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ABSTRACT
Background and aims: Patients with distal malignant biliary obstruction (MBO) and cystic duct
orifice tumoral involvement have an increased risk of developing acute cholecystitis following
self-expandable metallic stent (SEMS) placement. We aimed to determine whether primary
endoscopic ultrasound (EUS)-guided gallbladder drainage prevents the occurrence of acute
cholecystitis in these patients. Methods: This was a single-center, randomized control trial in

of

patients with distal MBO enrolled from July 2018 to July 2020. Patients were randomized into two

ro

groups: an interventional group, treated with conventional ERCP biliary drainage with SEMS

-p

placement and subsequent primary EUS-guided gallbladder drainage (EUS-GBD), and a control

re

group, treated with conventional biliary drainage alone. The primary outcome of the study was the

lP

occurrence of posttreatment acute cholecystitis, assessed for up to 12 months or until death. The

na

secondary outcomes were the hospitalization length and median survival time. Results: Forty-four
patients were included in the study: 22 in each group. Five in the control group (22.7%) and none

ur

in the intervention group developed acute cholecystitis. The median hospitalization time was

Jo

significantly lower in the interventional group than in the control group (2 days vs. 1 day,
P=0.017). There was no difference in the observed survival rates median for the primary EUSguided gallbladder drainage group (2.9 months) and control group (2.8 months) (P=0.580).
Conclusion: In this single center study of patients with unresectable MBO and occlusion of the
cystic duct orifice, prophylactic EUS-guided gallbladder drainage demonstrated a reduced
incidence of acute cholecystitis.
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INTRODUCTION
Patients with distal malignant biliary obstruction (MBO) have a poor prognosis, as most cases are
diagnosed at advanced stages. Endoscopic biliary drainage with a self-expandable metal stent
(SEMS) is a minimally invasive palliative therapy for these patients. Covered SEMSs have
demonstrated longer patency than uncovered ones for this indication, as they may better prevent
tumoral ingrowth (1). However, covered SEMSs are associated with stent occlusion, migration,

of

kinking, non-occlusion cholangitis, liver abscess, acute pancreatitis, and acute cholecystitis (2,3).
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The overall acute cholecystitis rate following SEMS placement for the palliation of MBO is
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approximately 6.9%; however, the rate can be as high as 16.8% among patients with tumoral
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involvement in the orifice of the cystic duct (OCD), and up to 25% if metallic stents with high

lP

axial force are used (4). There are several risk factors associated with acute cholecystitis following

na

SEMS placement in patients with distal MBO; yet, tumor involvement in the OCD is the foremost

ur

independent predictive factor for developing acute cholecystitis (up to one-quarter of patients with
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distal MBO (4,5). Therefore, draining the gallbladder has been proposed as an approach to prevent
acute cholecystitis following SEMS placement.
A previous study found that endoscopic transpapillary gallbladder drainage minimizes the risk of
cholecystitis in patients in whom a SEMS covered the OCD, decreasing its rate from 25% to 0%;
but being only feasible on 58% of patients, with high rates of stent dislodgement and reintervention
(6).
For patients with acute cholecystitis, nonsurgical gallbladder decompression is necessary to
prevent sepsis, perforation, and death. Therapeutic alternatives to nonsurgical decompression
include laparoscopic cholecystectomy and percutaneous drainage, and a newly introduced EUS-

guided method with similar technical and clinical success rates as the percutaneous method, with
a shorter hospital stay, less need for reintervention, and fewer adverse events as advantages (7,8).
Percutaneous cholecystostomy has an 80% clinical efficacy and a 12%-25% adverse event rate
(9). The main adverse events are intrahepatic hemorrhage, pneumothorax, and biliary peritonitis;
however, the largest drawback is to achieve a mature tract formation while the catheter remains in
place, since inadvertent tube displacement and reinterventions occurs in 25% of patients (10).
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Endoscopic ultrasound (EUS)-guided gallbladder drainage (EUS-GBD) using a lumen-apposing
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metal stent (LAMS) has been proposed in the treatment of acute cholecystitis or symptomatic

re

gallbladder hydrops in high-risk surgical patients unsuitable for laparoscopic cholecystectomy

lP

(11). Even though this technique is feasible and safe (7,11,12), there are no reports of prophylactic
gallbladder drainage in patients with a high risk of developing acute cholecystitis.

