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GRAPHICAL ABSTRACT
Background and Aims: The goal of this study was to compare the advantages of long slim metal stents (LSMSs)

versus conventional metal stents in bilateral endoscopic side-by-side (SBS) deployment for malignant hilar biliary
obstruction (MHBO).

Methods: A total of 140 consecutive patients with MHBO treated by endoscopic bilateral SBS deployment at a
high-volume tertiary referral center were analyzed retrospectively; this included 50 patients in the LSMS group
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Long slim metal stent versus conventional SEMS for MHBO Xing et al

348
and the other 90 patients in the conventional SBS group as control. Propensity score matching at a 1:2 ratio was
used to reduce selection bias. The primary outcome was stent patency.

Results: After propensity score matching, no significant difference was observed in stent patency (267 vs 268 days;
PZ .923) or overall survival (225 vs 211 days; PZ .883) between the 2 groups. The technical success rate was 100%
in both groups, and the clinical success rate was 91.1% in the LSMS group and 92.9% in the control group (PZ .735).
Early and late adverse events were similar (24.4% vs 34.3%, PZ .423; 42.2% vs 38.6%, PZ .697); the procedure time
and bilateral metal stenting time in the LSMS group were significantly shorter (41.0 minutes vs 57.5 minutes, P Z
.000; 19.0 minutes vs 28.5 minutes, PZ .000). The success rate of endoscopic bilateral revisionary stent insertion in
the LSMS group was also higher (100% vs 33.3%; P Z .000).

Conclusions: Bilateral LSMS placement is a viable option for patients with MHBO. It includes advantages of less
operative difficulty and easier future re-intervention over conventional SBS stenting. (Gastrointest Endosc
2025;102:347-58.)
Nearly one-half of malignant hilar biliary obstruction
(MHBO) cases are not candidates for curative surgical
resection owing to advanced disease stages or significant
comorbidities.1 The prognosis for MHBO is poor, with a
5-year overall survival (OS) of <10% due to the low rate
of radical resection at diagnosis.2 Endoscopic biliary stent-
ing is frequently used as the first-line palliative treatment
for unresectable MHBO3 compared with percutaneous
transhepatic biliary drainage (PTBD)4 or surgical bypass.5

For Bismuth type II-IV MHBO, bilateral stenting is often
necessary to drain more than one-half of the liver volume, of-
fering better drainage compared with unilateral stenting.6,7

Studies have shown that bilateral metal stenting is superior
to multiple plastic stenting.8-12 Bilateral self-expandable
metallic stent (SEMS) placement can be implemented using
either the side-by-side (SBS) or the stent-in-stent (SIS)
method. However, simultaneous deployment of dual metal
stents using either SIS or SBS is a technical challenge. The pri-
mary limitation of SIS is the difficulty in accessing both biliary
ducts during re-interventionwhen the stents get blocked. For
SBS, simultaneously placing the large-diameter metal stents
bilaterally is technically difficult due to the limited space in
the common bile duct (CBD). Inserting the second SEMS
delivery system alongside the first-placed SEMS can cause
excessive radial expansion force on the bile duct, making
the procedure particularly difficult.13-15 In addition, over-
distention resulting from two 8-mm or 10-mm expanded
metal stents could potentially cause adverse events (AEs)
such as severe pain and portal thrombosis.16

We previously reported the safety, feasibility, and effec-
tiveness of a long slim metal stent for MHBO.17 However,
the comparative efficacy between these long slim metal
stents and conventional metal stents remains unclear.
The aim of the current study was to compare the clinical
outcomes of long slim metal stents (LSMSs) with conven-
tional 8-mm or 10-mm metal stents in SBS deployment
for MHBO.
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METHODS

Study design and patient selection
This retrospective cohort study compared LSMSs (the

LSMS group) with conventional metal stents (the control
group) in patients with MHBO who received treatment at
a high-volume tertiary referral center (Eastern Hepatobili-
ary Surgery Hospital, Shanghai, China) from January 2014
to December 2022. All patients provided informed con-
sent, and the study was approved by the institutional ethics
committee (EHBHKY2024-K018-P001).

The diagnosis of MHBOwas based on imaging and/or his-
tologic or cytologic findings. Patients with multiple negative
histologic or cytologic results were diagnosed by using imag-
ing findings and 12-month follow-up observations.

Inclusion criteria were (1) age �18 years; (2) MRCP- or
ERCP-confirmed unresectable Bismuth type II-IV MHBO;
(3) at least 50% liver drainage achievable via bilateral stenting
based on imaging evaluation; (4) bilateral metal stenting us-
ing the SBS method; (5) Karnofsky performance status
score �50; and (6) total bilirubin �40 mmol/L at diagnosis.
Exclusion criteria were (1) severe liver atrophy; (2) prior Bill-
roth II or Roux-en-Y reconstruction; and (3) incomplete clin-
ical data or loss to follow-up.

