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Abstract

Introduction: Biodegradable biliary stents (BDBSs), fully covered self-expanded metal stents (FCSEMSs) and multiple
plastic stents (MPSs) were common stents in endoscopic treatment of benign biliary stricture (BBS).

Aim: To evaluate the effectiveness of these 3 stents in BBS management.

Material and methods: The PubMed, Web of Science, Cochrane Library, and Wiley Library databases were searched
for studies that provided data about BBS and stent therapy.

Results: We found that BDBSs were associated with the highest clinical success rate (0.76, 95% Cl: 0.71-0.80),
followed by MPSs (0.69, 95% Cl: 0.63-0.74), and FCSEMSs (0.67, 95% Cl: 0.63-0.71). BDBSs also had a relatively
high probability of technical success, at 1.00 (95% Cl: 1.00-1.00), superior to MPSs (0.95, 95% Cl: 0.88-0.99) and
FCSEMSs (0.90, 95% Cl: 0.85-0.94). The treatment success rate for BDBSs (1.00, 95% Cl: 1.00-1.00) was also higher
than for MPSs (0.88, 95% Cl: 0.72-0.98) and FCSMESs (0.82, 95% Cl: 0.76-0.87). However, BDBSs had the highest
stricture recurrence rate (0.21, 95% Cl: 0.16-0.26), compared with FCSEMSs (0.11, 95% Cl: 0.08—0.15) and MPSs

(0.07, 95% Cl: 0.03-0.13).

Conclusions: Patients with BBS are likely to receive a satisfied outcome when treated with BDBSs.

Key words: benign biliary stricture, stents, endoscopy, meta-analyses.

Introduction

Benign biliary stricture (BBS) is defined as any
narrowing along the extrahepatic bile duct with less
than 75% diameter of unaffected region [1]. Most
cases result from the 2 leading pathogeneses: iatro-
genic biliary injury and inflammation damage [2-4].
The condition of iatrogenic biliary injury includes
open/laparoscopic cholecystectomy, duct-duct anas-
tomosis after liver transplantation (LT), etc. [4-7].
Inflammation damage is mainly from chronic pan-
creatitis (CP) and primary sclerosing cholangitis [3,
4]. The incidence of BBS is about 1% for open cho-
lecystectomy, 0.23-0.42% for laparoscopic cholecys-
tectomy, 3—-46% for CR 5-15% for deceased LT, and

28-32% for living-donor transplantation [8-12]. BBS
may lead to elevation of serum bilirubin, impairment
of liver function, and bacterial growth in the biliary
tree. If BBS is not recognized in time and managed
properly, these patients can suffer from even worse
prognosis because of life-threatening complications
such as secondary biliary cirrhosis, portal hyperten-
sion, and cholangitis [4, 13]. Therefore, every patient
with BBS should receive aggressive treatment to re-
lease biliary obstruction effectively.

Currently, endoscopic intervention with stent
implantation has been widely adopted for the treat-
ment of BBS (Photo 1) [4]. With accelerated devel-
opment of biomedical materials, endoscopic stents
are continuously evolving, which includes multiple
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plastic stents (MPSs), fully covered self-expanded
metal stents (FCSEMSs), and biodegradable biliary
stents (BDBSs), et al. [4]. Among them, MPSs are the
most used because of their cheap price, low techni-
cal requirements, and acceptable long-term results.
However, this kind of stent requires repeated inter-
ventions to maintain its therapeutic effect, increas-
ing the incidence of operation-related complications,
such as pancreatitis, haemobilia, and abdominal
pain [14]. FCSEMSs are another kind of stent with
extensive applications. Previous studies have report-
ed that a single FCSEMS is able to provide a radial di-
lation similar to that of three 10F plastic stents, and
thus free from the trouble of frequent interventions
[1]. The main drawback of FCSEMSs is frequent oc-
currence of stent migration (4—41%), often resulting
in treatment failure [6]. BDBSs are a relatively new
kind of stent, and they are reported to have a similar
radial expansion force with FCSEMSs. This kind of
stent is biodegradable, and so does not need to be
removed specially [15, 16]. The main drawback of

36

Photo 1. Stent treatment in a patient with BBS
via PTCD. A - Cholangiography showing stricture
region of the common bile duct. B — Guidewire
advanced across stricture. C — The stricture re-
solved completely after a stent insertion

BDBSs is that they may degrade prematurely, failing
to provide adequate support for expanding the nar-
rowed biliary tract [16].

Aim

Up to now, several meta-analyses have been re-
ported about different stents in the application of
malignant biliary stricture. However, a systematic
study comparing the efficacy of these stents in en-
doscopic treatment of BBS is still unavailable. Given
the above descriptions, every stent has its pros and
cons, and the selection is still controversial. Here,
we performed a systematic review and meta-anal-
ysis to identify the roles of 3 common stents (MPSs,
FCSEMSs, and BDBSs) in BBS management.

Material and methods
Search strategy and study selection

Two authors systematically searched the
PubMed, Web of Science, Cochrane Library, and
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Wiley Library databases for studies published from
1 January 2010 to 12 August 2020, by using the fol-
lowing search terms: BBS, benign biliary stenosis,
stents. A manual search through the reference of in-
cluded studies was also carried out to identify the
potentially relevant studies.

The studies enrolled in this meta-analysis were
required to be randomized controlled trials (RCTs),
case-controlled trials (CCTs), cohort studies, or case
series studies, which met the following criteria:
(1) studies including patients with BBS and treated
with one of the types of stents (MPSs, FCSEMSs, or
BDBSs) using endoscopic or percutaneous insertion;
(2) studies carried out on humans; and (3) stud-
ies written in English. The exclusion criteria were:
(1) case reports; (2) studies including minors; (3)
studies including populations suffering from other
complications, such as cystic duck leak or biliary
leakage; and (4) unpublished data or data published
in abstract form only.

Data extraction

Two authors independently extracted all rele-
vant data from included studies, including publi-
cation year, study design, participant characteris-
tics, stent types, implant methods, and follow-up
duration. The primary outcome was the clinical
success rate, defined as no record of unscheduled
interventions, stricture relapse, or change in treat-
ment strategy during the follow-up time. The sec-
ondary outcomes included technical success rate,
treatment success rate, time to recurrence, ad-
verse events, and intervention frequency. Technical
success referred to stents that were successfully
implanted at the final cholangiography and then
removed successfully. Treatment success referred
to BBS that was resolved at stent removal demon-
strated by cholangiography or hepatic functional
test.

Quality assessment

The criteria used to assess the quality of RCTs are
described in Chapter 8 of the Cochrane Handbook
for Systematic Review of Intervention [17]. The risk
of bias from CCTs, cohort studies, and case series
studies was assessed based on the Newcastle Ott-
wan Scale (NOS) [18]. Two reviewers independently
performed the quality assessment, and all disagree-
ments were resolved by discussion.
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Statistical analysis

The pooled estimate and 95% confidence inter-
val (Cl) were calculated by using a random effects
model. The proportion was calculated for dichoto-
mous variables, as well as the mean value for contin-
uous outcomes. Heterogeneity among studies was
assessed with the /? statistic and y? test. The result
of the /? statistic ranged from 0% to 100%, and we
considered /> over 50% as a high degree of heteroge-
neity. Analysis was done by using Stata 16, in which
p < 0.05 indicated statistical significance.

Ethics and dissemination

Ethical approval and patient consent were not
required because this was a systematic review and
meta-analysis, all data in this study came from pub-
lished literature and did not involve patients.

Results
Literature search

According to the aforementioned inclusion and
exclusion criteria, we identified a total of 1148 po-
tentially relevant articles in the present meta-anal-
ysis. After removal of duplicates, 880 studies re-
mained. After screening the titles and abstracts,
832 irrelevant studies were excluded. After evaluat-
ing the full text of the remaining studies, 28 studies
were eligible for this meta-analysis. We added 1 rel-
evant study after review of the reference list, and
a total of 29 studies (1 RCT, 1 CCT, and 27 case series
studies) were included. We divided the RCT and CCT
(each containing 2 kinds of stents) into 2 separate
studies individually, and the final number of included
studies was 31. The selection process was recorded
to complete a PRISMA flow diagram (Figure 1).

Study characteristics

The 31 included studies, with 1604 patients,
were published from 1 January 2010 to 12 August
2020. These participants were divided into 3 groups
according to the stent type: 7 studies with 363 pa-
tients used BDBSs, 19 studies with 965 patients
used FCSEMSs, and 5 studies with 276 patients used
MPSs. The main characteristics of included studies
are shown in Table | [19-36]. Of these studies, 20
were prospective studies, and the others were ret-
rospective studies. The stents were implanted by
endoscopic retrograde cholangiopancreatography
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1148 records identified through database searching

1 additional record identified through other sources

Y \d

881 records after duplicates removed

Y

881 records screened

Y

832 records excluded based on abstract

\d

20 records excluded with reasons:

49 records assessed for eligibility

> (1) 5 records used other stents
* (2) 7 records included patients with

Y

other complications
* (3) 8 records included patients with

29 records included in meta-analysis

malignant biliary stricture

Y

31 studies included in meta-analysis

1 RCT and 1 CCT divided into 2 studies
respectively

A

Figure 1. Study flow diagram

(ERCP) in 25 studies and by percutaneous transhep-
atic cholangiography (PTC) in the others.

Quality assessment

We assessed the qualities of included studies
using the NOS. The items derived from this scale in-
cluded 5 questions, representativeness of samples,
accuracy of diagnosis, duration of follow-up, integri-
ty of reported date, and ascertainment of outcome.
The study was awarded 1 point for meeting each
question, and scores of < 3, 4, and 5 correspond-
ed to low, moderate, and high quality [37, 38]. The
quality assessment results of 31 included studies
are shown in Table Il. Sixteen studies were high,
13 studies were moderate, and 2 were low quality.