na

The present randomized controlled study aims to determine whether primary prophylaxis with
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development.

ur

EUS-GBD in patients with distal MBO and OCD involvement prevents acute cholecystitis

MATERIALS AND METHODS
Study design
This was a single center, randomized controlled trial conducted in the Instituto Ecuatoriano de
Enfermedades Digestivas from July 2018 to July 2020. The study protocol was approved by the
local institutional review board and was conducted in accordance with the Declaration of Helsinki.
All participants or their legal guardians signed a written informed consent form before inclusion.
The study was registered at clinicaltrials.gov (NCT03729882) and conducted following the

CONSORT guidelines. All protocol-related data was prospectively collected within medical
records and on the study database.
Patient selection
Consecutive patients with a history of distal MBO were invited to participate in the trial. Patients
were included if they had an unresectable MBO diagnosed by EUS, contrast enhanced (CE)
magnetic resonance cholangiopancreatography (MRCP) with cross-sectional imaging, and

of

endoscopic retrograde cholangiopancreatography (ERCP) associated with malignant cystic duct
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obstruction during the contrast injection. Unresectable MBO refers to cases in which surgery is
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not plausible due to disease extent and/or cases where the patient cannot undergo surgery. Cystic
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duct obstruction was confirmed by: a) CE-MRCP based on imaging findings such as: presence of

lP

a contrast-enhanced mass in the cystic duct (lumen irregularity owing to the presence of a solid

na

tissue with irregular margins), and/or increased asymmetric wall thickness, and/or no detectable
contrast agent in the cystic duct or abrupt termination of contrast agent in the cystic duct (13); b)

ur

the absence of gallbladder opacification in x-ray cholangiography after contrast injection during
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ERCP; and c) after direct visualization during cholangioscopy. The malignancy diagnosis was
based on digital cholangioscopy, confocal laser endomicroscopy, and histopathology evaluation
and confirmed at the 6-month clinical follow-up visit. Patients were excluded if they had a previous
history of laparoscopic cholecystectomy, percutaneous gallbladder drainage, or acute cholecystitis
based on the Tokyo guidelines (14); additionally, patients with uncontrolled coagulopathy, severe
ascites, large vessels between the gallbladder and gastric/duodenal wall, and patients with
duodenal obstruction due to tumor invasion were excluded from the study. All included patients
had confirmed OCD tumoral involvement during ERCP evaluation in the index procedure at
randomization.

Study groups
After ERCP, patients were randomized to either primary EUS-GBD (intervention) group or the
control group. All patients in each group received palliative therapy with a SEMS for the
management of MBO. The type, length, and diameter of the metallic biliary stent were defined
based on the specific case and the attending physician’s clinical judgment. Randomization was
performed at a 1:1 ratio by an independent physician, blinded to the clinical data, the day when

of

the patient received the palliative therapy with a SEMS. All procedures were performed under

ro

general anesthesia with endotracheal intubation, with the patient in the supine position, and all

-p

patients were given intravenous antibiotics prophylactically; no oral antibiotic therapy was

re

recommended at discharge. Endoscopic procedures were performed by a single experienced

lP

endoscopist who conducts ≥300 ERCP procedures per year (C.R-M).

na

EUS-guided primary gallbladder drainage group
After conventional palliative biliary drainage with a SEMS (WallFlex™, Boston Scientific, MA,

ur

USA), immediate primary EUS-GBD was performed using a LAMS with an electrocautery-
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enhanced delivery system (Hot Axios™, Boston Scientific, MA, USA). The operator used a 3.8mm working channel linear-array therapeutic echoendoscope (EG3870UTK; Pentax Medical,
Hamburg, Germany) attached to an ultrasound console (Avius Hitachi, Tokyo, Japan) to determine
optimal puncture site. The endoscopist decided whether a gastric or duodenal access would be
suitable based on the distance between the gallbladder and gastrointestinal lumen. The fully
covered metallic stents were used only for patients in which EUS-GBD was performed. The stent
was left indefinitely despite patients’ short lifespan, and no double pigtail stents were used. The
correct position of the stent was confirmed with a) the outflow of bile through the stent during the
procedure; b) X-ray (the presence of air after complete GBD); c) EUS; and d) CT scan.