Procedures
All ERCP procedures were performed with the patient

lying in the prone position under conscious sedation with
propofol or intravenous sedation using diazepam and pethi-
dine hydrochloride. The endoscopist had at least 5 years’
experience in ERCP and had performed a minimum of 300
therapeutic cases annually. Prophylactic broad-spectrum
antibiotics were administered 1 hour before ERCP and
continued for 3 to 5 days postprocedure. A standard thera-
peutic channel duodenoscope (TJF 240 or 260, JF 260 V;
Olympus Optical Co, Ltd, Tokyo, Japan) was used. Most of
the patients in this study had native papillae.
www.giejournal.org

ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://www.giejournal.org


Xing et al Long slim metal stent versus conventional SEMS for MHBO
After successful biliary cannulation with the sphinctero-
tome (CleverCut; Olympus Co, Ltd) and guidewire, cholan-
giography followed bymedium endoscopic sphincterotomy
was performed in all patients to facilitate bilateral stenting.
Two guidewires (a .035-inch guidewire [Jagwire; Zebra, Bos-
ton Scientific Co, Miami, Fla, USA; Acrobat, Wilson-Cook
Medical Inc, Winston-Salem, NC, USA] or a .025-inch guide-
wire [VisiGlide; Olympus Co, Ltd]) were inserted into both
sides of the targeted intrahepatic bile ducts (left/right or
right anterior/posterior). The location and length of the stric-
tures were determined by cholangiography. A balloon (6 or
8 mm in diameter and 4 cm in length; Hurricane RX, Boston
Scientific Co, Cork, Ireland) was used to fully dilate both
sides of the strictures.

Two uncoveredmetal stents were inserted into the target
bile ducts and deployed by the SBS method. In the LSMS
group, a long slim stent (6-100 mm or 6-120 mm; Micro-
tech Co, Ltd, Nanjing, China) is used; the stent is a woven
closed loop nitinol wire metallic stent with looped ends.
The conventional metal stent group used a WallFlex (8 or
10 mm in diameter, 80 or 100 mm in length; Boston Scienti-
fic Co, Marlborough, Mass, USA), or a Zilver 635 (8 or 10mm
in diameter, 60 or 80 mm in length; Cook Ireland Ltd,
Limerick, Ireland). Both SEMSs should be positioned with
their distal ends either in the duodenum or at the same level
in the CBDasmuch as possible to facilitate revision in case of
occlusion.When recurrent biliary obstructionwas identified,
re-intervention involved either plastic or metal stent inser-
tion through the initial SEMS, guided by cholangiography
and the endoscopist’s decision. PTBD was considered if
the re-intervention procedure failed.

Definitions
The primary outcome was stent patency with the time

measured from stent insertion to occlusion. The secondary
outcomes were OS, technical and clinical success rates, pro-
cedure time, bilateral stenting placement time, early (<30
days) and late AEs, procedure-related mortality, and re-
intervention. OS was measured from stent placement to pa-
tient death. Technical success was defined as successful
stent passage across the stenosis, with reflux flow seen
through the stent. Clinical success was defined as a �50%
decrease in total bilirubin after 1 week or �75% after 1
month.18,19 Early AEs (<30 days) and procedure-related
mortality were defined by using the Cotton classification;
late AEs (> 30 days), also defined per the Cotton classifica-
tion, mainly comprised cholangitis.20 The diagnosis of stent
occlusion adhered to the Schmidt criteria.21

Stent occlusion was classified into 3 causes: tumor
ingrowth and/or tumor overgrowth, sludge, or stone forma-
tion. Procedure time referred to the duration from insertion
to withdrawal of the endoscope. The time for bilateral metal
stenting was defined as the duration from the successful
bilateral guidewire insertion to placement of the 2 SEMSs.17

Regarding re-intervention, the success rate, procedure time,
and stent placement time were evaluated. The time of re-
www.giejournal.org V
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intervention procedure and the time of stenting were
referred to as that of the first stenting.

Data collection and follow-up
Data collection and follow-up were conducted by

research assistants who extracted data from the electronic
medical database and recorded laboratory tests. Patients
were interviewed according to an institutional protocol by
telephone interviews or clinical visits 30 days postprocedure
and every 3 months thereafter. Any change in symptoms,
laboratory test results, or endoscopic/percutaneous re-
intervention findings was recorded. Follow-up was
continued until death or the end of the study. The final
follow-up time was December 31, 2022.

Statistical analysis
Descriptive statistics are presented as the mean � SD or

median (IQR) for continuous variables and as count (per-
centage) for categorical variables. Measurable confounders
between LSMS and control groupswere balanced bypropen-
sity score matching (PSM). The propensity score was deter-
mined through a logistic regression model with the
following covariates: age, gender, total bilirubin, tumor
node metastasis (TNM) stage, Bismuth classification, tumor
type, and perioperative adjuvant treatment. The normality of
quantitative data was determined by using the Kol‑
mogorov-Smirnov test.

Continuous variables between the 2 groups were
compared by using the Student t test or Mann-Whitney U
test. Categorical variables were compared by using the c2

or Fisher exact test.Median stent patency andOSweredeter-
mined by using the Kaplan-Meier curve and compared by us-
ing the log-rank test. Multivariable analysis used the Cox
proportional hazards model. A P value <.05 was considered
statistically significant.

