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o Number of included patients: 41

o Median follow-up period: 168 days

o Recurrence-free rate: 95%

o Late-stage complication-avoidance rate: 90%

EUS-GBD using double-pigtail plastic stent was safe and effective with few complications, even in the long term,
in patients with acute cholecystitis.
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Background/Aims: Endoscopic ultrasound gallbladder drainage (EUS-GBD) is gaining attention as a treatment method for cholecys-
titis. However, only a few studies have assessed the outcomes of permanent stenting with EUS-GBD. Therefore, we evaluated the clini-

cal outcomes of permanent stenting using EUS-GBD.

Methods: This was a retrospective, single-center cohort study. The criteria for EUS-GBD at our institution are a high risk for surgery,
inability to perform surgery owing to poor performance status, and inability to obtain consent for emergency surgery. EUS-GBD was
performed using a 7-Fr double-pigtail plastic stent with a dilating device. The primary outcomes were the recurrence-free rate of chole-
cystitis and the late-stage complication-avoidance rate. Secondary outcomes were technical success, clinical success, and procedural ad-

verse events.

Results: A total of 41 patients were included in the analysis. The median follow-up period was 168 (range, 10-1,238) days. The recur-
rence-free and late-stage complication-avoidance rates during the follow-up period were 95% (38 cases) and 90% (36 cases), respective-
ly. There were only two cases of cholecystitis recurrence during the study period.

Conclusions: EUS-GBD using double-pigtail plastic stent was safe and effective with few complications, even in the long term, in pa-

tients with acute cholecystitis.
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INTRODUCTION

Acute cholecystitis is commonly encountered in clinical prac-
tice, and laparoscopic cholecystectomy (LC) is the standard
treatment method. In cases resistant to acute cholecystitis, early
stage surgery is recommended, regardless of the elapsed time
since onset.'

Gallbladder drainage is required when conservative therapy
fails in patients with advanced underlying malignancies, multi-
ple comorbidities, or those unsuitable for surgery owing to old
age. Percutaneous transhepatic gallbladder drainage (PTGBD)
is the standard treatment for these cases,” but drainage-related
complications are occasionally observed. For example, the fistu-
la may be dislodged when it is not formed because of difficulty
in drain management because of aging or dementia, or the
drainage tube cannot be removed due to cystic duct obstruc-
tion.

The Tokyo Guidelines 2018 state that facilities with thera-
peutic endoscopy specialists may consider transpapillary or en-
doscopic ultrasound (EUS) drainage.' Endoscopic gallbladder
drainage, such as endoscopic gallbladder stenting (EGBS) and
EUS gallbladder drainage (EUS-GBD), as an alternative method
that enables long-term internal drainage, avoids percutaneous
drainage-related complications, and reduces recurrent gallblad-
der inflammation.

The utility of EUS-GBD has recently attracted attention for
cases in which cholecystectomy risks are high and tube man-
agement cannot be conducted. The history of EUS-GBD was
first reported in 1996 by Wiersema et al.” on EUS-guided chol-

angiopancreatography. Through various innovations, such as
EUS-guided bilioduodenal anastomosis,” which forms a fistula
between the common bile duct and duodenum, this method
has been increasingly used in medical treatment. The series of
EUS-GBD procedures involves observation of the gallbladder
in a transgastric or transduodenal manner under EUS guidance
and placement of a guidewire in the gallbladder after punctur-
ing with a needle while confirming that there are no interven-
ing blood vessels. Then, the puncture route is expanded with a
mechanical dilator, an electrocautery dilator, or an approximate
balloon dilator for fistula dilation. Finally, a naso-gallbladder
drainage tube, double-pigtail plastic stent (DPPS), or self-ex-
pandable metallic stent (SEMS) is positioned to allow gallblad-
der drainage. According to one study, for general EUS-GBD
procedures, the success rate was 98.0%, treatment response rate
was 94.4%, and accident occurrence rate was 12.1%.”

Research on EUS-GBD is limited, with several studies in-
cluding low case numbers or short-term performance; however,
only a few studies assessing the performance outcomes of a

5,6
" Therefore, we

large number of cases have been published.
conducted a survey at our hospital to analyze the outcomes
of EUS-GBD cases with permanent endoscopic fistulae for
non-surgical purposes. In addition, studies on SEMS have been
published,”” but studies using plastic stents (PSs) are limited.*’
PSs are considered sufficient because they are unlikely to de-
viate from the gallbladder, they can be removed, and food res-
idues cannot enter the gallbladder through them. In addition,
they are less expensive than metallic stents (MSs). Furthermore,

in our experience, we encountered few complications, and
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there appeared to be no difference in the clinical success rates

4,8-10
Therefore, we

compared with those in previous reports.
performed EUS-GBD using PSs.

