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ABSTRACT

Background and study aims Endoscopic ultrasound-
guided intrahepatic biliary drainage (EUS-IBD) struggles to
find a place in management algorithms, especially compar-

ed to percutaneous drainage (PTBD). In the setting of hilar
stenoses or postsurgical anatomy data are even more lim-
ited.

Patients and methods All consecutive EUS-IBDs per-
formed in our tertiary referral center between 2012-2019
were retrospectively evaluated. Rendez-vous (RVs), ante-
grade stenting (AS) and hepatico-gastrostomies (HGs)
were compared. The predefined subgroup of EUS-IBD pa-
tients with proximal stenosis/surgically-altered anatomy
was matched 1:1 with PTBD performed for the same indica-
tions. Efficacy, safety and events during follow-up were
compared.

Results One hundred four EUS-IBDs were included (malig-
nancies=87.7%). These consisted of 16 RVs, 43 ASs and 45
HGs. Technical and clinical success rates were 89.4% and
96.2%, respectively. Any-degree, severe and fatal adverse
events (AEs) occurred in 23.3%, 2.9%, and 0.9 % respective-
ly. Benign indications were more common among RVs while
proximal stenoses, surgically-altered anatomy, and discon-
nected left ductal system among HGs. Procedures were
shorter with HGs performed with specifically designed
stents (25 vs. 48 minutes, P=0.004) and there was also a
trend toward less dysfunction with those stents (6.7 % vs.
30%, P=0.09) compared with previous approaches. Among
patients with proximal stenosis/surgically-altered anatomy,
EUS-IBD vs. PTBD showed higher rates of clinical success
(97.4% vs. 79.5%, P=0.01), reduced post-procedural pain
(17.8% vs. 44.4%, p=0.004), shorter median hospital stay
(7.5vs 11.5 days, P=0.01), lower rates of stent dysfunction
(15.8% vs. 42.9%, P=0.01), and the mean number of rein-
terventions was lower (0.4 vs. 2.8, P<0.0001).
Conclusions EUS-IBD has high technical and clinical suc-
cess with an acceptable safety profile. HGs show compar-
able outcomes, which are likely to furtherimprove with dedi-
cated tools. For proximal strictures and surgically-altered
anatomy, EUS-IBD seems superior to PTBD.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is the
first-line treatment modality for biliary drainage (BD). However,
cannulation and stenting may fail in up to 10% of cases [1].
Moreover, in the setting of surgically-altered anatomy a retro-
grade approach can be arduous or not feasible [2].

Until recently, the only established alternative was percuta-
neous transhepatic BD (PTBD), but developments in therapeutic
endoscopic ultrasound (EUS) have radically expanded the possi-
bilities for accessing the biliary tree in case of failed ERCP [3].

Evidence has been accumulating regarding the use of EUS-
guided BD (EUS-BD) in the management of extrahepatic biliary
obstruction (e.g. EUS-guided choledochoduodenostomy [e-
CD]) [4-6]. However, the use of EUS-guided BD with transgas-
tric access for rendez-vous (RV), antegrade stenting (AS) or he-
paticogastrostomy (HG), has been less well explored and is of-
ten perceived to be riskier or less effective [7,8]. Comparisons
of EUS-BD to PTBD are usually restricted to distal obstructions
and evidence is lacking on alternatives to PTBD, when extrahe-

EUS-IBD procedures N = 104

e-Rendez vous e-Antegrade Hepaticogast-
N=16 stenting rostomies
N =45 N =43

= Choledoco- = Distal stenosis = Distal stenosis
lithiasis N = 6 N=32 N=11

= Distal stenosis = Hilar stenosis = Hilar stenosis
N=9 N=38 N =22

= Hilar stenosis = Anastomotic = Anastomotic
N=1 stenosis stenosis

N=5 N=10

Comparison of the 3 EUS-IBD techniques

patic biliary drainage is not feasible, such as in the case of hilar/
intrahepatic stenoses or surgically-altered anatomy. Finally, RV,
AS, and HG have never been compared, nor have outcomes
with different devices. For all these reasons, EUS-quided intra-
hepatic BD (EUS-IBD) struggles to find a well-defined role in
clinical algorithms.

Our primary aim was to retrospectively analyze efficacy and
safety of EUS-IBDs performed for any indication in a tertiary re-
ferral center over 8 years. Indications and outcomes with three
different techniques were also separately described. Our sec-
ondary aim was to compare the efficacy and safety of EUS-
IBDs performed in a prespecified subgroup of patients with hi-
lar/intrahepatic stenoses or postsurgical anatomy, matched 1:1
with PTBDs executed for the same indications.

Patients and methods

Aretrospective search of Leuven University Hospitals electronic
database was performed to identify all consecutive EUS-IBDs
executed between 2012 and 2019. All EUS-IBD cases were eligi-

Historical PTBD
cohort

PTBD for hilar
stenosis or
post-surgical
anatomy

EUS-IBD for hilar
stenosis or
post-surgical
anatomy N = 45

= Hilar stenosis
N =30

= Anastomotic
stenosis
N=15

matching

= Hilar stenosis
N =30

= Anastomotic
stenosis
N=15

Matched EUS-IBD vs. PTBD comparison

> Fig.1 Selection of patients. Between January 2012 and October 2019, 104 EUS-IBDs were performed. After transgastric intrahepatic access,
e-RV was performed in 16 patients (15.4%), e-AS in 43 (43.3%) and e-HG in 45 (41.3%). Outcomes of these three techniques were compared.
We then identified EUS-IBDs performed for hilar/intrahepatic stenosis or in the setting of postsurgical anatomy. These procedures were mat-
ched to one PTBD case from an historical cohort of PTBDs executed in the same time frame, using the criteria described in the text. Finally,

outcomes of 45 EUS-IBDs and 45 PTBD were compared.
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ble for inclusion for the primary aim of the study, independent-
ly from indication.

