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Efficacy and safety of EUS-guided
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and meta-analysis
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ABSTRACT \

EUS-guided hepaticogastrostomy (EUS-HGS) is one of the preferred methods in biliary drainage where ERCP fails or is contraindicated.
The clinical outcomes of EUS-HGS are not well studied because of variability in procedure technique. We conducted a search of multiple
electronic databases and conference proceedings from inception through January 2023. The clinical outcomes studied were pooled
technical success, clinical success, and adverse events. Standard meta-analysis methods were used using the random-effects model,
and heterogeneity was studied by 12 statistics. We analyzed 44 studies, which included 19 prospective and 25 retrospective studies. The
pooled technical success rate of EUS-HGS was 94.4% (confidence interval [Cl], 92.4%-95.9%; [* = 0%), and the pooled clinical suc-
cess rate was 88.6% (Cl, 83.7%-92.2%; I = 0%). The pooled adverse outcomes with EUS-HGS were 23.8% (Cl, 19.6%-28.5%;
I? = 0%). The mild adverse event rate associated with HGS was 5.8% (4.2%-8.1%; /> = 0%), moderate adverse event rate was
12.1% (9.1%-15.8%; I° = 16%), and severe adverse event rate was 4.2% (3.0%-5.7%; > = 61%), whereas fatal adverse event rate
was 3.2% (1.9%-5.4%; I° = 62%). On subgroup analysis, the pooled rate of adverse events of EUS-guided hepaticogastrostomy with
antegrade stenting was 13.3% (95% Cl, 8.2%-21.0%). The pooled technical success with EUS-guided hepaticogastrostomy with
antegrade stenting was 89.7% (95% Cl, 82.6%-94.2%), and clinical success was 92.5% (95% Cl, 77.9%-97.7%). On the basis of
our analysis of EUS-HGS, the overall technical success was 94.4%, and the clinical success rate was 88.6%, and the overall adverse
events were reported to be 23.8%. These data can also help improve the clinical benefits of EUS-HGS in the selected patients in whom

it is performed.
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INTRODUCTION

EUS-guided biliary drainage (EUS-BD) has emerged as a promising
alternative to percutaneous transhepatic BD in patients following
failed ERCP for the treatment of benign or malignant biliary
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obstruction including duodenal stenosis, surgically altered anatomy,
and high-grade hilar stenosis, as well as failed biliary cannulation. !

EUS-guided approaches to BD can be categorized into antegrade
stenting, rendezvous with ERCP, and bilioenterostomy, which
comprises EUS-guided choledochoduodenostomy (EUS-CDD)
and EUS-guided hepaticogastrostomy (EUS-HGS).®! Using a
transgastric approach, a drainage route is created by puncturing
one of the intrahepatic bile ducts from the stomach, followed by in-
jection of contrast medium and insertion of a guidewire. After di-
lating the newly formed tract, 1 or more stents are deployed over
the guidewire(s) under EUS and fluoroscopic guidance.
EUS-HGS combined with antegrade stenting (EUS-HGAS) is a
modified technique wherein anterograde stenting is performed
via a transgastric approach, followed by HGS, using the same bil-
iary access route.!®! Theoretically, HGAS may have an advan-
tage as compared with EUS-HGS in terms of time to recurrent
biliary obstruction because it creates 2 separate BD routes: one
to the stomach via HGS and the other to the duodenum via AGS.!”!

With increasing data being published on EUS-HGS and EUS-HGAS,
there is a need to update the adverse outcomes that are associated with
these procedures. Previous meta-analyses have largely focused on
comparing the efficacy and safety of EUS-CDD with EUS-HGS.
Moreover, there has been variability in reporting the success rate
and the outcomes of the procedure in existing literature.'***! This
meta-analysis reports the pooled clinical and technical success rate
along with adverse outcomes associated with EUS-HGS. We addi-
tionally perform a subgroup analysis of similar outcomes associ-
ated with EUS-HGAS, which has not been reported so far.
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Study and population characteristics.
Total Mean
patients, n Male/ age, SD/ HGS/  Stent Technical  Clinical
Study Study details (EUS-HGS) female,n range,y HGAS type Stent size  Stent length success, n success, n
Anderloni et al. ™" Prospective, June 2020 to 22 715 751 HGS  PCSEMS R NR 9/9 9/9
2023 March 2021, single
center, Italy
Amano et al.®®  Prospective, June 2015 to 9 5/4 75.1 HGS  PCSEMS NR NR 9/9 9/9
2017 November 2015,
single-arm study, single
center, Japan
Artifon et aI.,”O] RCT, 2004 to 2015, single 25 13/11 63.5 HGS  PCSEMS 10 mm 8cm 24/25 22/25
2015 center, Brazil (45-91)
Bories et al.""!  Retrospective, case series 11 7/4 64 HGS  PS/SEMS  PS (7F, 8.5F, or NR 10/10 10/10
2007 study, August 2001 to 10F), CSEMS
June 2005, single (10 mm)
center, France
Canakis et al.l'? Retrospective, June 2018 23 1211 664 (121) HGS  FCSEMS 8 mm/10 mm 6/8/10 cm 23/23 16/22
2022 to May 2021,
multicenter, USA
Choetal,™™  Prospective, September 21 NR 65.5 HGS  Hybrid 8-10 mm 5-10 cm 21/21 18/21
2017 2011 to May 2015, SEMS
single center, South
Korea
Guoetal,'  Retrospective, March 2014 7 NR NR HGS  FCSEMS 8-10 mm 4-10 cm 7 717
2016 to October 2015, single
center, China
Honjo et al.,"™®  Retrospective, 2015 to 49 27/22 68.9 HGS PS/ PS6.8mm;PS  10-12 cm; 49/49 NR
2018 2017, multicenter, PCSEMS 7Fr or 8Fr 20 cm
Japan
Imai et al.,®® Retrospective, January 42 2418  67.3(13.9) HGS vs.  SEMS NR NR 41/42 37/42
2017 2006 to December HGAS
2014, single center,
Japan
Inoue et al. " Retrospective, 2017 to 57 34/23 79 HGAS  MS gmmA0mm  6/8/10 cm 52/57 52/57
2023 2021, single center,
Japan
Ishiwatari et al.[”! Retrospective, 2016 to 58 33/38 71 HGS vs.  PS/MS PS8 mm/MS 7F PS 10 cm, MS 58/58 55/58
2022 2020, single center, (64-78)  HGAS 14 cm
Japan
Jagielski et al.,"® Prospective, 2016 to 2019, 53 38/15 74.66 HGS SEMS NR NR 52/53 46/53
2021 single center, Poland (56-89)
Kawakubo Retrospective, 2006 to 20 14/6 72 HGS PSIMS NR NR 19/20 19/20
etal, 2014 2012, mutticenter,
Japan
Khashab etal.,['® Retrospective, July 2008 to 61 38/23  63.6(13.8) HGS  PSMS NR NR 56/61 50/61
2016 April 2014, multicenter,
USA
(continued)
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Study and population characteristics., Continued