TheMatch package in R software (R Foundation for Statis-
tical Computing, Vienna, Austria)was used for PSMwith a 1:2
nearest neighbor matching protocol. Statistical analyses
were performed by using SPSS version 26.0 (IBM SPSS
Statistics, IBM Corporation, Armonk, NY, USA), and figures
were generated with GraphPad Prism 8.3.0 (Dotmatics, Bos-
ton, Mass, USA).
RESULTS

Patient characteristics
Of the 1201 patients with MHBO who underwent endo-

scopic stenting, 1048 patients were excluded based on the
inclusion criteria (Fig. 1). A total of 140 patients were ulti-
mately enrolled in the study, with 50 patients in the LSMS
group (43 of the 50 patients were reported in our previous
study17) and the other 90 patients in the control group.
The mean follow-up duration was 23.6 months (95% CI,
20.3-27.0 months). Baseline characteristics of the patients
were similar between the 2 groups, except for the Bismuth
olume 102, No. 3 : 2025 GASTROINTESTINAL ENDOSCOPY 349
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Figure 1. The flow diagram of patient inclusion. LSMS, Long slim metal stent; PSM, propensity score matching.
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TABLE 1. Clinical features of patients treated with stenting in the 2 groups

Variable

Unmatched cohort Matched cohort

LSMS group
(n [ 50)

Control group
(n [ 90) P value

LSMS group
(n [ 45)

Control group
(n [ 70) P value

Age, y 67.0 (59.8-74.0) 69.0 (57.8-74.3) .772 68.0 (60.0-74.0) 69.5 (61.0-74.3) .825

Gender, male/female 31/19 48/42 .322 28/17 38/32 .401

Hypertension 20 (40.0) 32 (35.6) .602 17 (37.8) 26 (37.1) .945

Diabetes 8 (16.0) 17 (18.9) .669 8 (17.8) 16 (22.9) .513

Cerebral infarction 2 (4.0) 1 (1.1) .553 2 (4.4) 1 (1.4) .560

Cirrhosis 3 (6.0) 3 (3.3) .666 2 (4.4) 3 (4.3) 1.000

Diagnosis .611 1.000

Hilar CC 37 (74.0) 59 (65.6) 33 (73.3) 50 (71.4)

HCC 5 (10.0) 8 (8.9) 4 (8.9) 6 (8.6)

GC 5 (10.0) 16 (17.8) 5 (11.1) 8 (11.4)

Others 3 (6.0) 7 (7.8) 3 (6.7) 6 (8.6)

TNM staging .117 .656

II 3 (6.0) 8 (8.9) 3 (6.7) 3 (4.3)

III 32 (64.0) 41 (45.6) 27 (60.0) 39 (55.7)

IV 15 (30.0) 41 (45.6) 15 (33.3) 28 (40.0)

Bismuth classification .044 .485

II 10 (20.0) 9 (10.0) 7 (15.6) 9 (12.9)

III 6 (12.0) 4 (4.4) 5 (11.1) 4 (5.7)

IV 34 (68.0) 77 (85.6) 33 (73.3) 57 (81.4)

KPS score 80.0 (80.0-90.0) 80.0 (80.0-90.0) .298 80.0 (80.0-90.0) 80.0 (80.0-90.0) .111

WBC, �109/L 6.30 (4.91-8.99) 6.71 (5.00-9.10) .697 6.29 (5.18-9.03) 6.96 (5.36-9.10) .640

PT, s 11.5 (10.8-12.8) 11.9 (11.1-13.2) .225 11.50 (11.00-13.00) 11.95 (11.08-13.30) .383

ALT, U/L 72.5 (42.5-134.6) 89.5 (42.3-162.5) .609 73.40 (52.00-135.70) 89.50 (43.00-179.25) .722

TBIL, mmol/L 205.4 (89.9-322.5) 195.0 (108.4-313.1) .905 223.30 (89.70-322.70) 192.05 (109.50-313.68) .977

Antitumor treatments 12 (24.0) 27 (30.0) .448 11 (24.4) 19 (27.1) .748

Values are median (IQR) or n (%) unless otherwise indicated.
LSMS, Long slim metal stent; CC, cholangiocarcinoma; HCC, hepatocellular carcinoma; GC, gallbladder cancer; KPS, Karnofsky performance status;WBC, white blood cell count; PT,
prothrombin time; ALT, alanine aminotransferase; TBIL, total bilirubin; TNM, tumor node metastasis.

Xing et al Long slim metal stent versus conventional SEMS for MHBO
classification (II/III/IV 10/6/34 in the LSMS group vs 9/4/77
in the control group; P Z .044) in the unmatched cohort
(Table 1). After PSM (1:2 nearest neighbor), 45 patients in
the LSMS group were matched with 70 patients in the con-
trol group. Of the 45 patients in the LSMS group, 28 were
male, and 17 were female; median age was 68.0 (60.0-74.0)
years. Of the 70 patients in the control group, 38 were
male and 32 were female; median age was 69.5 (61.0-74.3)
years. Hilar cholangiocarcinoma was the most common
diagnosis (33 of 45 [73.3%] in the LSMS group vs 50 of 70
[71.4%] in the control group). No significant difference
was detected in any of the baseline characteristics.

