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Abstract

Background Percutaneous cholecystostomy tube (PTGBD), endoscopic retrograde cholangiopancreatography with trans-
papillary gallbladder drainage (TP), and endoscopic ultrasound-guided transmural gallbladder drainage (EGBD) using
lumen-apposing metal stents (LAMS) have been offered for gallbladder decompression for acute cholecystitis in high-risk
surgical patients. Yet, there are limited data comparing these therapies. Our aim was to compare the safety and efficacy of
EGBD to TP and PTGBD for gallbladder drainage.

Methods We retrospectively collected high-risk surgical patients from six centers with acute cholecystitis who underwent
gallbladder drainage by EGBD, TP, or PTGBD. Data included technical success (gallbladder drainage), clinical success
(acute cholecystitis resolution), adverse events (AE), and follow-up.

Results From 2010 to 2016, 372 patients underwent gallbladder drainage, with 146 by PTGBD, 124 by TP, and 102 drained
by EGBD. Technical (98% vs. 88% vs. 94%; p=0.004) and Clinical (97% vs. 90% vs. 80%; p <0.001) success rates were
significantly higher with PTGBD and EGBD compared to TP. PTGBD group had statistically significantly higher number
of complications as compared to EGBD and TP groups (20% vs. 2% vs. 5%; p=0.01). Mean hospital stay in the EGBD
group was significantly less than TP and PTGBD (16 vs. 18 vs. 19 days; p=0.01), while additional surgical intervention
was significantly higher in the PTGBD group compared to the EGBD and TP groups (49% vs. 4% vs. 11%; p <0.0001).
Conclusions EGBD with LAMS is an effective and safer alternative to TP and PTGBD for treatment of patients with
acute cholecystitis who cannot undergo surgery. EGBD with LAMS has significantly lower overall AEs, hospital stay, and
unplanned admissions compared to PTGBD. Trial registration: ClinicalTrials.gov Identifier: NCT(01522573.
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Laparoscopic or conventional cholecystectomy is the stand-
ard treatment for acute calculous or acalculous cholecystitis,
with an operative mortality rate of < 0.8% [1]. However, in
patients with significant comorbidities, emergent cholecys-
tectomy can result in morbidity up to 41% and perioperative
mortality up to 18% [2]. In such patients, non-surgical gall-
bladder drainage options including percutaneous gallbladder
drainage (PTGBD) via cholecystostomy tube placement and
endoscopic transpapillary drainage by gallbladder stenting
(TP) are safe and effective procedures [3-5]. Not only can
these procedures be effective for acute cholecystitis, but
also are a feasible strategy for long-term management of
symptomatic cholelithiasis in patients who are poor surgical
candidates [6].

Percutaneous transhepatic gallbladder drainage (PTGBD)
has a high clinical success rate for the temporary decom-
pression of the gallbladder (57-100%) [7]. However, this
procedure may not be possible in patients with severe coag-
ulopathy, thrombocytopenia, or anatomically inaccessible
gallbladders. Additional risks include catheter dislodgment,
cellulitis, bleeding, fistulas, and infection [8§—10]. The exter-
nal catheter may also lead to significant pain, adversely
affecting the patient’s quality of life. PTGBD also needs to
be performed repeatedly, as the percutaneous drain may need
to be upsized. Moreover, there is a greater than 50% recur-
rence rate of cholecystitis when the catheter is removed [8,
10, 11].

Transpapillary drainage by ERCP (TP) accesses the gall-
bladder lumen through the cystic duct with a wire and place-
ment of a transpapillary, transcystic double-pigtail 7F—-10F
plastic stent. The technical success rates of this method vary,
a systematic review revealed pooled success of 81-96% [5,
12—15]. However, this technique may not be possible if the
cystic duct cannot be opacified during a cholangiogram or
the guidewire cannot be advanced through the cystic duct
into the gallbladder due to tortuosity or obstruction [16, 17].

Endoscopic ultrasound-guided gallbladder drainage
(EUS-GBD) has been proposed as an alternative drainage
procedure to PTGBD and TP. EUS-GBD is highly effective
with technical and clinical success rates of > 95% and 93%,
respectively. Recently, the use of the novel lumen-apposing
fully covered self-expandable metal stents (LAMS) has been
used to perform EUS-GBD by creating a newly formed fis-
tula track by the stent expansion. LAMS are able to create a
stable anastomosis between the gallbladder lumen and the
gut lumen, thus allowing for effective enteric drainage of the
gallbladder [18, 19].