Control group
Patients in the control group were treated with conventional palliative biliary drainage by the
deployment of a partially or uncovered SEMS (WallFlex™, Boston Scientific, MA, USA), but did
not undergo primary EUS-GBD. Prior to stent placement, a cholangiography was performed
during ERCP and cholangioscopy, with direct visualization of the obstructed cystic duct. Thus,
using fluoroscopy, SEMS’ deployment could be more precisely achieved in relation to the cystic
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duct. The length of the stent was chosen considering the extension of the lesion and not the cystic
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duct’s location, as we used partially or uncovered metallic stents.
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Follow-up

lP

Following the intervention, patients were monitored in the recovery room and discharged based
on clinical evolution and lack of post-procedural adverse events. Patients were followed up by

na

clinic visits at the 2nd, 4th, and 10th week, and by phone calls up to 12 months after the index

ur

procedure or the date of demise. If suspected acute cholecystitis developed in any patient from

preferences.
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either group, the patient was admitted and treated according to clinical status and personal

Study outcomes
The primary outcome of the study was the acute cholecystitis rate and acute cholecystitis-free
survival rate, and the median survival rate. Acute cholecystitis was defined according to the Tokyo
guidelines (14), 30-day and 12-month after the index procedure, and up until the last follow-up or
death. All patients with suspected acute cholecystitis were evaluated for local (Murphy sign, right
upper quadrant tenderness) and systemic signs of inflammation (fever, elevated C-reactive protein
or WBC count), and characteristic acute cholecystitis imaging findings on abdominal

ultrasonography (thickening over 4mm of the gallbladder walls, pericholecystic fluid). A definitive
acute cholecystitis diagnosis was established when one item from the local signs of inflammation
criteria was present with either another systemic inflammation sign criteria or characteristic
imaging finding of acute cholecystitis (14).
The secondary outcomes of the study were hospitalization length median, observed survival rate,
and observed survival median. Observed survival was defined from the date of procedure until last

of

follow-up or death.

ro

Statistical analysis
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Technical considerations. All statistical analyses were performed by a GI attending and 8-year

re

experience certified Biostatistician (M.P.-T.), using R v4.0 (R Foundation for Statistical

lP

Computing; Vienna, Austria). A P-value<0.05 indicated a statistically significant difference.

na

Sample size. We hypothesized a significantly lower rate of acute cholecystitis after EUS-GBD

ur

with SEMS placement compared with no intervention. A sample size of 22 participants was
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estimated to evaluate the efficacy of prophylactic EUS-GBD based on a 6.1% acute cholecystitis
rate after SEMS placement reported by Shimizu S. et. al (5), with a 95% confidence interval and
a 10% margin of error. Based on the Gordis criteria, a control group with the same sample size
was designed.
Descriptive statistics. Continuous variables are described as means (standard deviations, SD) or
medians (interquartile range, IQR; minimun-maximum range, MMR) according to their statistical
distributions (Shapiro test). Categorical variables are described as frequencies (%) and 95%
confident interval (CI) when appropriate.

Inferential statistics. Comparisons of variables, including technical and clinical success rates,
were performed between both groups by respective statistical hypothesis testing with the following
methods: Student’s t-test, Welch’s t-test, or the Mann-Whitney U-test for continuous variables and
Pearson’s chi-squared or Fisher’s exact test for categorical variables. For avoiding competitive
risk among endpoints, acute cholecystitis-free survival and observed survival were contrasted
among both groups with two different statistical hypothesis testing: Gray’s test and Log-rank test,

of

respectively. Clinical success was defined as a reduced rate of acute cholecystitis and was

ro

estimated by Cox regression (Hazard Ratio, HR). It was assessed during the follow-up period from

-p

the procedure until the potential development of acute cholecystitis or based on overall survival

re

from randomization if the patient did not develop acute cholecystitis. The survival curves of both

lP

groups were calculated with the Kaplan-Meier method and compared by means of the log-rank

na

test. We performed a univariate analysis using Cox regression (HR) to assess for those factors

ur

related to acute cholecystitis development following SEMS placement.
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RESULTS
Patients