In this study, we aimed to evaluate the performance of EUS-
GBD in cases where surgery was not possible (excluding bridge-
to-surgery [BTS] cases) to investigate the efficacy and safety of

EUS-GBD using DPPSs.

METHODS

Study design
This was a retrospective single-center cohort study.

Patients

The study was conducted during the period from June 2016
to November 2020. The study participants were patients with
acute cholecystitis who were admitted to the NT'T Tokyo Med-
ical Center in Tokyo. Patients with permanent stent placement
were eligible for this study if they did not require emergency
cholecystectomy or BTS (Fig. 1).

The treatment of acute cholecystitis at our hospital follows
the guidelines for its diagnosis and treatment." For inoperable
cases, we chose EUS-GBD, PTGBD, or EGBS when drainage
was required. In the case of EGBS, it is not always possible to
complete the procedure, such as when the papillary approach is
difficult or when the cystic duct is perforated when approaching
the gallbladder through the duct. In such cases, other approach-
es should be considered, and EUS-GBD should be performed if
possible.

Cholecystitis
(n=73)

N

Definitive palliation Possible BTS
(n=41) (n=32)

) )

Permanent internal
drainage group
(n=41)

Cholecystectomy
(n=32)

Fig. 1. Among the 73 patients with cholecystitis, 32 patients under-
going BTS were excluded, and 41 patients who met the indication
criteria and provided consent underwent permanent stenting. BTS,
bridge-to-surgery.
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Indications for EUS-GBD at our hospital include opera-
tion-resistant cases that are at high surgical risk and exhibit
poor performance status response, cases where consent for
emergency surgery cannot be obtained, and cases of internal
fistula formation in PTGBD (a patient who has a PTGBD in
place but needs EUS-GBD is a patient whose cholecystitis re-
curs when the PTGBD is clamped). In addition, cases with inef-
fective antibiotic treatment are recommended for drainage. Pa-
tients with poor respiratory conditions due to sedation during
the procedure, those with gallbladder perforation/necrotizing
cholecystitis, and those receiving oral antithrombotic drugs
were excluded. Patients not clearly diagnosed with cholecystitis
were excluded if there was a possibility of BTS; however, the
study also excluded patients undergoing BTS.

Procedures

The equipment used when performing EUS-GBD included an
echoendoscope (GF-UCT260; Olympus Medical Systems), an
ultrasonic endoscopic video processor (EU-ME1/2; Olympus
Medical Systems), a 19-G needle (EZ-Shot3; Olympus Medical
Systems), a 0.025-inch guidewire (VisiGlide2; Olympus Medical
Systems), a 4-mm balloon dilator (REN biliary balloon catheter;
Kaneka Medix), an ultra-tapered mechanical dilator (ES Dilator;
Zeon Medical), and a 7-Fr, 10-cm (Through & Pass; Gadelius
Medical) or 5-Fr endoscopic nasal biliary drainage tube (Silky-
Pass; Boston Scientific Japan) DPPS.

The patients were sedated in the prone position using mid-
azolam or pentazocine. CO, insufflation was used to prevent
abdominal compartment syndrome associated with pneumo-
peritoneum due to intraoperative perforation.

The gallbladder was visualized by ultrasonography from ei-
ther the duodenal bulb or antrum of the stomach. The duode-
nal bulb, which is closer to the gallbladder than to the antrum
of the stomach, is often selected as the puncture site to reduce
bile leakage and minimize stent movement (Fig. 2). A 19-G
needle was used to puncture the gallbladder after evaluating
the void of intervening blood vessels in Doppler mode, and 20
mL of bile was aspirated. The aspirated bile was submitted for
culture, after which contrast-enhanced evaluations were con-
ducted.

A 0.025-inch guidewire was inserted into the bile sac cavity
and wound into the coil, after which a 4-mm balloon dilator
was used to expand the fistula. After expansion, a 7-Fr DPPS
was placed between the gallbladder and duodenal bulb or
antrum of the stomach at a length of 10 cm (Fig. 2). Whether
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Fig. 2. Endoscopic ultrasound gallbladder drainage procedure images. (A) Endoscopic ultrasound image during gallbladder puncture. (B)
Fluoroscopic image of a balloon catheter being dilated. (C) Fluoroscopic image of plastic stent implantation. (D) Endoscopic image of plastic
stent implantation.

dilators are used to create a wider fistula tract depends on the

individual endoscopist.