It is currently unclear how EUS-GBD using LAMS
compares with percutaneous cholecystostomy and trans-
papillary drainage by ERCP for safe and effective drainage
of the gallbladder in high-risk patients. The aim of the
current study was to compare clinical success, technical
success, and adverse events of EGBD with percutaneous

cholecystostomy and endoscopic transpapillary drain-
age as a management approach for acute cholecystitis in
patients who were unfit for surgery.

Methods
Study aims

The primary aim was to compare the clinical success
and safety of the three treatment groups. Clinical suc-
cess was defined by improvement in the patient’s over-
all clinical picture within 5 days of the procedure based
on the patient being afebrile, resolution of leukocytosis
(WBC<11.0x 109/L), resolution of abdominal pain,
and ability to tolerate oral intake within 5 days of the
procedure.

Procedural adverse events were defined as those that
occurred within 7 days of procedure. Procedure-related
death was defined as death resulting from events directly
related to the procedure. Long-term adverse events were
defined as only biliary tract-related adverse events that
occurred after the 7-day period of the initial procedure.
The severity of adverse events was graded according to the
ASGE lexicon of endoscopic adverse events [20].

Patients

Data were collected retrospectively in a study of consecu-
tive patients in six tertiary care centers (five in the United
States and one International) between May 2010 and June
2016 with acute cholecystitis, in patients, not fit for a chol-
ecystectomy based in the majority of cases upon the ACS
NSQIP Surgical Risk Calculator in conjunction with the
surgeons’ clinical judgement. The diagnosis of acute chol-
ecystitis was based on the Tokyo Guidelines [21]. Patients
were initially managed with bowel rest, intravenous fluids,
and antibiotics without improvement. Since all patients
were deemed to be non-operative candidates based upon
their comorbidities, gallbladder drainage was performed
by one of the three minimally invasive procedures: per-
cutaneous gallbladder drainage (PGBD), endoscopic ret-
rograde cholangiopancreatography with transpapillary
drainage (TP), or endoscopic ultrasound-guided transmu-
ral gallbladder drainage using lumen-apposing metal stents
(EGBD) [21, 22]. The choice of gallbladder drainage was
based upon the discretion of the primary physician (in
most cases the surgeon) after careful consultation with the
staff gastroenterologist and interventional radiologist. The
study was approved by the Institutional Review Board of
all the institutions.
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Procedure technique
Percutaneous cholecystostomy tube

All procedures were performed under local anesthesia.
The percutaneous cholecystostomy was performed under
ultrasound and fluoroscopic guidance via a transhepatic or
transperitoneal approach. An 18-gage needle was used to
puncture the gallbladder lumen under direct ultrasound guid-
ance and bile was aspirated to confirm position. Contrast
medium was then used to opacity the gallbladder lumen, a
0.035" guidewire was passed through the needle and coiled
inside the gallbladder lumen. The tract was dilated and a
pigtail drainage catheter (8- to 10-Fr) was placed into the
gallbladder lumen over the guidewire.

Endoscopic transpapillary gallbladder drainage

To perform transpapillary gallbladder drainage, a duodeno-
scope was used and biliary cannulation was done. Endo-
scopic sphincterotomy was done in all patients. Both a
biliary sphincterotomy and a balloon occlusion cholangio-
graphy were used to identify the origin of the cystic duct
take off. A guidewire (Dreamwire; Boston Scientific, or
Glidewire; Terumo, Somerset, NJ, or Visiglide; Olympus)
was advanced into the cystic duct using various catheters
including a standard sphincterotome, an extraction balloon,
or a swing tip catheter (Olympus America) to obtain access
to the gallbladder. Contrast injection confirmed the location
and the wire was coiled within the gallbladder. The cystic
duct was then dilated with 6-8 or 10 Fr dilating catheter
(Soehendra; Cook Endoscopy, Winston-Salem, NC) over
the guidewire. A transcystic double-pigtail plastic stent was
placed (5, 7, or 10 Fr), crossing the ampulla with a proximal
and distal pigtail in the gallbladder and duodenum, respec-
tively, in order to decompress the gallbladder.