The details of bilateral metal stent placement are pre-
sented in Table 2. No significant difference was observed
in the technical success rate, clinical success rate, stenosis
length, or stent location between the 2 groups in both un-
matched andmatched cohorts. In the LSMS group, all stents
were inserted successfully across the papilla, while some in
www.giejournal.org V
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the control group failed (PZ .000). In addition, the proced-
ure times in the LSMS group and the control group were
42.0 minutes versus 57.0 minutes in the unmatched cohort
and 41.0 minutes versus 57.5 minutes in the matched
cohort. The time of bilateral metal stenting was 19.0 mi-
nutes versus 29.0 minutes in the unmatched cohort, and
19.0 minutes versus 28.5 minutes in the matched cohort,
highlighting significant differences between the 2 groups
(P Z .000).

Stent patency and OS
No significant difference in stent patency was observed

between the LSMS and control groups in either the un-
matched cohort or the matched cohort (275 vs 268 days
[P Z .706]; 267 vs 268 days [P Z .923]). The rate of stent
patency was 52.0% (26 of 50) versus 65.6% (59 of 90) and
53.3% (24 of 45) versus 65.7% (46 of 70) in the unmatched
cohort and the matched cohort between the LSMS and
olume 102, No. 3 : 2025 GASTROINTESTINAL ENDOSCOPY 351
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TABLE 2. Details of bilateral SEMS placement and outcomes of the patients

Variable

Unmatched cohort Matched cohort

LSMS group
(n [ 50)

Control group
(n [ 90) P value

LSMS group
(n [ 45)

Control group
(n [ 70) P value

Technical success rate 50 (100) 90 (100) NA 45 (100) 70 (100) NA

Clinical success rate 46 (92.0) 83 (92.2) 1.000 41 (91.1) 65 (92.9) .735

Length of stenosis, mm 2.5 (2.0-3.0) 2.5 (2.0-3.5) .320 2.50 (2.00-3.00) 2.50 (2.00-3.50) .601

Stenting across papilla .000 .000

Both 50 (100) 33 (36.7) 45 (100) 22 (31.4)

One 0 (0) 33 (36.7) 0 (0) 29 (41.4)

No 0 (0) 24 (26.7) 0 (0) 19 (27.1)

Stent location .085 .095

Left and right lobe 48 (96.0) 76 (84.4) 43 (95.6) 58 (82.9)

Right anterior and posterior sector 2 (4.0) 13 (14.4) 2 (4.4) 11 (15.7)

Left lateral and medial sector 0 (0) 1 (1.1) 0 (0) 1 (1.4)

Procedure time, min 42.0 (34.8-53.3) 58.0 (44.0-67.3) .000 41.0 (34.0-52.5) 57.5 (43.8-68.0) .000

Time of bilateral metal stenting, min 19.0 (14.0-27.0) 29.0 (18.8-37.3) .000 19.0 (13.5-26.5) 28.5 (17.8-37.3) .000

Early adverse events 11 31 .124 11 24 .423

Post-ERCP pancreatitis 4 (8.0) 15 (16.7) .151 4 (8.9) 12 (17.1) .212

Acute cholangitis 7 (14.0) 12 (13.3) .912 7 (15.6) 10 (14.3) .851

Bleeding 0 (0) 3 (3.3) .306 0 (0) 2 (2.9) .519

Perforation 0 (0) 0 (0) – 0 (0) 0 (0) –

30-day mortality rate 0 (0) 3 (3.3) .306 0 (0) 3 (4.3) .279

Late adverse events 19 (38.0) 32 (35.6) .855 19 (42.2) 27 (38.6) .697

Late cholangitis 19 (38.0) 29 (32.2) .490 19 (42.2) 24 (34.3) .391

Acute cholecystitis 0 (0) 2 (2.2) .538 0 (0) 2 (2.9) .519

Liver abscess 0 (0) 1 (1.1) 1.000 0 (0) 1 (1.4) 1.000

Stent malfunction 24 (48.0) 31 (34.4) .116 21 (46.7) 24 (34.3) .184

Stent patency, median (95% CI), d 275 (236.8-313.2) 268 (172.5-363.5) .706 267 (226.6-307.4) 268 (159.8-376.2) .923

Overall survival, median (95% CI), d 236 (183.0-289.0) 221 (173.7-268.3) .830 225 (157.2-292.8) 211 (127.4-294.6) .883

Values are n (%) or median (IQR) unless otherwise indicated.
SEMS, Self-expandable metallic stent; LSMS, long slim metal stent; NA, not applicable.

Long slim metal stent versus conventional SEMS for MHBO Xing et al
control groups. Similarly, no significant difference was
observed in OS between the groups in both unmatched
and matched cohorts (236 vs 221 days [P Z .830]; 225
vs 211 days [P Z .883]) (Fig. 2, Table 2). Variables with
a P value <.2, along with diagnosis, TNM staging, stent
type, and antitumor treatments, were included in the
Cox proportional hazards model for multivariable analysis,
acknowledging that all these factors may have a potential
impact on stent patency and OS.

