscopic procedures,
decrease the complication rate and reduce costs.

Because of the low-quality evidence, we cannot draw
any reliable conclusions on the superiority of MPS or
SEMS strategies. Even though shorter treatment dura-
tions and fewer ERCP procedures advocate in favour of

1. Seehofer D, Eurich D, Veltzke-Schlieker

treatment of biliary strictures after liver

Endoscopic treatment of ABS after LT

SEMS, whether one technique has clear advantages over
the other remains This
addressed in further adequately powered, randomized
clinical trials.

unclear. issue should be
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