Endoscopic ultrasound-guided gallbladder drainage

All procedures were performed under monitored or general
anesthesia by an experienced endosonographer. The gall-
bladder was identified using a linear EUS (GF-UCT180;
Olympus) and examined to ensure adequate proximity to
either the duodenal or gastric wall. Color flow Doppler
imaging was used to identify regional vasculature. The
puncture site was located either in the duodenal bulb or in
the pre-pyloric antrum of the stomach. A 19-gage needle
(EchoTip Ultra Endoscopic Ultrasound Needle; Cook Endos-
copy) was used to puncture the luminal wall and advance
into the gallbladder under both ultrasound and fluoroscopic
guidance. Bile was aspirated and sent for culture. A 0.035
guidewire was advanced through the needle and coiled into
the gallbladder. When a non-cautery tip LAMS (AXIOS™,
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Boston Scientific) was placed, a 6 Fr biliary dilating catheter
(Soehendra Biliary Dilatation Catheter; Cook Endoscopy)
and/or a 4-mm dilating balloon (Hurricane Balloon; Boston
Scientific) were used to dilate the transluminal tract; deliv-
ery system of the LAMS was then advanced through the
fistula tract. If a cautery-tipped LAMS was placed, then the
delivery system was inserted in one step into the gallbladder
lumen without prior dilation, either over the wire or free-
hand. The LAMS was deployed under endosonographic and
direct endoscopic guidance, with the distal phalange in the
gallbladder and the proximal phalange in the enteral lumen
(Fig. 1A, B). Once the LAMS was deployed, the gallblad-
der was dilated to 10 or 15 mm diameter to permit optimal
drainage at the discretion of the endoscopist (Fig. 1C, D).

Postprocedural follow-up

All patients were monitored post-procedure, and their diets
were advanced as tolerated. Effective gallbladder decom-
pression and drainage was defined as (1) Clinically symp-
tomatic resolution, (2) Temperature to < 99 °F, and (3)
Reduction in white cell counts to < 10 x 10*/mm within
72 h of drainage [19]. The patients were discharged home
if they were asymptomatic and afebrile. If the patients did
not have resolution of their symptoms alongside persistent
fevers, they were evaluated for procedural adverse events or
ongoing acute cholecystitis.

Long-term patient follow-up

Only patients with a follow-up of >3 months were included
in the study. The decision to proceed to eventual surgical
cholecystectomy was based upon the decision of the surgeon
and patient.

Patients in the PGBD group had a tube cholecystogram
8 weeks after the initial procedure to evaluate cystic duct
patency. If the cystic duct was found to be patent, the chol-
ecystostomy tubes were either removed or plugged and left
in situ. If the cystic duct was obstructed, then the tube was
upsized and long-term cholecystostomy tube drainage to a
bag was left.

Patients in the TP group were followed clinically at regu-
lar intervals without scheduled stent exchanges. A repeat
ERCP for stent management was only performed in cases
where there was evidence of stent occlusion.

For patients in the EGBD group, if the patient was even-
tually deemed a surgical candidate, the LAMS was removed
only after 3 months in order to minimize the risk of recurrent
cholecystitis and bile leakage. The LAMS was left in place
indefinitely if the patient was non-surgical candidate as a
result of their poor clinical condition of the patient and/or
patients’ refusal.
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Fig. 1 Panel of endoscopic ultrasound-guided transmural gallbladder
drainage using lumen-apposing metal stents figures. A Endosono-
graphic vision of deployment of the internal flange of the LAMS into
the gallbladder. B Endoscopic visualization of a 15 mm LAMS. C

Outcome variables

Patient demographic variables were collected. All patients
underwent a radiographic study (abdominal ultrasound or
CT) to distinguish calculous versus acalculous cholecystitis.
Aspects of the patient’s hospitalization, including length of
stay date of procedure, were recorded. Details of the inter-
vention, number of sessions, and technical success of the
procedures were evaluated. The clinical outcomes and hospi-
tal course variables were included, such as clinical resolution
of cholecystitis, time to clinical resolution, post-procedure
pain, and adverse events. The long-term clinical outcomes
regarding adverse events need for repeat intervention, and
length of follow-up were recorded.

Statistical analysis

This was a retrospective study. The sample size was based
on availability of data. All statistical analyses were con-
ducted using STATA 13.0 (StataCorp LP, College Station,
TX). Descriptive analyses were presented as percentages,

Fluoroscopic view of Dilation of LAMS to 15 mm after deployment
into the gallbladder. D Endoscopic visualization of a 15 mm LAMS
dilated to its full diameter with a balloon

means, and medians as appropriate. ANOVA analysis was
conducted for continuous variables and Chi-square was con-
ducted for nominal variables. Logistic regression was con-
ducted to evaluate predictors for clinical success and long-
term complications. Statistical significance was determined
a priori at p <0.05.