Univariate analysis identified age and alanine aminotrans-
ferase levels as independent predictors of stent patency, but
multivariate analysis did not find any variable to be an inde-
pendent predictor of stent patency both before and after
PSM (Table 3). Regarding OS, multivariate analysis in the
unmatched cohort revealed that white blood cell count
(P Z .033), prothrombin time (P Z .001), antitumor treat-
ments (PZ .014), and clinical success (PZ .025) were inde-
pendent predictors of OS. In the matched cohort, diagnosis
352 GASTROINTESTINAL ENDOSCOPY Volume 102, No. 3 : 2025
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(P Z .047), prothrombin time (P Z .009), antitumor treat-
ments (PZ .040), and clinical success (PZ .011) were iden-
tified as independent predictors of OS (Table 4).

Adverse events
No significant difference in early AEs such as post-ERCP

pancreatitis, acute cholangitis, or bleeding was observed
between the 2 groups both before and after PSM. All cases
of post-ERCP pancreatitis were mild and resolved within 1
to 3 days, and acute cholangitis was treated with systemic
antibiotics with no additional intervention. No perforation
or procedure-related mortality occurred in either group.
Also, no significant difference in late AEs such as cholan-
gitis, acute cholecystitis, or liver abscess was observed
between the 2 groups both before and after PSM. Simi-
larly, there was no significant difference in stent malfunc-
tion between the 2 groups both before and after PSM
(Table 2).
www.giejournal.org
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Figure 2. Kaplan-Meier analysis of stent patency and patient overall survival between the 2 groups. In the unmatched cohort, there was no significant
difference in stent patency (A) or overall survival (B). Similarly, in the matched cohort, no significant difference was observed in stent patency (C) or
overall survival (D). LSMS, Long slim metal stent; HR, hazard ratio.

Xing et al Long slim metal stent versus conventional SEMS for MHBO
Re-intervention
Stent malfunction occurred in 24 (48.0%) of the 50 pa-

tients in the LSMS group, including 7 patients who
received PTBD in other hospitals, and 2 patients who
died of cholangitis. In the control group, stent malfunction
occurred in 31 (34.4%) of the 90 patients, including 10 pa-
tients who received PTBD in other hospitals, and 3 died of
cholangitis. The remaining 15 patients in the LSMS group
and 18 in the control group underwent endoscopic re-
interventions in our center.

Stent malfunction was caused by ingrowth in 13 cases
and sludge in 2 cases in the LSMS group versus 15 and 3
in the control group, showing no significant difference
between the 2 groups in the causes of stent malfunction
(P Z 1.000).
www.giejournal.org V
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In the LSMS group, bilateral revision was successfully
performed in all 15 patients (100%) versus 6 (33.3%) of the
18 patients in the control group (P Z .000) (Table 5). The
overall procedure time and stenting time for re-inter‑
vention in the LSMS group were 27.80 � 7.23 minutes and
18.00� 7.37 minutes, respectively, versus 45.22� 15.13 mi-
nutes and 25.28 � 12.61 minutes in the control group; the
differences between the 2 groups were significant (P Z
.000 and PZ .049).
DISCUSSION

The current study compared the 6-mm diameter LSMS
with the 8- or 10-mm diameter conventional metal stent
olume 102, No. 3 : 2025 GASTROINTESTINAL ENDOSCOPY 353
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TABLE 3. Cox proportional hazards regression model analysis of factors affecting stent patency in the unmatched and matched cohorts

Variable

Unmatched cohort Matched cohort

Univariate Multivariate Univariate Multivariate

P
value

Hazard ratio (95%
CI)

P
value

Hazard ratio (95%
CI)

P
value

Hazard ratio (95%
CI)

P
value

Hazard ratio (95%
CI)

Age (y) .043* 1.024 (1.001-1.047) .164 1.019 (.992-1.045) .385 1.011 (.986-1.036)

Gender, male .109* 1.576 (.903-2.751) .178 1.519 (.827-2.789) .166* 1.554 (.832-2.902) .363 1.367 (.679-2.680)

Hypertension .597 .861 (.495-1.498) .157* .622 (.322-1.201) .190 .614 (.297-1.273)

Diabetes .160* 1.643 (.822-3.287) .331 1.482 (.670-3.281) .152* 1.728 (.818-3.649) .490 1.337 (.586-3.047)

Cerebral infarction .964 1.047 (.144-7.635) .973 .966 (.132-7.077)

Cirrhosis .370 .047 (.000-37.998) .377 .046 (.000-42.793)

Diagnosis .251 .525 .125* .197

Hilar CC .093 5.942 (.744-47.435) .155 4.795 (.552-41.660) .529 1.905 (.257-14.124) .324 2.983 (.340-26.131)

HCC .356 2.822 (.312-25.508) .289 3.460 (.349-34.321) .730 .654 (.058-7.310) .886 1.203 (.096-15.101)

GC .169 4.695 (.518-42.545) .263 3.664 (.377-35.598) .188 4.271 (.493-37.038) .112 6.748 (.640-71.117)

Others Reference Reference Reference Reference

TNM staging .265 .993 .597 .558

II .238 1.979 (.637-6.145) .905 .928 (.273-3.150) .577 .557 (.072-4.337) .286 .312 (.037-2.656)

III .134 1.602 (.865-2.967) .963 .984 (.483-2.002) .490 1.266 (.648-2.471) .871 .937 (.430-2.044)

IV Reference Reference Reference Reference

Bismuth classification .540 .589

II .312 1.456 (.703-3.017) .455 1.367 (.602-3.105)