Complications

Bile
leak/bile
Bleeding Perforation peritonitis migration occlusion bacteremia obstruction

Stent

Stent

Cholangitis/
sepsis/

Recurrent

Stent
patency, d

Procedure
time, min Follow-up

Peritonitis (1)

Peritonitis (1)

Bacteremia (1), biloma
(2), puncture site
minor bleeding (3)

Early occlusion (1),
transient ileus (1),
bilioma (1),
cholangitis (1)

Cholangitis (1), stent
occlusion (1), recurrent
obstruction (2)

Pneumoperitoneum (2),
bleeding (1),
abdominal pain (1),
migration (0),
cholangitis (0)

Sepsis (1)

Abdominal pain (6),
bleeding (5)

Bile leakage (7), stent
migration (2),
cholangitis (2)

Bleeding (1), cholangitis
(1), liver abscess (1)

Peritonitis (5), cholangitis
(2), sepsis (1),
pancreatitis (0),
bleeding (0),
pseudoaneurysm (1)

Early complications (7),
(bleeding (2), sepsis
(1), stent occlusion
(3), late endoscopic
treatment
complications (3)/
periprocedural
mortality (4)

Bile leakage (2), stent
misplacement (2),
bleeding (1), cholangitis
(1), biloma (1)

Peritonitis (3), bile leak
(2), cholangitis (2),
bleeding (1),
intraperitoneal stent
(2), pancreatitis (0),
perforation (0),
pneumoperitoneum
(0), hepatic collection
(1), sheared wire (1)

NR

NR

NR

NR

NR

NR

NR

NR

1

NR

0

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

16 (stent
migration 4;
stent occlusion
12)

NR

NR

NR

NR

NR

16

NR

NR

NR

NR

NR

NR

62

NR

14 NR

14 NR

48 90d

NR 212 (3 + 610) d

(30-79) 178.4d £185.9

NR 1485
(79.7-244) d

NR 13 (3-21) mo

MD (21.5 = 6.5), NR
D (17,5 + 5)

735+294 121 (68-354)d

NR 167 (120-204)d

NR 10 mo

31.2 (11-84) 155 (8-434)d

NR 71 (9-262) d

NR 162.2 £ 176.7 d
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(continued).