Results
Baseline characteristics (Table 1)

We evaluated 372 patients with acute cholecystitis who
were non-operative candidates (146 PTGBD, 124 TP, and
102 EGBD). The mean age of the patients was 63 years
(range 20-99) and 62% were male. Most of the patients
presented with calculous cholecystitis (69.4%). A total of
49 (13.3%) patients had an underlying malignancy. All
patients had an ASA classification of IV or V. There were
no significant differences in the background demographic
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Table 1 Baseline characteristics

PTGBD TP EGDB with LAMS  p value Total
of the three study groups
Number of patients [N (%)] 146 (39.2) 124 (33.4) 102 (27.4) 372
Age [mean (SD)] 60.4 (17.3) 603 (16.8) 72.4(13.4) <0.001 63.0(17.0)
Gender [N (%)]
Female 57 (38.8) 40 (32.2) 44 (434) 0.223 139 (37.3)
Male 89 (61.2) 84 (67.8) 58 (56.6) 233 (62.7)
Race [N (%)]
White 98 (67.4) 100 (80.3) 98(96.1) <0.001 291 (78.3)
Black 13 (8.8) 9(7.4) 3(2.6) 26 (7.0)
Hispanic 16 (10.9) 7(5.7) 0(0) 25 (6.7)
Other 19 (12.9) 8 (6.6) 1(1.3) 30 (8.1)
Pathology [N (%)]
Calculous 99 (68.0) 85(68.3) 75(73.7) 0.65 258 (69.4)
Acalculous 47 (32.0) 39(31.7)  27(26.3) 114 (30.6)
Concomitant choledocho- 8(5.4) 21 (17.1) - 0.002 40 (10.7)
lithiasis [N (%)]
For AXIOS, site of drainage [N (%)]
Stomach 39 (38.2)
Duodenum 61 (59.8)
Jejunum 2(1.9)
LAMS diameter [N (%)]
10 mm 78 (76.5)
15 mm 24 (23.5)
ERCP plastic stent diameter [N (%)]
5 Fr 3(2.4)
7 Fr 98 (79)
8.5 Fr 32.4)
10 Fr 16 (12.9)
fietails between the?’ thre:e grQups, except for the patients Table 2 Institution where each procedure was performed
in EGBD group being significantly older.
Procedure EGDB ERCP+GB PTGBD
with stent (TP)
LAMS
Drainage procedures
Weill Cornell Medical Center 26 26 37
In the PTGBD group, 59 patients had their gallbladders ~ Thomas Jefferson University 2 39 109
drained transperitoneally and 87 patients underwent a  Aarhus University 58 0 0
transhepatic approach. University of Minnesota 6 18 0
In the TP group, the sizes of the transpapillary plas- ~ University of Utah 2 24 0
tic double-pigtail stents were 5 Fr (n=3), 7 Fr (n=98),  Borland-Groover Clinic 8 17 0
Total 102 124 146

8.5 Fr (n=3), and 10 Fr (n=16).

In the EGBD group, the gallbladder was drained from
the gastric antrum in 39 patients, from the first part of
the duodenum in 61 patients, and from the jejunum in
two patients with previous gastric surgery. A 10 X 10 mm
LAMS was placed in 78 cases and a 15X 10 mm in 24
patients.

The numbers of procedures performed in each center
are summarized in Table 2.
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Technical and clinical success (Fig. 2; Table 3)

Technical success of transpapillary stenting for gallblad-
der drainage (109/124) was significantly lower compared to
those who underwent drainage with percutaneous cholecys-
tostomy tube (143/146) and EGBD using LAMS (96/102)
[88% vs. 98% vs. 94%, respectively; p=0.0035]. Failure of
transpapillary stenting was as a result of failed cannulation
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Acute Cholecystitis
(N=372)

I

PTGBD

(N=146)

Technical Success (98%)

Clinical Failure (3%)

Patients treated
conservatively

Clinical Success
(97%)

Clinical Success
(80%)

Technical Success (88%) gl

ERCP+GB Stent (TP)
(N=124)

Clinical Failure
(20%)

Patients referred for

PTGBD

Technical Success (94%)

Clinical Success (90%) e

EGDB with LAMS

(N=102)

Clinical Failure (10%)

Patients referred for
PTGBD

Fig.2 Flowchart demonstrating the technical and clinical success of the three different treatment modalities for acute cholecystitis

Table 3 Short-term outcomes

PTGBD TP EGDB with LAMS p value

Number of patients [N (%)] 146 (39.2) 124 (33.4) 102 (27.4)
Technical success [N (%)] 143/146 (98) 109/124 (88) 96/102 (94) 0.003
Reasons for ERCP failure (n=18)