For the secondary aim, the subgroup of patients undergoing
EUS-IBD for a hilar/intrahepatic stenosis or in the setting of
postsurgical anatomy was separately identified. A historical co-
hort of PTBDs executed in the same time frame and for the
same indications was used for a matched cohort comparison
of EUS-IBD vs. PTBD. »Fig.1 provides details about patient se-
lection. For every patient in each cohort, information on the
same set of variables was extracted (Appendix 1).

Eventual follow-up outside our Institution was ascertained
through patient electronic medical files, linked to peripheral re-
ferring hospitals within our network. Continuous variables are
presented as median (interquartile range [IQR]) and categorical
variables as rates (proportions). Outcomes are reported as inci-
dence (95 % confidence interval [Cl]).

Each patient gave explicit consent to all procedures. The lo-
cal Institutional Review Board approved the protocol of this
study (Identifier=563970).

Definitions

EUS-IBD is defined as any interventional procedure involving a
EUS-guided transgastric puncture of an intrahepatic bile duct
of the left liver lobe.

We defined “disconnected ductal system” at cholangiogra-
phy as the absence of a functional communication between the
left and right hepatic ducts due to a hilar/intrahepatic stenosis.

EUS-IBD procedures were categorized as rendez-vous (e-RV),
antegrade stenting (e-AS), and hepatico-gastrostomies (e-HG)
while PTBD procedures as percutaneous antegrade stenting (p-
AS), external/internal drainage (p-EID), and external drainage
(p-ED). » Fig. 2 and Appendix 2 list complete definitions.

» Fig.2 Endoscopic and percutaneous procedures described in this paper. Top: procedures following EUS-guided intrahepatic access. a EUS-
guided rendez-vous (e-RV) when EUS-IBD was used to allow antegrade transpapillary placement of a guidewire used for final retrograde the-
rapeutic procedure (cannulation over or next to the guidewire). b EUS-quided antegrade stenting (e-AS) when a metal stent was advanced
transgastric and transhepatic over a guidewire and finally placed bypassing a stenosis. c EUS-guided hepatico-gastrostomies (e-HG) when the
drainage was guaranteed through the placement of a self-expanding metal stent (SEMS) between the left intrahepatic duct and the stomach.
Bottom: Percutaneous procedures. d Percutaneous external drainage (p-ED) when the stenosis could not be passed and drainage was obtained
through a transhepatic externally-placed catheter connected to a drainage bag. e Percutaneous external/internal drainage (p-EID) when a
drainage was placed with an external trans-cutaneous tip and an internal transpapillary tip in the duodenum. f Percutaneous antegrade stenting
(p-AS) when a metal stent was advanced transhepatic and finally placed bypassing a stenosis.
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For e-HGs, we defined as “purpose-specific stent” a partially-
covered self-expanding metal stent (SEMS) (Giobor, Taewoong
Medical Inc., Gimpo, Korea) with an uncovered portion for in-
trahepatic placement and a covered portion crossing the liver
parenchyma and gastric wall to end in the gastric lumen with
the purpose of avoiding a bile leak or pneumoperitoneum. Pre-
viously used approaches included fully-covered SEMS
(FCSEMS), partially covered SEMS (PCSEMS) or overlapping (un-
covered +FC) SEMS.

We defined “technical success” as a successful intrahepatic
access with the possibility to perform a subsequent therapeutic
intervention (stone-extraction, balloon-dilation or biliary stent-
ing).

We defined “clinical success” as laboratory or clinical im-
provement as detailed in Appendix 3.

American Society for Gastrointestinal Endoscopy (ASGE) lex-
icon [9] criteria were used to stratify adverse events (AEs) as
mild/moderate, severe or fatal. Post-procedural pain conserva-
tively treated without additional medical work-up was not con-
sidered among AEs but was systematically recorded.

We defined “dysfunction” as a new occurrence of cholestasis
due to stent obstruction or dislocation after a clinically success-
ful procedure. Time to dysfunction was registered. We defined
as “reinterventions” any planned or unplanned procedure due
to failure, recurrence or revision (including internalization of
an ED).

“Procedure duration” was defined as the interval in minutes
between first and last cholangiography image.

Intervention: EUS-guided intrahepatic access

All procedures were performed by (or under direct supervision
of) three senior endoscopists highly experienced in interven-
tional endosonography (SvdM, WL, HvM). A linear echo-endo-
scope was positioned in the proximal stomach. Dilated intrahe-
patic ducts were identified with the help of color Doppler.
When a dilated segment 2/3 duct was identified, a 19G needle
(EchoTip Ultra, Cook Medical or Expect, Boston Scientific) was
advanced under ultrasonographic control (» Fig.3). The posi-
tion of the needle tip in the duct was confirmed through bile
aspiration and subsequent contrast injection. A 0.025-inch
guidewire (Visiglide, Olympus) was inserted through the nee-
dle. When a stable position of the guidewire was obtained, the
needle was exchanged for a 6 Fr cystotome (ENDO-FLEX GmbH,
Voerde, Germany), used with cutting current under standard
papillotomy settings on an ERBE electrosurgical unit (ERBE, Tu-
bingen, Germany). Additional description of RVs, ASs or HGs is
available in Appendix 2.

