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Abstract

Background: Endoscopic treatment for malignant biliary obstruction (MBO] in patients bearing
surgically altered anatomy (SAA) is not well-established. Although endoscopic ultrasound-
guided biliary drainage (EUS-BD) has emerged as a new treatment option for MBO, limited
data are available regarding the efficacy and safety of EUS-BD in patients with SAA. We
conducted a multicenter prospective registration study to evaluate the efficacy and safety of
EUS-BD in this population.

Methods: This study involved 10 referral centers in Japan. Patients with SAA who were
scheduled to receive EUS-BD for unresectable MBO between May 2016 and September 2018
were prospectively registered. The primary endpoint was technical success and the secondary
outcomes were clinical success, procedure time, procedure-related adverse events (AEs),
stent patency, and overall survival.

Results: In total, 40 patients were prospectively enrolled. The surgical reconstruction
methods were gastrectomy with Roux-en-Y reconstruction (47.5%), gastrectomy with Billroth-
Il reconstruction (15%), pancreaticoduodenectomy (27.5%]), and hepaticojejunostomy with
Roux-en-Y reconstruction (10%). EUS-BD was performed for primary biliary drainage in 31
patients and for rescue biliary drainage in nine patients. Transmural stenting alone (60%),
antegrade stenting alone (5%]), and a combination of the two techniques (35%) were selected
for patients treated with EUS-BD. Technical and clinical success rates were 100% (95%
confidence interval, 91.2-100.0%) and 95% (95% confidence interval, 83.1-99.4%), respectively.
Mean procedure time was 36.5min. Early AEs were noted in six patients (15%]: three self-
limited bile leak, one bile peritonitis, and two pneumoperitonea. Late AEs occurred in six
patients (15%): one jejunal ulcer and five stent occlusions. Stent patency rate after 3months of
survival was 95.7% (22/23). Median overall survival was 96 days.

Conclusion: EUS-BD for MBO in patients with SAA appears to be effective and safe not only as
a rescue drainage technique after failed endoscopic retrograde cholangiography but also as a
primary drainage technique.
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Introduction

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is widely performed as the current
gold standard for patients exhibiting malignant
biliary obstruction (MBO).!2 However, ERCP
can sometimes be challenging due to difficulties
accessing or cannulating the papilla, which is
located at abnormal positions in patients with
surgically altered anatomy (SAA), including those
with Billroth-II anastomosis and Roux-en-Y
anastomosis. Significant progress has been made
in improving the procedural success rates for
MBO in SAA patients by using enteroscopy-
assisted ERCP (e-ERCP), a technique combining
balloon enterscopes with ERCP.3 However, even
with e-ERCP guidance, several challenges remain.
First, endoscopists sometimes encounter difficul-
ties obtaining an en face view of the papilla using
forward-viewing endoscopes. Second, the devices
available for e-ERCP have limited variability.
Third, accessing the papilla or anastomotic site
with e-ERCP is often time-consuming. Thus,
endoscopic management for MBO in SAA
patients has emerged as a growing problem facing
endoscopists despite the development of e-ERCP.

Since its introduction in 2001,* endoscopic ultra-
sound-guided biliary drainage (EUS-BD) has
attracted significant attention as an alternative for
patients with MBO in whom conventional ERCP
has failed. Indeed, various endoscopic approaches
have been developed for EUS-BD within the last
two decades.>® EUS-BD has several advantages
over e-ERCP. The procedure time for the former
is generally shorter due to shorter distance from
the endoscope insertion to the biliary tree.
Furthermore, the risk of procedure-related pan-
creatitis may be lower because EUS-BD does not
make direct contact with the papilla.

Given these advantages, SAA patients exhibiting
MBO may be good candidates for EUS-BD
rather than e-ERCP. However, limited data are
available regarding the efficacy and safety of this
procedure for this population.>® To date, only
one retrospective study addressing the clinical
efficacy of EUS-BD for SAA patients compared
with e-ERCP!? and one single-center pilot study
evaluating the feasibility of antegrade stenting for
SAA patients!! have been reported. More impor-
tantly, few studies have investigated the feasibility
and safety of EUS-BD as a first-line drainage
modality for SAA patients because it is usually
performed as rescue drainage after unsuccessful

e-ERCP. Therefore, we conducted a multicenter
prospective registration study evaluating the effi-
cacy and safety of EUS-BD as primary or rescue
drainage modality for SAA patients bearing unre-
sectable MBO.