Cystic duct not cannulated 8 (44.4)

GB not cannulated 8(44.4)

Inability to place stent 1(0.5)

Other 2(1.1)
Procedure adverse events [N (%)]

Total 6/146 (4.1) 9/124 (7.2) 12/102 (11.8) 0.07

Perforation 2/12 (15.4)

Self-limited bleeding 3/6 (50) 2/9 (22.2) 5/12 (38.4)

Infection 1/6 (20) 0 1/12 (7.7)

Bile leak 2/6 (30) 0 2/12(15.4)

Pancreatitis 0 3/9 (33.3) 0

Self-limited abdominal pain 0 4/9 (44.4) 2/12 (15.4)

requiring observation

Procedure adverse event severity

Mild 6 4 0.85

Moderate or severe 3

of the bile duct (n=1), cystic duct obstruction (n=9), or
tortuosity (n=>5). Failure of percutaneous cholecystostomy
tube was due to a small gallbladder lumen filled with stones,
which did not accommodate the pigtail catheter (n=3). All
six cases of failed EGBD using LAMS were because an
enteral puncture gallbladder site could not be identified.
Clinical success with resolution of acute cholecystitis
was significantly lower in the TP group (99/124) compared
to those who underwent drainage via a PTGBD (141/146)
and EGBD using LAMS (92/102) [80% vs. 97% vs. 90%,
respectively; p <0.001]. The median number of procedures
required for clinical success was statistically significantly

higher in PTGBD compared to both EGBD and TP groups
(2vs.1vs. 1,p<0.001).

Procedural adverse events (Table 3)

Procedural adverse events (AEs) occurred in 6 (4.1%)
patients in the PTGBD, 9 (7.2%) patients in the TP group
and 12 (11.8%) patients in the EGBD group. Even though
the EGBD had a higher number of overall procedure-related
AEs, this did not reach statistical significance when com-
pared to the other groups (0.07). There were no procedure-
related deaths in any group.
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Procedural AEs in the PTGBD group included self-lim-
ited bleeding (3), infection (1), and bile leak (2) that was
treated conservatively with antibiotics and resolved. Pro-
cedural AEs in the TP included self-limited bleeding (2),
post-ERCP pancreatitis (3), and abdominal pain requiring
prolonged observation (4). In the EGBD, procedural AEs
included self-limited bleeding (5), self-limited infection at
the LAMS implant site in the stomach (1), bile leak (2) that
was effectively treated with antibiotics, abdominal pain (2),
and luminal perforation after LAM placement because the
distal flange had migrated outside the gallbladder (2); these
patients underwent emergent surgery and recovered.

We sub-classified procedural adverse events into minor
and moderate-severe. Mild AEs were self-limited bleed-
ing, infection (not including sepsis), and abdominal pain.
Moderate-severe AEs were gut perforation, bile leak, and
acute pancreatitis. There was no statistically significant dif-
ference in the severity of procedural AEs between the three
groups (p=0.85).

The mean hospital stay of patients in the EGBD group
was significantly less compared to TP and PTGBD (16 vs.
18 vs. 19 days; p=0.01).

Late adverse events (Table 4)

Late-term adverse events were less frequent in the EGBD
as compared to the TP and the PTGBD groups [2 (1.9%) vs.
6 (4.8%); vs 29 (19.8%); p<0.001]. Patients in the EGBD
and TP group required fewer unplanned hospital readmis-
sions as compared to the PTGBD group (4% vs. 3.2% vs.
19.8%; p < 0.001); admissions in the PTGBD group were
predominantly due to problems related to the cholecystos-
tomy tube (Table 4).

Table 4 Long-term outcomes

In the PTGBD group, long-term adverse events included
catheter dislodgement (n=2), significant abdominal pain at
catheter site (n=2), recurrent cholecystitis due to catheter
occlusion (n=4), cellulitis (n=35), wound infection with per-
itubal leak (n=5), and an intra-abdominal abscess (n=2).
All these patients had one or more unplanned admissions
due to cholecystostomy tube that required reintervention
(Table 5).

In the EGBD group, one patient had recurrent cholecys-
titis that resolved with conservative treatment alone. One
patient had spontaneous distal migration of the LAMS into
the stomach; the stent was removed endoscopically and sub-
stituted with another LAMS stent.

In the TP group, two patients had distal stent migration
into the bowel requiring a repeat ERCP with replacement of
the stents. Four patients had stent occlusion leading to recur-
rent cholecystitis; the stents were removed endoscopically
and substituted with another double-pigtail plastic stent.