Clinical success

Thirty included studies reported the clinical suc-
cess rate. From the result of this meta-analysis, as
shown in Figure 2, the clinical success was most like-
ly to be achieved when using BDBSs (0.76, 95% Cl:
0.71-0.80). The pooled clinical success rate of MPSs
was 0.69 (95% Cl: 0.63-0.74), which was higher
than that of FCSEMSs (0.66, 95% Cl: 0.60-0.72). The
heterogeneity was evaluated as low for BDBSs (/? =
0.00% and p = 0.74), high for FCSEMSs (/> = 65.82%
and p < 0.001), and low for MPSs (/? = 0.00% and
p = 0.62). The high heterogeneity of the FCSEMS
group might relate to the inclusion of 3 studies (Po-
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ley 2020, Moon 2012, and Lakhtakia 2019). In Poley
2020, the stents were scheduled to be removed at
4—6 months (median: 153 days) after implantation,
obviously shorter than other studies. In Lakhtakia
2019, 62 patients were lost to follow-up, accounting
for a large proportion of included samples (52.6%).
In Moon 2012, the used stents had a convex mar-
gin at both ends, somewhat different from com-
mon FCSEMSs. After exclusion of these 3 studies,
the lever of heterogeneity became low (= 22.24%
and p = 0.21), but the pooled clinical success rate
of FCSEMSs was little changed (0.67, 95% Cl: 0.63—
0.71) (Figure 3).

Adverse events

All 31 included studies reported the adverse
events caused by the inserted stents, and the de-
tailed information is summarized in Tables Ill and IV.
From the result of this meta-analysis, shown in Fig-
ure 4, the BDBS group showed the lowest overall in-
cidence of adverse events (0.31, 95% Cl: 0.12-0.54),
followed by the FCSEMS group (0.40, 95% Cl: 0.31-
0.50), and MPS group (0.46, 95% Cl: 0.31-0.61). Due
to the wide variation of categories of reported ad-
verse events among included studies, the heteroge-
neities in all 3 groups were high, as expected (? =
92.71% and p < 0.001 for BDBSs, /> = 88.28% and
p < 0.001 for FCSEMSs, > = 76.54% and p < 0.001
for MPSs). Therefore, we further performed a sub-
group analysis according to 4 common adverse

Videosurgery and Other Miniinvasive Techniques 1, March/2022



Endoscopic treatment of benign biliary stricture using different stents: a systematic review and meta-analysis

(¥7) sisouays Aueyjided
(£) uoljeWIo} 2IN3D1I3S 18213INS1S0d

<0 dodd SSW3SD4 (#2) sineanued djuoiy) Y/l €S 8¢ aAadsoid [62] STOT 493 eM
(+71) jednpadoud |eai3uns Alel)iq 3504

(9€) uoirejuedsue.} JDAIT

<l dodd SSW3SD4 (€¥) sireanued suoiyd 89/1¢C 'S 6 9AI129ds0ld [87] 9107 Indeyd
(2) Alul aaiyesadoysod 4ay10

(1) siyyeanued diuolyd
<1 dodd SSW3SD4 (£€) uoneiueldsuel] JaAN 8¢e/6l S¥S LS aAadsoid [1] 9107 210D
WN <BXE! SSW3SD4 (1€) uonejueidsuely Jani el/cl 99 1€ EIIBEIWIEN ol01] £107 Nday

() Amlur3onp 9)1q 1€213INS

() @in1011s D10WO0)ISRUY
«S1 do43/01d SSW3SD4 (#7) shieanued duoiyd €€/01 €89 1974 aAladsold [£2] 2107 3pIwydS

(7) uoieuedsuel) oA
M3 [<BXE| SSW3SD4 (8) Awio12915/23104 1504 S¢/L 43 143 aAladsoiay [9] £ZTOZ "W
«89 dodd SSW3SD4 (811) stieainued ojuoiy) 86/0¢ 1°¢s 811 aAladsoid [6] 6T0C EDB[EIYET
09 dJd3 SSW3SD4 (81) Aw010315A391042 1504 9/C1 6'€S 81 9AI129ds0ld [9¢] 6107 Nedunl
MOVAS dod3 SSW3SD4 (I) uoneueidsuely Janr e/l £'9S A% 9AI129dso0ld [sz] 020z K810

(2) Awo32935K23)1042 3504

(z1) 2ip1ys Awoysoun(afodiyeday
x9°G1 dodd SSW3SD4 (€1) uonejuedsueny Janl Jouop-3uiAn] 61/11 €9 0¢ aAladsoid [¢] 0Z0T 03eS
+0¢ Old ssgag (€1) aimodis Awolsoun(afodieday v/6 £'8¢ €1 9AI12ads0ld [€2] 9107 ZougwiD
(7) Awoydarealpuedojeydadousapon(

(2) Awo32915433)1042 1504

#CET Old 55909 (€) uonpNIIsUOdI JoNp 3)ig Se/ve 895 65 2NIRds0IIRY [ce] stoz Hnew
(21) uoIPNIISUOIBI 1ONP 3)ig
(/1) Awoydareanuedoleydadouspon
#€¢ Jld 55dd4g (65) siseryiRoyd 19/9% 65 L0T aAladsoiay [1] 9107 Unew
£T J1d ss4ag (01) uoeUE|dSURIY JBAI 6/1 09 o1 andadsonay [s] 810z ozedog
(t7) A3010139€ URdQ
«1C dDy3 ssgdd (7) stueaidued djuolyd 144 59 9 aAladsold [s1]8107Z !
(LT Jld ssgdd (81) uoneueidsuely Janr] €l/s €89 81 9AI123ds0119Y [0Z] 0207 193s11reg
(€2) snshdzioyd
(92) Awoysoun(afodiyeday 1504
My Jld 55dd4g (8€) Awioa154910Y2 1504 96/¥S 519 651 aAadsoid [61] 020z 01403340 2@
[s1eak]
[yruow] (W/4) 28e )

dn-mojjo4 anbjuyda] Juals (u) sisauadoyied 1apuan ueayy  1uaned udisaqg Apnis

S3IpN3s papn|pul Jo sdnsiialdeIeyYD °| 9)qeL

39

Videosurgery and Other Miniinvasive Techniques 1, March/2022



Zun Fan, Xin Zhao, Renting Ji, Jiacheng Li, Yang Shi

UDAUL, ‘UDIPaW,, ‘pauo)uaw Jou — WN Aydoiboipaid
-updoibup)oy> appiboial 21dosopua — ¢J¥3 A1spjdoibupioyd pdaysuniy snoaupniad — J 14 ‘Sjuals spid a1 — SSHIN ‘SIUa3S |pJaW papupdxa-fjas paianod Anf— sSWISD4 ‘sauals Aiv)q aiqopoibapolq —ssgag

(2) fanlul anizesadoysod 1ay30
(/1) siyyealoued oluoiyd

(1 doY3 SSdW (9€) uoneue|dsuel] JoAI 8¢//1 199 SS 9AI123ds0ld [1] 9107 210D
(87) uorrejuedsuel} JDAIT

«£Y do¥3 SSAW (6) Awi03p935Ad3]0U2 3504 L2/01 S L€ 9ARds0IRY [9] ZTOZ M
(2) Awo32935K3910Y2 URAO

s dDy3 SSAW (81) Awo010315439104 D1dodSOIede] 9/¥1 L'y 0z 9AI129ds0ld [9€] ¥107 eUBUE)

+9°0¢ dodd SSdW (o1) snireassued 3uiAyajed auolyd 01/0 699 01 9AI123ds0ld [s€] 2107 ewrAyO
(£5) Awo03033542910Y2 UMQ

W11 ERNE SSAW (101) Awio3233545310yd d1dodSoIedeT 19//8 €S ST aAadsoiRy 8] 0707 BUdeWE}S0)

s do¥3 SSWISDA WN o1/ 15 €1 aA1padsoud [¢1] 1102 NH

(7) uorreyueldsuely JaAI
(92) auo3s Alelig

My dodd SSW3ASD4 (11) sieanued djuoiyd £¢/0C 09 1594 9AI129ds0ld [¥€] 1102 ded
(2) s13y10
(8) @nnesadolsod
«8'€l dodd SSW3SD4 (9) sieasnued s1uoiy) €1/8 ,L'19 1¢ aAIadsold [e€] z10Z uoow

(€) Awo32935K391042 UDAO
(9) Awo12335423)0yd d1dodso.ede
<51 <BXE! SSW3SD4 (€1) sireanued duoiyd [avns VA € aAadsoid [z€] 2107 A3)0d
(87) @seasIp paje|ai-au0ls||en
(5€) uonelue|dsues] JaAI
WN <BXE SSW3SD4 (%) shiyeasnued suoiyd 82/SS 65 €el aAads0IRY [£] €10T y3jeyey
(+7) saunpadoud jeaiding
(6T) @5B3SIP P1L)aI-aU0]S ||BD
#+C'01 <BXE! SSW3SD4 (ST) stuyeainued djuolyd /vl SS |37 9ARds0IRY [1€] €107 NAY
(¥) 21ypedoip)
(t7) uoireuedsue.) DA
«8'81 <BXE! SSW3SD4 (#1) siueasnued djuoiyd or/etl 909 €C aA13ads0id [11] £10Z ySem
(2) siyyeasdued oluoiyd
(€1) 21n32113S 9AI3RIad0ISO
#6'81 <BXE! SSW3SD4 (0€) uoneyueidsuely JaAn 9¢/6 €S St aAadsoid [0€] ¥1OZ NH
(91) uolyeyuejdsuely JaAl]
(0€) siyeasnued dluoiyd

