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ABSTRACT

Background and study aims EUS-guided gallbladder
drainage (EUS-GBD) using lumen apposing metal stents
(LAMS) has excellent technical and short-term clinical suc-
cess for acute cholecystitis (AC). The goals of this study
were to determine the long-term clinical outcomes and ad-
verse events (AEs) of EUS-GBD with LAMS.

Patients and methods A multicenter, retrospective study
was conducted at 18 US tertiary care institutions. Inclusion
criteria: any AC patient with attempted EUS-GBD with LAMS
and minimum 30-day post-procedure follow-up.Long-term
clinical success was defined as absence of recurrent acute
cholecystitis (RAC) > 30 days and long-term AE was defined
as occurring > 30 days from the index procedure.

Results A total of 109 patients were included. Technical
success was achieved in 108 of 109 (99.1%) and initial clin-
ical success in 106 of 109 (97.2%). Long-term clinical suc-
cess was achieved in 98 of 109 (89.9%) over a median fol-
low-up of 140 days (range 30-1188). On multivariable anal-
ysis (MVA), acalculous cholecystitis (odds ratio [OR] 15.93,
95% confidence interval [Cl] 1.22-208.52, P =0.04) and the
occurrence of a LAMS-specific AE (OR 63.60, 95% Cl 5.08-
799.29, P <0.01) were associated with RAC. AEs occurred
in 38 of 109 patients (34.9%) at any time, and in 10 of 109
(9.17%) > 30 days from the index procedure. Most long-
term AEs (7 of 109; 6.42%) were LAMS-specific. No techni-
cal or clinical factors were associated with occurrence of
AEs. LAMS were removed in 24 of 109 patients (22%). There
was no difference in RAC or AEs whether LAMS was removed
or not.

Conclusions EUS-GBD with LAMS has a high rate of long-
term clinical success and modest AE rates in patients with
AC and is a reasonable destination therapy for high-risk sur-
gical candidates.

Introduction

Cholecystectomy is recommended for definitive management
of acute cholecystitis (AC) [1,2]. However, in patients who are
critically ill with multiple comorbidities there is increased mor-
bidity and mortality with surgical intervention [3]. Percuta-
neous gallbladder drainage (PT-GBD) is safe and efficacious
but is associated with pain, discomfort, and recurrent biliary
events often due to tube dislodgement [3,4,5,6]. PT-GBD

may also result in increased surgical complications in patients
who subsequently undergo cholecystectomy [7].

Endoscopic ultrasound (EUS)-guided gallbladder drainage
(EUS-GBD) is an alternative means of endoscopic gallbladder
drainage. Initial EUS-GBD procedures using plastic and luminal
self-expanding metal stents were technically and clinically suc-
cessful but were often complicated by stent migration or occlu-
sion [8]. The procedure has been refined through use of lumen-
apposing metal stents (LAMS) (» Fig. 1), which allow for techni-

E2 David Yakira et al. US multicenter outcomes... Endosc Int Open 2025; 13: a24955542 | © 2025. The Author(s).



YXR !
A

%

«
;s‘: —_—
[y "“E:s’
===
;"Q =
} ‘ ’:::::: SFent
X E=—==== diameter

S
vy
i
b
i

T
I

B
o

AVAY
X

A
Y

» Fig.1 Lumen-apposing metal stent.

cal ease of deployment and fewer risks of migration or occlu-
sion [9]. In addition, due to the size and stability of LAMS, ad-
junctive procedures such as per-oral cholecystoscopy, gallstone
lithotripsy, and removal are also facilitated [10,11,12]. Prior
studies have demonstrated high rates of technical and short-
term clinical success with EUS-GBD as well as low rates of ad-
verse events (AE) compared with both PT-GBD and endoscopic
transpapillary gallbladder drainage [13,14,15,16,17,18].
Long-term data from Asian and European cohorts suggest
good long-term outcomes [19, 20].