Matching

EUS-IBDs performed for hilar/intrahepatic stenosis or in the set-
ting of postsurgical anatomy were identified and matched to
one PTBD case (»Fig.1). Variables perceived to have an influ-
ence on outcomes were used for matching, after scrutinizing
previous literature [10, 11]. To obtain homogeneous pre-proce-
dural probability of technical/clinical failure and subsequent
dysfunction/recurrence an exact matching was obtained for:
malignant vs benign indication; level of the stenosis hilar/intra-
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» Fig.3 Hepaticogastrostomy. a Transgastric EUS-guided puncture
of a dilated duct of left liver lobe. b Contrast injection and guide-
wire cannulation of the biliary tree. ¢ After tract consolidation
through cystotome, placement of a partially-covered SEMS with an
uncovered portion for intrahepatic placement and a covered por-
tion crossing the liver parenchyma and ending in the gastric lumen.
d Endoscopic appearance of the covered part of the SEMS inside the
gastric lumen.

hepatic vs. anastomotic; “disconnected ductal system” yes vs.
no. A maximal difference of £5 years was accepted for patients’
age; differences in other variables not used for matching were
explored and eventually discussed.

Statistical analyses

x-squared test was used for comparing categorical variables,
and differences in efficacy and safety shown as relative risk
(RR) and 95 % Cl. Mann-Whitney-U, Kruskal-Wallis and Wilcoxon
signed rank tests were used for comparing continuous variables
as appropriate. Kaplan-Meier curves were used for stent dys-
function-free survival and overall post-procedural survival,
with log-rank test for comparisons. MedCalc Statistical Soft-
ware (Ostend, Belgium) was used for matching and statistical
analysis. P <0.05 was considered statistically significant.

Results
EUS-guided intrahepatic access (EUS-IBD)

104 EUS-IBDs were performed between January-2012 and
October-2019 (»Table1). Median age was 67 (61-77) and
53.8 % of patients were male.

The procedure indication was malignant stenosis in 87.7 %
of cases, benign stenosis in 10.6%, and choledocholithiasis in
5.8%. Stenosis was distal in 50%, hilar/intrahepatic in 29.8%,
and anastomotic in 14.4% of cases. Of the procedures, 77.9%
were executed after failed ERCP, while 22.1 % were primary pro-
cedures due to surgery impeding access to the papillary area.

E1785



& Thieme

> Table 1 Characteristics of included patients undergoing EUS-IBD.

Variable Total N=104

Age, median [IQR] 67 [61-77]
Male, n (%) 56 (53.8%)
Indication

= Malignancy, n (%) 87 (83.7%)

= Pancreatic cancer 45
= Cholangiocarcinoma 15
= Metastasis 22
= Ampulloma/duodenal carcinoma 5

9

= Benign disease, n (%)

= Benign stricture 1M
= Anastomotic 5
= Acute or chronic pancreatitis 6
= Choledocholithiasis 6

Level of stenosis, n (%)
= Distal 52 (50%)
« Hilar 30(28.8%)

= Anastomotic 15(14.4%)

= Intrahepatic 1(1%)
= Absent (choledocholithiasis) 6(5.8%)
Disconnected left biliary system, n (%) 27 (26%)

Reasons for transgastric approach

« Failed ERCP, n (%) 81(77.9%)

= Papillary region inaccessible (stenosis/infil- 35
tration)

= Failed biliary cannulation 45

= Stenosis not manageable by ERCP 1

= Surgery impeding retrograde approach, n (%) 23(22.1%)

= Whipple resection 14

= Hepatico-enterostomy after biliary/liver re- 5
sections

= Distal gastrectomy 3

= Palliative gastro-enterostomy and hepatico- 1
enterostomy

Procedure

= EUS-guided transgastric ERCP rendez-vous
(e-RV)

16 (15.4%)

= EUS-qguided transgastric antegrade biliary
stenting (e-AS)

43 (43.3%)

= EUS-quided hepaticogastrostomy (e-HG) 45 (41.3%)

»Table1 (Continuation)

Variable Total N=104

= Presence of ascites, n (%) 18/92(19.5%)

= Presence of liver metastases, n (%) 23/91(25.3%)

EUS-IBD, endoscopic ultrasound-guided intrahepatic biliary drainage; IQR,
interquartile range; EUS, endoscopic ultrasound; ERCP, endoscopic retro-
grade cholangiopancreatography

Procedures

After transgastric intrahepatic access, e-RV was executed in 16
(15.4 %) patients, e-ASin 43 (43.3%) and e-HG in 45 (41.3%).

The procedure was performed despite the presence of as-
citesin 18 0f 92 (19.6 %) and liver metastasisin 23 of 91 (25.3 %).

Successful intrahepatic access, cholangiogram, and guide-
wire cannulation was obtained in 93 of 104 patients (89.4%)
(CI 81.8-94.6). However, in six cases the guidewire could not
be advanced through the papilla into the duodenum and, due
to concerns about possible subsequent surgical option, another
way of drainage [e-CD] was preferred, lowering the per-proto-
col technical success to 87/104 cases (83.7% [Cl 75.2-90.2]).

Median procedure length was 35 minutes [24 -56]. The clin-
ical success rate was 96.2% (Cl 89.8%-99.1%) among patients
with available follow-up (79/87).

Laboratory evaluation

Among patients with biliary stenosis and available biochemis-
try, median pre-procedural and post-procedural bilirubin were
7 (3.5-13.8) and 2.0 (1.1-4.5) mg/dL (P<0.0001), with a re-
duction of 64.5% (42.2% to 78%) in 7 days (5-13) (TableS1).
Among all EUS-IBDs with available biochemistry, a Day-1
post-procedure increase of C-reactive protein was noticed in
76.2% (Cl 63.8-86.04), with increasing rates in patients with
no symptoms, post-procedural pain, or AEs, p-for-trend=
0.02). Analysis of serial measurements showed persistent Day-
7 elevation only among patients with AEs, while a significant re-
duction between Days 1 and 7 among the rest (TableS1).