Total Mean
patients, n Male/ age, SD/ HGS/  Stent Technical  Clinical
Study Study details (EUS-HGS) female,n range,y HGAS type Stent size  Stent length success, n success, n
Kimetal,™  Retrospective, February 4 4/0 67 HGS  FCSEMS 10 mm 6.cm 3/4 2/4
2012 2009 to September
2010, multicenter,
Korea
Maehara et al.®” Retrospective, December 4 NR 74 HGS  FCSEMS 6 mm 8cm 4/4 4/4
2020 2018 to February 2019,
single center, Japan
Marx etal.*  Retrospective, October 205 104/101 68 HGS PS/ PS7F,MS  PS10cm, MS NR 143/153
2022 2002 and November FCSEMS 8-10 mm 8-10cm
2018, single center,
Spain
Minaga et al., 2" Retrospective, December 30 1119 66 HGS  PS/CSEMS SEMS 8 mm, PS SEMS 29/30 22/29
2017 2008 to May 2016, 7F 8-10 cm, PS
single center, Japan 10/12 cm
Minaga et al,®®  RCT, September 2013 to 24 14/10 725 HGS  PCSEMS 8 mm 10 cm 21/24 24/24
2019 March 2016,
multicenter, Japan
Miyano et al.,??  Prospective, October 2015 41 27114 725 HGS  PCSEMS 10 mm 10/12 cm 41/M 41/M
2018 to March 2016, single (57-82)
center, Japan
Moryoussef et al., Observational cohort, 18 1/77 68.8 HGS  FCSEMS 10 mm 8.cm 17118 13117
2017 November 2013 to
November 2015, single
center, France
Nakai et al.®  Retrospective, April 2012 to 33 19/12 70 HGS  PCSEMS 10 mm 10/12 cm 33/33 33/33
2016 May 2015, multicenter,
Japan
Ogura et al.,®  Prospective, pilot study, 12 58  714(58 HGAS FCSEMS 10 mm 10 cm 12/12 12/12
2014 2014, single center,
Japan
Ogura et al.,®  Retrospective, Apri 2012 to 26 13/13 70 HGS  SEMS 10 mm 10 cm 26/26 24/26
2016 August 2015, single
center, Japan
Ogura etal.,?®  Retrospective, April 2012 to 29 15/14 67 HGS  PCSEMS 8 mm 10 cm 29/30 26/29
2019 April 2017, single
center, Japan
Ohetal ® Prospective, June 2008 to 129 81/48  622(13) HGS PS/CSEMS  Plastic stent ~ PS6-10cm,  120/129 105/120
2017 February 2012, single (7—10F), FCSEMS SEMS
center, Korea (610 mm) 6-10cm
Ohno etal.®?  Retrospective, July 2015 to 79 NR NR HGS PS/ PS(7H),MS  PS14cm,MS  72/79 67/79
2022 March 2021, PCSEMS 8-10 mm 10-12 cm
multicenter, Japan
Okuno et al.,®@  Prospective, 2018, single 20 12/8 68 HGS  FCSEMS 6 mm 12, 15¢m 20/20 19/20
2018 center, Japan
Okuno et al.®  Prospective, 2022, single 20 12/8 68 HGS FCSEMS  6mm,8mm 10cm,12cm  20/20 NR
2023 center, Japan
Paik etal.,®®  Prospective, phase 1, 2012 28 20/7 63 HGS  FCSEMS 8 mm 5-10 cm 27/28 24/27
2014 to 2013, single center, (29-87)
South Korea
(continued)
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(continued).
Bile Cholangitis/
leak/bile  Stent Stent sepsis/ Recurrent Stent Procedure
Complications  Bleeding Perforation peritonitis migration occlusion bacteremia obstruction patency, d time, min Follow-up
Mild peritonitis (1), stent 0 0 1 1 2 0 NR NR NR 1-12 mo
migration (1)
Stent occlusion (1), stent 0 0 0 1 1 0 0 NR 18 (12-35) 765 (8-212)d
migration (1)
Stent migration (19), 3 0 3 19 1 5 8 153 NR 6.4 (4.1-10) mo

stent occlusion (8),
cholangitis (5), bile
leakage (3),
pneumoperitoneum
(5), bleeding (3), stent
migration (1)
Bile peritonitis (3), stent 0 0 3 NR NR 0 NR 91 NR 64 (31-314)d
dysfunction (7)

Pancreatitis (1), bile 0 0 1 0 4 0 4 306 37.7 September 2013
peritonitis (1), to March 2017
cholecystitis (0), stent

occlusion (4), stent
migration (0)

Bile peritonitis (4), 0 0 4 1 0 1 NR NR NR 119 d (extrascope),
cholangitis (1), stent 141 d (intrascope)
migration (1)

Bleeding and death (1) 1 0 0 0 0 0 0 NR NR 210 (32-390) d

Bleeding (1), abscess (1), 1 0 0 0 0 2 8 NR 45 (30-80) 4.5 (3.0-6.3) mo
cholangitis (1)

Mild pancreatitis (1) 0 0 0 0 0 0 0 NR 35 (19-50) 122 (62-210)d

Stent occlusion (2) 0 0 0 0 2 0 0 113 NR 152 d

Bile peritonitis (3) 0 0 3 0 0 0 0 NR NR 2486 d

Bacteremia (6), bleeding 5 4 4 3 0 6 13 1371 £2435 301 +131 2889+358.1d
(5), bile peritonitis (4),
pneumoperitoneum
(4), stent migration (3)

Bile peritonitis (4), 2 0 4 0 0 0 0 NR With dilatation 6 mo
hemorrhage (2), fever (29-133),

(3), abdominal pain (8) without dilatation
(24-153)

Mild cholangitis (2), 0 0 0 0 0 2 0 NR 30 (16-98) 73 (6-726) d
moderate fever (1)

Fever (2), bile leakage 0 0 0 0 0 0 0 NR 13 (7-25) NR
(0), peritonitis (0),
bleeding (0), stent
deviation (0), stent
migration (0)

Pseudoaneurysm (1), 0 0 0 1 0 0 0 216 (73-359) 15.3(5.2) 1,3,6mo

stent migration (1)

(continued))
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(continued).