Technical details such as site of placement, use of wire gui-
dance, stent size, use of coaxial plastic stents, and interval re-
moval of stents vary by provider and it is unknown whether
these variables affect procedure outcomes. There are also lim-
ited data on the effect of EUS-GBD or presence of a gallbladder
LAMS on subsequent cholecystectomy.

This study aimed to expand on existing data and determine
long-term clinical success and AE of EUS-GBD with LAMS
among United States institutions. It further sought to deter-
mine clinical and technical factors that influence clinical suc-
cess and AEs as well as the impact of EUS-GBD with LAMS on in-
terval cholecystectomy.

Patients and methods
Study design and population

This was a retrospective multicenter study conducted at 18 US
tertiary institutions. Approval was granted by the Icahn School
of Medicine at Mount Sinai Institutional Review Board (IRB-19-
02464) as well as all participating institutions. Data use agree-
ments were obtained from collaborating institutions as neces-
sary.

Patients older than age 18 years old with AC who underwent
attempted EUS-GBD with a LAMS between January 2013 to De-
cember 2019 and had a minimum of 30 days follow-up from the
index procedure were included in this study. AC was defined
using the Tokyo 2018 guidelines as presence of right upper
quadrant pain/positive Murphy's sign accompanied by either

Gallbladder

Duodenum

/

» Fig.2 Choledochoduodenostomy with lumen-apposing metal
stent.

fever, leukocytosis, elevated C reactive protein, or white blood
cell count and/or radiologic evidence of AC [21].

Patient demographics and clinical features of presentation
data were collected.

Endoscopic procedures

Endosonography using a curvilinear echoendoscope was per-
formed on all patients. The gallbladder was identified and ex-
amined by the endosonographer to determine suitability for
EUS-GBD. EUS-GBD was performed by either a transgastric or
transduodenal route at endoscopist discretion. All patients un-
derwent attempts at EUS-GBD with a LAMS (Axios, Boston Sci-
entific, Marlborough, Massachusetts, United States). Decisions
regarding stent diameter (10mm x 10 mm, 15mm x 10 mm, 20
mm x 10mm), placement of LAMS over a guidewire, and use of
an electrocautery-enhanced deployment system were at
endoscopist discretion.

The LAMS was placed using standard techniques, with trans-
mural puncture across the gastric or duodenal wall into the gall-
bladder lumen, followed by stepwise deployment of the distal
and then proximal flange (» Fig. 2). The decision about whether
the LAMS was balloon-dilated and/or if a coaxial plastic stent
was placed was at endoscopist discretion.
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Data pertaining to other procedure-related factors were re-
corded, including whether cystic duct interrogation, per-oral
cholecystoscopy, gallstone extraction, and same-session endo-
scopic retrograde cholangiopancreatography were performed.

Outcomes

The primary outcome was to determine long-term clinical suc-
cess and AEs of EUS-GBD with a LAMS. Technical success was
defined as successful deployment of the LAMS in the gallblad-
der.

Recurrent acute cholecystitis (RAC) was defined as return of
typical features of AC in patients who had initial resolution of
symptoms after the index procedure. There are no established
guideline criteria for long-term clinical success. For the purpo-
ses of this study, long-term clinical success was defined as ab-
sence of RAC > 30 days after the index procedure.

Non-LAMS AE were classified according to the American So-
ciety of Gastrointestinal Endoscopy (ASGE) Lexicon for AE [22].
LAMS-specific AEs were defined as LAMS food impaction, LAMS
misdeployment, LAMS migration in the gastrointestinal lumen
or gallbladder, bleeding due to the LAMS, or buried LAMS.
These were also evaluated in both the short term (< 30 days)
and in the long term (= 30 days).