Radiological evaluation

Post-procedural imaging was performed in 16 cases (43.7%
asymptomatic); Table S1. Results were negative for any finding
in five plain x-rays, showed subdiaphragmatic free air in two
(12.5%, all conservatively managed) and new or worsened
pleural effusion or lung basal dys-/hypo-ventilation in nine
(56.3%).

Adverse events

Of the patients, 58.3% (Cl 48.2-68) were asymptomatic after
the procedure; 19 (18.4 %) (Cl1 11.5-27.3) experienced mild ab-
dominal pain not requiring any additional investigations; 24
(23.3%) (Cl 15.6-32.7) experienced an adverse event (AE):
severity was graded as mild/moderate, severe or fatal in 20,
three and one cases, respectively, with an overall incidence of
19.4% (C1 12.3-28.4), 2.9% (Cl 0.6-8.3) and 0.9% (Cl 0.02-

E1786 Vanella Giuseppe et al. EUS-guided intrahepatic biliary... Endoscopy International Open 2020; 08: E1782-E1794 | © 2020. The Author(s).



5.2), respectively. The fatal case was a fragile patient who ex-
perienced overt bleeding suspected at computed tomography
(CT) to originate from the hepaticogastrostomy access. » Table
2 provides a complete list of AEs.

Median post-procedural hospital stay was 4.5 (1-9) days in
case of no AEs, 7 (3.5-8) days in case of mild post-procedural
pain (post-hoc comparison not significant) and 10.5 (6-16.5)
days in case of AEs (P=0.005).

Dysfunction

After an initial clinical success, among 71 patients with a steno-
sis and available clinical follow-up, stent dysfunction occurred
in 15.5% (Cl 8-26.04) of patients (1 migration, 10 obstruc-
tions) after a median of 96 days (51.5-167). Proportion of dys-
function-free survival was estimated to be 98.1% (Cl 94.5-
100), 87% (Cl 76.1-97.8) and 68.5% (Cl 49.7-87.3) at 1, 3,
and 6 months on Kaplan-Meyer curves (» Table2). The median
number of reinterventions for the whole group was 0 (0-0).

Comparison of EUS-IBD procedures

Benign diseases (choledocholithiasis or benign stenosis) repre-
sented 50% of indications in the e-RV group, while 91.1% of e-
ASs and 88.4% of e-HGs were done for malignant disease (P=
0.0004). A stenosis was more frequently absent among e-RVs,
while it was more frequently hilar/anastomotic among e-HGs
(51.2% vs. 17.8% of e-ASs and 6.2% of e-RVs; P<0.0001). A
higher proportion of patients with postsurgical anatomy was
treated through e-HG (P=0.01); » Table 3.

Technical success was lower among e-RVs (P=0.04), but
one-third of failures in this group were represented by success-
ful biliary cannulation but subsequent impossibility to pass a
guidewire transpapillary, with a choledochoduodenostomy
preferred over hepaticogastrostomy.

No difference in per-protocol clinical success was identified.

A smaller decrease in bilirubin was seen among e-HGs (250 %
decrease in 51.6% (Cl 33.1-69.8) vs. 66.7% (Cl 9.4-99.2) and
89.7% (Cl 72.7-97.8) of e-RVs and e-ASs respectively; P=
0.01), which might be related to the higher rate of “discon-
nected” left biliary system among this subgroup (53.5% vs. 6.2
and 6.7 % of e-RVs and e-ASs, P<0.0001).

No significant difference in the rate of 1) post-procedural
symptomatic patients, 2) AEs or severe AEs was noted.

AEs was noted in the rate of severe AEs (no severe AE was de-
tected among e-RVs). The incidence of stent dysfunction and
time to dysfunction were not different (» Table 3).

Subgroup analysis of hepatico-gastrostomies

Among hepatico-gastrostomies (HGs) (N=43), the rate of tech-
nical success was 88.4% (Cl 75-96.1). HG was created through
a purpose-specific stent in 16 cases (37.7 %), while other ap-
proaches were used in the remaining cases (Table S2).

A significantly shorter procedural time was observed with
the use of a purpose-specific stent (median 25 vs. 48 minutes,
P=0.004) together with a trend toward less stent dysfunction
(6.7% [Cl 0.2-32] vs. 30% (CI 11.9-54.3), P=0.09; RR=0.2
[C10.03-1.7]).
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Subgroup comparison of EUS-quided vs.
percutaneous BD in patients with proximal
stenoses or postsurgical anatomy

Of 104 EUS-IBDs, 45 procedures were performed for a hilar/in-
trahepatic stenosis or in a patient with postsurgical anatomy
impeding access to papillary region.

Those 45 patients were matched 1:1 with an historical co-
hort of PTBDs using the aforementioned criteria. Of EUS-IBD
patients, 38.6 % had already received a previous biliary drainage
versus 17.8% of PTBD, P=0.03.No other differences were no-
ticed in non-matched variables.

Among PTBDs, p-ED was performed in eight patients (18 %),
p-EID in 21 patients (47.7 %) and p-ASin 15 (34 %). However, an
external coaxial drain was left inside the metal stent in five
cases, so that the number of patients with primary placement
of an external catheter was 34 (75.6 %). Subsequent internaliza-
tion of an external drainage was possible in 18 (52.9%, in three
by means of e-HG), while in 11 and five cases, respectively in-
ternalization was impossible or only temporary. Comparisons
between EUS-IBDs and PTBD groups are reported in » Table 4.

Technical success rates were equally high, but clinical suc-
cess rates were significantly higher in the EUS group (97.4%
[Cl 86.5-99.9] vs 79.5% [Cl 65-90.4], P=0.01; RR=1.23
[1.05-1.44]).