Materials and methods

Study design and eligibility criteria

The present study was conducted at 10 referral
centers that are part of the Therapeutic
Endoscopic Ultrasound (TEUS) group to evalu-
ate the efficacy and safety of EUS-BD for MBO
in SAA patients. Patients visiting any of the 10
participating centers between May 2016 and
September 2018 were enrolled and followed up
till December 2018. Unresectable MBO patients
were enrolled in this study. Unresectability was
judged using one or more imaging modalities,
including computed tomography (CT) and/
or magnetic resonance imaging. Performing
EUS-BD after the failure of another biliary drain-
age procedure such as e-ERCP (defined as a res-
cue EUS-BD) or as the first-choice for biliary
drainage (defined as the primary EUS-BD) was
at the discretion of the endoscopists at each facil-
ity. The inclusion criteria were: (a) presence of
unresectable MBO and (b) surgically altered
gastrointestinal or biliary tract anatomies, except
for Billroth I reconstruction. The exclusion crite-
ria were: age <20years, Eastern Cooperative
Oncology Group performance status of 4, pre-
dicted survival <4 weeks, bleeding tendency (pro-
thrombin time international normalized ratio
>1.5, platelet count <50,000), or refusal for
study participation. Patients who fulfilled the eli-
gibility criteria were prospectively registered on
the web and thus this study was performed on the
prospectively registered database. All patients
provided written informed consent prior to study
participation. The study protocol was approved
by the Institutional Review Board at each partici-
pating facility and the trial was registered at
the University Hospital Medical Information
Network (UMIN000022101).

EUS-BD procedures for MBO in SAA patients

Schematic images for EUS-BD in the present study
are shown in Figure 1. Although EUS-guided trans-
mural stenting was employed as the first-line
EUS-BD technique, EUS-guided antegrade stent-
ing or a combination of the two techniques could
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Figure 1. Schematic images of endoscopic ultrasound (EUS)-guided biliary drainage for distal biliary
obstruction in patients with surgically altered anatomy (gastrectomy with Roux-en-Y reconstruction). A. EUS-
guided transmural biliary stenting. B. EUS-guided biliary antegrade stenting. C. EUS-guided transmural biliary

stenting combined with antegrade biliary stenting.

also be utilized to achieve successful biliary drainage
(Figure 1). For transmural stenting, the dilated left
intrahepatic bile duct (IHBD) was punctured using
a 19-gauge fine aspiration needle from the stomach
or jejunum under EUS guidance. On injecting con-
trast medium to obtain a cholangiogram through
the needle, a 0.025-inch guidewire was inserted into
the bile duct and the fistulous tract was dilated if
necessary. Finally, a stent was deployed between the
ITHBD and the stomach or small intestine (Figure
1A). A braided-type covered metal stent (Niti-S
S-type Stent; Taewoong Medical, Seoul, South
Korea) or a dedicated plastic stent (TYPE-IT Stent;
Gadelius Medical, Tokyo, Japan)!? was used for
transmural stenting. When antegrade stenting was
performed, IHBD puncture was followed by guide-
wire insertion and passing the guidewire through
the MBO site and toward the papilla into the gastro-
intestinal lumen. Thereafter, a stent was placed to
cover the MBO site (Figure 1B). A laser-cut type
uncovered metal stent (BileRush Selective; Piolax
Medical Devices, Yokohama, Japan) was used for
antegrade stenting. On combining transmural and
antegrade stentings, transmural stenting was per-
formed following antegrade stenting as previously
described (Figure 1C).13