#5981 dod3 SSW3SD4 (£€) inojed Alenjig 04/¢€S 9 (348 aAIads0I19Y [€] STOT euaxes
[sieal]
[yauow] (w/4) a3e ()
dn-moj)o4 anbjuyday Juals (u) sisauadoyzed 1apuan uealy  1uaned ugisaqg Apnis

u0) °| 3|qeL

Videosurgery and Other Miniinvasive Techniques 1, March/2022

40



Endoscopic treatment of benign biliary stricture using different stents: a systematic review and meta-analysis

Table II. Results of quality assessment

Study Question 1~ Question 2 Question 3 Question 4  Question 5 Quality
Battistel 2020 [20] Yes Yes Yes Yes Yes High
De Gregorio 2020 [19] Yes Yes Yes Yes Yes High
Siiki 2018 [15] Yes Yes Yes Yes Yes High
Dopazo 2018 [5] Yes Yes No Yes Yes Moderate
Mauri 2016 [21] Yes Yes Yes Yes Yes High
Mauri 2015 [22] Yes Yes No Yes Yes Moderate
Giménez 2016 [23] Yes Yes Yes Yes Yes High
Sato 2020 [24] Yes Yes Yes Yes Yes High
Poley 2020 [25] Yes Yes Yes Yes Yes High
Tringali 2019 [26] Yes yes No Yes Yes Moderate
Lakhtakia 2019 [9] Yes Yes Yes Yes Yes High
Wu 2017 [6] Yes Yes Yes Yes Yes High
Schmidt 2017 [27] Yes Yes No Yes Yes Moderate
Aepli 2107 [10] Yes Yes No No Yes Low
Cote 2016 [1] Yes Yes Yes Yes Yes High
Chaput 2016 [28] Yes Yes No Yes Yes Moderate
Walter 2015 [29] Yes Yes No Yes Yes Moderate
Saxena 2015 [3] Yes Yes Yes Yes Yes High
Hu 2014 [30] Yes Yes No Yes Yes Moderate
Wagh 2013 [11] Yes Yes Yes Yes Yes High
Ryu 2013 [31] Yes Yes No Yes Yes Moderate
Kahaleh 2013 [7] Yes Yes No No Yes Low
Poley 2012 [32] Yes Yes Yes Yes Yes High
Moon 2012 [33] Yes Yes No Yes Yes Moderate
Park 2011 [34] Yes Yes No Yes Yes Moderate
Hu 2011 [12] Yes Yes No Yes Yes Moderate
Costamagna 2020 [8] Yes Yes No Yes Yes Moderate
Ohyama 2017 [35] Yes Yes Yes Yes Yes High
Wu 2017 [6] Yes Yes Yes Yes Yes High
Cote 2016 [1] Yes Yes Yes Yes Yes High
Canena 2014 [36] Yes Yes No Yes Yes Moderate

Question 1: Did the patients represent all of the cases of the medical centre? Question 2: Was the diagnosis correctly made? Question 3: Was the follow-up
long enough for outcomes to occur? Question 4: Were all important data cited in the report? Question 5: Was the outcome correctly reported?

events, including abdominal pain, cholangitis, pan-
creatitis, and stent migration.
Abdominal pain

For abdominal pain, all 31 included studies re-
ported this complication. After the meta-analysis
in Figure 5, the lowest rate was found in the BDBS

Videosurgery and Other Miniinvasive Techniques 1, March/2022

group (0.01, 95% Cl: 0.00-0.07), although the differ-
ences among the groups were not significant. The
pooled rate in the FCSEMS group was 0.03 (95% Cl:
0.01-0.06), similar to that in the MPS group (0.03,
95% Cl: 0.00-0.12). The heterogeneity result was
high for all 3 groups (? = 69.39% and p < 0.001 for
BDBSs, 1= 78.47% and p < 0.001 for FCSEMSs, > =
78.44% and p < 0.001 for MPSs).
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Study ES (95% Cl)  Weight (%)
BDBSs I
Battistel 2020 i 072 (0.47,0.90)  2.28
De Gregorio 2020 —|—.— 0.73 (0.66, 0.80) 5.36
Siiki 2018 ! * 0.83 (0.36,1.00)  1.03
Dopazo 2018 * L 0.60 (0.26,0.88)  1.52
Mauri 2016 —'.— 0.73 (0.63,0.81)  4.98
Mauri 2015 :+ 0.81(0.69,090)  4.15
Giménez 2016 : ™ 0.85 (0.55,0.98)  1.83
Subtotal (7 = 0.00%, p = 0.74) | < 0.76 (0.71,0.80)  21.15
|
FCSEMSs !
Sato 2020 L ¥ 0.83 (0.65,0.94)  3.07
Poley 2020 ! 049 (0.33,0.65)  3.58
Tringali 2019 + : 0.61(0.36,0.83)  2.28
Lakhtakia 2019 —— | 047 (0.38,0.57)  5.10
Wu 2017 —* 0.75 (0.57,0.89)  3.17
Schmidt 2017 - ) 0.53(0.38,0.69)  3.65
Aepli 2017 s 0.71(0.52,0.86)  3.12
Cote 2016 } 0.61(0.48,0.74)  4.10
Chaput 2016 4—'* 062 (0.51,0.72) 479
Walter 2015 ¥ L 0.58 (0.41,0.74)  3.45
Saxena 2015 s 072 (0.63,0.79)  5.15
Hu 2014 * : 0.62(047,0.76)  3.73
Wagh 2013 - 0.65 (0.43, 0.84) 2.65
Ryu 2013 : ¥ 0.78 (0.62,0.89)  3.58
Poley 2012 - 0.61(0.39,0.80)  2.65
Moon 2012 | S 0.95 (0.76,1.00)  2.51
Park 2011 - 0.65 (0.49,0.79)  3.65
Hu 2011 L * 0.85 (0.55,0.98)  1.83
Subtotal (2 = 65.82%, p < 0.001) <|> 0.66 (0.60,0.72)  62.05
|
MPSs
Costamagna 2020 + 0.69 (0.61,0.76)  5.39
Ohyama 2017 4 i 0.60 (0.26, 0.88) 1.52
Canena 2014 t 3 0.80 (0.56, 0.94) 2.43
Wu 2017 s 0.70 (0.53,0.84)  3.41
Cote 2016 - - 062 (0.48,075)  4.05
Subtotal (2 = 0.00%, p = 0.62) <:> 0.69 (0.63,0.74)  16.79
Heterogeneity between groups: p = 0.049 :
Overall (2 = 57.82%, p < 0.001) <:> 0.69 (0.64,0.73)  100.00
I
I I B I
0.25 0.50 0.75 1.00

Figure 2. Forest plot comparing clinical success rate in different groups using effect size (ES) with ordinary
weighting

ES — effect size, Cl - confidence interval.

Cholangitis (0.05, 95% Cl: 0.00-0.20). The pooled rate in the

For cholangitis, all 31 included studies reported ~ FCSEMS group was 0.06 (95% Cl: 0.03-0.10), low-
this complication. After the meta-analysis in Fig-  er than that in the MPS group (0.11, 95% Cl: 0.02—
ure 6, the lowest rate was found in the BDBS group  0.23). The heterogeneity was high for all 3 groups
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Study ES (95% Cl)  Weight (%)
BDBSs I
Battistel 2020 ; 0.72 (0.47,0.90)  1.73
De Gregorio 2020 0.73 (0.66, 0.80) 9.29
Siiki 2018 I * 0.83 (0.36,1.00)  0.64
Dopazo 2018 » : 0.60 (0.26,0.88)  1.02
Mauri 2016 4'.7 0.73 (0.63,0.81)  7.47
Mauri 2015 0.81(0.69,0.90)  4.81
Giménez 2016 ; 0.85 (0.55,0.98)  1.29
Subtotal (12 = 0.00%, p = 0.74) < 0.76 (0.71,0.80)  26.25
I
I
FCSEMSs |
Sato 2020 , - 0.83(0.65,094) 273
Tringali 2019 e : 0.61(0.36,0.83)  1.73
Wu 2017 ; . 0.75 (0.57, 0.89) 2.89
Schmidt 2017 . | 0.53(0.38,0.69)  3.71
Aepli 2017 - 0.71 (0.52, 0.86) 2.81
Cote 2016 0.61(0.48,0.74)  4.68
Chaput 2016 : 0.62 (0.51,0.72)  6.72
Walter 2015 0.58 (0.41,0.74)  3.35
Saxena 2015 4.7 0.72 (0.63,0.79)  8.20
Hu 2014 } 0.62 (0.47,0.76)  3.86
Wagh 2013 ! 0.65 (0.43,0.84)  2.16
Ryu 2013 1 . 0.78 (0.62,0.89)  3.57
Poley 2012 e : 0.61(0.39,0.80)  2.16
Park 2011 . : 0.65 (0.49,0.79)  3.71
Hu 2011 ' » 0.85 (0.55,0.98)  1.29
Subtotal (P = 22.24%, p = 0.21) <> 0.67 (0.63,0.71)  53.57
I
MPSs J
Costamagna 2020 l 0.69 (0.61,0.76) 9.44
Ohyama 2017 » | 0.60 (0.26,0.88)  1.02
Canena 2014 ¥ 0.80 (0.56,0.94) 191
Wu 2017 - 0.70 (0.53,0.84)  3.27
Cote 2016 . ' 062 (0.48,075)  4.54
Subtotal ( = 0.00%, p = 0.62) s 0.69 (0.63,0.74)  20.18
|
Heterogeneity between groups: p = 0.040 !
Overall (2 =16.60%, p = 0.22) <:> 0.70 (0.67,0.73)  100.00
I
I I 7 I
0.25 0.50 0.75 1.00

Figure 3. Forest plot comparing clinical success rate in different groups after excluding three studies (Poley

2020, Moon 2012, and Lakhtakia 2019)

— effect size, Cl - confidence interval.