The secondary outcome was to determine technical and
clinical factors associated with clinical success and AE

Statistical analysis

Descriptive analysis was performed on all demographic, techni-
cal, clinical, and outcome variables. Categorical variables were
presented as percentages. Continuous variables were present-
ed as median with interquartile ranges (IQRs). The relationship
between technical and clinical factors and RAC and AE was ex-
plored using a univariate logistic regression. Significant asso-
ciations were further explored using multivariable logistic re-
gression. P < 0.05 was considered significant. All statistical a-
nalysis was conducted using IBM Corp.Released 2017.1BM
SPSS Statistics for Windows, Version 25.0. Armonk, New York,
United States: IBM Corp.

Results

A total of 140 cases were submitted by 18 institutions across
the United States. Thirty-one cases had less than 30 days fol-
low-up from the procedure and were excluded from analysis.
The final sample used for analysis included 109 cases. Four of
these cases have previously been published as part of a multi-
center study on short-term outcomes of EUS-GBD in cirrhotic
patients and were included because this study had different
endpoints [23]. Median follow-up in the current study was 140
days (IQR 76-330, range 30-1188).

Demographics and clinical features

Demographics and clinical features are detailed in »Table1.
Median age of the study population was 73 years (IQR 61.5-
82) and 56% were male. Median Charlson comorbidity index
was 7 and most patients had an American Society of Anesthe-
siologist (ASA) physical status classification of Ill or IV (96.2%).

» Table1 Demographics and clinical features of study population.
Parameter Value (n =109)

Demographics

Median age/years (IQR) 73(61.5-82)
Female n (%) 48 (44)
Median Charlson Comorbidity Index (IQR) 7 (5-8)
Clinical features

ASA I +1V, n (%) 103 (96.2)
Ascites present, n (%) 28(25.7)
Acalculous cholecystitis, n (%) 29 (26.6)
CBD stones present at index procedure, n (%) 27 (24.8)
Pre-procedure bilirubin (mg/dL) (IQR) 1.6 (0.7-3.8)

Pre-procedure platelets (x103/uL)(IQR) 225(147-287.3)

Pre-procedure INR (IQR) 1.2(1.1-1.4)
Pre-procedure antibiotics, n (%) 97 (89)
Pre-procedure anticoagulation, n (%) 37 (33.9)
Prior PT-GBD attempt, n (%) 10(9.6)
Prior transpapillary GBD attempted, n (%) 6(5.5)

ASA, American Society of Anesthesiologist physical status classification;
CBD, common bile duct; IQR, interquartile range; PT-GBD, percutaneous
gallbladder drainage.

Most cases were performed under general anesthesia (81.3%).
Most patients (97/109, 89%) were on antibiotics pre-procedure.

A minority of patients (26.6%) had acalculous cholecystitis.
Common bile duct (CBD) stones were present in 24.8% of pa-
tients and ascites was present in 25.7%. PT-GBD was attempted
initially in 10 cases (9.6%) and failed in nine of them. Endo-
scopic transpapillary gallbladder drainage was attempted initi-
ally in six patients (5.5%) and all were unsuccessful.

Procedure details

Technical details of the procedures are detailed in » Table2.
Most LAMS were placed using a transduodenal approach
(73.4%). Electrocautery-enhanced LAMS was used in the major-
ity of cases (90.8%). The most common stent diameters were
15mm (59.8%) and 10mm (38.3%). Wire guidance was utilized
in 27.5%. Immediate balloon dilation of the LAMS was per-
formed in 35.8% of cases. A coaxial plastic stent was placed in
33.9% of patients; the majority of these were 7F double pigtail
plastic stents (78.4%).

At the index procedure, the cystic duct was interrogated in
31.2% of cases and was patent in 50% of these cases. Gallblad-
der stone extraction was performed in 13.8% of patients and
per-oral cholecystoscopy was performed in 11% during the in-
dex procedure. No patients underwent lithotripsy of gallblad-
der stones via the LAMS. An ERCP was also performed during
the index procedure in 30.3% of patients with biliary sphincter-
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> Table2 Technical details of index procedure.