Study endpoints and definitions

The primary endpoint of the present study was
technical success, defined as successful stent place-
ment between the left IHBD and gastrointestinal
lumen for transmural stenting and a successful
stent placement over the MBO site for antegrade
stenting. The secondary endpoints were clinical
success, procedure time, adverse events (AEs),

stent patency, and overall survival time. Clinical
success was defined as the improvement of cholan-
gitis or a decrease in the serum bilirubin level either
to a normal level or a reduction rate of more than
50% within 2 weeks following EUS-BD. AE sever-
ity was classified according to the American Society
for Gastrointestinal Endoscopy (ASGE) lexicon.4
Stent dysfunction was defined as the recurrence of
symptoms of biliary obstruction, including obstruc-
tive jaundice and cholangitis (leukocytosis, fever,
and increased serum bilirubin levels) and biliary
dilatation on imaging studies. Thus, stent dysfunc-
tion includes both occlusion and migration. The
stent patency time was defined as the interval
between stent placement and stent dysfunction.
Patients who died without stent dysfunction were
censored. The stent patency rate 3 and 6 months
after stent placement was also evaluated. The over-
all survival was defined as the interval between
stent placement and death. As a subgroup analysis,
clinical success and stent patency time were evalu-
ated by dividing patients into two groups (with and
without native papilla) in terms of the types of
reconstruction surgery.

Abdominal CT was performed within 2days of
the EUS-BD procedure and during the follow-up
period if necessary. Laboratory examinations and
clinical symptoms were assessed every month for
up to 3months after the procedure on an outpa-
tient basis.

Statistical analyses
Previous reports regarding EUS-BD for SAA
patients showed that the procedural technical
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Surgically altered anatomy patients with unresectable malignant biliary obstruction

n=65
e-ERCP EUS-BD PTBD BSC
n=30 n=31 n= n=2
Success Success
n=21 n=1
Failure Failure
n= n=
n=8 n=1
n=1
i
Rescue Success
PTBD n=1

Enrolled in this study n =40
Primary EUS-BD: 31 / Rescue EUS-BD: 9

Follow-up till December 2018 or patient death

Analyzed n =40

Figure 2. Flow diagram demonstrating enrollment of the study patients.
BSC, best supportive care; e-ERCP, enteroscopy-assisted ERCP; EUS-BD, endoscopic ultrasound-quided biliary drainage;

PTBD, percutaneous transhepatic biliary drainage.

success rate was 89-98%.10:11.15 Given this study’s
prospective nature, we set the anticipated techni-
cal success rate as 90%. The number of cases
needed was determined based on the precision of
estimation so that the width from the estimate to
the lower limit of the 95% confidence interval
(CI) was within 15%. The number of cases neces-
sary for this prospective study was determined to
be 38 because adequate CI variation was obtained
(75.2-97.1%) with a success rate of 89.5%
(34/38). Based on this minimum number, the
target number of cases was formally set to 40.
Registration would be terminated on reaching the
target number of cases. If the registration period
ended with less than the target number of cases,
the study would be terminated. The data were
summarized as numbers and percentages for cat-
egorical variables or means (with standard devia-
tion) and medians (with ranges) for continuous
variables. The technical and clinical success rates

were presented with a 95% CI. Stent patency and
overall survival were evaluated using the Kaplan—
Meier method. All statistical analyses were per-
formed using SAS version 9.4 software (SAS
Institute Inc., Cary, NC, USA).

Results

Patients

Figure 2 shows the patient flow chart for this
study. During the study registration period, 65
SAA patients with unresectable MBO were
treated at the 10 participating facilities. e-ERCP,
EUS-BD, and percutaneous transhepatic biliary
drainage (PTBD) were performed as the first-
choice biliary drainage procedure for 30, 31, and
two patients, respectively. In two patients who
underwent primary PTBD, PTBD wvia the right
hepatic lobe was considered to be safer because
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the right intrahepatic bile duct was predominantly
dilated. Nine patients underwent EUS-BD as a
rescue biliary drainage from a total of 10 patients
for whom biliary drainage by e-ERCP or PTBD
was unsuccessful. One patient with unsuccessful
e-ERCP refused to participate in this study and
was treated with PTBD. Primary e-ERCP was
unsuccessful for nine patients because of difficul-
ties in accessing the papilla or anastomotic site
endoscopically in five patients and difficulties in
biliary cannulation in four patients. In one case of
primary PTBD failure, the guidewire deviated
from the bile duct after successful biliary punc-
ture. Finally, a total of 40 patients (primary
EUS-BD, 31; rescue EUS-BD, nine) who met the
inclusion and exclusion criteria were recruited.