Total Mean
patients, n Male/ age, SD/ HGS/  Stent Technical  Clinical
Study Study details (EUS-HGS) female,n range,y HGAS type Stent size  Stent length success, n success, n
Paik etal.,®®  Prospective, phase 2, 23 12/11 641 (12.8) HGS  FCSEMS 8 mm 5-10 cm 20/23 20/23
2014 matched case-control,
2012 10 2013, single
center, South Korea
Paik et al. B! Retrospective, January 16 13/3 67.6(9.3) HGS  FCSEMS, NR 9cm 16/16 13/16
2017 2009 to March 2016, PCSEMS
multicenter, South
Korea, Japan
Paik et al.,© RCT, May 2015 to January 32 NR NR HGS  PCSEMS 8 mm 15 cm 31/32 26/31
2018 2017, multicenter,
South Korea
Park etal,®@  Prospective, June 2008 to 31 NR 61.7(13) HGS  PSMS PS 7F, MS PS 6-8 cm, 31/31 27/31
2011 May 2010, single center, 8-10 mm MS 4-10 cm
South Korea
Park etal,®  RCT, April 2014 to 20 NR 66.2 HGS FCSEMS  6mm,8mm  6-10 cm/ 20/20 18/20
2015 September 2014, 15¢cm
multicenter, South Korea
Poincloux Retrospective, 2006 to 66 NR 70 HGS PSIMS 10 mm (MS) 6-8 cm 65/66 61/65
etal,®2015 2013, single center, (38-91)
France
Prachayakul Retrospective, October 15 NR 62.8 HGS  FCSEMS  80-100 mm NR 14/15 13/15
etal ®12013 2010 to July 2012, (46-84)
single center, Thailand
Song et al. ™ Prospective, observational 10 5/5 69 HGS  PCSEMS 8-10 mm 9cm 10/10 10/10
2014 study, September 2011 (48-82)
to August 2013, single
center, South Korea
Sportes et al.®®  Retrospective, April 2012 to 31 17/14 69.2 HGS  FCSEMS NR NR 31/31 25/31
2017 August 2015,
Multicenter, France
Takahashi Retrospective, 2019 to 14 8/6 76 HGS PS/MS NR NR 1114 1114
etal,B12022 2022, single center, (55-93)
Japan
Takenaka Retrospective, October 45 33/12 73 HGS/ PCSEMS/ 8 mm,10mm  8cm, 10 cm 43/45 40/43
etal. ®82022 2017 to March 2019, HGAS PS
single center, Japan
Tyberg et al.®®  Retrospective, 2021, 95 52/43  69.9(12.7) HGS  PS/MS  PS(7F or 10F) MS NR 87/95 25/87
2022 multicenter, USA (8/10 mm)
Umeda et al.,“  Prospective, 2013 to 2014, 23 15/8 77 HGS PS 8F 15 cm 23/23 23/23
2015 single center, Japan
Zhang etal,*"  Retrospective, September 24 20/4  69.3(6.8 HGS PS NR NR 21/21 21/21
2022 2015 to October 2020, HGAS

multicenter, China

CD: cautery dilator; FCSEMS: Fully covered self-expandable metal stent; HGAS: Hepaticogastrostomy with antegrade stenting; HGS: Hepaticogastrostomy MD: mechanical dilator; MS: Metal stent; NR: Not reported;
PCSEMS: Partially covered self-expandable metal stent; PS: Plastic stent; RCT: Randomized clinical trial; SEMS: Self-expandable metal stent.
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(continued).

Bile Cholangitis/
leak/bile  Stent Stent sepsis/ Recurrent Stent Procedure
Complications  Bleeding Perforation peritonitis migration occlusion bacteremia obstruction patency, d time, min Follow-up

Pneumoperitoneum (2), 0 0 0 2 0 0 0 129 (64-194) 22.3 (6) NR
proximal migration
(1), partial proximal
migration (1), partial
distal migration (1),
abdominal pain (1),
distal migration (2)
Stent migration (2), 0 0 0 2 4 0 4/16 402 (97-707)  33.4 (20.6) 208 d
cholecystitis (1), stent d
occlusion (4)

Cholangitis (1) 0 0 0 0 0 1 NR NR 39(907) 155 (100-234) d

6 (bile peritonitis, mild 1 1 NR NR NR NR NR 132d 18.5(9.6) 120 d
bleeding, and
self-limited
pneumoperitoneum)

Bleeding (1), bile leak (1), 1 0 1 0 1 2 0 121 +11.2d 13 (10-21) 120 d
stent occlusion (9),
cholangitis (2)

Bleeding (1), bile leak (5), 1 0 5 0 9 2 0 146 d NR 280 d
stent occlusion (2),
cholangitis (2)

Biloma 1 0 0 1 4 0 0 0 93d NR 93d

Pneumoperitoneum (3), 1 3 0 4 0 0 0 181 (36-431)d 22.5(15-35) 181 (36-431) d
perforation (3), stent
migration (4)

Severe sepsis (2), bile 1 0 2 0 0 2 0 NR 71 NR - till death
leak (2), bleeding
death (2)

Biliary peritonitis (4), 0 0 4 0 0 0 0 NR 35 (15-93) NR
biloma (1)

Peritonitis (2), bleeding 2 0 2 0 0 0 0 NR 29.0 (24.5-36) NR
(2), stent migration (0)

Biloma (1), cholangitis 6 2 2 1 0 2 0 NR NR 6 mo
(2), bleeding (6),
peritonitis (1),
perforation (2),
migration (1), infection
(2), others (5)
Abdominal pain (3), 1 0 0 0 0 0 13.7% (3/22) 4 mo NR 5 (0.5-12.5) mo
bleeding (1)
Bile leakage (2), bleeding 2 0 2 0 1 2 0 141.0+£736d NR NR
(2), stent occlusion (1)
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METHODS
Search strategy

We conducted a comprehensive search of several databases and con-
ference proceedings including PubMed, EMBASE, and Web of Sci-
ence databases (earliest inception to July 2023). An experienced
medical librarian using inputs from the study authors helped with
the literature search to identify studies reporting EUS-guided HGS.
The detailed literature search strategy is provided in Appendix A
(http://links.lww.com/ENUS/A359). Two authors (V.M., B.P.M.)
independently reviewed the title and abstract of studies identified
in the primary search and excluded studies that did not address
the research question, based on prespecified exclusion and inclusion
criteria. The full text of the remaining articles was reviewed to deter-
mine whether it contained relevant information. Any discrepancy in
article selection was resolved by consensus and in discussion with a
coauthor (S.C.). The bibliographic sections of the selected articles,
as well as the systematic and narrative articles on the topic, were
manually searched for additional relevant articles.