Parameter Value, n (%)
Anesthesia

General anesthesia 87(81.3)
MAC 19(17.8)
LAMS specifics

Approach for LAMS

Transgastric 29 (26.6)
Transduodenal 80(73.4)
LAMS diameter (mm)

10 mm 41(38.3)
15 mm 64 (59.8)
20 mm 2(1.9)
LAMS type

Electrocautery-enhanced 99 (90.8)
Adjunctive procedures

Over the wire LAMS placement 30 (27.5)
Stent dilation 39(35.8)
Cystic duct interrogation 34(31.2)
Cystic duct patent 17 (15.6)
Per-oral cholecystoscopy 12(11)
Gallbladder stone extraction 15(13.8)
ERCP performed at index procedure 33(30.3)
CBD stones extraction 17 (15.6)
Biliary sphincterotomy 21(19.3)
Biliary stent placed 16 (14.5)
Coaxial double pigtail plastic stent (DPPS) placed 37(33.9)
= 7F 29 (26.6)
= 10F 8(7.3)
Median # of coaxial DPPSs (IQR) 1(1-1)

DPPS, double pigtail plastic stent; IQR, interquartile range; LAMS,
lumen-apposing metal stent; MAC, monitored anesthesia care.

otomy performed in 19.3%, CBD stone extraction performed in
15.6%, and biliary stent placement in 19.3%.

Clinical outcomes

» Table 3 shows the outcomes of EUS-GBD.

Technical success

Technical success was achieved in 108 of 109 cases (99.1%).
The lone unsuccessful case was attempted using a transduode-
nal approach and failed due to stent misdeployment.

» Table3 Short- and long-term clinical outcomes in patients undergo-
ing EUS-GBD (n =109).

Parameter Value
Short-term outcomes

Technical success, n (%) 108 (99.1)
Short-term clinical success, n (%) 106 (97.2)
Median time to clinical success, days (IQR) 1(1-3)
Discharged from hospital, n (%) 107 (98.2)
Median time to hospital discharge, days 3(2-7)
(IQR)

RAC <30 days, n (%) 4(3.7)
Interval development of cholangitis <30 2(1.8)
days, n (%)

Interval development of choledocholithiasis 4 (3.7)
<30days, n (%)

Interval development of gallstone pancrea- 0

titis <30 days, n

Long-term outcomes

RAC =30 days, n (%) 4(3.7)
Long-term clinical success, n (%) 98 (92.5)

Median time to long-term RAC, days (IQR) 100.5(88.75-122.25)

Interval development of cholangitis > 30 3(2.8)
days, n (%)

Interval choledocholithiasis > 30 days, n (%) 3(2.8)
Interval gallstone pancreatitis > 30 days, n 1(0.9)

(%)

EUS-GBD, endoscopic ultrasound gallbladder drainage; RAC, recurrent acute
cholecystitis.

Short-term clinical outcomes

Initial clinical success was achieved in 106 of 109 cases (97.2%)
and median time to success was 1 day (IQR 1-3). The technical-
ly unsuccessful case accounted for one of the clinically unsuc-
cessful cases. The other two clinical failures were technically
successful with LAMS placed using a transgastric approach.
One clinical failure was due to stent migration 2 days after
placement and clinical success was then achieved via percuta-
neous drainage. The other case had no obvious explanation for
its clinical failure. That patient’s cholecystitis was subsequently
managed supportively.

Most patients (98.2%) were discharged from the hospital
and median time to discharge was 3 days. Within the first 30
days from the index procedure, there were four of 109 cases
(3.7%) of recurrent cholecystitis. Thus, overall short-term clini-
cal success was 93.6% (102/109). Three of the RAC cases were
associated with food impactions of the LAMS and were mana-
ged endoscopically. Two of these were placed transduodenally
and the third was transgastric. The fourth case was placed
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transduodenally and was not associated with any LAMS AEs. It
was managed supportively.