(? = 92.01% and p < 0.001 for BDBSs, /> =77.63%
and p < 0.001 for FCSEMSs, and 2 = 79.74% and
p < 0.001 for MPSs).

Stent migration

All 31 studies reported stent migration. After
the meta-analysis in Figure 7, the lowest rate was

Videosurgery and Other Miniinvasive Techniques 1, March/2022

found in the BDBS group (0.01, 95% Cl: 0.00-0.02),
although the differences among the groups were not
significant. The pooled rate in the MPS group was
0.07 (95% Cl: 0.00-0.20), which was lower than that
in the FCSEMS group (0.12, 95% Cl: 0.07-0.19). The
heterogeneity was low for the BDBS group (/>= 0.0%
and p = 0.99) and high for the other 2 groups (/> =
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Table lll. Summary of common adverse events

Stent Adverse event Study Patient (n) Event (n) Incidence Pooled date
BDBSs Abdominal pain Battistel 2020 [20] 18 0 0.00% 3.03%
De Gregorio 2020 [19] 150 7 4.67%
Siiki 2018 [15] 6 2 33.33%
Dopazo 2018 [5] 10 1 10.00%
Mauri 2016 [21] 107 0 0.00%
Mauri 2015 [22] 59 0 0.00%
Giménez 2016 [23] 13 1 7.69%
Cholangitis Battistel 2020 [20] 18 0 0.00% 8.54%
De Gregorio 2020 [19] 150 0 0.00%
Siiki 2018 [15] 6 3 50.00%
Dopazo 2018 [5] 10 0 0.00%
Mauri 2016 [21] 107 26 24.30%
Mauri 2015 [22] 59 0 0.00%
Giménez 2016 [23] 13 2 15.38%
Pancreatitis Battistel 2020 [20] 18 0 0.00% 0.83%
De Gregorio 2020 [19] 150 0 0.00%
Siiki 2018 [15] 6 1 16.67%
Dopazo 2018 [5] 10 1 10.00%
Mauri 2016 [21] 107 1 0.93%
Mauri 2015 [22] 59 0 0.00%
Giménez 2016 [23] 13 0 0.00%
Stent migration Battistel 2020 [20] 18 0 0.00% 2.20%
De Gregorio 2020 [19] 150 5 3.33%
Siiki 2018 [15] 6 0 0.00%
Dopazo 2018 [5] 10 0 0.00%
Mauri 2016 [21] 107 2 1.87%
Mauri 2015 [22] 59 1 1.69%
Giménez 2016 [23] 13 0 0.00%
FCSEMSs Abdominal pain Sato 2020 [24] 30 0 0.00% 5.28%
Poley 2020 [25] i) 4 9.76%
Tringali 2019 [26] 18 0 0.00%
Lakhtakia 2019 [9] 118 9 7.63%
Wu 2017 [6] 32 0 0.00%
Schmidt 2017 [27] 43 1 2.33%
Aepli 2017 [10] 31 0 0.00%
Cote 2016 [1] 57 8 14.04%
Chaput 2016 [28] 92 4 4.35%
Walter 2015 [29] 38 0 0.00%
Saxena 2015 [3] 123 0 0.00%
Hu 2014 [30] 45 0 0.00%
Wagh 2013 [11] 23 1 4.35%
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Table lil. Cont.
Stent Adverse event Study Patient (n) Event (n) Incidence Pooled date
FCSEMSs Abdominal pain Ryu 2013 [31] 41 3 7.32% 5.28%
Kahaleh 2013 [7] 133 8 6.02%
Poley 2012 [32] 23 13 56.52%
Moon 2012 [33] 21 0 0.00%
Park 2011 [34] 43 0 0.00%
Hu 2011 [12] 13 0.00%
Cholangitis Sato 2020 [24] 30 5 16.67% 7.25%
Poley 2020 [25] 41 10 24.39%
Tringali 2019 [2] 18 6 33.33%
Lakhtakia 2019 [9] 18 18 15.25%
Wu 2017 [6] 32 4 12.50%
Schmidt 2017 [27] 43 1 2.33%
Aepli 2017 [10] 31 2 6.45%
Cote 2016 [1] 57 2 3.51%
Chaput 2016 [28] 92 6 6.52%
Walter 2015 [29] 38 5 13.16%
Saxena 2015 [3] 123 5 4.07%
Hu 2014 [30] 45 1 2.22%
Wagh 2013 [11] 23 0 0.00%
Ryu 2013 [31] 41 0 0.00%
Kahaleh 2013 [7] 133 0 0.00%
Poley 2012 [32] 23 3 13.04%
Moon 2012 [33] 21 0 0.00%
Park 2011 [34] 43 2 4.65%
Hu 2011 [12] 13 0 0.00%
Pancreatitis Sato 2020 [24] 30 1 3.33% 4.04%
Poley 2020 [25] 41 0 0.00%
Tringali 2019 [26] 18 1 5.56%
Lakhtakia 2019 [9] 18 6 5.08%
Wu 2017 [6] 32 2 6.25%
Schmidt 2017 [27] 43 1 2.33%
Aepli 2017 [10] 31 0 0.00%
Cote 2016 [1] 57 3 5.26%
Chaput 2016 [28] 92 5 5.43%
Walter 2015 [29] 38 1 2.63%
Saxena 2015 [3] 123 4 3.25%
Hu 2014 [30] 45 1 2.22%
Wagh 2013 [11] 23 0 0.00%
Ryu 2013 [31] 41 4 9.76%
Kahaleh 2013 [7] 133 3 2.26%
Poley 2012 [32] 23 0 0.00%
Moon 2012 [33] 21 0 0.00%
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Table lil. Cont.
Stent Adverse event Study Patient (n) Event (n) Incidence Pooled date
FCSEMSs Pancreatitis Park 2011 [34] 43 6 13.95% 4.04%
Hu 2011 [12] 13 1 7.69%
Stent migration Sato 2020 [24] 30 1 3.33% 14.51%
Poley 2020 [25] 5} 24 58.54%
Tringali 2019 [26] 18 0 0.00%
Lakhtakia 2019 [9] 118 5 4.24%
Wu 2017 [6] 32 1 3.13%
Schmidt 2017 [27] 43 2 4.65%
Aepli 2017 [10] 31 1 3.23%
Cote 2016 [1] 57 16 28.07%
Chaput 2016 [28] 92 23 25.00%
Walter 2015 [29] 38 11 28.95%
Saxena 2015 (3] 123 12 9.76%
Hu 2014 [30] 45 3 6.67%
Wagh 2013 [11] 23 9 39.13%
Ryu 2013 [31] 41 6 14.63%
Kahaleh 2013 [7] 133 14 10.53%
Poley 2012 [32] 23 1 4.35%
Moon 2012 [33] 21 4 19.05%
Park 2011 [34] 43 7 16.28%
Hu 2011 [12] 13 0 0.00%
MPSs Abdominal pain Costamagna 2020 [8] 154 2 1.30% 4.71%
Ohyama 2017 [35] 10 0 0.00%
Canena 2014 [36] 20 2 10.00%
Wu 2017 [6] 37 0 0.00%
Cote 2016 [1] 55 9 16.36%
Cholangitis Costamagna 2020 [8] 154 34 22.08% 15.94%
Ohyama 2017 [35] 10 1 10.00%
Canena 2014 [36] 20 1 5.00%
Wu 2017 [6] 37 7 18.92%
Cote 2016 [1] 55 1 1.82%
Pancreatitis Costamagna 2020 [8] 154 1 0.65% 2.54%
Ohyama 2017 [35] 10 0 0.00%
Canena 2014 [36] 20 0 0.00%
Wu 2017 [6] 37 3 8.11%
Cote 2016 [1] 55 3 5.45%
Stent migration Costamagna 2020 [8] 154 1 0.65% 6.52%
Ohyama 2017 [35] 10 0 0.00%
Canena 2014 [36] 20 4 20.00%
Wu 2017 [6] 37 3 8.11%
Cote 2016 [1] 55 10 18.18%
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Table IV. Summary of rare adverse events
Stent Author Patient (n) Adverse event (n) Incidence (%)
BDBSs Basttistel 2020 [20] 18 Haemobilia (1) 5.56
De Gregorio 2020 [19] 150 Haemobilia (10) ?36;
Abdominal wall haematoma (2) 0.67
Intestinal loop laceration (1) 0.67
Pleural effusion (1)
Siiki 2018 [15] 6 Null 0
Dopazo 2018 [5] 10 Liver abscess (1) 10.00
Mauri 2016 [21] 107 Haemobilia (4) 135';49
Increased GGT/ALT (17) 6.54
Biliary stone (7)
Mauri 2015 [22] 59 Haemobilia (3) 5.08
Giménez 2016 [23] 13 Haemobilia (1) 1756398
Elevated ALP (2)
FCSEMSs Sato 2020 [24] 30 Perforation (1) 3.33
Poley 2020 [25] 41 Cholestasis (1) 2.44
Bleeding in bile duct (1) ;ij
Elevated serum bilirubin (1)
Tringali 2019 [26] 18 Null 0
Lakhtakia 2019 [9] 118 Cholecystitis (3) 2.54
Cholestasis (5) 424
2.54
Cholelithiasis (3) 932
Others (11)
Wu 2017 [6] 32 Bleeding (1) 3.13
Sludge obstruction (2) 6.25
Schmidt 2017 [27] 43 Acute cholecystitis (1) 2.33
Stent occlusion (5) 11.63
2.33
Sludge obstruction (1)
Aepli 2017 [10] 31 Null 0
Cote 2016 [1] 57 Bile duct obstruction (1) 1.75
Jaundice (1) ;Zi
Secondary bile duct changes (2) 15.79
Others (9)
Chaput 2016 [28] 92 Haemorrhage (1) 1.09
Cholecystitis (1) 182
Liver abscess (1) 435
Biological abnormalities (4)
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Table IV. Cont.