Overall, 65 patients with unresectable MBO were eligible for inclusion in the study between July
2018 and July 2020. Twenty-one patients were excluded, and 44 patients were included:22 in the
primary EUS-GBD group and 22 in the control group (Figure 1). There was no significant
difference in age, sex distribution, primary tumor, tumor stage, tumor obstruction location, median
size of the lesion, or type of SEMS used for palliative biliary drainage between the two groups
(Table 1).
Rates of Cholecystitis

To assess the ability of EUS-GBD to prevent acute cholecystitis, we calculated the rate of acute
cholecystitis from the time of randomization to 12 months or death and found that the rates of
acute cholecystitis in the control and intervention groups were 22.7% and 0%, respectively
(P=0.049) (Table 2).
In the control group, five patients (22.7%) that developed acute cholecystitis were diagnosed in
our hospital using the criteria mentioned in the study outcome section (clinical, serological and

of

ultrasonographic criteria). Three patients were treated via laparoscopic cholecystectomy on days

ro

16, 7, and 1 after randomization, one was a poor surgical candidate and was treated with EUS-
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GBD, and one refused any further intervention. No reintervention was required in the primary

re

EUS-GBD group, as none of the patients developed acute cholecystitis during follow-up (Figure

na

Hospitalization Time

lP

3).

The secondary outcomes of our study were the hospitalization length and median survival time.

ur

To this end, we measured the median number of hospitalization days after the intervention and
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considered those days of unplanned admissions and reinterventions in each of the two groups. We
found that the hospitalization length was shorter for patients treated with primary EUS-GBD than
for those without it (P=0.008). Furthermore, the twelve-month acute cholecystitis-free survival
rate was 100% in the primary EUS-GBD group and 75% in the control group (P=0.023; Table 2).
There was no significant difference in the median observed survival of the primary EUS-GBD
group (2.9 months) and the control group (2.8 months) (P=0.580), independent of tumor stage, as
remarked in table 1.
Regarding safety, the adverse event rate was 22.7% in the control group, as acute cholecystitis
cases were reported following SEMS placement; in comparison to the intervention group that was

0%, and included no stent migration, recurrent acute cholecystitis, or bleeding. There were no
procedure-related deaths or severe acute pancreatitis cases in either group. In summary, we found
that EUS-GBD decreases the number of hospitalization days and increases the acute cholecystitisfree survival rate
Univariate analysis of acute cholecystitis risk factors
We next performed a univariate analysis to evaluate factors related to acute cholecystitis

of

development in our cohort already prone to developing this condition, as all included patients had

ro

OCD tumoral involvement, and 65.4% had a superposed OCD with a covered stent, two of the

-p

most common predictors of acute cholecystitis following SEMS placement. Also, for this cohort,

re

cholelithiasis history was the only predictive factor for developing acute cholecystitis following

lP

SEMS placement (HR 6.484; 95% CI 1.081 - 38.91; P=0.02), Table 3]. Metastatic disease was

DISCUSSION

ur

– 29.3; P=0.3).

na

not significantly associated with the development of acute cholecystitis (HR 3.176; 95% CI 0.343
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In this randomized trial, we evaluated the role of prophylactic EUS-GBD in preventing acute
cholecystitis in patients with distal MBO and tumor involvement of the OCD. We found that this
approach prevents the development of acute cholecystitis after SEMS placement for palliative
biliary therapy, as none of the patients in the intervention group developed acute cholecystitis
during the follow-up period (median survival, 2.9 months). Interestingly, patients undergoing
conventional palliative therapy with SEMS placement without EUS-GBD, namely, the control
group, had an acute cholecystitis rate of 22.7%, a higher frequency of requiring reintervention, and
a higher median number of hospitalization days.

