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Abstract: Background: Although endoscopic ultrasound-guided gallbladder drainage (EUS-GBD) us-
ing lumen-apposing metal stents (LAMS) has become one of the treatments of choice for acute chole-
cystitis (AC) in fragile patients, scant data are available on real-life settings and long-term outcomes.
Methods: We performed a multicenter retrospective study including EUS-guided GBD using LAMS
for AC in 19 Italian centers from June 2014 to July 2020. The primary outcomes were technical and
clinical success, and the secondary outcomes were the rate of adverse events (AE) and long-term fol-
low-up. Results: In total, 116 patients (48.3% female) were included, with a mean age of 82.7 + 11 years.
LAMS were placed, transgastric in 44.8% of cases, transduodenal in 53.3% and transjejunal in 1.7%, in
patients with altered anatomy. Technical success was achieved in 94% and clinical success in 87.1% of
cases. The mean follow-up was 309 days. AEs occurred in 12/116 pts (10.3%); 8/12 were intraproce-
dural, while 1 was classified as early (<15 days) and 3 as delayed (>15 days). According to the ASGE
lexicon, two (16.7%) were mild, three (25%) were moderate, and seven (58.3%) were severe. No fatal
AEs occurred. In subgroup analysis of 40 patients with a follow-up longer than one year, no recurrence
of AC was observed. Conclusions: EUS-GBD had high technical and clinical success rates, despite the
non-negligible rate of AEs, thus representing an effective treatment option for fragile patients.

Keywords: acute cholecystitis; lumen apposing metal stent; EUS-guided drainage; EUS-guided
gallbladder drainage

1. Introduction

The management of acute cholecystitis (AC) has recently been revised and updated
by the latest Tokyo Guidelines [1]. Although the gold standard of treatment is still repre-
sented by laparoscopic cholecystectomy regardless of the degree of severity, minimally-
invasive approaches should be taken into consideration for “fragile patients”, that is, those
affected by severe comorbidities and with poor performance status, considered high-risk
or unfit for surgery [1].

Among nonsurgical treatments, endoscopic ultrasound gallbladder drainage (EUS-
GBD), which was first described in 2007 [2], has demonstrated encouraging results and a
good safety profile in the last decade [3-9]. Moreover, the introduction of lumen-apposing
metal stents (LAMSs) in the endoscopist’s armamentarium has led to the widespread use of
EUS-GBD, which nowadays represents an alternative to the well-assessed percutaneous
gallbladder drainage (PT-GBD), overcoming the main limitations of catheter dislodgement
and patient discomfort [10-13]. The updated Tokyo Guidelines for AC introduced EUS-
GBD as a mininvasive option of treatment for patients affected by grade 2 and grade 3 AC,
who are considered poor candidates for surgical cholecystectomy [1] (Figure 1).

GRADE 1AC GRADE 2 AC
(MILD) (MODERATE)

GRADE 3AC
(SEVERE)

Mild Gallbladder inflammation
No organ failure

Response to antibiotic
Pts fit for surgery
Response to antibiotic

Pts fit for surgery Failure of antiblotic

Failure of antibiotic Pts unfit for surgery

Pts unfit Pts fit Pts unfit for surgery

for surgery for surgery

MINIINVASIVE
DRAINAGE

CONSERVATIVE

SURGICAL

TREATMENT CHOLECYSTECTOMY

(PT-GBD/
EUS-GBD/ETGD)

Figure 1. Severity grading of AC according to Tokyo guidelines.
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However, data regarding the use of LAMSs in this cohort of patients are still sparse,
mainly derived from a small series of patients and only one large multicenter retrospective
study [5,7,9,14-17], mostly performed in tertiary referral centers. In addition, data are
lacking about long-term follow-up, namely after more than 12 months, raising concerns
about the risk of recurrent symptoms, as well as unexpected AEs.

The aim of this study is to evaluate the effectiveness and safety of EUS-GBD using
LAMS for AC in a large cohort of patients at high risk for cholecystectomy, in real-life
settings, involving centers with different volumes of procedures as well as different levels
of endoscopist expertise.