A significantly higher proportion of patients in the EUS-IBD
group did not experience any post-procedural clinical event or
symptom (64.4% [Cl 48.7-78.1] vs 31.1% [CI 18.2-46.6], P=
0.004; RR=2.07 [1.27-3.37]), while 44.4% (Cl 29.6-60) of
PTBDs experienced post-procedural abdominal pain (vs 17.8%
[Cl 8-32.1] of EUS-IBDs, P=0.004; RR=2.5[1.23-5.08]), even
if the rate of overall and severe AEs was not different.

Median post-procedural hospitalization was 7.5 days in EUS-
IBD and 11.5 in PTBD group (P=0.01).

There was a significantly higher rate of stent dysfunction in
the PTBD group (42.9% [Cl 26.4-60.7] vs.15.8% [Cl 6-31.3],
P=0.01,RR=2.71[1.19-6.21]) and a higher need for post-pro-
cedural reinterventions (median 1 [0.25-3] vs. 0 [0-0], P<
0.0001).

Discussion

This large, retrospective, single-center experience shows that
EUS-guided intrahepatic biliary access has high rates of techni-
cal and clinical success with an acceptable safety profile. Hepa-
ticogastrostomy showed equivalent outcomes when compared
to rendez-vous and antegrade stenting with regards to success
and AEs rate. In addition, the success of hepaticogastrostomy
was slightly superior when purpose-specific stents were used.
For hilar/intrahepatic strictures and patients with surgically-al-
tered anatomy, EUS-quided approach seems safer, more effec-
tive and less prone to stent dysfunction when compared to
PTBDs with the same indications. These results are of great clin-
ical importance due to the paucity of comparative data, as well
as the morbidity associated with PTBD in a population already
stricken by reduced quality of life.
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» Table2 General Outcomes of EUS-IBDs.
Variable

Technical success

= Technical failures, n (%)

= Biliary tree never opacified

= Impossible guidewire cannulation
= Guidewire dislocation after access
= Impossible to place a HG

= Scope-related technical issues

= Successful intrahepatic access and guidewire
cannulation, n (%)

= Multiple biliary punctures required

= Hepaticogastrostomy stent misplacement,
saved intraprocedurally with coaxial FC-SEMS

= Impossibility to place the guidewire transpa-
pillary — extrahepatic EUS-guided drainage
preferred over HG

= Complete technical success, n (%)
= Median procedural length [IQR], minutes
Clinical success
= Complete procedures, n (%)
= Treatment of choledocholithiasis
= Biliary stenosis’
= Overall clinical success, n (%)’
Adverse events
= Available follow-up
= No clinical event, n (%)
= Mild self-limiting post-procedural pain, n (%)
= Overall adverse events rate, n (%)
Timing, n
= Intraprocedural
= Same-day post-procedural
= Early (<7 days)
= Late
Type, n
= Perforation (2/2 surgical management)
= Bleeding
- Mild hemobilia (no management required)

- Hemorrhagic shock (endovascular treat-
ment)?

- Hemoperitoneum (treated conservatively)
= Bile leak + peritonitis (treated conservatively)
= Cholangitis

= Bacteremia

Total N=104

11(10.6%)

2
1

93/104 (89.4%)

87/104 (83.7%)

35[24-56]

N=87
4/4
72/75'

76/79 (96.2%)

N=103
60 (58.3%)
19(18.4%)

24(23.3%)

»Table2 (Continuation)

Variable

= Acute pancreatitis

= Severe abdominal pain
Severity (ASGE lexicon), n (%)
= Mild/moderate

= Severe

= Fatal

Total N=104

20/103 (19.4%)
3/103 (2.9%)

1/103 (0.9%)

Median post-procedural length of hospital stay [IQR], days

= All patients with available follow-up (N=79)
= No clinical event

= Mild post-procedural pain

= Patients with adverse events

Follow-up

Stent dysfunction*

= Median post-procedural FU (N=71)

= No stent dysfunction, n (%)

= Stent dysfunction, n (%)

= Stent migration

= Stentobstruction (clots/ingrowth)
= Time to dysfunction [IQR], days
Rescue procedures

= None

= ERCP

= NewHG

= SEMS-in-SEMS of the HG
= Plastic stenting of the HG

= 1,3, 6, 12 months probability of no dysfunc-
tion®

Median number of reinterventions, [IQR]

7[3-10]
4.5[1-93
7[3.5-8]

10.5[6-16.5]3

57 days
[16.3-135.8]

60/71(84.5%)
11/71(15.5%)
1

10

96 [51.5-167]

2
4

3 (1 using the
same fistula)

1
1

98.1%, 87%,
68.5%,61.7%

0[0-0]

EUS-IBD, endoscopic ultrasound-guided intrahepatic biliary drainage; HG,
hepaticogastrostomy; FCSEM, fully-covered self-expanding metal stent;
EUS, endoscopic ultrasound; IQR, interquartile range; FU, follow-up.

! Excluding lost-to-follow-up (N =8)
2 Fatal event

3 P=0.005 of Kruskal-Wallis test for 3-groups comparison, post-hoc analysis
showing significantly different length only between patients with adverse

events versus each other subgroup.