Among the multiple risk factors proposed for the development of acute cholecystitis in patients
with distal MBO, tumor involvement of the OCD (odds ratio 5.85) (5) and obstruction of the OCD
by the stent itself, are the main predictors (6). In the present study, all patients had tumor
involvement of the OCD and were at high risk for developing acute cholecystitis following
palliative therapy with SEMS placement (5). Therefore, evaluating a safe and effective technique
that prevents acute cholecystitis in this subset of patients is crucial, as unplanned admission or

of

reintervention increases morbidity and mortality while decreasing the quality of life of these

ro

patients on palliative care.
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Even though the overall acute cholecystitis rate following SEMS placement has been reported to

re

be approximately 6%-12% (2), it can increase in up to 16.8% in patients with tumor involvement

lP

of the OCD and up to 25% in those with OCD tumor involvement in whom a metallic stent with a

na

high axial force is deployed (4). In our study, the acute cholecystitis rate in the control group,

ur

which did not receive EUS-GBD, was 22.7%. This is consistent with rates in previous studies and
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this high rate may be explained by the increased risk of our specific included subset, having all
tumor involvement of the OCD.
In our study, patients prophylactically treated with EUS-GBD had no long-term adverse events
during the follow-up period (median survival, 2.9 months). In a previous report describing EUSGBD using SEMS long-term outcomes, the late adverse event rate was 7%; these events were
related mainly to stent migration and recurrent acute cholecystitis due to stent occlusion. However,
the 3-year cumulative stent patency rate was 86% (12), supporting the safety of prophylactic EUSGBD in patients with a high acute cholecystitis risk following palliative biliary drainage with
SEMS deployment.

One previous study evaluated transpapillary gallbladder stenting following covered SEMS
placement for the prevention of acute cholecystitis. Even though none of the patients developed
acute cholecystitis in the treatment group, this therapy was only feasible in 58% of the patients,
being causes of failure cystic duct accessing problems or cystic duct wire perforation (6).
EUS-GBD was previously proposed to treat acute cholecystitis in high-risk surgical patients,
showing high technical and clinical success rates and a 10.7% adverse event rate (11). In a previous

of

matched cohort study of patients unfit for cholecystectomy, EUS-GBD was associated with

ro

significantly lower overall adverse events rates (32.2% vs. 74.6%) and serious adverse events
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(23.7% vs. 74.6%), and a lower readmission rate (6.8% vs. 71.2%) than percutaneous

re

cholecystostomy; though, the rates of acute cholecystitis recurrence (0 vs. 6.8%) were not

lP

significantly different (15). In our study, we did not find any post-procedural adverse event in

na

patients treated with a primary EUS-GBD, reporting a 100% technical and clinical success. For

ur

the technical aspect, performing this procedure in non-acutely ill patients may be more convenient
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as fewer adverse events should be expected.
In a recent randomized controlled trial, EUS-GBD was compared to percutaneous
cholecystostomy in very high-risk surgical patients. The EUS-guided procedure was associated
with significantly lower numbers of adverse events, reinterventions, unplanned readmissions, and
episodes of recurrent cholecystitis. Nevertheless, there was no difference in technical or clinical
success in terms of 30-day mortality (16). Furthermore, a recent propensity score analysis
comparing EUS-GBD to laparoscopic cholecystectomy, the technical and clinical success rates,
lengths of hospital stay, and 30-day adverse events and mortality rates, were similar between
groups; additionally, the 1-year recurrent biliary event, reintervention, and unplanned readmission
rates were not significantly different (17). These two later studies support the role of EUS-guided

gallbladder drainage as an alternative to percutaneous or laparoscopic cholecystectomy and should
be considered for patients who may not be surgically fit for definitive cholecystectomy and who
could benefit from prophylactic gallbladder drainage due to an increased risk of developing acute
cholecystitis following biliary SEMS biliary placement.
Defining which patients are at an increased risk of developing acute cholecystitis and should
benefit from prophylactic therapy following SEMS placement is essential. In the univariate

of

analysis of our study, we found that the type of SEMS did not significantly predict the development

ro

of acute cholecystitis in patients with distal MBO and tumor involvement of the OCD, in
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comparison to other studies in which covered stents were associated with an increased risk of stent

re

migration and cholecystitis (2,18). Interestingly, a history of cholelithiasis detected during the

lP

index procedure indeed predicted acute cholecystitis following SEMS placement and should thus

na

be noted when deciding which patients would benefit from prophylactic EUS-GBD. Moreover,