Additional gallstone complications occurred in four patients
(3.7%) within 30 days of EUS-GBD. Four patients developed in-
terval choledocholithiasis and two (1.8%) of them developed
cholangitis.

Long-term clinical outcomes

When examining outcomes more than 30 days following EUS-
GBD, RAC occurred in four of 109 patients (3.7%); these occurr-
ed at 61, 98, 103, and 180 days. Thus, the overall long-term
clinical success rate for all attempted cases was 89.9% (98/
109). Two of the long-term RAC cases had transduodenal
LAMS placement. One developed a LAMS food impaction and
was managed endoscopically while the other was not associat-
ed with any LAMS complication and was managed supportively.
The other two long-term RAC cases had transgastric LAMS pla-
cements. One was complicated by a buried LAMS and was man-
aged endoscopically while the other was complicated by LAMS
migration and was managed supportively.

Additional gallstone complications occurred in four patients
(3.7%) = 30 days after EUS-GBD. Three patients developed in-
terval choledocholithiasis and all of them developed cholangi-
tis. One patient (0.9%) developed gallstone pancreatitis.

Adverse events

AEs are shown in » Table 4. Thirty-eight (34.9%) patients had a
total of 50 AEs (12 patients had more than one AE). There were
17 of 109 (15.6%) LAMS-specific AEs.

Short-term AEs

During the index procedure, there was one non-LAMS duodenal
perforation (0.92%). There were also three LAMS misdeploy-
ments (2.75%) All of these were attempted via a transduodenal
approach. Two of these were due to distal flange deployment in
the peritoneum and one was due to immediate migration of the
distal flange out of the gallbladder into the peritoneum after it
was deployed. All of these were managed endoscopically with
subsequent correct positioning.

All other AEs occurred in the post procedure period. Within
the first 30 days post procedure, seven of 109 patients (6.42%)
had a LAMS-specific AE with median time to occurrence of 10
days (IQR 1-15). Food impactions of the LAMS six of 109
(5.5%) were the most common LAMS-specific AE and all were
managed endoscopically. The majority, five of six were placed
with a transduodenal approach.

During this time, 21 patients had a total of 27 non-LAMS AE
(6 patients had 2 non-LAMS AE). Median time to occurrence
was 8 days (IQR 1.25-14.75). The most common non-LAMS AE
in this timeframe were fever in eight of 109 (7.34%) and ab-
dominal pain in seven of 109 (6.42%). A transgastric approach
was utilized for five of eight cases and a transduodenal ap-
proach for three of eight cases with fever. Fever was managed
supportively in six of eight cases, endoscopically in one of eight
and by interventional radiology in one of eight cases. A trans-
duodenal approach was used in six of seven cases with abdom-
inal pain and transgastric for one of seven cases. Supportive

E6 David Yakira et al. US multicenter outcomes... Endosc Int Open 2025; 13: a24955542 | © 2025. The Author(s).

» Table4 Adverse events in patients undergoing EUS-GBD (n =109).

Parameter

Intra-procedure adverse events
Total intra-procedure adverse events
LAMS misdeployment

Non-LAMS perforation

Short-term adverse events < 30 days
Total short-term adverse events

Fever

Abdominal pain

Food Impactions

Hypotension

Dysrhythmia

Infection

LAMS migration into the gastrointestinal lumen
Non-LAMS-associated bleeding
Non-LAMS perforation

Hypopnea

Hypoxia

Deep vein thrombosis

Pneumonia

Short-term adverse event severity
Mild

Moderate

Severe

Long-term adverse events > 30 days
Total long-term adverse events

Food impactions

LAMS migration into the gastrointestinal lumen
Abdominal pain

Buried LAMS

LAMS migration into the gallbladder lumen
Biliary obstruction secondary to LAMS
Fever

Pneumonia

Non-LAMS-associated bleeding
Long-term adverse event severity

Mild

Moderate

Severe

Value, n (%)

4(3.7)
3(2.8)

1(0.9)

34(31.2)
8(7.34)

7(6.42)

12(11)

3(2.8)
8(7.3)

1(0.9)

EUS-GBD, endoscopic ultrasound gallbladder drainage; LAMS, lumen-ap-

posing metal stent



> Table5 Significant factors on univariate and multivariable analysis of associated with long-term clinical success and adverse events.