Patient follow-up

The median duration of follow-up was 3 months (range
3-9). 258 (69%) patients were alive at date of last follow-
up; there was no difference in patient mortality between the
three groups (p=0.84).

In the PTGBD group, a tube cholecystogram at 8 weeks
showed a patent cystic duct in 82 patients (56.1%). These
patients had their cholecystostomy tubes removed or
plugged with a spigot. No LAMS was removed in the
EGBD group. In the TP group, ERCP for stent change
was performed in 6 (4.8%) patients as a result of stent
migration or occlusion. There was no difference in the

PTGBD TP EGDB with LAMS p value Total

Number of patients [N (%)] 146 (39.2) 124 (33.4) 102 (27.4) 372
Follow-up in months, median (IQR) 3(3-4) 3 (3-6) 4 (3-9) 0.37 3 (3-6)
Clinical success [N (%)] 141/146 (97) 99/124 (80) 92/102 (90) <0.001
Number of procedures needed for clinical success [N (%)]

Median (IQR) 2 1 1 <0.001 1(1-2)

Min-Max 1-7 1-3 1-2
Long-term adverse events [N (%)] 29 (19.8) 6 (4.8) 2(1.9) <0.001

Catheter/stent dislodgement or migration 11 (37.9) 2(33.3) 1 (50)

Pain 2 (6.9)

Catheter/stent occlusion 4 (13.7) 4 (66.7)

Cellulitis 5(17.2)

Infection 5(7.2) 1(50)

Abscess 2 (6.9)
Need for additional surgical intervention 73 (49.7) 14 (11.4) 0 <0.001 111 (29.9)
Underlying cancer 22 (15.0) 10 (8.1) 19 (18.4) 0.09 49 (13.3)
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Table 5 Cause of unplanned hospital admissions
PTGBD (N=146) ERCP + GB Stent EGDB with LAMS  p value Total
(TP) (N=124) (N=102)
Unplanned hospital admissions [N (%)] 29 (19.8) 4(3.2) 44 <0.001
Catheter/stent dislodgement or migration 11 (37.9) 2 (50) 1(25)
Pain 2(6.9) 2 (50)
Catheter/stent occlusion 4 (13.8) 2 (50)
Cellulitis 5(17.3)
Infection 5(17.2) 1.25)
Abscess 2(6.9)
procedural outcomes and adverse events in the EGBD Discussion

group for those patients that had gallbladder drainage via
the antrum or duodenum.

Surgical removal of the gallbladder was eventually
required in 24% of patients either due to recurrent acute
cholecystitis not amenable to non-surgical therapy or when
the patient had improved medically. The timing of surgery
was between 1 and 4 months after the index intervention.
A significantly higher number of patients in the PTGBD
group underwent surgical cholecystectomy as compared to
the TP and EGBD with LAMS group (49% vs. 11% vs. 4%;
p<0.0001).

In patients that did not require a cholecystectomy, those
that underwent TP drainage had a significantly lower clini-
cal success (78%) for resolution of acute cholecystitis as
compared to those that underwent PTGBD (94%) or EGBD
with LAMS (92%); p=0.002.

Logistic regression analyses

After controlling for age, gender, pathology, number of ses-
sions, and technical success, only the number of sessions
variable (1 or more than 1 session) was a statistically sig-
nificant predictor of clinical resolution (OR=0.036, 95%
CI10.004-0. 353, p value=0.0043). 115 patients underwent
more than one session (2—7) out of which 104 (90.4%)
belonged to the PTGBD group. This indicates that the clini-
cal resolution odds were higher in patients if they had more
than one procedure session during PTGBD as opposed to
undergoing only one session in the EGBD and TP groups.

After controlling for age, gender, pathology, number of
sessions, and technical success, calculous pathology and
number of sessions were statistically significant predictors of
adverse events. Patients with calculous pathology were two
times likely to experience an adverse event (OR=1.9, 5% CI
1.04-3.57, p value =0.04), while patients undergoing more
than one procedure session were almost three times likely to
experience an adverse event (OR=2.7, 95% CI 1.23-6.07,
p value=0.0138).

Cholecystectomy currently is the mainstay of treatment for
acute cholecystitis. However, it can be associated with sig-
nificant postoperative morbidity and mortality in high-risk
surgical [23]. In such cases, PTGBD, ET, or EGBD have
been successful as alternative non-surgical therapy.