ur

45.5% of patients in the intervention group already had bile retention which was evident following
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EUS-GBD; this retained bile may precipitate and play a role in the pathogenesis of cholelithiasis.
This bile retention is likely related to the distal MBO; yet, this factor was not associated with the
development of acute cholecystitis in our univariate analysis.
Regarding the hospitalization length, in our study 22.7% of the conventionally treated patients
with palliative biliary drainage using SEMS and developed acute cholecystitis, required
reintervention and non-planned readmission, significantly increasing the hospitalization length of
the control group. Even so, we noted no significant difference in the median survival rates of the
groups.
The present study has the advantage of being one of the first to evaluate the role of prophylactic
EUS-GBD during SEMS placement in patients with distal, unresectable MBO and OCD tumoral

involvement. Regardless, this study is limited by its single-center design with one expert
endoscopist enrolled as the operator, limiting the generalizability of these findings. Additionally,
we compared prophylactic EUS-GBD against to conventional therapy, instead of transpapillary
gallbladder stent placement. Therefore, more extensive prospective trials comparing prophylactic
EUS-GBD to ERCP-guided gallbladder stent placement should be conducted, with particular
interest in feasibility, efficacy, and health-related cost implications. Another limitation is the lack

of

of objective evaluation of the impact of these procedures on quality of life in the two study groups.

ro

We consider quality of life to be a relevant outcome for future large-scale studies.
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Nowadays, in addition to EUS-GBD, EUS-guided biliary drainage may also be performed in

re

specialized centers if required (together with EUS-GBD or even alone as a first-line therapy),

lP

especially in patients with altered anatomy and/or inaccessible transpapillary approach. Patients

na

treated with palliative biliary therapy share high-risk surgical patient features, such as older age

ur

and cardiovascular and metabolic comorbidities. Therefore, the development of a ‘preventable’
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episode of acute cholecystitis in high-risk surgical patients presents a management dilemma and
impacts a patient’s overall well-being, which is one of the main objectives of palliative therapy.
These episodes also increase readmission rates, hospitalization lengths, and overall health-related
costs and diminishes patient quality of life.
In conclusion, in this single-center study of patients with unresectable MBO and occlusion of the
cystic duct orifice, prophylactic EUS-guided gallbladder drainage demonstrated a reduced
incidence of acute cholecystitis. It seems that those with the presence of cholelithiasis mainly
benefit from this approach. Nonetheless, larger, multicenter trials are necessary to validate the
observed findings of this study.
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TABLES
Table 1. Baseline characteristics

Age (years), median (IQR)
Sex (female), n (%)

Overall
(n=44)

Intervention
group
(n=22)

Control group
(n=22)

P-value

68 (61.5 – 76)

62.5 (56.5 – 72)

72 (63.5 - 80)

0.146a

29 (65.9)

16 (72.7)

13 (59.1)

0.525a
1.000a

Primary tumor, n (%)
21 (47.7)

11 (50.0)

10 (45.5)

Malignant pancreatic tumor

23 (52.3)

11 (50.0)

12 (54.5)

of

Extrahepatic cholangiocarcinoma

39 (86.7)

Metastatic

6 (13.3)

Tumor location, n (%)
Proximal and middle portion of the
common bile duct

Jo

2 (8.7)
0.609a

15 (34.1)

6 (27.3)

9 (40.9)

17 (38.6)

9 (40.9)

8 (36.4)

29 (15 – 50)

30 (15 – 50)

26.5 (18 – 45)

0.974c

44 (100.0)

22 (100)

22 (100)

n/a

re

ur

Size of lesion (mm), median (range)

Cystic duct orifice compromised by
tumor, n (%)

4 (18.2)

5 (22.7)

na

Middle and distal portion of the common
bile duct

21 (91.3)

7 (31.8)

lP

Mainly the middle portion of the
common bile duct

12 (27.3)

0.414b

18 (81.8)

-p

Locally advanced

ro

Tumor stage, n (%)

0.654a

Type of placed stent, n (%)
Uncovered metal stent

18 (40.9)

8 (36.4)

10 (45.5)

Partially covered metal stent

5 (11.4)

2 (9.09)

3 (13.6)

Fully covered metal stent

21 (47.7)

12 (54.5)

9 (40.9)

17/26 (65.4)

10/14 (71.4)

7/12 (58.3)

0.683b

Pus presence or bile retention, n (%)

10 (22.7)

10 (45.5)

-

n/a

Presence of cholelithiasis, n (%)

8 (18.2)

3 (13.6)

5 (22.7)

1.000b

Cystic duct superposed by covered
stent*, n (%)

IQR, interquartile range.
*Only for partially or fully covered metal stents.
a
Pearson's chi-squared test.
b
Fisher's exact test for count data.
c
Wilcoxon rank sum test with continuity correction.