We adhered to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and MOOSE (Meta-analysis
of Observational Studies in Epidemiology) checklist (checklists pro-
vided in Supplementary Materials: Appendix B and Appendix C
[http:/links.Iww.com/ENUS/A359], respectively).l*>4!

Study selection

We included studies that reported on the clinical and technical out-
comes of EUS-guided HGS and met the following criteria: (1)
EUS-guided BD using HGS as the drainage route and (2) specific
information provided on technical and clinical outcomes of EUS-
HGS. Studies were included irrespective of the geography and
abstract/manuscript status as long as they provided adequate data
for the analysis. We excluded the studies that (1) provided insuffi-
cient data to allow estimation of outcomes of interest, (2) BD ac-
cess other than HGS, and (3) studies in the pediatric population.
In the case of multiple publications from the same cohort, data
from the most recent comprehensive report were included.

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies were ab-
stracted onto a standardized form by 2 authors (V.M., B.G.) inde-
pendently, and 2 authors (V.M., S.R.K.) did the quality scoring inde-
pendently, using the Newcastle-Ottawa Scale for cohort studies.!*”!
The details of the study quality assessment are summarized in Sup-
plementary Table 1 (http:/links.lww.com/ENUS/A359).

QOutcomes assessed

The primary analysis of this study focused on calculating the pooled
rate of technical success, clinical success and adverse events with
EUS-HGS. Pooled rates were calculated for commonly encountered ad-
verse event subcategories with EUS-HGS, which were perforation, bile
leak, bleeding, stent migration, stent occlusion, and sepsis. In addition,
when possible, the adverse events were categorized based on the ASGE
lexicon, and pooled rates were planned for mild, moderate, severe, and fa-
tal adverse events. Subgroup analysis was planned to study the pooled rate
of technical success, clinical success, and adverse outcomes of EUS-HGAS.

Statistical analysis

We used meta-analysis techniques to calculate the pooled estimated
in each case following the methods suggested by DerSimonian and
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Laird*®! using the random-effects model, and our application can
be seen to fit within their general approach (where the effect is mea-
sured by the probability of risk). When the incidence of an outcome
was 0 in a study, a correction of 0.01 was added to the number of
incident cases before statistical analysis.[*”! We assessed heterogene-
ity between study-specific estimates by Cochrane Q statistics and I*
statistics.’®*! In this, values of <30%, 30% to 60%, 61% to 75%,
and >75% were suggestive of low, moderate, substantial, and con-
siderable heterogeneity, respectively.*?! In addition, we calculated
the 95% prediction interval, which deals with the dispersion of the
effects.>* Publication bias was ascertained, qualitatively, by vi-
sual inspection of the funnel plot and quantitatively, by the Egger
test.l! All analyses were performed by using the Comprehensive
Meta-Analysis software, version 4 (BioStat, Englewood, NJ, USA).

RESULTS

Search results and population characteristics

From a total of 2248 citations identified by using our search criteria,
1998 records were screened after removing duplicates. Of 850
full-length articles assessed, 56 studies reported on EUS-HGS. Of these,
46 studies reported the outcomes of EUS-HGS. Four EUS-HGS studies
were excluded because they did not meet the inclusion criteria.
Forty-four EUS-HGS cohorts (1576 patients) were included in the final
analysis. The schematic diagram of study selection is illustrated in Sup-
plementary Figure 1 (http:/links.lww.com/ENUS/A359).

Table 1 describes the population characteristics. The majority of the
patients were male (58.56%), with a mean age of 60.70 years
(29-91 years). Technical success was defined as the successful stent
placement following EUS needle puncture, guidewire placement, and
fistula tract dilation with successful stenting, along with the flow of
contrast medium and/or bile through the stent. Clinical success was de-
fined as the completion of stent placement with reduction of total serum
bilirubin levels to less than half of the pretreatment level within 1 week
and/or less than a quarter of the pretreatment level within 4 weeks.”>!
Detailed definitions, degree of adverse events, reintervention, and stent
occlusion were defined following the ASGE report./”!

Metal stents (either partially covered self-expandable metal stent/
fully covered self-expandable metal stent/hybrid self-expandable
metal stent) were used in 18 studies, whereas 40 studies used plas-
tic stents. Various sizes and lengths of the stents were used in differ-
ent studies, which are categorized in Table 1.

Characteristics and quality of included studlies

The meta-analysis included 44 independent cohort studies, with a
total of 1576 patients,'®**1 described in Table 1. None of the studies
were population-based. All of the included studies had clear informa-
tion reported on the technical success, clinical success, and adverse
event rates, including the subcategory of adverse events. All the studies
included were original articles. None of the studies had patients lost
to follow-up. Twenty-seven studies were considered to be of high
quality, and 9 were considered as medium quality. Eight studies
were considered low quality. Supplementary Table 1 (http://
links.lww.com/ENUS/A359) details the study quality assessment.

Meta-analysis outcomes

A total of 44 studies were included in the final analysis. The cu-
mulative pooled rate of technical success with EUS-HGS was
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94.4% (95% confidence interval [CI], 92.4%-95.9%; I* = 46.3%)
[Figure 1], and the cumulative pooled rate of clinical success was
88.6% (95% CI, 83.7%-92.2%; I* = 0) [Figure 2]. The overall
pooled rate of adverse events with EUS-HGS was 23.8% (95% CI,
19.6%-28.5%). The pooled rates of mild, moderate, and severe
adverse events were 5.8% (95% CL, 4.2%-8.1%; I = 0%), 12.1%
(95% CI, 9.1%—15.8%; I* = 16%), and 4.2% (95% CI, 3.0%-
5.7%; I* = 61%), respectively. The pooled rate of fatal adverse
events was 3.7% (95% CI, 2.6%—5.4%; I* = 62%), found to be
the lowest among others. The results are summarized in Table 2,
and the corresponding forest plots are illustrated in Supplementary
Figures 2 to 5 (http://links.lww.com/ENUS/A359).