Follow-up

The follow-up period for all patients covered the period from
the date of treatment to either the date of death or the final out-
patient visit within the survey period.

Simple abdominal radiography and blood tests were per-
formed the day after treatment in all patients. Oral intake was
started at the time point when improvements in clinical symp-
toms or clinical findings were confirmed.

BTS may occur after acute cholecystitis has subsided, but
such cases were excluded from this study. Thus, DPPSs were left
without replacement during the follow-up period.

Outcome variables

The primary outcomes were the recurrence-free rate of cho-
lecystitis and the late-stage complication-avoidance rate. The
recurrence-free rate of cholecystitis was defined as the rate at
which cholecystitis improved after DPPS placement with no
recurrence. The late-stage complication-avoidance rate was
defined as the fraction of patients who did not exhibit late-stage
complications such as adverse events (AEs), cholecystitis recur-
rence, stent deviation, delayed-onset bleeding, or delayed-onset
perforation at more than 2 weeks post-treatment.

The secondary outcomes were technical and clinical success,
procedural AEs, and procedure time. Technical success was de-
fined as the fraction of cases in which the stipulated procedure
or treatment was implemented without any problems. Clinical
success was defined as the proportion of cases in which a thera-
peutic effect was achieved.

Therapeutic effect was defined as at least two of the following
three findings normalizing within 72 hours: leukocytosis, ele-
vated body temperature, and abdominal pain.

Procedural AEs included puncture bleeding, bile leakage,
peritonitis, and pneumoperitoneum. AEs were generally de-
scribed according to the American Society for Gastrointestinal
Endoscopy lexicon. "’

Cholecystitis “relapse” was defined as cholecystitis worsening
before it was completely cured. Cholecystitis “recurrence” was
defined as cholecystitis reoccurring after it was thought to be
cured.

Statistical analysis

Descriptive continuous variables are presented as numbers
(percentages), medians (ranges), means (ranges), or standard
deviations. The Kaplan-Meier analysis of recurrence-free and
late-stage complication rates was performed. Statistical analy-
sis was performed using EZR software ver. 1.54, 2020 (The R
Foundation for Statistical Computing).

Ethical statements

The research protocol was approved by the Institutional Review
Board of NTT Tokyo Medical Center Tokyo (Research registra-
tion no. 18-313), and the study was conducted in accordance
with the provisions of the Declaration of Helsinki. Informed
consent was obtained from all the patients.

RESULTS

Patient characteristics
Seventy-three patients underwent EUS-GBD at our hospital
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from June 2016 to November 2020. Among these cases, 32 in
which BTS was possible were excluded. In total, 41 cases met
the inclusion criteria, patient consent was obtained, and per-
manent stent placement was performed (Fig. 1, Table 1). The
median age was 80.2+9.9 (range, 48-98) years, and 26 patients
were male.

Gallstones (25 cases) were the most common cause of chole-
cystitis. Other causes included metal stents (10 cases), previous
PS (one case), cancer (four cases), and ischemia (one case).
Cholecystitis was severe in five patients and moderate in 36
patients. Except for one severe case in which EGBS was difficult
and the patient underwent EUS-GBD, the procedure began in
all cases with EUS-GBD as the objective. One case in which
EGBS was planned was changed to EUS-GBD during the pro-
cedure because of the difficulty of the transpapillary approach.
The median follow-up period was 168 (range, 10-1,238) days.

One case was considered a clinical failure because the patient
relapsed due to hemorrhage after EUS-GBD.

Primary outcomes
The recurrence-free and late-stage complication-avoidance

Table 1. Baseline characteristics of patients

Permanent internal drainage

Characteristic group (n=41)
Mean age (yr) 80.2+9.9 (48-98)
Sex (male/female) 26 (63.4)/15 (36.6)
Causes of cholecystitis
Calculous 25 (61.0)
Acalculous 16 (39.0)
Metallic stent 10 (24.4)
Plastic stent 1(2.4)
Cancer 4(9.8)
Ischemia 1(24)
Severity classification
Severe (grade III) 5(12.2)
Moderate (grade IT) 36 (87.8)
Mild (grade I) 0(0)
Purpose
Treatment of cholecystitis 41 (100)
Non-BTS 41 (100)
EGBS 1(24)
EUS-GBD 40 (97.6)

rates during the follow-up period were 95% (38 cases) and
90% (36 cases), respectively (Table 2, Fig. 3). Among the recur-
rent cases, one experienced stent deviation because of scope
interference while undergoing endoscopic retrograde cholan-
giopancreatography 2 months after treatment, with cholecystitis
recurrence occurring a few days after endoscopic retrograde
cholangiopancreatography. In the other recurrent case, a 5-Fr
endoscopic nasal biliary drainage tube was used first because
7-Fr stent placement was difficult. After the stent was cut for
internal fistula formation, recurrence was observed for 12 days.
EUS-GBD was repeated in both recurrent cases, after which no
subsequent recurrence was observed.