4 Per-protocol; among patients with biliary stenosis and successful stent

placement
> Kaplan-Meier curves
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» Table3 Comparison of the three EUS-IBD techniques.
Variable e-RV (N=16) e-AS (N=45) e-HG (N=43) P value

Clinical indication

Proportion of malignant indication, n (%) 8(50%) 41(91.1%) 38(88.4%) 0.0004!
Level of the stenosis, n (%) <0.0001’
None (choledocholithiasis) 6(37.5%) 0 0

Distal 9(56.2%) 32(71.1%) 11(25.6%)

Hilar/intrahepatic 1(6.2%) 8(17.8%) 22(51.2%)

Anastomotic (after surgical hepatico-enterostomy) 0 5(11.1%) 10(23.3%)

Reason for the transgastric approach, n (%) 0.01"
Surgery impeding access to papillary region 0 9(20%) 14 (32.6%)

Papillary region inaccessible for stenosis/infiltration 4(25%) 22 (48.9%) 9(20.9%)

Failed ERCP cannulation 12(75%) 14(31.1%) 19 (44.2%)

Successful ERCP but unnegotiable stenosis 0 0 1(2.3%)

“Disconnected ductal system”, n (%) 1(6.2%) 3(6.7%) 23 (53.5%) <0.0001'
Efficacy

Technical success, n (%) 0.04'
Successful access and complete treatment 10(62.5%) 39(86.7%) 38(88.4%)

Successful biliary cannulation but uncomplete procedure 2(12.5%) 4(8.9%) 0

Technical failure, n (%) 4(25%) 2(4.4%) 5(11.6%)

Clinical success, n (%) 8/8(100%) 32/33 (97 %) 36/38 (94.7%) 0.74
Bilirubin decrease >25%, n (%)? 2/3(66.7%) 28/29 (96.6 %) 27/31(87.1%) 0.16
Bilirubin decrease=50%, n (%)? 2/3(66.7 %) 26/29 (89.7 %) 16/31(51.6%) 0.01"
Stent dysfunction, n (%)3 0/4(0%) 4/32(12.5%) 7/35 (20 %) 0.47
Median time to dysfunction [IQR], days® - 101 [49.5-147.5] 96 [51.5-182] 0.714
Safety

Acute increase of inflammatory markers, n (%)° 4/6 (66.7 %) 23/26(88.5%) 21/31(67.7%) 0.16
Adverse events, n (%) 0.83
Mild abdominal pain 3/15(20%) 7/45 (15.6%) 9/43(20.9%)

Any adverse events 2/15(13.3%) 11/45 (24.4%) 11/43(25.6%)

Severe adverse events 0/2 (0%) 2/11(18.2%) 2[11(18.2%) 0.8
Median post-procedural survival [IQR], days 76[59.8-428.8] 61[39-185] 50[24.3-156] 0.24°

EUS-IBD, endoscopic ultrasound-guided intrahepatic biliary drainage; IQR, interquartile range; EUS, endoscopic ultrasound; ERCP, endoscopic retrograde cholan-
giopancreatography

! Statistically significant

2 Per-protocol; among patients with pre-procedural bilirubin elevation

3 Per-protocol; among patients with biliary stenosis and successful stent placement

4 No different probability of dysfunction-free survival at log-rank test (p=0.1908)

> Among patients with technical success

6 Higher probability of survival among patients undergoing e-RV versus e-AG (HR=2 [1.1-3.6]) and e-HG (HR=2.1 [1.1-3.9]); log-rank test (P=0.1186)
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» Table4 EUS-IBD versus percutaneous biliary drainage for patients with proximal stenosis or post-surgical anatomy.

Variable EUS-IBD (N=45) PTBD (N=45) P value
Matched variables

Proportion of malignant indication, n (%) 40 (88.9%) 40 (88.9%) 1
Level of the stenosis, n (%) 1
Anastomotic 15(33.3%) 15(33.3%)

Hilar/Intrahepatic 30(66.7 %) 30 (66.7%)

“Disconnected ductal system”, n (%) 26 (57.8%) 26 (57.8%) 1
Age [IQR], years 67[60.5-76] 67[62.3-74.5] 0.96
Other Variables

Male sex 23(51.1%) 30(66.7 %) 0.1
Previous failed ERCP 18 (40 %) 18 (40 %) 1
Previous biliary drainage 17 (38.6%) 8(17.8%) 0.03'
Median bilirubin [IQR], mg/dI 5.1[2.6-10.2] 8.3[2.9-13.3] 0.2
Efficacy

Technical success, n (%) 42(93.3%) 44 (97.8%) 0.31
Available FU N=39 N=44

Clinical success, n (%) 38(97.4%) 35(79.5%) 0.01"
Median bilirubin decrease [IQR], mg/dL? 2.6[1.2-5.2] (N=33) 4.2[0.9-7](N=39) 0.64
Time to bilirubin decrease [IQR], days? 7[5-11] 6[3-16] 0.44
Bilirubin decrease >25%, n (%)? 30/33(90.9%) 31/39(79.5%) 0.18
Bilirubin decrease >50%, n (%)? 18/33 (54.5%) 20/39(51.3%) 0.78
Procedural time [IQR], minutes 35[24.8-60.3] 45[28.5-69.5] 0.23
Median hospital stay [IQR], days 7.5[2-10] (N=34) 11.5[7-21.5] (N=44) 0.01'
Safety 0.004'
No post-procedural event, n (%) 29 (64.4%) 14(31.1%)

Mild post-procedural pain, n (%) 8(17.8%) 20 (44.4%)

Adverse events, n (%) 8(17.8%) 11(24.4%)

Severe adverse events, n (%) 1(2.2%) 0(0%) 0.32
Follow-up

Stent dysfunction, n (%)3 6/38(15.8%) 15/35 (42.9%) 0.01'
Median time to dysfunction [IQR], days 118 [77-196] 81[20-157] 0.314
Median number of reinterventions [IQR] 0[0-0] 1[0.25-3], <0.0001'
Median post-procedural survival (95 %Cl)°, days 91 (95%CI50-168) 119 (95%Cl 77 - 250) 0.61°