III .741 .841 (.300-2.354) .537 .688 (.210-2.253)

IV Reference Reference

KPS score (�80.0) .947 1.022 (.536-1.950) .794 1.103 (.528-2.306)

WBC (�109/L) .839 .993 (.925-1.066) .622 .979 (.898-1.066)

PT (s) .236 1.098 (.941-1.281) .907 1.011 (.848-1.204)

ALT (U/L) .037* .997 (.993-1.000) .114 .997 (.994-1.001) .142* .997 (.994-1.001) .128 .997 (.992-1.001)

TBIL (mmol/L) .346 1.001 (.999-1.003) .371 1.001 (.999-1.003)

Stent type (6 mm vs 8/10 mm) .706 1.109 (.649-1.894) .621 .864 (.485-1.541) .923 1.030 (.568-1.868) .736 .896 (.473-1.696)

Antitumor treatment .231 .691 (.378-1.264) .803 .917 (.462-1.817) .428 .766 (.397-1.479) .574 .800 (.367-1.744)

Clinical success (yes vs no) .689 .784 (.239-2.580) .438 .622 (.187-2.064)

Length of stenosis, mm,
(�2.5 cm)

.951 1.017 (.588-1.759) .543 1.205 (.660-2.199)

Stenting across papilla .663 .454

Both .410 .729 (.344-1.547) .900 .911 (.368-2.253)

One .756 .874 (.375-2.041) .465 1.439 (.548-3.775)

No Reference Reference

CC, Cholangiocarcinoma; HCC, hepatocellular carcinoma; GC, gallbladder cancer; KPS, Karnofsky performance status; WBC, white blood cell count; PT, prothrombin time; ALT,
alanine aminotransferase; TBIL, total bilirubin; TNM, tumor node metastasis.
*Variables with P value <.2 in univariate Cox regression were subjected to multivariate Cox proportional hazards regression analysis.

Long slim metal stent versus conventional SEMS for MHBO Xing et al
in bilateral endoscopic SBS deployment for MHBO. Both
the procedure time and bilateral metal stenting placement
time in the LSMS group were significantly shorter than
those in the control group (P < .05). The overall procedure
time and stenting time for re-intervention were also signif-
icantly shorter in the LSMS group (P < .05). The success
rate of endoscopic bilateral revisionary stent insertion us-
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ing LSMS for recurrent biliary obstruction was significantly
higher than the conventional metal stents (100% vs 33.3%;
P Z .000). However, there were no significant differences
in technical success, clinical success, AE rates, stent
patency, or OS between the LSMS and control groups.

Although both SIS and SBSmethods are used for bilateral
SEMS stenting, there is no consensus on the optimal
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TABLE 4. Cox proportional hazards regression model analysis of factors affecting OS in the unmatched and matched cohorts

Variable

Unmatched cohort Matched cohort

Univariate Multivariate Univariate Multivariate

P
value

Hazard ratio
(95% CI)

P
value

Hazard ratio
(95% CI)

P
value

Hazard ratio
(95% CI)

P
value

Hazard ratio
(95% CI)

Age (y) .761 .998 (.984-1.012) .507 .995 (.979-1.011)

Gender, male .138* 1.320 (.914-1.905) .627 1.099 (.750-1.611) .413 1.184 (.790-1.775)

Hypertension .885 .973 (.675-1.405) .757 1.067 (.710-1.603)

Diabetes .797 1.068 (.646-1.765) .728 1.097 (.649-1.856)

Cerebral infarction .418 1.610 (.509-5.097) .509 1.476 (.465-4.689)

Cirrhosis .182* 1.758 (.768-4.020) .206 2.164 (.654-7.158) .388 1.490 (.602-3.687)

Diagnosis .314 .128 .006* .047

Hilar CC .350 .715 (.354-1.445) .613 .813 (.365-1.810) .016 .400 (.190-.841) .399 .685 (.284-1.652)

HCC .468 .723 (.302-1.734) .361 .601 (.202-1.791) .033 .349 (.133-.919) .414 .643 (.223-1.853)

GC .799 1.111 (.495-2.494) .329 1.530 (.651-3.593) .895 .941 (.382-2.318) .257 1.777 (.657-4.806)

Others Reference Reference

TNM staging .183* .220 .242 .141

II .878 1.058 (.517-2.166) .393 .696 (.302-1.600) .638 .780 (.277-2.196) .474 .661 (.213-2.051)

III .086 .723 (.499-1.047) .082 .665 (.420-1.053) .092 .703 (.467-1.060) .048 .608 (.372-.995)

IV Reference Reference

Bismuth classification .664 .633

II .370 1.262 (.758-2.101) .359 1.299 (.742-2.275)

III .983 .993 (.515-1.913) .693 1.150 (.574-2.305)

IV Reference Reference

KPS score (�80.0) .331 1.248 (.798-1.951) .610 1.140 (.684-1.909)

WBC (�109/L) .040* 1.043 (1.002-1.086) .033 1.049 (1.004-1.096) .134* 1.035 (.989-1.083) .144 1.038 (.987-1.090)

PT (s) .001* 1.183 (1.076-1.301) .001 1.206 (1.081-1.347) .006* 1.159 (1.044-1.287) .009 1.179 (1.043-1.332)