2. Materials and Methods

In 2019, the Interventional Endoscopy and Ultrasound (i-EUS) group was formed in
Italy as a result of a nationwide education initiative on the use of LAMS involving about
80% of centers that were “LAMS-users”. The main aim of the i-EUS group is to support
and promote education initiatives in order to optimize the use of LAMS in clinical prac-
tice. The i-EUS group includes Centers all over Italy with different expertise in interven-
tional endoscopy and LAMS use [18]. Expertise was defined in terms of the volume of
EUS and ERCP per year, overall number of LAMS placed at the time of the study and type
of indication for LAMS placement. Centers with less expertise were defined as those that
performed fewer than 250 EUS/year, less than 200 ERCP/year and at the time of the study,
had placed an overall number of LAMS < 20.

All the Centers of the i-EUS group who had the willingness to partcipate, were in-
cluded in a multicenter retrospective data collection process of all procedures of EUS-
guided drainage with LAMS for three major indications (pancreatic fluid collections
(PFC), gallbladder, biliary), gathering data from 850 procedures. The study was approved
by the institutional review board of each participating center (NCT03903523) and was per-
formed in accordance with the Declaration of Helsinki.

The present retrospective multicenter study included 19 Italian secondary and ter-
tiary endoscopy units that performed EUS-guided procedures using LAMS, including
EUS-GBD. All patients undergoing EUS-GBD for AC and considered fragile or at high risk
of cholecystectomy due to comorbities, namely patients with a Charlson Comorbity Index
(CCI) 24, an American Society of Anesthesiologists physical status classification system
(ASA-PS) score 23, and organ failure [1,19-22], were enrolled between June 2014 and July
2020. Inclusion criteria were: patients > 18 years, ability to sign an informed consent form
for the procedure, diagnosis of grade 2 and grade 3 AC, and EUS-GBD performed using
LAMS. Exclusion criteria were: patients < 18 years, pregnancy, and suspected or proven
gangrenous or perforated gallbladder.

2.1. Outcomes

The primary outcomes were technical success, defined as correct deployment of
LAMS, and clinical success, defined as improvement in clinical symptoms, namely right
abdominal pain, nausea, vomiting, hypotension, and laboratory tests (including white
blood cell count (WBC), c-reactive protein (CRP), total and direct bilirubin levels and
transaminases).

The secondary outcomes were adverse event (AE) rate and severity, 30-day and over-
all mortality, and, not least, long-term outcomes of the procedure evaluating patients with
survival and follow-up longer than 12 months.

2.2. EUS-Guided Gallbladder Drainage Procedure

The EUS procedures were performed using linear array echoendoscopes using car-
bon dioxide insufflation. Patients were under deep sedation or general anesthesia at the
discretion of the anesthesiologist. A morphological assessment of the gallbladder was car-
ried out under EUS-view, and based on the ultrasound results, the most suitable window
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of access—whether transgastric or transduodenal —was determined. After the identifica-
tion of the puncture site, using color doppler, interposed vessels were excluded. When a
cold system was used, the gallbladder was punctured with a 19-gauge needle, followed
by aspiration of bile or contrast injection in order to confirm the correct positioning and
placement of a 0.025- or 0.035-inch guidewire [16,23]. Over the guidewire, the needle track
was dilated using a cystotome (settings: pure cut mode, 100 Watts) and/or a biliary bal-
loon; then the delivery system of the stent was inserted, and the LAMS was deployed
under fluoroscopic and endoscopic control.

If an electrocautery-enhanced LAMS (EC-LAMS) was used, the delivery system was
inserted into the working channel and connected to the electrosurgical generator (settings:
pure cut mode, 100 Watts). Access to the gallbladder was gained either using a previously
placed guidewire or directly under EUS guidance using the “single-stage technique”. Once
the delivery catheter was inside the gallbladder and the first flange was deployed under
EUS guidance, the release of the second flange could be performed outside the working
channel under direct endoscopic visualization or using the intrachannel technique [24].

Procedural steps are summarized in Figure 2.