EUS-IBD, endoscopic ultrasound-guided intrahepatic biliary drainage; PTBD, percutaneous biliary drainage;

cholangiopancreatography.
1 Statistically significant

2 Per-protocol; among patients with available data and pre-procedural elevation
3 Per-protocol; among patients with clinical success and available follow-up

IQR, interquartile range; ERCP, endoscopic retrograde

4N differences in dysfunction-free survival at log-rank test (P=0.56)
> Based on the log-rank test at Kaplan-Meier statistics.
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Although a recent review on EUS-guided BD summarized the
cumulative technical success, clinical success, and AE rates of
95%, 92%, and 23%, respectively [3], literature describing
intrahepatic drainage is typically composed of small retrospec-
tive series [12-15]. Larger series usually include miscellaneous
procedures (e.g. both extrahepatic and intrahepatic routes of
EUS-BD) [8,16-18] or different indications, so that it becomes
difficult to position this technique in management algorithms.
Techniques are not standardized (e.g. with/without tract dila-
tion, cystotome vs. needle-knife) and results lack distinction
according to adopted devices (e.g. plastic vs. metal stents,
type of SEMS) [8,16]. The only retrospective experience de-
scribing specifically designed half-covered SEMS, has no com-
parator [19].

We describe 104 consecutive EUS-IBD cases executed in a
single center, with a standardized protocol. Our results are in
line with previous literature; the slightly higher incidence of
technical failures may be due to the evolution of expertise over
time but also related to our rigid definition of failures on an in-
tention-to-treat basis. Of note, in six of 17 “failures” biliary ac-
cess, opacification of the biliary tree and guidewire cannulation
were successful, but the guidewire could not be manipulated to
transverse the distal stenosis to allow for antegrade stenting
and alternative drainage using EUS-guided choledochoduode-
nostomy was preferred above hepaticogastrostomy. Among
the remaining 11 failures, four were due to poorly dilated bili-
ary tree, while five were related to manipulation of guidewires
and accessories, advocating for a stricter selection of patients
in terms of technical aspects and development of urgently
needed single-step devices to overcome technical hazards/con-
cerns. We were not able to analyze predictors of technical
failures in our series, but previous studies suggested a dilation
<5mm of the punctured duct and a traversed hepatic parench-
yma=3cm as independent predictors of technical failure (with-
out any role of choice of segment two vs. three for puncture or
the presence of concomitant ascites) [20]. Ascites was detected
in about 20% of our patients, but this did not prevent a stable
position and good apposition of the gastric wall and the liver
surface during the procedure; however, significant ascites
should be considered a contraindication to EUS-guided intrahe-
patic transgastric approach, unless a pre-procedural drainage is
performed.

AEs were present in 23.3% of our patients, with overall inci-
dences of severe or fatal events of only 2.9% and 0.9% (1 case),
respectively. Most events (18.4%) consisted of self-limiting
mild abdominal pain, not requiring any escalation of medical
care. Upon radiological post-procedural surveillance, we noted
a 12.5% rate of free subdiaphragmatic air, without any clinical
consequences, to be considered an incidental finding after the
transgastric approach. As for comparisons among different
procedures following intrahepatic (IH) access, “pure” HGs,
usually perceived technically more challenging among EUS-IBD
procedures, demonstrated a higher technical success, an
equally high clinical success, as well as comparable AEs and dys-
function rates compared to e-RV and e-AS. Moreover, HGs cre-
ated with purpose-specific partially-covered stents were asso-
ciated with reduced procedure duration (25 vs. 48 minutes)
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and a trend toward reduced stent dysfunction over time. How-
ever, even if some alternative approaches (e. g. two overlapping
SEMS) are intuitively trickier and more time consuming, we
cannot exclude a learning curve effect on the improved proce-
dure duration.

The current literature is also limited with regard to the anal-
ysis of EUS-IBD versus comparators. Randomized clinical trials
(RCTs) of EUS-guided BD versus ERCP [21] or PTBD [22,23] for
distal malignant biliary obstruction (MBO) have included both
extrahepatic and intrahepatic routes of drainage. This was also
the case in two meta-analyses [24, 25]. Extrahepatic and intra-
hepatic routes showed similar success in head-to-head RCTs
[26] and pooled analyses [27]. However, sporadic reports of a
safer profile [7,8] and reduced complexity with electrocau-
tery-enhanced lumen-opposing metal stent (LAMS) [4], actual-
ly support the extrahepatic route (e-CD) as a first-line rescue of
failed ERCPs. However, e-CD is limited to distal stenoses, re-
quires a significant common bile duct dilation (at least 10 mm)
and can be complicated by a duodenal infiltration [28], so that
in an intention-to-treat scenario, feasibility is suboptimal and
there is still room for complementary procedures.

Evidence becomes even more scant when dealing with prox-
imal stenoses or patients with postsurgical anatomy, for which
no possibility of extrahepatic drainage exists. Enteroscopy-as-
sisted ERCP is theoretically an option in postsurgical anatomy,
but reduced technical/clinical success, increased procedure
duration and frequent AEs have been reported [2]. Therefore,
clinical decisions for these patients typically involve a choice
between EUS-BD and PTBD. The literature supports the super-
iority of EUS in terms of clinical efficacy and reduced AEs and
reinterventions, but usually does not make distinctions be-
tween HGs and CDs [22,29] and is focused on distal MBO, expli-
citly excluding hilar/intrahepatic stenosis [30,31]. Only initial
experience has been published on EUS-IBD for hilar strictures
[32,33], so that no evidence exists on EUS-IBD vs. PTBD for pa-
tients for whom this decision is most relevant.