While the current gold standard for gallbladder drainage
in high-risk surgical patients is still a percutaneous chol-
ecystostomy tube, it is still associated with adverse events
in up to 25% of patients, which include bleeding, pneumo-
thorax, pneumoperitoneum, bile leakage, and accidental
catheter dislodgement. The percutaneous cholecystostomy
tube has other inherent disadvantages, which include tube
dislodgement in up to 10% of cases, abdominal pain at the
tube site, and need for care of the cholecystostomy tube.
Adverse events due to the above-mentioned issues often
lead to repeated procedures and unplanned hospital admis-
sions. Additionally, we sometimes encounter patients who
are unable to tolerate the percutaneous transhepatic approach
(e.g., due to ascites, anticoagulant/antiplatelet therapy, dis-
seminated intravascular coagulation, gallbladder malposi-
tion, or severe contracture).

Due to the complications associated with percutaneous
cholecystostomy tube drainage, there needs to be an alterna-
tive to achieve gallbladder drainage in this subset of patients.
Therefore, endoscopic methods of gallbladder drainage have
increasingly been employed in larger centers in high-risk
patients [23].

Endoscopic drainage of the gallbladder offers internal
drainage, which increases patient comfort and negates the
complications that result from the external drain. ERCP with
transpapillary gallbladder stenting has been proposed as a
viable strategy for long-term management of acute chol-
ecystitis in poor surgical candidates [13, 24]. Pannala et al.
described 51 patients who underwent ERCP with transpapil-
lary stenting for acute cholecystitis [25]. The technical and
clinical success rates of 100% and 98%, respectively, sup-
port this therapy’s utility for the treatment of cholecystitis in
patients who are poor surgical candidates. Lee et al. showed
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that 80% of patients that underwent TP for gallbladder drain-
age were able to maintain stent patency without requiring
stent exchange for at least 2 years. The transpapillary stent
in these situations acts as a “wick” with bile flowing around
the stent, so long-term stent patency itself is not impera-
tive to maintaining bile flow from the gallbladder. Despite
the relative success of transpapillary gallbladder stenting, it
has some limitations and risks. Cystic duct perforation has
been described, although this is rare and can be managed
conservatively in most cases [26]. TP is also a technically
challenging procedure, requiring a skilled endoscopist to
negotiate the cystic duct in patients with acute cholecystitis.
This is often difficult as a result of inflammatory strictures,
tumor involvement, stones, or a tortuous duct.

EGBD can be a safe and minimally invasive alternative
approach to surgery in selected patients with acute chol-
ecystitis. EUS-guided gallbladder drainage using plastic
stents have resulted in limited gallbladder decompression
along with the risk of bile or intestinal content leakage into
the peritoneum. Uses of conventional tubular SEMS might
lead to migration and biliary leak [27]. LAMS avoids these
drawbacks by means of distal anchor flanges that ensure both
lumen apposition and drainage. Studies where LAMS have
been utilized for gallbladder drainage have reported with
few minor acute complications and high clinical success
(90-100%) [28].

The current study is the largest to data comparing PTGBD
with TP and EGBD in the non-surgical patients with acute
cholecystitis. Although this was a retrospective cohort study,
all three populations were of similar demographics, baseline
clinical severity, and a similar length of follow-up, except for
the patients in EGBD group being older.

PTGBD was superior to EGBD with LAMS and to TP
in terms of clinical success. However, PTGBD group had
to undergo more than one session (2—7) to achieve clinical
resolution as opposed to EGBD and TP requiring only one
session for clinical resolution. More than one session also
significantly increased the odds of adverse events.. EGBD
was also associated with a significantly shorter length of
hospitalization compared to the other two groups. EGBD
via placement of LAMS placement was used in our patient
population as a definitive treatment of acute cholecystitis.
The majority of these patients did not require removal or
revision of the LAMS, hence leading to fewer sessions than
PTGBD and TP. It should be noted that the median dura-
tion of follow-up in the current study was short (3 months).
This was based upon multiple variables including its retro-
spective nature and the fact that these patients had multiple
comorbidities and/or an underlying malignancy that may
have caused death within the follow-up period.

In our patients, the percutaneous drains were removed
after 8 weeks of placement if the cystic duct was found to
be patent, so as to improve patient comfort and reduce the
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risk of infection and fistula formation. However, multiple
sessions in these patients were frequently required because
of catheter clogging, infection, or migration. In our study, 77
(52.7%) patients with PGBD procedures required more than
two sessions before completion of therapy. In comparison,
repeat procedure for stent management (migration or occlu-
sion) was required in only 4.8% patients in the TP group and
1.9% of patients in the EGBD group. This underlies the fact
that internal gallbladder drainage using transmural LAMS
placement can provide permanent and definite therapy for
acute cholecystitis in this relatively sick subset of patients.