EUS-GBD WITH LAMS

DIRECT ENDOSCOPIC EVALUATION (E.g: Presence of bulging)

EUS EVALUATION OF THE GALLBLADDER:

- Morphological evaluation of the gallbladder: dimension, gallbladder wall thickening and lamination, wall
distance

- Evaluation of the content of the gallbladder: stones, sludge, purulent material

- Presence of pericholecystic fluid or collections

FIND THE SITE OF PUNCTURE (transduodenal or transgastric)

EXCLUSION OF INTERPOSED VESSELS USING COLOR-DOPPLER

WIRE-GUIDED TECHNIQUE FREE HAND TECHNIQUE

5. PUNCTURE OF GALLBLADDER WITH A 19 G NEEDLE 5. FISTULA CREATION USING AN
6. PLACEMENT OF A GUIDE-WIRE IN THE GALLBLADDER ELECTROCAUTERY- ENHANCED DEVICE
7. FISTULA CREATION USING A CISTOTOME OR A (without guide-wire)

BALLOON DILATOR OR THE ELECTROCAUTERY TIP OF 6. LAMS DEPLOYMENT

THE DEVICE (over the guide-wire)
8. LAMS DEPLOYMENT (over the guide-wire)

II FLANGE RELEASE II FLANGE RELEASE
UNDER ENDOSCOPIC VIEW INTRACHANNEL

Figure 2. Procedural steps of EUS-GBD using LAMS.

2.3. Data

Data were compiled and extracted from a central online database. For each proce-
dure, patient-related data on demographics, etiology of cholecystitis, presence of previous
cholecystitis, medical therapy failure, use of warfarin or DOAC, gallbladder diameter,
gallbladder features, concomitant percutaneous drainage, and previous endoscopic retro-
grade cholangiopancreatography (ERCP) with papillosphincterotomy for stones or trans-
papillary gallbladder drainage were collected. Procedural details, including type and size
of LAMS used, deployment technique, site of approach, and procedural and deployment
stent time were collected. Finally, post-procedural data, including length of hospitaliza-
tion, other procedures performed, such as stent dilation, stone clearance, start of post-
procedural enteral diet, gallbladder resection, were collected. AEs were graded according
to the ASGE lexicon severity grading system [25], which is to date largely accepted and
helps in standardizing severity and management. AEs were classified as immediate if they
occurred during the procedure, early, when presenting within 14 days, and late, when
presenting after 14 days from the EUS-GBD. Patients were followed up with periodic la-
boratory analyses and clinical visits at the discretion of the responsible endoscopist at each
participating hospital.
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2.4. Statistical Analysis

Continuous variables were reported as mean + standard deviation, whereas categor-
ical variables were summarized as frequency and percentage. Comparisons of variables
were made by t-test and Chi square test as appropriate. Logistic regression models were
performed to identify variables associated with the following outcomes: clinical success,
30-day mortality. Cox’s proportional hazard model was used to identify prognostic fac-
tors for overall mortality in a multiple regression analysis.

Considering the low number of events, to avoid the phenomenon of overfitting, the
logistic regression models were built including a number of variables proportional to
those of the observations. Variables considered in the models were selected through step-
wise model selection and guided by clinical relevance.

For all analyses, a p-value less than 0.05 was considered statistically significant.

All statistical analyses were performed using SPSS v. 28.0 for Macintosh (SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Study Population

A total of 116 patients (pts) (48.3% female) affected by AC were included. The mean
age was 82.7 + 11 years. In 15 pts (12.9%), AC was associated with malignancies (10/15) or
complicated by empyema (3/15), Mirizzi’s syndrome (1/15) or cholecysto-duodenal fistula
(1/15). Twenty-eight patients (24.3%) previously underwent ERCP for the concomitant
presence of stones in the common bile duct (CBD), while in three cases, a previous endo-
scopic transpapillary gallbladder drainage (ETGBD) was attempted. Three patients (2.6%)
had concomitant percutaneous drainage (PTGBD). The mean gallbladder major axis was
71.2 + 35.8 mm, while the mean width was 59.4 + 34 mm. More than half of the patients
(63/116, 54.3%) had stones and sludge in the gallbladder, while in other cases, an acalcu-
lous (14/116, 12.1%) or purulent (39/116, 33.6%) gallbladder was found. Fourteen patients
(12%) had a history of Warfarin or direct-acting oral anticoagulant (DOAC) intake, but in
all cases, anticoagulants were suspended at least 4 days or more before EUS-GBD. Patients
and their clinical characteristics are outlined in Table 1.