Data pertaining to EUS-HGAS were analyzed separately. The pooled
rate of technical success with EUS-HGAS was 89.7% (95% CI,
82.6%-94.2%; I* = 29.6), and the pooled rate of clinical success
with EUS-HGAS was 92.5% (95% CI, 77.9%—97.7%; I* = 0).
Overall adverse events with EUS-HGAS occurred in 13.3% (95% CI,
8.2%-21%; I* = 0) of patients. The pooled rates of mild, moder-
ate, severe, and fatal EUS-HGAS were found to be 2.1%, 5.2%,
1.9%, and 1.9%, respectively [Figure 3]. These are summarized
in Table 2, and the corresponding forest plots of mild, moderate,
severe, and fatal EUS-HGAS adverse events are illustrated in Sup-
plementary Figures 6 to 9 (http:/links.Iww.com/ENUS/A359).

In terms of specific adverse events, pooled rates were calculated for
EUS-HGS. The rate of stent migration was the highest at 5.3%,
whereas others calculated were bleeding, which was 4.9%; perfora-
tion, 3.5%; bile leak/bile peritonitis, 4.9%; stent occlusion, 4.2%;
and cholangitis/sepsis/bacteremia, 4.9%. The pooled rates are sum-
marized in Table 2, and the corresponding forest plots are illustrated
in Supplementary Figures 10 to 15 (http:/links.lww.com/ENUS/A359).

Subgroup analysis

Subgroup analysis was performed based on study type (prospec-
tive, retrospective) and geography (Asia, America, Europe). The re-
ported technical success rate was 94.4% (95% CI, 91.8%-96.2%),
and the clinical success rate was 91% (95% CI, 83%-95.5%) in the

Technical Success

Group by Study name Statistics for each study Event rate and 95% C1
vpe Event Lower Upper Relative
rate limt imit  Total ‘weight
HGAS Imai, 2017 0838 0683 088 31/37 —— 3061
HGAS Inoue, 2022 0912 0805 Q%3 52/57 —| 277
HGAS Ishiwatari 2022 Q974 0838 0996 37/38 —— 5i8
HGAS Ogura, 2014~ 0%2 057 0S8 12/72 143
HGAS Tokenaka 2022 0833 0631 0936 20/24 — 2333
HGAS Zhang, 2022 0977 0723 Q99 21/21 138
HGAS Pool 0897 08% Qa2 —
HGAS Prodction Interval 0897 0706 0969
HGS Amano, 2017° 0950 05% 087 9/
HGS Anderion, 2018 0978 073 099 22722
HGS vifon, 2016 0960 0755 0g9oa 24/%
HGS ios, 200 0955 0553 0987 10/710
HGS Canakis, 2021 0878 0741 0999 23/
HGS , 2016 0977 0723 0999 21/21
HGS Guo, 2018 0938 0451 Q%E 7/
HGS o, 2018 0990 0859 0999 49/49 —
HGS Imai, 2017 0976 0849 0997 41/42 P—
HGS Ishwatari, 2022 0992 0873 0999 58/ —
HES Jagielsk, 2021 0981 0878 0997 52/ —
HGS Kawakubo, 2014 0950 0718 0993 19/20
HGS Khashab 2016 0818 0818 0% 58/61 —
HGS im, 2012 0750 0238 Q%8 3/
HGS Mashara, 2020 0900 0326 0994 4/
HGS Marioa, 20 0746 0882 0801 153/205 ——
HGS Minaga, 2017 09%7 0798 099 —|
HES Mnaga, 2018 0875 0676 0859 —_——
HGS Miyano, 2018 0988 08% 0989 —
HGS Maryoussef 2017 0844 0633 0992
HGS Nakai, 2016 0985 0804 0988 —
HGS Qgura, 20 0981 0764 0999
HES Goure, 2018 0%7 0798 Q%8 —_—
HGS Oh. 2016 0930 0871 0%3 1 9 —
HGS Ohno, 2022 0811 082% 0887 —
HGS Okuno, 2018 0976 0713 0989
HGS kung, 2022 0976 0713 0989
HGS Paik, 2014 0%4 0785 Q995 ——
HGS Paik, 2014* 0870 0665 Q957 —_—
HGS Paik, 2017 0971 06l 0998
HES Paik; 2018 0%9 0809 0% —]
HGS Park, 2011 0984 0794 0999 —
HGS Park, 2015 0976 0713 099
HGS Poncloux 2015 | 0885 0900 0998 —
HGS Prachayakul 2013 0833 0848 0561
HGS q. 2014 0985 0852 0987
HGS les, 2017 0984 0734 0999 ———
HES kahashi 2022 Q786 0506 0929
HGS Takenaka 2022 0958 Q838 0989 —_—
HES berg, 2021 0gle 0841 0857 —
HGS 38, 2015 0879 0741 0989
HGS Zhang, 2022 0977 0723 099
HGS e 0949 09% Q%5 -
HGS Prediction Interval 0843 0761 0991
o obs 050 o¥s 100

Figure 1. Forest plot, technical success of EUS-HGS and EUS-HGAS.
EUS-HGAS: EUS-guided hepaticogastrostomy with antegrade stenting;
EUS-HGS: EUS-guided hepaticogastrostomy.
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Figure 2. Forest plot, clinical success of EUS-HGS and EUS-HGAS.
EUS-HGAS: EUS-guided hepaticogastrostomy with antegrade stenting;
EUS-HGS: EUS-guided hepaticogastrostomy.