Table 2. Study outcomes
Intervention group
(n=22)

Control group
(n=22)

HR (95% CI)

Jo

ur

na

lP

re
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Inpatient length (days), median
1 (1 – 3)
2 (1 – 7)
(MMR)
Acute cholecystitis rate, n (%)
5 (22.7)
30-day acute cholecystitis-free
19/19 (100.0)
15/20 (75.0)
survival rate, n (%)
Acute cholecystitis-free
n/a
survival (months), median
2.9 (1.3 – 3.8)
2.0 (0.7 – 5.7)
(IQR)
Observed survival rate, n (%)
1 (4.5)
3 (13.6)
0.832
Observed survival (months),
(0.441 – 1.569)
2.9 (1.3 – 3.8)
2.8 (1.2 – 5.7)
median (IQR)
HR, Hazard Ratio; IQR, interquartile range; MMR, maximum-minimun range; n/a, not available.
a. Wilcoxon rank-sum test with continuity correction
b. Fisher's exact test for count data
c. Gray’s test
d. Log-rank test

P-value
0.017a
0.049b

0.023c

0.580d

Table 3. Univariate analysis (Hazard Ratio, HR) of factors associated with acute cholecystitis
development.
HR (95% CI; p-valuea)
Age (years)

1.053 (0.977 – 1.151; 0.2)

Sex (female)

0.522 (0.058 – 4.679; 0.6)

Primary tumor (malignant pancreatic tumor)

0.722 (0.120 – 4.351; 0.7)

Tumor stage (metastatic)

3.176 (0.343 - 29.3; 0.3)
0.873 (0.299 – 2.553; 0.8)

of

Tumor obstruction localization (middle and distal portion of the
common bile duct)

-p

Type of placed stent (partially/fully covered metal stent)

ro

1.044 (0.944 – 1.155; 0.4)

Size of lesion (mm)

Pus presence or bile retention

re

Presence of cholelithiasis
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ur

na

lP

a. Log-rank test

2.298 (0.384 – 13.76; 0.3)
n/a

6.484 (1.081 – 38.91; 0.02)

FIGURE LEGENDS
Figure 1. Study flowchart
Figure 2. Prophylactic EUS-guided gallbladder drainage in a patient with distal malignant biliary
obstruction: a) fluoroscopic image showing the opacification of the common bile duct, but no the
cystic duct; b) fluoroscopic image showing a self-expandable metallic stent placed in the common
bile duct; c) EUS image of a lumen apposing metallic stent in the gallbladder.
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Figure 3 A. Cumulative curve indicating the occurrence of acute cholecystitis in the intervention

Jo

ur

na

lP

re

-p

ro

and control groups over the follow-up period; B. Kaplan-Meier survival curves of each group.

VIDEO LEGENDS
Video 1. Prophylactic EUS-guided gallbladder drainage procedure in a patient with distal
malignant biliary obstruction.
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Video 2. Stent placement during prophylactic EUS-guided gallbladder drainage procedure.
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ACRONYMS AND ABBREVIATIONS
Self-expandable metal stent

OCD

Orifice of the cystic duct

MBO

Malignant biliary obstruction

TPGBM

Transpapillary gallbladder drainage

EUS

Endoscopic ultrasound

EUS-GBD

Endoscopic ultrasound-guided gallbladder drainage

CE

Contrast enhanced

MRCP

Magnetic resonance cholangiopancreatography

ERCP

Endoscopic retrograde cholangiopancreatography

LAMS

Lumen-apposing metallic stent
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☒ No, I do NOT want to publish a Diversity, Equity, and Inclusion statement with my article if it
is accepted.

lP

re

If you choose to participate and your paper is accepted, the statements that you check below will be
published in the footnotes of your article. If you have specific questions about this form, you can email
us at gie@asge.org.

Jo

ur

na

Inclusion and diversity relating to the scientific content of the paper:
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☐ We worked to ensure ethnic or other types of diversity in the recruitment of human subjects.
☐ We worked to ensure that the language of the study questionnaires reflected inclusion.
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