Table 1. Patients and clinical characteristics.

Variables n (%) or Mean SD
female 56/116 (48.3%)

age, years 82.7 11

diagnosis

- acute cholecystitis alone 101/116 (87.1%)

- malignant obstruction 10/116 (8.6%)

- empyema 3/116 (2.5%)

- Mirizzi’s syndrome 1/116 (0.8%)

- cholecysto-duodenal fistula 1/116 (0.8%)

warfarin or DOAC intake 14/116 (12%)

previous ERCP indication
- stone extraction 28/116 (24.3%)
- transpapillary gallbladder drainage 3/116 (2.6%)

concomitant percutaneous drainage 3/116 (2.6%)
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gallbladder features
- stone and sludge 63/116 (54.3)
- acalcolous 14/116 (12.1)
- purulent 39/116 (33.6)
gallbladder length, mm 712 35.8
gallbladder width, mm 594 34

3
WBC Count (x10 ) * 16.13  6.06
Total Bilirubin Levels (mg/dL) * 515 6.32
Direct Bilirubin Levels (mg/dL) * 414 515
CRP (mg/dL) * 2121 175

* Mean values at baseline.

3.2. Gallbladder Drainage Procedure

In most cases (107/116, 92.2%), the Hot-Axios stent (Boston Scientific, Marlborough,
MA, United States) was used, while the Nagi stent (Taewoong Medical, Gyeonggi-do,
Seoul, Republic of Korea) was the stent of choice in the remaining patients (9/116, 7.8%).
The most used LAMS was the 10 x 10 mm Hot-Axios stent (82/116, 70.7%) (Supplementary
Table S1).

LAMS were placed transgastric in 44.8% (51/116) of patients, transduodenal in 53.3%
(62/116) and transjejunal in 1.7% (2/116) due to the presence of altered anatomy. A single-
stage access to the gallbladder was performed in 87.1% (101/116) of cases, while a guide-
wire was previously placed in 12.9% of patients (15/116). The release of the second flange
was mainly performed intrachannel (76/116, 67.2%), and fluoroscopic control of the pro-
cedure was used in only 38.8% (45/116) patients. The mean procedure time (scope in to
scope out) was 24.5 min.

3.3. Primary Outcomes

Technical success was achieved in 94% (109/116 pts) of cases, while clinical success
was achieved in 87.1% (101/116 pts). All the biochemical examinations improved at two

3
weeks after EUS-GBD drainage: WBC count moved from a mean of 16.13 (x10 /mma3) to a

3
mean of 8.86 (x10 /mm3), CRP from a mean of 21.21 mg/dL to a mean of 8.26 mg/dL,
while total and direct bilirubin levels changed from 5.15 mg/dL and 4.14 mg/dl to 2.65
mg/dL and 1.96 mg/dL, respectively. The reduction was statistically significant for all the
parameters (p < 0.05). The mean hospital stay was 11.2 +9 days, while the mean follow-up
was 309 days.

3.4. Secondary Outcomes

AEs occurred in 12/116 pts (10.3%); 8/12 were intraprocedural, while 1 was classified
as early (<15 days) and 3 as delayed (>15 days). According to the ASGE lexicon, two
(16.7%) were mild, three (25%) were moderate, and seven (58.3%) were severe (Table 2).
In three cases, complications, namely bleeding, AC recurrence and a cardiac arrest, were
managed conservatively. In one case, intraprocedural bleeding from the gallbladder wall
was managed endoscopically with adrenaline injection. In three patients, intraprocedural
dislodgment of LAMS occurred, requiring urgent cholecystectomy in one patient, while
an endoscopic approach was performed in the remaining two cases, namely defect closure
of the gastric wall with an over-the-scope clip (OTSC) and placement of a second LAMS.