0

prospective studies. The rates of clinical and technical success in
the retrospective study were 83.2% (95% CI, 73.5%-89.8%) and
93.4% (95% CI, 91.2%-95.1%), respectively. The rates of technical
success observed in Europe were 95.8% (95% CI, 88.4%-99.0%),
92.5% (95% ClI, 87.8%-95.4%) in America, and 93.8% (95% CI,
91.8%-95.4%) in Asia. The rates of clinical success in Asia were re-
ported to be 87.9% (95% CI, 85.2%-90.1%), 70.1% (95% CI,
34.4%-94.3%) in America, and 91.5% (95% CI, 80.8%-96.5%)
in Europe. The numbers of mild, moderate, severe, and fatal ad-
verse events reported in studies from America were 7.6% (95% CI,
3.8%-14.8%), 10.4% (95% CI, 5.9%-17.9%), 10.1% (95% CI,
3.8%-24.1%), and 13.4% (95% CI, 1.5%-21.5%), respectively. Al-
though the numbers of mild, moderate, severe, and fatal adverse
events reported in studies from Asia were 6.3% (95% CI, 3.7%—
10.5%), 12.5% (95% CI, 8.7%-17.8%), 2.4% (95% CI, 1.6%—
3.8%), and 3.3% (95% CI, 2.2%-4.9%), respectively. In Europe,
the number of mild adverse events reported was 4.6% (95% CI,
2.6%-7.8%), and the numbers of moderate, severe, and fatal adverse
events were 10.2% (95% CL, 4.4%-21.9%), 8.4% (95% CI, 2.3%~—
2.61%), and 7.4% (95% ClI, 2.4%-20.3%), respectively. These
outcomes are summarized in Supplementary Table 2 (http:/links.
lww.com/ENUS/A359) and illustrated in Supplementary Figures
16 and 17 (http:/links.lww.com/ENUS/A359).

Validation of meta-analysis results

Sensitivity analysis

To assess the possible dominant effect of individual studies on the
meta-analysis, we excluded one study at a time and analyzed its ef-
fect on the main summary estimate. We did not find any single
study that significantly affected the outcomes of interest or the het-
erogeneity. Additional analyses were performed based on study
type (prospective, retrospective) and study site (America, Asia,
Europe). No major variations in the pooled rates were noted, ex-
cept for severe and fatal adverse events, which were 2.3% and
2% in retrospective studies, respectively.
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Cumulative outcomes and adverse effects associated with EUS-HGS and EUS-HGAS.

Pooled rates (95% confidence interval), /2, no. of studies

Cumulative outcomes EUS-HGS EUS-HGAS

Technical success 94.4% (92.4-95.9), 0%, 43 89.7% (82.6-94.2), 29.6%, 3

Clinical success 88.6% (83.7-92.2), 0%, 43 92.5% (77.9-97.7), 0%, 6

ASGE lexicon 23.8% (19.6-28.5) 13.3% (8.2-21.0)

Mild 5.8% (4.2-8.1), 0%, 38 2.1% (5.9-23.0), 51.65%, 6

Moderate 12.1% (9.1-15.8), 16%, 38 5.2% (2.6-1.01), 0%, 6

Severe 4.2% (3.0-5.7), 61%, 38 1.9% (0.6-5.8), 0%, 6

Fatal 3.7% (2.6-5.4), 62%, 40 1.9% (0.6-5.8), 0%, 6
Pooled rates for types of adverse events related to EUS-HGS (95% confidence interval), 2, no. of studies

Bleeding 4.9% (3.7-6.5), 0%, 39

Perforation 3.5% (2.4-5.1), 0%, 38

Bile leak (bile peritonitis) 4.9% (3.7-6.4), 0%, 40

Stent migration 5.3% (3.6-7.9), 40%, 39

Stent occlusion 4.2% (2.7-6.5), 0%, 39

Cholangitis/sepsis/bacteremia 4.9% (3.7-6.4), 0%, 40

EUS-HGAS: EUS-guided hepaticogastrostomy with antegrade stenting; EUS-HGS: EUS-guided hepaticogastrostomy.
Publication bias, 2-tailed P < 0.01.

Heterogeneity Publication bias

Based on Q statistics and I* analysis for heterogeneity, overall low  On the basis of visual inspection of the funnel plot as well as quan-
heterogeneity was reported in this study. I*% values are summa- titative measurement that used the Egger regression test, there was
rized in Table 2, along with the pooled rates. No heterogeneity  evidence of publication bias. The funnel plot study scatter indi-
(I” = 0) was noted with the analysis of technical success and clinical  cated the possibility of a “small study effect” confound."**! Further
success (I” = 0). High heterogeneity was observed in severe (I*=61)  statistics using the fail-safe N test and Duval and Tweedie's “Trim
and fatal (I* = 62) adverse outcomes in HGS, which could be dueto  and Fill” test revealed the impact of the possible publication bias to
a low number of these events. Moderate heterogeneity (I> = 16)  be minimal and not to change the calculated estimate or the con-
was associated with moderate adverse effects with HGS and none  clusion of this meta-analysis. The funnel plot is summarized in
(I = 0) with mild adverse effects. No heterogeneity (I* = 0) was  Supplementary Figure 18 (http:/links.lww.com/ENUS/A359).
noted with bleeding, cholangitis/sepsis/bacteremia, bile leak, stent
migration, stent occlusion, and perforation.