Stent Author Patient (n) Adverse event (n) Incidence (%)
FCSEMSs Walter 2015 [29] 38 Flare up of chronic pancreatitis (1) 2.63
. 2.63
Cholecystitis (1
y @ e
Portal vein thrombosis (1) 2.63
Fever (1) 5.26
2.63

Stent occlusion (2)

Bleeding of duodenal varices (1)

Saxena 2015 [3] 123 Stent occlusion (6) 4.88
B . 0.81
Tissue ingrowth (1
g o 0.81
Stent fracture (1) 0.81
Embedded stent (1) 0.81
Stent-related death (1)
Hu 2014 [30] 45 Null 0
Wagh 2013 [11] 23 Bile duct stone (7) 30.43
Ryu 2013 [31] 41 Stent occlusion (2) 4.88
Kahaleh 2013 [7] 133 Post-procedure pain (8) 6.02
Stent occlusion (4) 3.01
Bleeding (1) 0.75
Unravelling of the stent (2) 1.50
Hyperplastic reaction (1) 0.75
Poley 2012 [32] 23 Cholecystitis (1) 4.35
. 8.70
Stent clogging (2
gging (2) 476
Moon 2012 [33] 21 Jaundice (1) 930
Park 2011 [34] 43 Sludge (4) 7.69
7.69
Hu 2011 [12] 13 Continuing pyrexia (1) 769
Abnormal liver function (1)
Liver abscess (1)
MPSs Costamagna 2020 [8] 154 Post-endoscopic bleeding (5) 3.25
lleal perforation (1) 0.65
5.84
Bile duct stone (9) 3.25
Jaundice (5)
Ohyama 2017 [35] 10 Null 0
Canena 2014 [36] 20 Stent clogging (2) 10.00
Cote 2016 [1] 55 Bile duct obstruction (1) 1.82
Jaundice (1) 1.82
9.09
Secondary bile duct change (5) 12.73
Others (7) 5.41
8.11

Wu 2017 [6] 37 Post-sphincterotomy bleeding (2)
Sludge impaction (3)

GGT —y-glutamy! transpeptidase, ALT — alanine transaminase, ALP — alkaline phosphatase.
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Study ES (95% Cl)  Weight (%)
BDBSs |
Battistel 2020 < | 0.06 (0.00,0.27) 291
De Gregorio 2020 —— | 0.17 (0.12,0.24)  3.73
Siiki 2018 I @ 100(0.54,1.00)  2.00
Dopazo 2018 + 0 0.20 (0.03,0.56)  2.45
Mauri 2016 | —— 0.53 (0.43, 0.63) 3.67
Mauri 2015 —f&— | 0.07 (0.02, 0.16) 3.52
Giménez 2016 — ¢ 0.46 (0.19, 0.75) 2.67
Subtotal (2 = 92.71%, p < 0.001) e——— 0.31(0.12,0.54)  20.94
FCSEMSs :
Sato 2020 . : 027 (0.12,0.46)  3.23
Poley 2020 4 0.41(0.26,0.58)  3.38
Tringali 2019 * 0.39(0.17,0.64) 291
Lakhtakia 2019 | —&— 0.51(0.41,0.60)  3.69
Wu 2017 o 0.31(0.16,0.50)  3.26
Schmidt 2017 —— 0.35(0.21,0.51)  3.40
Aepli 2017 —— | 0.10 (0.02,0.26)  3.25
Cote 2016 I —— 0.74 (0.60,0.84)  3.51
Chaput 2016 — 0.49(0.38,0.60)  3.64
Walter 2015 ; 0.50(0.33,0.67)  3.35
Saxena 2015 —— 0.25(0.18,0.34)  3.70
Hu 2014 — : 0.11 (0.04,0.24)  3.42
Wagh 2013 I * 0.74 (0.52, 0.90) 3.08
Ryu 2013 S 0.37(0.22,0.53)  3.38
Kahaleh 2013 —— 0.25 (0.18, 0.33) 3.71
Poley 2012 I —®—  0.96(0.78, 1.00) 3.08
Moon 2012 & t 0.24 (0.08, 0.47) 3.02
Park 2011 — 0.44 (0.29, 0.60) 3.40
Hu 2011 *— 0.31 (0.09, 0.61) 2.67
Subtotal (/2 = 88.28%, p < 0.001) = 0.40 (0.31,0.50)  63.06

|
MPSs |
Costamagna 2020 —— 0.38 (0.30, 0.46) 3.73
Ohyama 2017 * t 0.20 (0.03,0.56) 245
Canena 2014 —® 0.45 (0.23,0.68)  2.99
Wu 2017 +— 0.49 (0.32, 0.66) 3.33
Cote 2016 1 —— 0.67 (0.53,0.79)  3.49
Subtotal (2 =76.54%, p < 0.001) e 0.46 (0.31,0.61)  16.00

|
Heterogeneity between groups: p = 0.558 |
Overall (2 = 89.28%, p < 0.001) - 0.39(0.31,0.47)  100.00

|

I ’ I I
0.25 0.50 0.75 1.00

Figure 4. Forest plot comparing adverse events rate in different groups using effect size (ES) with ordinary

weighting

ES — effect size, Cl - confidence interval.

83.86% and p < 0.001 for FCSEMSs, /> = 85.57% and
p < 0.001 for MPSs)

Pancreatitis

All 31 included studies reported pancreatitis.
After the meta-analysis in Figure 8, the lowest rate
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was found in the BDBS group (0.00, 95% Cl: 0.00-
0.01). The pooled rate in the MPS group was 0.02
(95% Cl: 0.00-0.06), lower than that in the FCSEMS
group (0.03, 95% Cl: 0.02-0.05). The heterogeneity
was low for all 3 groups (/= 35.57% and p = 0.16
for BDBSs, I? = 13.57% and p = 0.29 for FCSEMSs,
I? = 48.72% and p = 0.10 for MPSs).
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Study ES (95% Cl)  Weight (%)
BDBSs |
Battistel 2020 [ — 0.00 (0.00, 0.19) 2.55
De Gregorio 2020 h_ 0.05(0.02,009) 432
Siiki 2018 * 0.33 (0.04, 0.78) 1.37
Dopazo 2018 | & 0.10 (0.00,0.45)  1.88
Mauri 2016 ! 0.00 (0.00,0.03)  4.16
Mauri 2015 | 0.00 (0.00, 0.06) 3.76
Giménez 2016 | 0.08 (0.00, 0.36) 2.17
Subtotal ( = 69.39%, p < 0.001) (= 0.01 (0.00,0.07)  20.21

|
FCSEMSs !
Sato 2020 [ 0.00 (0.00, 0.12) 3.12
Poley 2020 L& —— 0.10 (0.03, 0.23) 3.44
Tringali 2019 L 0.00 (0.00, 0.19) 2.55
Lakhtakia 2019 & — 0.08 (0.04, 0.14) 421
Wu 2017 ~— 0.00 (0.00, 0.11) 3.19
Schmidt 2017 E 0.02 (0.00, 0.12) 3.49
Aepli 2017 0.00 (0.00, 0.11) 3.16
Cote 2016 I —— 0.14 (0.06,0.26)  3.73
Chaput 2016 0.04 (0.01, 0.11) 4.07
Walter 2015 0.00 (0.00, 0.09) 3.37
Saxena 2015 0.00 (0.00, 0.03) 4.23
Hu 2014 0.00 (0.00, 0.08) 3.53
Wagh 2013 0.04 (0.00, 0.22) 2.83
Ryu 2013 0.07 (0.02, 0.20) 3.44
Kahaleh 2013 0.06 (0.03, 0.12) 427
Poley 2012 I -+ 0.57 (0.34,0.77) 2.83
Moon 2012 H 0.00 (0.00, 0.16) 2.73
Park 2011 .I— 0.00 (0.00, 0.08) 3.49
Hu 2011 - 0.00 (0.00, 0.25) 2.17
Subtotal (2 = 78.47%, p < 0.001) 4> 0.03 (0.01,0.06)  63.86
MPSs !
Costamagna 2020 ‘- 0.01 (0.00, 0.05) 433
Ohyama 2017 [ 0.00 (0.00, 0.31) 1.88
Canena 2014 L 0.10 (0.01, 0.32) 2.67
Wu 2017 o 0.00 (0.00, 0.09) 3.34
Cote 2016 I 0.16 (0.08, 0.29) 3.70
Subtotal (12 =78.44%, p < 0.001) <I_— 0.03(0.00,0.12)  15.93

|
Heterogeneity between groups: p = 0037
Overall (2 = 75.87%, p < 0.001) > 0.03 (0.01,0.05)  100.00

I
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Figure 5. Forest plot comparing abdominal pain rate in different groups using effect size (ES) with ordinary

weighting

ES — effect size, Cl - confidence interval.