Therefore, we identified the subgroup of EUS-IBDs patients
with proximal stenosis or postsurgical anatomy and compared
them with an historical PTBD cohort, matched for clinical indi-
cation and biliary anatomy. This population, for which ERCP is
precluded or has failed, represents a known clinical challenge,
with an expected lower pre-procedure probability of clinical
success, especially in the setting of “disconnected” left and
right hepatic ducts. Despite this, we demonstrated that in this
specific scenario, rates of clinical success were higher among
EUS-IBDs. This is particularly valuable, considering the higher
rate of previous BD in the endoscopic group, suggestive of a
more advanced disease course. Overall and severe AEs were
similar, but patients in the PTBD group experienced more fre-
quent post-procedural pain and longer hospital stay. During
follow-up, both stent dysfunction and overall need-for-reinter-
ventions were higher in the PTBD group, although there was no
difference in post-procedural survival.

Moreover, when the guidewire fails to cross the stricture, the
alternative to EUS-IBD is a transgastric stent (HG), whereas for
PTBD, the only alternative is external drainage, which is asso-
ciated with increased discomfort and reduced quality of life.
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Of note, even if it is routine practice at our hospital to aim for
internalization of every external PTBD, 47.1% of percutaneous
catheters could not be removed. In these cases, the possibility
of subsequent elective internalization through EUS-HG must be
considered [34]

For all these reasons, our data support primary EUS-IBD over
PTBD in cases of proximal stenosis or surgically-altered anato-
my. Furthermore, rate of AEs of EUS-IBD is expected to de-
crease, hand-in-hand with increased expertise and the develop-
ment of new devices (e.qg. single-step stent introducers [35]).
However, PTBD remains complementary to endoscopy, in cases
of EUS failure or need to selectively drain the right biliary tree,
even if proof-of-concept studies are starting to overcome this
left-EUS [ right-PTBD dichotomy [36].

In general, the ability with endoscopy to rapidly switch to
another access or approach in the same session under the
same sedation is an additional advantage over percutaneous
access to personalize treatment according to biliary anatomy
[37] (» Fig.4).

This study has several limitatoins. First of all, the retrospec-
tive nature is theoretically prone to under-detection of events
during follow-up.However, the fully computerized medical re-
cords used in our hospital and in many facilities in our network

Failed ERCP

Distal stenosis

Extrahepatic EUS-guided BD
[Choledoco-Duodenostomy or

Choledoco-Gastrostomy with
electrocautery enhanced LAMS]

= CBD<10 mm*

= Distance from Gl wall
>10 mm

= Duodenal infiltration

Technical failure

Proximal stenosis with left biliary
tree dilation

reduced this risk. Follow-up was not available for every patient,
but the novelty of these procedures and the hub-spoke model
of healthcare in our region significantly reduced the likelihood
that AEs were managed outside (or without consultation with)
our center. Procedures were executed in a tertiary referral cen-
ter with high expertise on biliopancreatic endoscopy, therefore,
reproducibility cannot be guaranteed outside this setting. This
is also true for PTBD procedures, and the advantages of the
EUS-guided approach in our matched comparison might be un-
derestimated by the excellent performance and dexterity of our
interventional radiologists, as demonstrated by the low rate of
overall and severe AEs when compared with published litera-
ture [22, 31]. Finally, the number of included procedures is lim-
ited, and given the exploratory nature of the study, no correc-
tion for multiple testing was performed; these factors expose
the study to the risk of both type 1 and type 2 error when per-
forming comparisons, therefore, the results must be critically
read and further tested through more studies that are fully
powered.

Despite all these limitations, this is one of the largest pub-
lished experiences with EUS-guided intrahepatic access for BD,
one of the few using a standardized cystotome-guided dilation-
free technique for tract creation, the only one to separately de-

Surgically altered anatomy*

Proximal stenosis with disconnec-
ted right biliary tree dilation

Intrahepatic EUS-guided BD
[Rendez-vous or Antegrade

stenting or Hepatic
Gastrostomy]

= Peripheral duct <5 mm*

= Intahepatic tract

>3cm*

Technical failure

Percutaneous Trans-hepatic BD

» Fig.4 Proposed algorithm for the management of biliary obstruction. In case of postsurgical anatomy, when papillary region is not accessible,
EUS-guided intrahepatic biliary drainage (EUS-IBD) may represent the first-line treatment modality. In case of biliary stenosis and failed ERCP:
1) when stenosis is distal and the common bile duct is significantly dilated we propose extrahepatic drainage through an electrocautery-en-
hanced LAMS as the first-line treatment; 2) when the stenosis is proximal and determines a dilation of the left biliary tree we propose EUS-IBD as
the first-line treatment; and 3) when the stenosis determines an isolated dilation of the right biliary tree (or other modalities have failed) we

propose percutaneous biliary drainage (PTBD).

*The cut-off included in the algorithm is taken from studies cited in the text, but may vary according to specific cases and local expertise.
#Post-surgical anatomy impeding access to papillary area (e.g. pancreaticoduodenectomy), with the exception of Roux-en-Y gastric bypass.
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scribe the three procedures following intrahepatic access, and
the only one reporting outcomes of HGs executed with specifi-
cally designed stents compared with previous approaches. Fi-
nally, our comparison of EUS-IBD vs. PTBD, although limited by
the small sample size, originally included only patients with
proximal stricture or surgically-altered anatomy.

Conclusion

Based on our data and on previously published literature, we
believe that the time is ripe to consider extrahepatic and intra-
hepatic EUS-guided accesses as different, though complemen-
tary, procedures with different initial indications. Therefore, we
propose a new to-be-validated clinical algorithm (»Fig.4)
based on the proposition that there is a specific place for EUS-
IBD in the multidisciplinary armamentarium of tertiary centers
managing biliopancreatic diseases.
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