Table 1 shows the patient characteristics and dis-
eases enrolled in this study. In total, 25 (62.5%)
patients had a native papilla, whereas the remain-
ing 15 (37.5%) had an enteric-biliary anastomo-
sis. No patients were excluded after enrollment or
were lost to follow-up.

Study outcomes

Technical success was achieved in 40 (100%)
patients (95% CI, 91.2-100.0%). Transmural
stenting alone (60%), antegrade stenting alone
(5%), and a combination of the two techniques
(35%) were selected for patients treated with
EUS-BD.The median procedure time was 36.5 min
(range 10-100min). The puncture site was the bil-
iary branch ducts of B3 and B2 in 33 (82.5%) and
7 (17.5%) patients, respectively. The mean IHBD
diameter measured on EUS at the time of puncture
was 4.9+ 1.5mm. The types of stents used are
shown in Table 2. Clinical success was achieved for
38 (95%) patients (95% CI, 83.1-99.4%). Clinical
success rates in cases with native papilla and enteric-
biliary anastomosis were 96% (95% CI, 88.3—
99.9%) and 93.3% (95% CI, 68.1-99.8%),
respectively. Thus, surgical reconstruction methods
did not affect the clinical success of EUS-BD.

Early and late AEs were noted in six (15%) and
six (15%) patients, respectively (Table 2). These
six early AEs cases were self-limited and classified
as mild according to the ASGE lexicon. One jeju-
nal ulcer case and five stent dysfunction cases
were recorded as late AEs. All five cases of stent
dysfunction were stent occlusions, and no stent
migration was observed. The five patients with
stent occlusion were treated as follows: one

Table 1. Patient demographic and clinical characteristics.

Variable Patient no.=40
Median age, years (range) 72.5 (40-92)
Sex, men/women, n (%) 31(77.5)/9 (22.5)
ECOG performance status, median (range) 1(0-2)

Underlying malignancy, n (%)

Pancreatobiliary cancer 20 (50)
Gastric cancer 16 (40)
Duodenal cancer 3(7.5)
Ascending colon cancer 1(2.5)

Surgically altered anatomy, n (%)

Gastrectomy with Roux-en-Y 19 (47.5)
Gastrectomy with Billroth-II 6 (15)
Pancreaticoduodenectomy 11 (27.5)
Hepaticojejunostomy with Roux-en-Y 4 (10)
Presence of ascites, n (%) 7(17.5)

Attempt for biliary drainage prior to EUS-BD
Yes/No, n (%) 9 (22.5)/31 (77.5)

Laboratory values before drainage (mean + SD)

Hemoglobin (g/dl) 100+ 1.4
WBC (x 102/ul) 67.4+24.8
Platelet (X 104/ul] 23.0+7.7
Aspartate aminotransferase (IU/L) 130+ 82
Alanine aminotransferase (1U/L) 115 =+ 84
Alkaline phosphatase (IU/L) 1832 + 852
Total bilirubin (mg/dl) 65*4.2
C-reactive protein (mg/dl) 4.7+39

ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell.

patient received PTBD and the other four
received endoscopic re-intervention using a stent
exchange or additional stent placement.

Theaverage follow-up durationwas 150 *+ 103 days.
The median overall survival time was 96days
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Table 2. Study outcomes of endoscopic ultrasound-guided biliary drainage

in patients with surgically altered anatomy.

tTechnical Success, n (%)

EUS-BD technique, n (%)
Transmural stenting alone
Antegrade stenting alone

Combination of transmural and antegrade
stenting

Accessed biliary branch duct, n (%)
Left B3: B2

Mean biliary diameter of the puncture site,
mm *SD

Puncture site, n (%)
Stomach: jejunum
Mean procedure time, min =SD
Type of stent
Transmural stent, n
Covered metal stent, n (%)
Stent diameter, n (%) 8mm: 10mm
Stent length, n (%) 80 mm: 100mm: 120mm
Plastic stent, n (%)
Stent diameter/length, n (%) 7Fr/140mm
Antegrade stent, n
Uncovered metal stent, n (%)
Stent diameter, n (%) 8mm: 10mm
Stent length, n (%) 60mm: 80 mm
#Clinical success, n [%, (95% Cl)]
Clinical success with native papilla, n [%, (95% CI)]