Although the procedure-related adverse events (short
term) were higher in the EGBD group (11.8%) as compared
to patients who underwent PTGBD (4.1%) or TP (7.2%)
drainage, this difference was not statistically significant
(»p=0.07). No procedure-related deaths were recognized.
Procedural AEs may have been higher in the EGBD group
related to more preexistent comorbidities in that group. In
the PGBD group, there were two patients with bile leak
and one with bacteremia after drain placement, which
were treated with antibiotics and resolved; there were three
patients with bleeding that was controlled with conserva-
tive management. In the TP group, patients had self-limited
bleeding at the sphincterotomy site that was controlled endo-
scopically (n=2), mild post-ERCP pancreatitis (n=3), and
self-limited abdominal pain (n =4). Patients that underwent
EGBD with LAMS had self-limited bleeding at the stent
site after placement in five patients, infection (n=1) and
bile leak (n=2) that were controlled with intravenous anti-
biotics, and two cases of luminal perforation as a result of
stent maldeployment by the endoscopist that had to undergo
emergent surgery.

PTGBD had significantly more long-term adverse events
compared to EGBD and TP. The majority of adverse events
in the PTGBD group were due to catheter-related problems,
including catheter dislodgement, catheter occlusion, and
skin or intra-abdominal infections at the catheter site. These
adverse events required repeat intervention and unplanned
hospital admissions in many cases.

There are several recent trials that have evaluated the
use of lumen-apposing and biflanged metal stents for EUS-
guided gallbladder drainage [29-32]. These studies have
shown that EUS-guided gallbladder drainage is safe and
efficacious, with comparable technical and clinical success
rates and no difference in adverse events when compared
to percutaneous drains. These stents are superior to plas-
tic stents when used for transmural gallbladder drainage
because they are fully covered to reduce bile leakage, their
design allows promotes direct organ lumen apposition, and
have an anti-migratory property. The stents used in these
studies were the AXIOS or SPAXUS (Niti-S; Taewoong,
Ilsan, South Korea) stents [19, 28, 33, 34]. These find-
ings are also supported by a recent systemic review that
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concluded that among the different drainage approaches in
the non-surgical management of acute cholecystitis, EUS-
guided transmural stenting using LAMS for gallbladder
drainage appears to be feasible, safe, and effective [35].

Not only can the EUS-guided procedure using LAMS
allow for gallbladder drainage, but it can also allow gall-
stones to be removed through the stent, thus avoiding stone
impaction into the stent and reduce the risk of cholecystitis
recurrence. In addition, stones from the gallbladder can
be removed after LAMS placement [32], In addition, as
demonstrated in the present study, LAMS provided defini-
tive treatment for acute cholecystitis for high-risk surgi-
cal patients for the majority of the patients. Follow-up in
patients with LAMS showed an extremely low incidence
of long-term adverse events. We advocate that the type
of therapy used for gallbladder decompression in non-
surgical candidates should be individualized. For exam-
ple, a percutaneous gallbladder drain may be best when
therapeutic endosonography is not available or the patient
is too debilitated to undergo anesthesia, while TP can be
reserved for those with pending liver transplants, large
amount of ascites or significant coagulopathy. EUS-guided
gallbladder drainage with LAMS should be preferred for
most patients with malignancy or comorbidities when
therapeutic endosonography is available.

The current study has several limitations. Firstly, its
retrospective design. Secondly, there may have been a lack
of standardization in the patient selection criteria type of
the procedure chosen between different centers, and pro-
cedure and operator variation at each center. Lastly, only
2 out of 7 centers reported PTGBD data, due to predomi-
nance of the interventional radiology for GBD at the time
of data collection. These centers have recently started the
slow and steady transition to EGBD or TP. However, This
study confirms a recent meta-analysis recently published
and represents the largest and only reported study to date
comparing these three modalities for gallbladder drain-
age for acute cholecystitis in non-surgical patients [29]. In
addition, we have not accounted for variations in patient
outcomes and adverse events between the different centers.

In conclusion, EGBD is superior to TP in efficacy
but similar to PTGBD. However, EGBD has less overall
adverse event rate and number of unplanned admissions.
Almost half of patients with percutaneous drains required
additional surgical intervention to achieve resolution of
acute cholecystitis, while EGBD can be offered as a defini-
tive procedure. We strongly advocate that EGBD should
be performed by experienced interventional endoscopists
and that caution should be exercised in institutions that are
less experienced in this procedure.
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