Technical success

All 31 included studies reported technical suc-
cess. From the result of this meta-analysis, technical
success was most likely to achieve when using BDBS
(1.00, 95% Cl: 1.00-1.00). The pooled technical
success rate of MPS was 0.95 (95% Cl: 0.88-0.99),
which was higher than that of FCSEMS (0.90, 95% Cl:
0.85-0.94). The level of heterogeneity was low

50

for the BDBS group (/= 0.00% and p = 0.62), and
high for the other 2 groups (1> = 76.72 % and p <
0.001 for FCSEMSs, /> = 59.05% and p = 0.04 for
MPSs) (Figure 9).

Treatment success

All 31 included studies reported treatment suc-
cess. From the result of this meta-analysis, treat-
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Study ES (95% Cl)  Weight (%)
BDBSs I
Battistel 2020 1T 0.00 (0.00, 0.19) 2.79
De Gregorio 2020 $ 0.00 (0.00, 0.02) 3.92
Siiki 2018 : * 0.50 (0.12, 0.88) 1.74
Dopazo 2018 *— 0.00 (0.00, 0.31) 2.23
Mauri 2016 | — 0.24 (0.17,0.34) 3.83
Mauri 2015 L 0.00 (0.00, 0.06) 3.61
Giménez 2016 4 0.15 (0.02, 0.45) 2.49
Subtotal (/ = 92.01%, p < 0.001) <:> 0.05 (0.00,0.20)  20.61
FCSEMSs !
Sato 2020 L & 0.17 (0.06, 0.35) 3.21
Poley 2020 e 0.24 (0.12, 0.40) 3.41
Tringali 2019 I * 0.33(0.13,0.59) 2.79
Lakhtakia 2019 I 0.15 (0.09, 0.23) 3.86
Wu 2017 ™ 0.13 (0.04, 0.29) 3.25
Schmidt 2017 »— 0.02 (0.00,0.12) 3.44
Aepli 2017 — 0.06 (0.01,0.21) 3.23
Cote 2016 o 0.04 (0.00, 0.12) 3.59
Chaput 2016 o 0.07 (0.02,0.14) 3.79
Walter 2015 +—5— 0.13 (0.04, 0.28) 3.37
Saxena 2015 - 0.04 (0.01, 0.09) 3.87
Hu 2014 > 0.02 (0.00,0.12) 3.47
Wagh 2013 o R 0.00 (0.00, 0.15) 3.00
Ryu 2013 *~— 0.00 (0.00, 0.09) 3.41
Kahaleh 2013 * 0.00 (0.00, 0.03) 3.89
Poley 2012 | 0.13 (0.03,0.34) 3.00
Moon 2012 >~ 0.00 (0.00, 0.16) 2.93
Park 2011 - 0.05 (0.01, 0.16) 3.44
Hu 2011 s 0.00 (0.00, 0.25) 2.49
Subtotal (12 = 77.63%, p < 0.001) <:> 0.06 (0.03,0.10)  63.43
MPSs :
Costamagna 2020 I — 0.22 (0.16,0.29) 3.93
Ohyama 2017 ' * 0.10 (0.00, 0.45) 2.23
Canena 2014 5 0.05 (0.00, 0.25) 2.88
Wu 2017 I 0.19 (0.08, 0.35) 3.35
Cote 2016 ¢ . 0.02 (0.00, 0.10) 3.57
Subtotal (/> =79.74%, p < 0.001) S 0.11 (0.02,0.23) 15.96

I
Heterogeneity between groups: p = 0.608
Overall (= 84.96%, p < 0.001) 0.06 (0.03,0.10)  100.00

I
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Figure 6. Forest plot comparing cholangitis rate in different groups using effect size (ES) with ordinary

weighting

ES — effect size, Cl - confidence interval.

ment success was most likely to be achieved when
using BDBS (1.00, 95% Cl: 1.00-1.00). The pooled
treatment success rate of MPSs was 0.88 (95% Cl:
0.72-0.98), which was higher than that of FCSEMSs
(0.82, 95% Cl: 0.76-0.87). The level of heterogeneity
was low for the BDBS group (/*=0.00% and p = 0.69)
and high for the other 2 groups (? = 77.62% and
p < 0.001 for FCSEMSs, 2= 87.32% and p < 0.001 for
MPSs) (Figure 10).
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Stricture recurrent

All 31 included studies reported recurrent stric-
ture. From the result of this meta-analysis, stricture
recurrence was least likely to occur in the MPS group
(0.07,95% Cl: 0.03-0.13). The pooled stricture recur-
rent rate of FCSEMSs was 0.11 (95% Cl: 0.08-0.15),
lower than that of BDBSs group (0.21, 95% Cl: 0.16—
0.26). The heterogeneity was evaluated as low for
all 3 groups (= 11.59% and p = 0.34 for BDBSs,
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Study ES (95% Cl)  Weight (%)
BDBSs I
Battistel 2020 >— 0.00 (0.00, 0.19) 2.78
De Gregorio 2020 - 0.03 (0.01, 0.08) 3.94
Siiki 2018 *— 0.00 (0.00, 0.46) 1.71
Dopazo 2018 2 | 0.00 (0.00, 0.31) 2.21
Mauri 2016 *— | 0.02 (0.00, 0.07) 3.85
Mauri 2015 Q—I 0.02 (0.00, 0.09) 3.62
Giménez 2016 ’I— 0.00 (0.00, 0.25) 2.47
Subtotal (/? = 0.00%, p = 0.99) O : 0.01 (0.00, 0.02) 20.58
FCSEMSs :
Sato 2020 - 0.03 (0.00, 0.17) 3.20
Poley 2020 ' * 0.59 (0.42, 0.74) 3.41
Tringali 2019 - 0.00 (0.00, 0.19) 2.78
Lakhtakia 2019 L 0.04 (0.01, 0.10) 3.88
Wu 2017 1 0.03 (0.00, 0.16) 3.25
Schmidt 2017 B 0.05 (0.01, 0.16) 3.44
Aepli 2017 - 0.03 (0.00, 0.17) 3.23
Cote 2016 1 e 0.28 (0.17,0.42) 3.60
Chaput 2016 1 —— 0.25 (0.17, 0.35) 3.80
Walter 2015 1 —_—— 0.29 (0.15, 0.46) 3.37
Saxena 2015 —— 0.10 (0.05, 0.16) 3.89
Hu 2014 —— 0.07 (0.01,0.18) 3.47
Wagh 2013 | L 2 0.39 (0.20,0.61) 2.99
Ryu 2013 T 0.15 (0.06, 0.29) 3.41
Kahaleh 2013 —|-0— 0.11 (0.06, 0.17) 3.91
Poley 2012 —QI— 0.04 (0.00, 0.22) 2.99
Moon 2012 I L 2 0.19 (0.05,0.42) 291
Park 2011 I—O— 0.16 (0.07,0.31) 3.44
Hu 2011 - 0.00 (0.00, 0.25) 2.47
Subtotal (7 = 83.86%, p < 0.001) IO 0.12 (0.07,0.19)  63.46
MPSs !
Costamagna 2020 > I 0.01 (0.00, 0.04) 3.95
Ohyama 2017 ¢ ' 0.00 (0.00, 0.31) 221
Canena 2014 L ¢ 0.20 (0.06, 0.44) 2.87
Wu 2017 — 0.08 (0.02, 0.22) 3.35
Cote 2016 I 0.18 (0.09, 0.31) 3.58
Subtotal (? = 85.57%, p < 0.001) T — 0.07 (0.00, 0.20) 15.96
|
Heterogeneity between groups: p < 0.001!
Overall (/> = 84.46%, p < 0.001) 0.08 (0.05,0.13)  100.00

<
|

I
0.25

I I I
0.50 0.75 1.00

Figure 7. Forest plot comparing stent migration rate in different groups using effect size (ES) with ordinary

weighting

ES — effect size, Cl - confidence interval.

> = 38.85% and p =0.05 for FCSEMSs, /? =
and p = 0.16 for MPSs) (Figure 11).

39.30%

Intervention frequency and recurrent time

In this meta-analysis, the cumulative need for in-
tervention was reported in all 31 studies (Table V).
For BDBSs, only 1 intervention of implantation was
required to achieve clinical success, without the need
for removal. For FCSEMSs, 1 implantation followed
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by 1 removal was required, as planned. However, for
patients with persistent stricture during follow-up,
ERCP was required 6 months after initial implanta-
tion, to replace FCSEMSs. Therefore, the cumulative
need of intervention for FCSEMSs ranged from 2 to
3. Compared with the above 2 stents, the most obvi-
ous drawback of MPSs was the repeated needs of in-
terventions. As reported in 5 of the included studies,
its cumulate need of intervention ranged from 2 to
6. On the other hand, 21 of the included studies re-
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Study
BDBSs

ES (95% Cl)  Weight (%)