Clinical success without native papilla,
n [%, (95% Cl]]

Early adverse events (<14days), n (%)

Bile leak: bile peritonitis: pneumoperitoneum
Late adverse events (>14days), n (%)

Jejunal ulcer: stent dysfunction
Median stent patency time, days (range)

Median overall survival, days (range)

40 (100)

24.(60)
2 (5)
14 (35)

33(82.5): 7 (17.5)

49+15

35(87.5): 5 (12.5)

36.5+18.6

38

35(92.1)

25 (65.8): 10 (26.3)
31(7.9): 26 (68.4): 6 (15.8)
3(7.9)

3(7.9)

16

16 (100)
13(81.3):3(18.7)
10 (62.5): 6 (37.5)
38195, (83.1-99.4]]
24.[96, (88.3-99.9]]
14[93.3 (68.1-99.8]]

6(15)
3(7.5):1(2.5):2(5)
6 (15)
1(2.5):5(12.5)
Not reached

96 (17-539)

Cl, confidence interval; EUS-BD, endoscopic ultrasound-guided biliary drainage.
fTechnical success was defined as successful deployment of the stent between the

bile duct and gastrointestinal lumen.

#Clinical success was defined as the improvement of cholangitis or a decrease in
the serum bilirubin level either to a normal level or a reduction rate of more than

50% within 2weeks following EUS-BD.

(95% CI, 60-168days) (Figure 3A). The median
stent patency time was not reached (Figure 3B)
and the stent patency rate after 3 and 6 months of
survival was 95.7% (22/23) and 85.7% (12/14),
respectively. Kaplan—Meier curves of stent patency
in patients with native papilla and enteric-biliary
anastomosis are shown in Figure 3C and D.

Discussion

In this study involving 10 referral centers,
EUS-BD for unresectable MBO with SAA
patients was technically and clinically successful
in 100% and 95% of enrolled patients, respec-
tively. Previous large-scale studies reported the
efficacy of EUS-BD for MBQ;>:%:13:16-25 however,
these studies included a limited number of
patients bearing SAA (Table 3). Compared with
these studies, this study aimed to determine the
efficacy of EUS-BD specifically for SAA patients.
To the best of our knowledge, this is the largest
study to prospectively evaluate the efficacy of
EUS-BD in patients with SAA. Notably, in this
study, EUS-BD was selected as primary biliary
drainage for more than three-quarters of patients
and most of these cases were successfully treated
with EUS-BD alone. Taken together, the results
of our study strongly suggest the utility of
EUS-BD as a primary drainage technique for
MBO patients bearing SAA.

One major question arising from this study is
regarding the optimal endoscopic drainage pro-
cedure for biliary drainage in SAA patients exhib-
iting MBO. According to recent meta-analyses
on e-ERCP, the cumulative technical success
rate was reported to range from 63% to 69.4%
for such patients,2%27 which is much lower than
that of EUS-BD.2831 Furthermore, a recent ret-
rospective  comparative study comparing
EUS-BD and e-ERCP showed that e-ERCP
requires a significantly longer procedure time
than EUS-BD.!° Thus, EUS-BD appears to be
superior to e-ERCP for SAA patients exhibiting
MBO in terms of the success rate and procedure
time. The indications for EUS-BD have been
expanding due to the high success rate and it has
been utilized as a rescue biliary drainage after
ERCP failure and as the primary biliary drain-
age.3233 In line with these previous meta-analy-
ses, a very high success rate was achieved in SAA
patients treated with primary EUS-BD in this
study. In addition, a recent pilot study found that
EUS-BD was technically feasible and clinically
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Figure 3. Kaplan-Meier plot of overall survival (A) and stent patency (B]. In the analysis of all 40 patients,
the median overall survival time was 96 days and the median stent patency time was not reached. Kaplan-
Meier plot of stent patency in patients with native papilla (C] and without native papilla (with enteric-biliary
anastomosis) (D). The dashed line indicates the 95% confidence interval.

effective and safe even in patients with ascites.34
In this study, the presence of a small amount of
perihepatic ascites was observed in seven patients
(17.5%) on CT obtained prior to EUS-BD.
However, similar to the previous report, EUS-BD
could be safely performed without severe AEs,
including bile peritonitis. We summarize that the
risk of bile leakage or peritonitis might be lower
in patients with SAA due to organ adhesion
caused by the previous surgery.