ALT (U/L) .645 1.000 (.998-1.001) .831 1.000 (.998-1.002)

TBIL (mmol/L) .010* 1.002 (1.000-1.003) .130 1.001 (1.000-1.002) .083* 1.001 (1.000-1.002) .098 1.001 (1.000-1.003)

Stent type (6 mm vs 8/10 mm) .830 .961 (.668-1.383) .517 1.142 (.764-1.708) .883 .971 (.651-1.447) .994 .998 (.653-1.526)

Antitumor treatment .040* .657 (.439-.981) .014 .562 (.356-.888) .084* .672 (.429-1.055) .040 .572 (.336-.974)

Clinical success (yes vs no) .006* .404 (.212-.769) .025 .463 (.235-.909) .012* .403 (.199-.817) .011 .373 (.175-.795)

Length of stenosis, mm (�2.5 cm) .673 1.081 (.754-1.549) .515 1.142 (.766-1.703)

Stent traversed papilla .234 .476

Both .472 1.213 (.717-2.052) .391 1.300 (.714-2.364)

One .558 .830 (.445-1.548) .978 1.010 (.508-2.008)

No Reference Reference

OS, Overall survival; CC, cholangiocarcinoma; HCC, hepatocellular carcinoma; GC, gallbladder cancer; KPS, Karnofsky performance status; WBC, white blood cell count; PT,
prothrombin time; ALT, alanine aminotransferase; TBIL, total bilirubin; TNM, tumor node metastasis.
*Variables with P value <.2 in the univariate Cox regression were further included in the multivariate Cox proportional hazards regression analysis.

TABLE 5. Details of bilateral revisions in both groups

Conditions of primary stents LSMS group Bilateral revision success rate Control group Bilateral revision success rate

Total endoscopic revision patients 15 (100) 15/15 (100) 18 (100) 6/18 (33.3)

Both SAP 15 (100) 15 (100) 3 (16.7) 3 (100)

One SAP 0 (0) – 10 (55.6) 0 (0)

No SAP 0 (0) – 5 (27.8) 3 (60)

Values are n (%).
LSMS, Long slim metal stent; SAP, stent across the papilla.
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approach, and the choice mainly depends on the endoscop-
ist’s experience and preference.22-24 Both techniques face a
technical challenge in inserting a second SEMS.22

The satisfactory outcome in our study is mainly attribut-
able to the new LSMS design. The technical success rate
for SBS placement reported in previous studies ranges
from 71% to 97%.3,13,25,26 The high variability implies the
challenge of the procedure, and most failures are due to
obstruction of the first stent on second SEMS placement.27

To overcome this technical challenge and enhance the suc-
cess rate of SBSplacement, thinner SEMSor delivery systems
have been developed, such as 5.7F/5.9F/6F/7F delivery cath-
eters15,18,27,28 and 8-mm diameter metal stents. A 5.7F/5.9F/
6F delivery system can be used by a single-step simultaneous
SBSmethod to facilitate the insertion of the second SEMS. In
addition, thinner metal stents, such as those with 8-mm
diameter, have been used to facilitate the passage of the sec-
ond stent. Our previous study has proved that an LSMS with
a 6-mm diameter is safe, feasible, and effective for MHBO in
SBS bilateral stenting.17 The current comparative study
showed that the procedure time in the LSMS group was
significantly shorter than that in the control group (42.0 mi-
nutes vs 58.0 minutes in the unmatched cohort; 41.0 mi-
nutes vs 57.5 minutes in the matched cohort), and a
similar result was observed in bilateral metal stenting time
(19.0 minutes vs 29.0 minutes in the unmatched cohort;
19.0 minutes vs 28.5 minutes in the matched cohort; all,
P Z .000). These thinner stents can reduce friction and
are less likely to cause kinking; this might facilitate passing
through the second metal stent, thus reducing procedure
difficulty, shortening the procedure time, and facilitating
endoscopic re-intervention.

Theoretically, slim stents have shorter stent patency than
conventional metal stents. A randomized controlled trial
comparing 6-mm diameter and 10-mm diameter SEMS
showed that larger diameters could reduce the stent occlu-
sion rate and prolong stent patency with no significant
impact on OS.29 However, their study focused on malignant
distal biliary strictures with a single stent placement. In the
current study, no significant difference in stent patency
and OS was observed between the LSMS and control groups
(P>.05), suggesting that the newly designed slim stent for
MHBO would not shorten the duration of stent patency or
OS despite its 6-mm diameter. Our results are also sup-
ported by studies conducted by Lee et al18 and Naitoh
et al.30 Lee et al18 compared 8- and 10-mm diameter SEMSs
using the SBS method for MHBO and found no significant
difference in stent patency. Similarly, Naitoh et al30

compared 8- and 10-mm SEMSs using the SIS method for
MHBO and found no significant differences in technical suc-
cess, functional success, AEs, or survival time. Because the
mean diameter of the normal CBD, hepatic duct, and the
left/right hepatic duct is .66 cm, .8 cm, and <.6 cm, respec-
tively,31 a 6-mm metal stent is sufficient for the obstructed
hepatic duct, and two 6-mm metal stents are also adequate
for the CBD.
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Notably, potential disadvantages of the SBS method
include overexpansion of the biliary stricture and the extra-
hepatic bile duct, which could cause severe pain, acute
cholecystitis,6 compressive ischemia, subsequent epithelial
hyperplasia,32 and a risk of portal vein thrombosis.16,22,24