Other late-stage complications included two cases (4.9%) of
stent migration; however, there was no recurrence of cholecys-
titis (Fig. 3, Table 2).

In Figure 3, the recurrence-free rate of cholecystitis and late-
stage complication-avoidance rate are shown on the vertical axis
using the Kaplan-Meier method, and the number of follow-up
days on the horizontal axis.

Secondary outcomes

The technical and clinical success rates of EUS-GBD were 100%
(41/41) and 97.6% (40/41), respectively (Table 3). The mean
duration of the procedure was 24.4+9.3 (range, 12-52) minutes.
The puncture sites and dilation methods are shown in Table 3.

Early adverse events

Complications occurred within 2 weeks of treatment in 10
(24.4%) cases. Among these cases, there were 9 (22.0%) cases of
biliary peritonitis and 1 (2.4%) case of bleeding. No intraperito-
neal abscesses or perforations were observed. Stent obstruction

Table 2. Clinical outcomes after endoscopic ultrasound-guided gall-
bladder drainage

Permanent internal drainage
group (n=41)

No cholecystectomy 41 (100)
Follow-up period (day) 168 (10-1,238)
Recurrence of cholecystitis 2(4.9)

Late adverse events (>14 days) 4(9.8)
Reintervention 2(4.9)

Stent migration 3(7.3)?

Values are presented as meanztstandard deviation (range), or number (%).
BTS, bridge to surgery; EGBS, endoscopic gallbladder stenting; EUS-GBD,
endoscopic ultrasound-guided gallbladder drainage.
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Values are presented as number (%) or median (range).
“In two of the three cases, stent migration did not lead to a recurrence of
cholecystitis.
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and (B) the late-stage complication-avoidance rate.

Table 3. Details of endoscopic ultrasound-guided gallbladder drain-
age procedures

Total (n=41)
Technical success 41 (100)
Clinical success 40 (97.6)
Puncture site
Duodenum 34 (82.9)
Stomach 7(17.1)
Dilation method
Dilator+balloon 9(22.0)
Balloon 32(78.0
Stent type
7-Fr double pigtail plastic stent 40 (97.6)
5-Fr ENBD 1(24)
Procedure time (min) 24.449.3 (12-52)
Early adverse events (up to 14 days) 3(7.3)
Bile peritonitis 2(4.9)
Bleeding 1(2.4)
Intraperitoneal abscess 0(0)
Perforation 0(0)
Relapse 1(2.4)

Values are presented as number (%) or meanz+standard deviation (range).
ENBD, endoscopic nasobiliary drainage.

occurred as a result of bleeding, resulting in relapse in one case

(Table 3). This was defined as treatment failure because the

stent obstruction that occurred before cholecystitis resolved.
The symptoms related to bile leakage and mild peritonitis

were mainly abdominal pain after treatment, which was treated
conservatively and improved with antibiotics and fasting.

Clinical course and long-term prognosis

A positive clinical response was observed after EUS-GBD in 40
cases without the need for additional transdermal treatment.
Cholecystitis recurrence was observed in only two cases during
the follow-up period.

Figure 4 shows a laparoscopic image of a patient who un-
derwent LC after EUS-GBD at our hospital more than 1
month after the procedure. In this image, the fistula between
the duodenum and the gallbladder is firmly established after
EUS-GBD.

Analysis to identify risk factors for acute cholecystitis re-
current-free and adverse events

We performed a multivariate analysis to identify the risk factors
for recurrence-free acute cholecystitis and AEs. However, no
significant difference was observed. The examined factors in-
cluded age, sex, cause of cholecystitis, severity of cholecystitis,
puncture site, use of ES dilators, and procedure time.

Endosonographic examination of the gallbladder

We examined endosonographic findings of the gallbladder. The
findings were “gallbladder enlargement” in 51.2%, “thickening
of the gallbladder wall” in 51.2%, “debris echo” in 85.4%, and
“hypoechoic layer of the gallbladder wall” in 17.1% of the cases.
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“Pericholecystic fluid” and “gas imaging” were noted in 0% of

cases.