Two randomized clinical trials were published in
2018 comparing EUS-BD and ERCP as the pri-
mary biliary drainage.35-3® Both studies demon-
strated comparable technical and clinical success
between EUS-BD and ERCP. However, these
studies included only the extrahepatic bile duct
(EHBD) approach in normal anatomic patients for
whom conventional ERCP could be performed.
There are two main puncture access routes for
EUS-BD: EHBD and IHBD. Although no univer-
sal consensus has been reached on the optimal

access route or drainage method, several treatment
algorithms for EUS-BD have been described based
on patient anatomy, underlying disease, and loca-
tion of the biliary stricture.!837-3¥ However, for
patients with SAA, the access route is anatomically
restricted to the IHBD only. Regarding the two
access routes, recent studies provide evidence that
EUS-BD wza EHBD and IHBD approaches have
similar efficacy and safety for MBO patients after
unsuccessful ERCP.3%40 Although evidence sup-
porting the safety and efficacy of EUS-BD contin-
ues to accumulate, data on EUS-BD via the IHBD
in comparison with ERCP for SAA patients exhib-
iting MBO are lacking. Given the very high techni-
cal and clinical success rates of EUS-BD as the
first-line treatment for SAA patients, the proce-
dure has potential as a first-line endoscopic treat-
ment for SAA patients with MBO in the near
future. Confirmation of this idea requires future
prospective studies directly addressing the efficacy
and safety of EUS-BD wvia the IHBD route and
e-ERCP.
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Table 3. Summary of published studies on EUS-guided biliary drainage, including patients with surgically altered anatomy (n = 40).

Author Study design No. of No. (%) of  Type of Access Technical Clinical Total AEs,
cases SAA cases success, success, n (%)
n (%) n (%)
Maranki et al.'é Retrospective 49 7 (14) Extrahepatic: 14 41 (84) 36 (73) 8 (16%)
Single arm Intrahepatic 35
Vila et al."? Retrospective 106 18 (17) Intrahepatic: 34 73 (69) N/A 24 (23)
Single arm Extrahepatic: 26
Rendezvous: 46
Kawakubo et al.5 Retrospective b4 4 (6) Extrahepatic: 44 61(95) N/A 12 (19)
Single arm Intrahepatic: 20
Poincloux et al.? Retrospective 101 7 (7) Intrahepatic: 71 99 (98] 93(92) 12 (12)
Single arm Extrahepatic: 30
Khashab et al.10 Retrospective 49 49 (100) Intrahepatic: 49 48 (98) 43 (88) 10 (20)
Comparative
Tyberg et al."® Prospective 52 11 (21) Intrahepatic: 35 50 (96) 40 (77) 5(10)
Single arm Extrahepatic: 17
Khashab et al."? Prospective 96 10 (10) Intrahepatic: 36 92 (96) 86 (90) 10 (11)
Single arm Extrahepatic: 56
Nakai et al.20 Retrospective 56 10 (18) Rendezvous: 13 53 (95) N/A 12 (21)
Comparative Extrahepatic: 4
Intrahepatic: 23
Gallbladder: 16
Cho et al.?! Prospective 54 1(2) Intrahepatic: 21 54 (100] 51 (94) 9(17)
Single arm Extrahepatic: 33
Paik et al.?2 Randomized b4 4 (6) Intrahepatic: 32 60 (94) 54 (90) 7(11)
trial Extrahepatic: 32
Ogura etal.”® Prospective 49 19 (39) Intrahepatic: 49 47 (96) N/A 5(10)
Single arm
Uchida et al.? Retrospective 43 14 (33) Intrahepatic: 43 41 (95) 38 (88) 3(7)
Comparative
Kanno et al.% Retrospective 99 15 (15) Intrahepatic: 53 97 (98] 90 (93) 10 (10)
Single arm Extrahepatic: 46
Nakai et al.2° Retrospective 110 16 (15) Intrahepatic: 110 110 (100) 103 (94) 27 (25)
Single arm
Current study Prospective 40 40 (100) Intrahepatic: 40 40 (100) 38 (95) 6 (15)

Single arm

AE, adverse event; EUS, endoscopic ultrasound; N/A, not applicable; SAA, surgical altered anatomy.