Parameter Univariate Multivariable

OR Cl P value OR Cl P value
Recurrent acute cholecystitis
ASA Il vs ASAI 0.08 0.01-0.70 0.02 0.24 0.01-7.52 0.42
ASA IV vs ASA 0.03 0.00-0.47 0.01 0.02 0.00-1.42 0.07
Acalculous vs calculous cholecystitis 5.35 1.19-24.03 0.03 15.93 1.22-208.52 0.04
Over the wire placement vs Direct Placement 5.07 1.13-22.73 0.04 5.05 0.61-41.67 0.13
LAMS AE 24.55 4.40-136.86 <0.01 63.70 5.08-799.29 <0.01
Any adverse event
Coaxial plastic stent placement 2.89 1.16-7.19 0.022 2.34 0.90-6.10 0.082
Time to clinical resolution of AC 1.21 1.03-1.43 0.021 1.20 1.02-1.42 0.27

AC, acute cholecystitis; ASA, American Society of Anesthesiologist physical status classification;

Cl, confidence interval; OR, odds ratio.

management was used in six of seven cases of abdominal pain
cases and endoscopic management for one of seven cases.

Long-term AEs

Ten patients (9.17%) had a total of 12 AEs occurring 30 days or
later from the index procedure (2 patients had > 1 AE)

There were seven of 109 (6.42%) LAMS-specific AEs > 30
days from the index procedure. Median time to occurrence
was 85 days (IQR 62-150). There were two LAMS food impac-
tions (transduodenal placement), two LAMS migrations into
the gastrointestinal lumen (1 transduodenal, 1 transgastric
placement), one buried LAMS (transgastric placement), one
LAMS migration into the gallbladder lumen (transgastric place-
ment), and one developed inflammatory changes around the
LAMS which caused biliary obstruction (transduodenal place-
ment). LAMS migrations into the gastrointestinal lumen were
managed supportively. All other LAMS complications were
managed endoscopically.

Long-term non-LAMS AE occurred in three of 109 patients
(2.8%). Two of these patients each had two long-term non-
LAMS AEs. Median time to these long-term non-LAMS AE was
180 days (IQR 64.5-254). One patient had abdominal pain,
one had pneumonia and non-LAMS associated bleeding, and
one had fever and abdominal pain. The abdominal pain and
non-LAMS-associated bleeding were managed endoscopically
whereas the other non-LAM AEs were managed supportively.

Factors influencing clinical success and AEs

» Table 5 shows univariate and multivariable analysis of statisti-
cally significant clinical and technical factors and occurrence of
RAC and AEs. On univariate analysis, RAC was less common in
patients with ASA Ill (odds ratio [OR] 0.08, 95% confidence in-
terval [CI] 0.01-0.70, P =0.02) or IV (OR 0.03, 95% ClI 0.00-
0.47, P =0.01) compared with those with ASA II. RAC was also
associated with acalculous compared with calculous cholecysti-
tis (OR 5.35, 95% Cl 1.19-24.03, P =0.03), over-the-wire LAMS

placement (OR 5.07,95% Cl 1.13-22.73, P=0.04), and having a
LAMS-specific AE (OR 24.55, 95% Cl 4.40-136.86, P < 0.01).
When controlled for each other on multivariable analysis, only
acalculous cholecystitis (OR 15.93, 95% Cl 1.22-208.52 P =
0.04) and LAMS-specific AEs (OR 63.70, 95% Cl 5.08-799.29, P
<0.01) remained associated with an increased risk of AC.