The 10-mm diameter SEMSs may cause excessive expan-
sion of the bile duct, leading to AEs in normal CBD.30 In
addition, high stress on the bile duct wall from parallel
placement of multiple large-sized SEMSs may result in tu-
mor ingrowth immediately due to passage of the tumor tis-
sue through the stent mesh. Compared with larger stent
SBS deployment, the 6-mm stent exerts relatively lower
radial and lateral pressure on the extrahepatic bile duct
of patients with MHBO, which is particularly important
for patients with minimally dilated extrahepatic bile ducts.

Both SEMSs should be placed with their distal ends in the
duodenum or at the same level in the CBD to facilitate re-
intervention.33 It was reported that the success rate of endo-
scopic re-intervention after bilateral SEMS deployment varied
from 44.4% to 100%. The current study reported that the
technical success rate of bilateral revision in the LSMS group
was significantly higher than that in the control group (100%
vs 33%; P Z .000). In addition, the overall procedure time
and stenting time for re-intervention in the LSMS group
were significantly shorter than those in the control group.

When conventional woven metal stents are used for
MHBO, a long metal stent with a large diameter, such as 10
to 100 mm or 8 to 100 mm, is typically chosen to ensure
that both distal tips are in the duodenum. However, woven
metal stents can gradually expand and then shorten after
deployment, which may cause retraction of one or both
tips into the CBD. Inserting the second woven metal stent
delivery system can be challenging due to resistance against
the first deployed SEMS. To overcome this, a non-
foreshortening metal stent with a smaller delivery system
(6F) is used, which may result in one distal tip of the stent
retained in the duodenum and the other in the CBD. This
has significant impact on re-intervention, especially when
one tip remains in the duodenum. Our newly designed
long, slim metal stent is longer and thinner than conven-
tional stents. It can be deployed from the intrahepatic bile
duct to the duodenal lumen, avoiding overdistention with
the SBS method. Even after full expansion, the distal tips
of both SEMSs remain in the duodenum, which significantly
facilitates re-intervention. The guidewire can easily be
advanced into the distal tip of the stent with a “hairpin” tech-
nique under endoscopic and radiographic views to avoid
penetrating the stent mesh, thus shortening the procedure
time. For patients with both hilar and lower bile duct steno-
sis, this long, slim stent is the optimal choice.

There were no significant differences in early or late AEs
between the 2 groups in both the unmatched and matched
cohorts. Procedures such as endoscopic sphincterotomy,
papillary balloon dilation, or stent placement across the
papilla destroy the sphincters of Oddi, thus increasing
the risk of enterobiliary reflux and cholangitis. In the
www.giejournal.org
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LSMS group, both distal tips of the stent were in the duo-
denum, raising concerns about enterobiliary reflux and
cholangitis. However, the smaller diameter of the stent
and the infinity shape formed by 2 round distal tips of
the slim stent in parallel might make reflux into the bile
duct difficult, thus preventing cholangitis. Well-designed
studies using barium meal examination are warranted to
support it. In the control group, the sphincters of Oddi
were damaged by sphincterotomy or stent placement
across the papilla, which may explain the lack of significant
difference in cholangitis between the 2 groups.

Another endoscopic approach for managing MHBO is
sequential SIS placement. Naitoh et al23 found that SBS
achieved longer stent patency but with a higher AE rate.
Kim et al24 observed no significant differences in stent
patency or AE rates between SBS and SIS. A randomized
controlled trial showed that the stent patency rate in the SIS
group was insignificantly higher than that in the SBS group
at 3 and 6 months.34 However, they used 8- or 10-mm metal
stents. Further studies comparing SBS using LSMSs versus
SIS with 8- or 10-mm metal stents are warranted.

The current study has several limitations. First, it was a
retrospective, nonrandomized study, although PSM was
used to balance clinical characteristics. Initially, the LSMS
and control groups differed in Bismuth classification, with
the control group having a higher rate of Bismuth IV classifi-
cation in the unmatched cohort. However, no significant dif-
ference in clinical characteristics was observed after PSM.
Second, variations in ERCP experience and procedure time
between individual endoscopists may affect the AE rate and
endoscopic bilateral re-intervention outcome. There was a
limited generalizability of our findings because all procedures
were performed by highly experienced ERCP specialists at a
high-volume tertiary referral center. Third, the use of 2 metal
stent types in the control group may affect the clinical
outcome, although stent diameter, rather than the material
or design, may be more critical for metal stent occlusion.
Lastly, fewer patients in the study received chemotherapy/
radiotherapy, or recent targeted/immune therapy, suggesting
that our results may be more representative of patients
forgoing systemic treatments. Therefore, future prospective
randomized controlled trials are warranted.

In conclusion, bilateral long slim stent placement is a
viable treatment option for patients with MHBO in that it
reduces the operative difficulty and facilitates future re-
interventions. In addition, its slim design has no large ef-
fect on stent patency or OS.
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