DISCUSSION
Moderate heterogeneity (I* = 29.6 %) was noted in the pooled out-

comes of technical success related to HGAS, whereas none  In this meta-analysis of 44 studies, we analyzed the pooled techni-
(I> = 0%) was reported with clinical outcomes. cal success and clinical success with EUS-HGS, which were 94.4%

and 88.6%, respectively. The overall risk of adverse events with
EUS-HGS was 23.8%. Most of the existing studies on EUS-guided
BD either have included a mix of EUS-HGS, EUS-CDD, and percu-
taneous transhepatic BD patients or have a very small sample size.
This is the first meta-analysis of good-quality studies that consists
of the largest comparative cohort of studies to date that report the

Adverse Events

Stus ‘Statistics for each stus Event rate and 95% CI . .. .
L R ve—— — Relave overall pooled rates of technical and clinical success along with the
S 1l pooled rates of technical and clinical 1 th th
rate  limit limit  Total weight . .
Hoas el 217 108 0041 0288 4137 b | 1897 adverse events excluswely in EUS-HGS.
IGAS Ishiwatari, 2022* .189  0.093 347 7/37 ——— 2352
HGAS jura, . 083 012 413 1/12 7.58
B Eagle 4R [ ]
HGAS 00 ). 134 .076 224 ——— . .
i Reddegenal o1 0088 %0 | A recent review performed by Paik and Park!®!! that evaluated 27
iR ﬁé’}?%?g‘e 38 891 83 213 —— .. . . ..
i o A R — clinical studies reported the technical and clinical success rates of
i Bl 8 1 0 e —— EUS-HGS to be 96% (range, 65%—-100%) and 90%, respectively.
S REee S St gar g = However, further subtyping as mild, moderate, severe, or fatal ad-
HGS Minaga, 2017 345 0187 0531 10/29 . .
fise S e o ol g ¢ ——t verse events associated with the procedure was not reported. The
R Nocesst =7 8681 888 8% 4 [oee— .
e Qe oo ooe gm 3 —-— results of our study showed that both the technical success
iR ) i —1 ..
i guragge o3¢ 8% o Y —— ; (94.4% vs. 96%) and the clinical success rates were much lower
HGS Paik, 2017 ).438 .225 .676 7/ o . . .
5 Sy R R R —_— i (88.6% vs. 90%). The overall adverse event rates were higher in
rachayakd, TSt f
s e S R - our study (23.8% vs. 18%).1°!" This difference could be attributed
R Peie s 0o g 9a dias —_—— to th iabl le size betw: the studi
i e v I par— o the variable sample size between the studies.
s Boarg, 2022 38 o1 ok o -
HGS Prediction Interval 202 .118 ).324
0.1 025 050 0.¥5 1.00

In this analysis, we also performed subtyping of the adverse out-
Figure 3. Forest plot, pooled adverse events of EUS-HGS and EUS-HGAS. comes. The rates of mild, moderate, severe, and fatal adverse
EUS-HGAS: EUS-guided hepaticogastrostomy with antegrade stenting; events were reported to be 5.8%, 12.1%, 4.2%, and 3.7%, respec-

EUS-HGS: EUS-guided hepaticogastrostomy.
9 — Y tively. The calculated pooled rate of adverse events was as follows:
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perforation: 3.5%, bile leak: 4.9%, bleeding: 4.9%, stent occlu-
sion: 4.2%, stent migration: 5.3%, and cholangitis: 4.9%. This
study is the first to report these rates in the EUS-HGS population
via meta-analysis.

In the subgroup analysis, we analyzed the pooled rates of adverse
events associated with EUS-HGAS, which was calculated to be
13.3%. The pooled technical success with EUS-HGAS was 89.7%,
and clinical success was 92.5%. The pooled adverse rate associ-
ated with the procedure was lower than HGS alone. Our study
did not show a statistically significant difference in the overall ad-
verse events or the subcategories of the adverse events between the
HGS and HGAS subgroups.

The strengths of this review are as follows: systematic literature
search with well-defined inclusion criteria, carefully excluding redun-
dant studies, inclusion of all high-quality studies, inclusion of random-
ized controlled trials, detailed extraction of adverse events, their sub-
categories, technical success and clinical success information, rigorous
evaluation of study quality, subgroup analysis to evaluate the out-
comes of HGAS, low to moderate heterogeneity, narrow range of pre-
diction intervals, statistics to establish, and/or refuting the validity of
the results of the analysis.

Our study has limitations. There is an inherent heterogeneity
between the different studies in our analysis. Our study relies
heavily on prospective studies and retrospective studies that
compared the 2 subgroups of HGS and CDD. Despite these
limitations, our study provides valuable information on the
pooled success rates and adverse outcomes associated with HGS
and HGAS.

In conclusion, the technical and clinical success rates of EUS-HGS
were reported in our study to be 94.4% and 88.6%, respectively,
which makes the procedure safe to be performed in select patient
groups. The pooled rate of adverse events was highest for stent mi-
gration followed by bleeding, infections, and bile leak. Our study
emphasizes the need to perform further studies to look into the
risks of the procedure and develop further advancements in the
technique used to improve the outcomes and reduce the burden
of adverse events associated with the procedure.
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