On univariate analysis, placement of a coaxial plastic stent
(OR 2.89, 95%Cl 1.16-7.19, P =0.02) and increased time to re-
solution of AC (OR 1.21, 95%Cl 1.03-1.43, P =0.02) were asso-
ciated with increased incidence of AE. However, when con-
trolled for each other, neither of these remained significant.

No other clinical or technical factors were associated with
occurrence of RAC and AE.

Outcomes of LAMS removal

LAMS were removed in 24 of 109 patients (22%). Median time
to removal was 38 days (IQR 32-61). Removal was elective in
22 of 24 (91.7%). Removal was uncomplicated in all cases ex-
cept one (transgastric placement), in which there was a buried
LAMS and tract dilation was required for exposure and removal.
RAC occurred in one of 24 cases (4.2%) in which LAMS was re-
moved, compared with seven of 85 cases (8.2%; P =0.68) in
which LAMS was not removed. At the time of LAMS removal,
the cystic duct was noted to be patent in 18 (75%), not patent
in one (4.2%), and not evaluated in five (20.8%). The fistula was
intentionally left open in most cases (19/24; 79.2%). Fistula clo-
sure was performed in the other five patients by over-the-scope
clips (OVESCO) (n =3), endoscopic suturing (n =1), and surgi-
cally during an interval cholecystectomy (n =1). The lone case
of RAC occurred in one of the patients in whom the cystic duct
was not evaluated and the fistula was closed with an OVESCO.

LAMS impact on cholecystectomy

Five patients (4.6%) underwent interval elective cholecystect-
omy Median time to cholecystectomy was 36 days (IQR 32-
61). Two (40%) were laparoscopically performed, whereas the
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other three (60%) ultimately required an open procedure. One
case that was converted from laparoscopic to open required an
antrectomy and Billroth 1l anastomosis due to RAC, which be-
came complicated by a gallbladder abscess despite repeat
endoscopic attempts at evacuating the gallbladder and PT-
GBD. In the other two patients who underwent open cholecys-
tectomies, the treatment was done as part of a Whipple proce-
dure for duodenal and pancreatic adenocarcinoma. The need
for an open procedure was not influenced by the time from
the EUS-GBD procedure to interval cholecystectomy. There
were no other perioperative AEs.

Death

Twenty-six patients (23.9%) died during the study period with
median time to death of 150 days (IQR =83-283.5). Based on
the criteria outlined in the ASGE Lexicon for reporting AE,
none of these deaths were attributed to the EUS-GBD proce-
dure by the proceduralists. Median Charlson Comorbidity Index
for the patients who died was 7 and for those who survived was
6 (P=0.083).

Discussion

EUS-GBD with LAMS was associated with excellent long- term
clinical success and low rates of major AEs in this study, with
few patients going on to have interval cholecystectomy. Initial
acalculous cholecystitis and occurrence of a LAMS-specific AE
were associated with RAC. Neither leaving in place nor removal
of the LAMS increased risk of RAC

EUS-GBD technique is not standardized. Variations include
use of electrocautery-enhanced vs standard LAMS, stent diam-
eter, over-the-wire versus free-hand techniques, and dilation of
the fistula tract and stent [9, 24, 25, 26]. In addition, some ad-
vocate placement of coaxial plastic stents to prevent bleeding
secondary to pressure injury from the distal LAMS flange, or to
minimize risk of stent migration or food impaction [25]. In this
study, none of these variable practices impacted technical or
clinical success or AEs. This may help guide endosonographers
in terms of technical decision making. However, our study was
not sufficiently powered nor designed to truly evaluate the im-
pact of these variables.