DISCUSSION

In this study, we evaluated the long-term performance of EUS-
GBD in cases where surgery was not possible to investigate the
efficacy and safety of EUS-GBD using DPPSs. Permanent stent
placement by EUS-GBD, which used DPPS for inoperable acute
cholecystitis, exhibited a high cholecystitis recurrence-free rate
(95%) and late-stage complication-avoidance rate (90%), mak-
ing it an effective method that results in long-term therapeutic
effects. The technical and clinical success rates were 100% and
97.6%, respectively.

DPPSs have a small diameter and cannot be secured to the
duodenal or gastric lumen; therefore, there are concerns re-
garding insufficient drainage and bile leakage when DPPSs are
used. However, in the present study, we believe that the high
recurrence-free rate was attributed to the fact that even if there
was obstruction of the DPPS, a fistula would form between the
gallbladder and the duodenum or stomach, resulting in con-
stant drainage along the gap, thus preventing recurrence. This
is similar to the mechanism by which a fistula is formed after
PTGBD treatment, in which bile leakage occurs between gaps.

In the present case, fistula formation was firmly established
and confirmed more than 1 month after the operation, de-
pending on the BTS case (Fig. 4). On observing the EUS-GBD
puncture site in cases where a common bile duct stone removal
treatment was necessary after permanent stent placement, even

Fig. 4. The fistula between the gallbladder (GB) and the duodenum
(DU) is shown by the arrow in the laparoscopic cholecystectomy.
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if the DPPS moved slightly in and out of the puncture site,
drainage would occur alongside the DPPS as long as a fistula
had formed.

To date, there have been studies on SEMS, lumen-apposing
metal stents, and nasocystic tubes,””® but DPPSs have been
used for EUS-GBD at our center. One reason for this choice is
that DPPSs are cheaper than MSs. MS placement also has an
increased risk of pneumoperitoneum and duodenal perfora-
tion, and MS use could also result in stent obstruction and stent
migration." As SEMSs are self-expandable, cholecystitis recur-
rence may become more likely than PS placement because the
gap around the fistula does not form as easily in the event of an
obstruction. After the treatment of cholecystitis with PTGBD,
the tube may be self-removed before fistula formation. In ad-
dition, continued percutaneous exposure of the tube leads to a
decreased quality of life, and skin problems due to side leakage
of bile from the fistula may persist while the tube is in place.

Many patients are unsuitable surgical candidates because of
old age or various underlying diseases. In these cases, PTGBD
is considered the standard drainage method,” but this method
does not address the problems of drainage-related accidents
and drainage tube removal. In such cases, permanent stent
placement using EUS-GBD may be a valid alternative.

In a previous study, the incidence rate of treatment-induced
complications was approximately 12.1%, although there were
some differences between MS and PS.° Other AEs were report-
ed in 9.9% of lumen-apposing MS, 12.3% of SEMS, and 18.2%
of PS cases. In comparison, 7.3% of the AEs in this study were
considered relatively low, and 4.9% were mild peritonitis, which
improved with conservative treatment and was not related to
the patient’s condition. This contributed little to prognosis. In
this study, compared with a complication rate of 24.4% among
73 patients, including BT'S cases at our hospital, 7.3% of cases of
permanent stenting resulted in a lower complication rate. Peri-
tonitis was thought to be caused by leakage during puncture,
which occurred in a certain percentage of cases. In addition, the
risk of perforation is much lower with PSs than with MSs, even
if the stent is permanently implanted and deviates from its orig-
inal position.

Based on these considerations, the results of this study
demonstrate that permanent stent placement using EUS-GBD
for cholecystitis is a safe and effective treatment method. Addi-
tionally, EUS-GBD is not a transpapillary approach; thus, there
is no risk of pancreatitis complications following endoscopic
treatment based on the characteristics of the procedure. To date,



no cases of pancreatitis have been reported in previous studies
of EUS-GBD."”

This study has some limitations. First, this was a single-center
retrospective study with no control group. EUS-GBD is a treat-
ment for which no standard procedures have been established,
and the technical ability and judgment of the endoscopic sur-
geon may play a large role in how the procedure is performed.
Furthermore, although the use of lumen-apposing MS is in-
creasing in Japan, the use of MSs is not covered by insurance in
EUS-GBD. Therefore, PSs were used in this study. The useful-
ness of MSs should be examined in future studies.

In conclusion, EUS-GBD using DPPS resulted in a high
late-stage complication-avoidance rate, even in the long term,
among patients with acute cholecystitis where emergency cho-
lecystectomy was not suitable and permanent stent placement
was necessary. Our results indicate that this is a safe and feasible
alternative to other drainage methods. Therefore, we hope that
the number of patients who undergo EUS-GBD will increase
across multiple facilities and that the procedure will be general-
ized in the future.
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