Three major techniques are available for drainage
via the THBD: transmural biliary stenting, ante-
grade biliary stenting, and the rendezvous tech-
nique.”#! Because the rendezvous technique
requires endoscopic access to the papilla or anas-
tomosis, transmural or antegrade biliary stenting

is preferentially performed for SAA patients.
Although little information exists on whether
transmural or antegrade stenting is more appro-
priate, our previous study showed that transmural
stenting combined with antegrade stenting con-
tributed to long stent patency.!? In this study,
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transmural stenting alone and transmural stent-
ing combined with antegrade stenting were per-
formed in 60% and 35% of cases, respectively. In
line with our previous report, the stent patency
rate was higher in SAA patients treated with the
combined procedure compared with those treated
with transmural stenting alone. Thus, the com-
bined procedure is recommended for SAA
patients exhibiting MBO, despite the drawbacks
in terms of procedure time and cost. A recent
pilot study involving 20 SAA cases demonstrated
technical and clinical success rates of 95% with
antegrade stenting,!! which was performed in
only 5% of cases in this study. One concern
regarding the treatment of SAA patients with
antegrade stenting alone is that endoscopic re-
intervention in the event of stent dysfunction can-
not be performed wia the previously deployed
transmural stent. In fact, all six patients with stent
dysfunction in this study had undergone trans-
mural stenting, and endoscopic re-intervention
via the transmural stent was successful in five
patients. A comparative study with a larger cohort
is needed to determine which EUS-BD drainage
method is the best option for MBO in SAA
patients.

Our study has several limitations. First, the study
cohort was limited in size due to relative scarcity
of the study population. The small sample size
limited the ability to perform predictive statistical
analyses, such as logistic regression or meaningful
subgroup analyses. Second, because this study
was not a randomized trial, EUS-BD may not
have been selected in cases where the IHBD was
barely dilated. Therefore, selection bias might
affect the results of this study. Third, it is difficult
to exclude the effects of performance bias.
Although 10 institutions participated in this study,
the decision for the selection of EUS-BD or
e-ERCP was left to each institution. During the
study period, there were four institutions that used
EUS-BD as the first-choice treatment for unre-
sectable MBO in SAA patients and three institu-
tions with e-ERCP as the first-choice treatment.
Among the remaining three institutions, either
treatment was administered as the first-choice
treatment following informed consent between
physicians and patients depending on the case. In
addition, details of the EUS-BD technique,
including the drainage method and type
of stents, were not standardized, although our
TEUS group regularly met every 4months to
share and refine our knowledge of the EUS-BD

procedure. Fourth, 42.5% and 65% of patients
died within 3 and 6 months of stent placement,
respectively; therefore, we could not accurately
evaluate long-term stent patency. Fifth and finally,
this study was conducted at specialized facilities
familiar with the EUS-BD procedure. Previous
studies have indicated that a learning curve period
was likely required to improve the technical skills
of endoscopists.%16 Therefore, the outcomes in
this study are not applicable to facilities where
appropriate expertise in EUS-BD is unavailable.

In conclusion, despite the aforementioned limita-
tions, EUS-BD for MBO in SAA patients appears
to be effective and safe as not only rescue biliary
drainage after ERCP failure but also as the pri-
mary biliary drainage. Although ERCP is pres-
ently considered the standard treatment even for
SAA patients, the data presented here prompt us
to recognize that EUS-BD has the potential to be
the first-line treatment for MBO in SAA patients.
Further studies comparing EUS-BD and e-ERCP
with a larger cohort are necessary to confirm
the suitability and utility of EUS-BD for MBO in
SAA patients.
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