Battistel 2020 0.00 (0.00, 0.19) 1.85
De Gregorio 2020 0.00 (0.00, 0.02) 5.92
Siiki 2018 | » 0.17 (0.00, 0.64) 0.76
Dopazo 2018 > 3 0.10 (0.00, 0.45) 1.16
Mauri 2016 0.01 (0.00, 0.05) 5.27
Mauri 2015 0.00 (0.00, 0.06) 4.02
Giménez 2016 0.00 (0.00, 0.25) 1.43
Subtotal (/> = 35.57%, p = 0.16) (>I 0.00 (0.00, 0.01) 20.42
FCSEMSs
Sato 2020 0.03 (0.00, 0.17) 2.68
Poley 2020 0.00 (0.00, 0.09) 3.27
Tringali 2019 0.06 (0.00, 0.27) 1.85
Lakhtakia 2019 0.05 (0.02, 0.11) 5.47
Wu 2017 0.06 (0.01, 0.21) 2.79
Schmidt 2017 0.02 (0.00, 0.12) 3.37
Aepli 2017 0.00 (0.00, 0.11) 2.74
Cote 2016 0.05 (0.01, 0.15) 3.95
Chaput 2016 0.05(0.02,0.12)  4.96
Walter 2015 0.03 (0.00, 0.14) 3.12
Saxena 2015 0.03 (0.01, 0.08) 5.55
Hu 2014 0.02 (0.00, 0.12) 3.46
Wagh 2013 0.00 (0.00, 0.15) 2.22
Ryu 2013 0.10 (0.03, 0.23) 3.27
Kahaleh 2013 0.02 (0.00, 0.06) 5.70
Poley 2012 0.00 (0.00, 0.15) 2.22
Moon 2012 0.00 (0.00, 0.16) 2.08
Park 2011 0.14 (0.05, 0.28) 3.37
Hu 2011 ™ 0.08 (0.00, 0.36) 1.43
Subtotal (2 =13.57%, p = 0.29) :<> 0.03 (0.02,0.05)  63.50
MPSs |
Costamagna 2020 l 0.01 (0.00, 0.04) 5.97
Ohyama 2017 0.00 (0.00, 0.31) 1.16
Canena 2014 0.00 (0.00, 0.17) 2.00
Wu 2017 0.08 (0.02, 0.22) 3.07
Cote 2016 0.05 (0.01, 0.15) 3.88
Subtotal (/> = 48.72%, p = 0.10) 0.02 (0.00, 0.06) 16.08
|
Heterogeneity between groups: p = 0.065
Overall (/> = 43.21%, p = 0.01) O 0.02 (0.01, 0.03) 100.00

I
0.25

0.50 0.75 1.00

Figure 8. Forest plot comparing pancreatitis rate in different groups using effect size (ES) with ordinary

weighting

ES — effect size, Cl - confidence interval.

ported the duration from treatment success to stric-
ture recurrent (Table V). BDBSs had the longest dura-
tion, at 16.1 months, and the duration for FCSEMSs
was 7.0 months, longer than for MPSs (6.6 months).

Discussion

This meta-analysis was conducted to compare
the therapeutic efficacy of 3 common stents (BDBSs,
FCSEMSs, and MPSs) in endoscopic treatment of BBS,
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and the main goal was to draw a conclusion about
which kind of stents should be recommended. Ac-
cording to the results of our study, BDBSs had the
highest clinical success rate, which was associated
with the easiest achievement of technical success.
On the one hand, BDBSs were implanted in the
biliary tract through a single intervention, without
needing to consider the risk during stent removal
[16, 21]. On the other hand, owing to the property
of self-expansion, BDBSs could be initially loaded in
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Study

BDBSs
Battistel 2020
De Gregorio 2020

ES (95% Cl)  Weight (%)

|
—t— 1.00 (0.81,1.00)  2.92

= 1.00 50.98, 1.00) 4.33
Siiki 2018 ™ 1.00 (0.54, 1.00) 1.73
Dopazo 2018 * 1.00 (0.69, 1.00) 2.28
Mauri 2016 :_. g.g: Eg.g?, 1,88; ;1;;
Mauri 2015 . . 91, 1. .
Giménez 2016 ! * 1.00 (0.75, 1.00) 2.57
Subtotal (2 = 0.00%, p = 0.62) : { 1.00 (1.00,1.00)  21.96
I
FCSEMSs |
Sato 2020 —L 0.97 (0.83, 1.00) 3.42
Poley 2020 ¥ ! 0.80 (0.65, 0.91) 3.67
Tringali 2019 » I 0.83 (0.59, 0.96) 2.92
Lakhtakia 2019 —.:— 0.92(0.85,0.96)  4.25
Wu 2017 — 0.97 (0.84, 1.00) 3.47
Schmidt 2017 S | 0.67 (0.51, 0.81) 3.71
Aepli 2017 —_—— 0.94 (0.79, 0.99) 3.45
Cote 2016 —— 0.95 (0.85, 0.99) 3.90
Chaput 2016 ——— ! 0.78 (0.68,0.86)  4.15
Saxena 2015 —! 0.89 (0.82,0.94)  4.26
Hu 2014 - : 0.78 (0.63, 0.89) 3.74
Wagh 2013 4|. 1.00 (0.85, 1.00) 3.17
Kahaleh 2013 — I 0.74 (0.65,0.81)  4.29
Poley 2012 —— 1.00 (0.85, 1.00) 3.17
Moon 2012 —— 1.00 (0.84, 1.00) 3.08
Park 2011 —— 0.91(0.78,097)  3.71
Hu 2011 9! 0.92 (0.64, 1.00) 2.57
Subtotal (2 = 76.62%, p < 0.001) O; 0.90 (0.85,0.94)  60.93
I
MPSs |
Costamagna 2020 T 0.97 (0.93,0.99)  4.33
Ohyama 2017 > & - 0.80 (0.44,0.97) 2.28
Canena 2014 -+ B 1.00 (0.83, 1.00) 3.03
Wu 2017 - 0.95 (0.82, 0.99) 3.59
Cote 2016 - L 0.87 (0.76, 0.95) 3.88
Subtotal (2 = 59.05%, p = 0.04) <:> 0.95(0.88,0.99)  17.11
I
Heterogeneity between groups: p < 0.001 |
Overall (2 = 82.61%, p < 0.001 <> 0.94 (0.90,0.97)  100.00
I
| | | B
0.25 0.50 0.75 1.00

Figure 9. Forest plot comparing technical success rate in different groups using effect size (ES) with ordi-

nary weighting

ES — effect size, Cl — confidence interval.

a thin delivery catheter (6-15 F) and thus were able
to pass through the tight stricture without any diffi-
culties [16, 21]. The highest clinical success rate of
BDBSs was also attributed to the relatively low mi-
gration rate. With the development of biodegrada-
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ble materials (such as polydioxanone) for fabricating
BDBSs, this kind of stent does not require a silicone
covering on its surface, which was the main reason
for the high migration rate of FCSEMSs. However, the
stricture recurrence rate of BDBSs was the highest
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Study ES (95% Cl)  Weight (%)
BDBSs I
Battistel 2020 —_—t 1.00 (0.81, 1.00) 3.02
De Gregorio 2020 1 - 1.00 (0.98, 1.00) 3.83
Siiki 2018 L » 1.00 (0.54,1.00)  2.09
Dopazo 2018 I » 1.00 (0.69,1.00)  2.55
Mauri 2016 : » 0.98 (0.93,1.00)  3.77
Mauri 2015 » 1.00 (0.94,1.00)  3.62
Giménez 2016 —'. 1.00 (0.75,1.00)  2.77
Subtotal (P = 0.00%, p = 0.69) : { 1.00 (1.00, 1.00)  21.65
I
FCSEMSs I
Sato 2020 — 1 0.93 (0.78,0.99)  3.33
Poley 2020 * I 0.68 (0.52,0.82)  3.48
Tringali 2019 ™ ! 0.72 (0.47,090)  3.02
Lakhtakia 2019 — ! 0.80 (0.71,0.87)  3.79
Wu 2017 » : 0.84 (0.67,0.95)  3.37
Schmidt 2017 | 0.70 (0.54,0.83)  3.50
Aepli 2017 - 0.94 (0.79,0.99)  3.35
Cote 2016 — 0.88 (0.76, 0.95) 3.61
Chaput 2016 ——— 0.79 (0.70, 0.87) 3.74
Walter 2015 - ! 0.74 (0.57,0.87)  3.45
Saxena 2015 — : 076 (0.67,0.83)  3.80
Hu 2014 - | 0.67 (0.51,0.80)  3.52
Wagh 2013 — 0.96 (0.78,1.00)  3.18
Ryu 2013 —T 0.93(0.80,0.98)  3.48
Kahaleh 2013 —— I 0.57 (0.48,0.66)  3.81
Moon 2012 —— 1.00 (0.84,1.00)  3.12
Park 2011 - 0.81(0.67,0.92)  3.50
Hu 2011 L& 0.92 (0.64,1.00)  2.77
Subtotal (? = 77.62%, p < 0.001) < : 0.82 (0.76,0.87)  61.84
I
MPSs 1
Costamagna 2020 e 0.97 (0.93,0.99)  3.83
Ohyama 2017 - | 0.60 (0.26, 0.88) 2.55
Canena 2014 ——@ 1.00 (0.83,1.00)  3.09
Wu 2017 - 0.84 (0.68,0.94)  3.44
Cote 2016 - ! 0.75 (0.61,0.85)  3.60
(

Subtotal (/> = 87.32%, p < 0.001)

Heterogeneity between groups p < 0.001
Overall (/> = 89.86%, p < 0.001)

<::> 0.88

0.72,0.98) 16.51

= 0.89 (0.83,0.94)  100.00

I I
0.25 0.50

0.75 1.00

Figure 10. Forest plot comparing treatment success rate in different groups using effect size (ES) with or-

dinary weighting

ES — effect size, Cl - confidence interval.

because of the uncontrolled degradation rate. BDBSs
were mainly composed of amorphous regions of the
matrix and crystalline area of the polymer, and the
latter determined the mechanical and physical prop-
erties of these stents [16, 23]. The degradation of the

Videosurgery and Other Miniinvasive Techniques 1, March/2022

crystalline area in vivo was influenced by many fac-
tors, so it was difficult to control the effective dura-
tion of these stents. As reported by Siiki et al., the
stents in 1 patient were invisible at 3 months, but in
another they were still in place at 6 months [15].
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Study

BDBSs |
Battistel 2020 t

ES (95% Cl)  Weight (%)

De Gregorio 2020 1

"