Site of LAMS placement has been thought to influence clini-
cal success and AEs. It is hypothesized that due to gastric moti-
lity, transgastric placement may be more subject to stent mi-
gration, tissue ingrowth, and food impaction whereas LAMS re-
moval may be more complicated from a transduodenal ap-
proach [20,27,28]. Other studies indicate that site of place-
ment does not affect clinical success or incidence of AEs and
similar findings were noted in our study [29,30]. The decision
for transgastric or transduodenal approach is likely dictated in
part by the suitability of the puncture window. However, in
cases in which a suitable drainage window is present in both lo-
cations, the ultimate decision is left to endoscopist discretion.
Future studies should specifically address this issue because it
remains a current debate among endoscopists.

Gallbladder drainage has traditionally been intended as a
bridge to definitive treatment of AC with a cholecystectomy

[2,5]. In this study, few patients underwent interval cholecys-
tectomy, and after follow-up of up to 3 years, there were only
eight cases of RAC. Thus, it is reasonable to consider EUS-GBD
as destination therapy for high surgical risk candidates.

In this study, patients with acalculous cholecystitis had high-
er rates of recurrence, which would suggest that this subgroup
of patients may benefit more from interval cholecystectomy.
This finding, however, contrasts with other studies of PT-GBD
in which there were lower rates of recurrence in acalculous cho-
lecystitis, which obviated the need for an interval cholecystect-
omy [10,31,32,33]. The explanation for this contrary finding is
unclear. Poor drainage in acalculous cholecystitis is driven by
bile stasis due to gallbladder dysmotility and gallbladder ische-
mia in the setting of critical illness as opposed to cystic duct oc-
clusion [34,35]. It is possible that this can recur even in the
presence of an alternative drainage route. Further study is
needed to validate this finding and to investigate factors that
influence recurrence after EUS-GBD.

RAC was not associated with LAMS removal, but was asso-
ciated with LAMS dysfunction, either due to migration, occlu-
sion from food, or tissue ingrowth. Similarly, in other studies,
LAMS occlusion with food debris was the most likely cause of
RAC [36]. Some centers routinely remove the LAMS after reso-
lution of AC for this reason as well as the concern that pro-
longed dwelling increases risk of stent erosion, causing bleed-
ing and migration [9, 11, 28]. Leaving the LAMS in situ did not,
however, increase risk of these AEs in this study. Similar studies
with LAMS used for gallbladder drainage also noted no in-
creased risk of AE with longer dwell times [20, 24, 27]. In addi-
tion, if RAC occurs, it is likely due to LAMS dysfunction, which in
most cases, was amenable to either endoscopic therapy or sup-
portive care. Thus, in these patients who are at high surgical
risk, using LAMS as destination therapy is likely a safe and effec-
tive treatment option.

There are a number of strengths and limitations to this
study. A major strength is that data were collected from 18
large, US, academic/tertiary-referral centers. EUS-GBD is still
relatively new, and the technique has not yet been standard-
ized. Inclusion of large centers provides data from a broad
range of technique practices. As such, these findings start to
provide some clarity about which clinical and specific technical
factors of EUS-GBD have an impact on outcomes. It appears
that factors such as use of a wire, use of electrocautery-en-
hanced LAMS, balloon dilation of LAMS, placement of a coaxial
stent, diameter of LAMS, location of deployment, and whether
itis left in situ or removed have no major impact on clinical out-
comes. A major limitation of this study is its retrospective na-
ture, which is limited to accuracy of data provided in patient
charts and its single-arm nature, which did not allow for com-
parisons of a matched population with either cholecystectomy
or PT-GBD. In addition, all participating endoscopists were ex-
perienced and at tertiary centers, which may limit generaliz-
ability of the results to other practice settings.
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Conclusions

In conclusion, EUS-GBD with LAMS has excellent long-term clin-
ical success for management of AC regardless of technique
used or LAMS dwell time. The few cases that recur are usually
due to LAMS malfunction and can usually be managed nonsur-
gically. Given these findings, it is reasonable to consider this
technique as destination therapy for high-risk surgical candi-
dates.
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