0.28(0.10,0.53)  2.36
0.27 (0.20, 0.34) 5.45

Siiki 2018 l & 0.17 (0.00,0.64)  1.08
Dopazo 2018 L v 0.40 (0.12, 0.74) 1.58
Mauri 2016 I 0.18(0.11,026)  5.08
Mauri 2015 :t 0.19(0.10,031)  4.26
Giménez 2016 - 0.08 (0.00,0.36)  1.91
Subtotal (2 =11.59%, p = 0.34) | <> 0.21(0.16,0.26)  21.71
FCSEMSs

Sato 2020
Poley 2020

Schmidt 2017 R

Tringali 2019 0.11 (0.01, 0.35) 2.36
Lakhtakia 2019 0.16 (0.10, 0.24) 5.19
Wu 2017 0.09 (0.02, 0.25) 3.27

0.10 (0.02, 0.27) 3.17
0.17 (0.07, 0.32) 3.68

0.05 (0.01, 0.16) 3.76

|
|
(
: (
(
(
(
(
Aepli 2017 —— 023(0.10,041)  3.22
Cote 2016 0.12(0.05,0.24) 420
Chaput 2016 t 0.17 (0.10,0.27)  4.89
Walter 2015 1 0.16 (0.06, 0.31) 3.55
Saxena 2015 Ii 0.04 (0.01,0.09) 5.4
Hu 2014 0.04 (0.01,0.15)  3.83
Wagh 2013 0.13 (0.03, 0.34) 2.74
Ryu 2013 0.15(0.06,0.29)  3.68
Moon 2012 R 0.05(0.00,0.24)  2.60
Park 2011 S 0.16 (0.07,031) 376
Hu 2011 —— 0.08 (0.00, 0.36) 1.91
Subtotal (/2 = 38.85%, p = 0.05) <I> 0.11 (0.08,0.15)  61.05
MPS ;
S
Costamagna 2020 .% 0.08 (0.04, 0.13) 5.48
Ohyama 2017 o 0.00 (0.00,0.31)  1.58
Canena 2014 B 0.20 (0.06, 0.44) 2.52
Wu 2017 _._ 0.14 (0.05, 0.29) 3.51
Cote 2016 B 0.04 (0.00,0.13)  4.15
Subtotal (2 = 39.30%, p = 0.16) <>: 0.07 (0.03,0.13)  17.24
I
Heterogeneity between groups: p < 0.001
Overall (/2 = 59.29%, p < 0.001) ¢ 0.12 (0.09,0.16)  100.00
|
| | ’ |
-0.5 0 0.5

Figure 11. Forest plot comparing stricture recurrent rate in different groups using effect size (ES) with or-

dinary weighting

ES — effect size, Cl — confidence interval.

Comparisons between MPSs and FCSEMSs have
been conducted in several previous studies. In a me-
ta-analysis performed by Qin et al,, they found that
FCSEMSs had a lower clinical success rate than MPSs
(OR = 0.48) [14]. However, the finding was opposite
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in another meta-analysis performed by Siiki et al.
[39]. They showed that the clinical success rate of
FCSMESs was higher than for MPSs (0.77 vs. 0.33).
In our meta-analysis, the results demonstrated that
MPSs had better clinical outcome than FCSEMSs
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Table V. Summary of intervention number and recurrence time

Stent Study Intervention number Recurrent time
(mean) n (mean) [months]
BDBSs Battistel 2020 [20] 1 NM
De Gregorio 2020 [19] 1 27.8
Siiki 2018 [15] 1 17.0
Dopazo 2018 [5] 1 9.0
Mauri 2016 [21] 1 15.4
Mauri 2015 [22] 1 16.2
Giménez 2016 [23] 1 11.0
FCSEMSs Sato 2020 [24] 2 19.5
Poley 2020 [25] 2 34
Tringali 2019 [26] 2 7.9
Lakhtakia 2019 [9] 2 NM
Wu 2017 [6] 2 12.7¢
Schmidt 2017 [27] 2 NM
Aepli 2017 [10] 2 12.8
Cote 2016 [1] 214 NM
Chaput 2016 [28] 2 42
Walter 2015 [29] 2 4.5%
Saxena 2015 [3] 2.2 4.0
Hu 2014 [30] 2 3.0
Wagh 2013 [11] 24 NM
Ryu 2013 [31] 2 NM
Kahaleh 2013 [7] 2 NM
Poley 2012 [32] 2 NM
Moon 2012 [33] 2 15
Park 2011 [34] 2 NM
Hu 2011 [12] 2 3.0
MPSs Costamagna 2020 [8] 4.2 1.5
Ohyama 2017 [35] 5.1 -
Canena 2014 [36] 5.5% 11.5
Wu 2017 [6] 2 13.5%
Cote 2016 [1] 3.24 NM

NM — not mentioned, *median.

(0.69 vs. 0.67). The reason for these contradicted
results might be that each study aimed at a differ-
ent range of patients with various causes of biliary
stricture. Generally, MPSs tended to be applied in
BBS caused by cholecystectomy, which had a good
prognosis after endoscopic treatment. However,
FCSEMSs were more often applied in BBS with poor
prognosis, such as CP and LT [39, 40].
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The total adverse event rates for these 3 stents
were similar (0.31 for BDBSs, 0.40 for FCSEMSs,
and 0.46 for MPSs), but the most common event
related to each stent differed. For BDBSs, the most
common adverse event was cholangitis. The rea-
son is still unknown, but the reject reaction in the
common bile duct caused by stent fragments after
hydrolysis might be one of the factors [41]. Abdom-
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inal pain was the secondary common adverse event
of BDBSs, owing to the forceful radial expansion of
these stents. For FCSEMSs, stent migration was the
most common adverse event. These metal stents
were deliberately covered with silicone to make re-
moval easy, but this also caused the stents to easily
slip from the biliary tract [1, 30]. Like with BDBSs,
cholangitis was another common adverse event of
FCSMESs. FCSEMSs are usually designed with a larg-
er diameter to a have longer patency period. How-
ever, this design also results in a reflux of duodenal
contents, leading to cholangitis and sludge occlusion
[42]. For MPSs, cholangitis resulting from frequent
interventions was the most common adverse event.

To overcome the above limitations of these three
stents, some newly designed stents and improved
versions of current stents have emerged. For exam-
ple, to prevent the reverse flow from duodenal lu-
men when using FCSMESs, an anti-reflux valve has
been added at the duodenal end of these stents. As
reported, this anti-reflux metal stent not only reduc-
es the risk of ascending cholangitis during follow-up,
but also prolongs the stent patency period [42]. To
prevent the formation of biofilm on the inner sur-
face of FCSEMSs, silver particles have been integrat-
ed in the silicone membrane. Because of the broad
and effective antimicrobial activity of silver particles,
the biofilm thicknesses on the surface of this stent
was only 99.8 uym, which was dramatically reduced
when compared with control group (122.9 pm). In
addition, the inhibiting effect of silver particles also
reduced the sludge impaction in this stent, leading
to a longer patency period than conventional sili-
cone-covered stents (179 vs. 116.5 days) [43]. Re-
cently, a new kind of biodegradable stent, which
behaves similarly to standard plastic stents, was
designed with a helicoidal shape to deal with biliary
stricture. The bile could flow through the double-spi-
ral channel existing in the outer shell and centre core
of this stent, which might reduce the possibility of
stent obstruction. In addition, because this kind of
biodegradable stent can be effectively implanted us-
ing common devices, there is no concern about re-
adjustment of the position of the stent with special
equipment [41].

To date, there have been many articles discussing
which stent is more appropriate for malignant biliary
stricture; however, few articles have been written
about BBS. It is worth noting that the conclusions
drawn about malignant biliary stricture were not ap-
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plicable to BBS because of the significant differences
in aetiology, prognosis, and survival time between
these 2 conditions. Although a recent meta-analysis
on BBS was published in 2020 by Almeida et al. [44],
the authors only compared MPSs and BDBSs, not in-
cluding FCSEMSs and the related articles from the
last 2 years. On the other hand, they did not make
necessary corrections in the statistical analysis of
included data. For example, during the analysis of
long-term stricture remission rates, the direct appli-
cation of uncorrected data resulted in a 95% Cl of
more than 100% in 2 included papers, which was
unreasonable. In the current meta-analysis, we used
the statistical method of Freeman-Tukey transfor-
mation to correct the data because some of the in-
cidences were close or equal to 100%. In addition,
compared with previously published meta-analyses,
the outcome measures in our study were more com-
prehensive, thus providing a reference to select an
appropriate stent.

This single-arm meta-analysis had several limi-
tations worthy of mention. First, because most in-
cluded studies were case series reports, the experi-
ence of operator, endoscopic insertion device, stent
implantation method, and definitions of outcome
measures differed widely, which led to the pooled
results lacking credibility. Second, because the me-
ta-analysis included a large number of retrospec-
tive studies, some of the authors might be biased
in reporting effective cases, which may have inflat-
ed the probability of technical success, treatment
success, and clinical success. Third, the small num-
ber of included studies for the BDBS group and the
MPS group rendered the pooled data unconvincing.
Fourth, although some causes of BBS, such as CP
and LT, were reported to have poor prognosis, we did
not subgroup these aetiologies in the current me-
ta-analysis, leading to the limited reference value of
this study.

Conclusions

Despite these limitations, our meta-analysis
provides a better understanding of the application
of 3 common stents in BBS. Although prospective
and controlled trials in this regard were unavailable
and considerable heterogeneity was identified, this
study demonstrated that the pooled clinical success
rate of BDBSs was superior to those of FCSMESs and
MPSs. The technical success, treatment success, and
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adverse event rate were also better in BDBSs than
the other 2 stents, although their stricture recur-
rence tended to be more common. The conclusions
drawn from this meta-analysis should be further
confirmed by well-designed RCTs with large samples
and long-term follow-up.
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