Diagnostics 2024, 14, 413

7 of 16

Two cases of perforation and one of delayed LAMS migration required an urgent chole-
cystectomy with suturing of the duodenal wall. In one patient, LAMS was incorrectly
placed in a renal cyst, with secondary development of sepsis and requiring LAMS re-
moval. Lastly, buried stent syndrome occurred after at least 3 months, requiring an SEMS
insertion.

Data regarding 30-day mortality and overall mortality are available for 106 patients.
The 30-day mortality was 19.8% (21/106), whereas the overall mortality rate during follow-
up was 36.8% (39/106). Most of the patients died due to underlying diseases, namely ad-
vanced malignancies, heart failure, renal and liver impairments.

Table 2. Adverse events and management.

N° Type Severity Timing Management Other
1 bleeding  mild intraprocedural  conservative
2 bleeding  mild intraprocedural ~ endoscopy hemostasis
AC recur- .
3 moderate  early conservative
rence
dislodge- 1 t of
4 rrir?t 8¢ moderate intraprocedural  endoscopy g;gecmen ©
dislodge- 1 t of
5 rr::r?t 8 moderate intraprocedural  endoscopy Is:)e:cc)ircrllinAl(\)/[S
dislodge- t chole-
6 1S0G8E severe intraprocedural  surgery urgent chote
ment cystectomy
open cholecys-
7 migration severe delayed surgery tectomy +su-
turing
LAMS posi-
Iposi- tioned i 1
8 ma’post severe intraprocedural  endoscopy fonec in rena
tioning cyst. Removal
of LAMS
open cholecys-
perfora-
9 ton severe delayed surgery tectomy + su-
© turing
VLS cholecys-
perfora- .
10 tion severe intraprocedural  surgery tectomy + su-
turing
buried . .
11 severe delayed endoscopy SEMS insertion
stent
cardiac ar- . .
rost severe intraprocedural  conservative

Abbreviations. OTSC: over-the-scope clip; LAMS: lumen-apposing metal stent; SEMS: self-expand-
able metal stent; AC: acute cholecystitis; VLS: videolaparoscopic.
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3.5. Risk Factor Analysis

We performed univariable and multivariable regression analysis to assess factors in-
dependently associated with technical success, clinical success, AEs, and 30-day and over-
all mortality (Tables 3 and 4).

Table 3. Univariable and multivariable analysis of variables associated with technical success, clin-
ical success and adverse events.

Technical Success

Univariable Analysis Multlvarl:its)le Analy-
Tech- .
Variable nical Tle::?lr:::l p Odds Ratios p
Success (=7 Value (CI-95%) Value
(n=109) -
18,207+ 11,500 +
WBC (mean SD) 15,076 3316 0.020 -
stent size (width)
- <10 mm 3(3.1) 2 (28.6) 0,002 -
- 210 mm 95(96.9) 5(71.4)
Clinical Success
Univariable Analysis Multlvarl:its)le Analy-

Clinical  Clinical
Variable Success Failure
(n=101) (n=15)

Odds Ratios p
Value (CI-95%) Value

diagnosis
10.156 (2.118-

- acute cholecystitis 90 (89.1) 10 (66.7) 0.019 48 6(9 8) 0.004
- other 11 (10.9) 5(33.3) ’ ’
gallbladder width, mm 60.9 +

421+254 . -
(mean SD) 36.5 +254 0.036
stent size (width)
- <10 mm 3(3.2) 2 (15.4) 0.053 -
- >10 mm 90 (96.8) 11 (84.6)
procedure time, minutes 229

345 244 0.020 -
(mean SD) 16.5
beginning of post-procedural
enteral diet
- immediate or within 86 (86.0) 7 (46.7)  <0.001 13'659716(3'12)54_ <0.001

48 h 14 (14.0) 8 (63.3) 0.003 ’

- after 48 h

adverse events 6 (5.9) 6 (60.0)  <0.001 -
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Adverse Events

Univariable Analysis Multlvarl:ilzle Analy-
Adverse no Ad- .
Variable Events verse r Odds Ratios P
(n=12) Events  value (CI-95%) Value
- (n=104)
release of the 2nd flange
- intrachannel 5(41.7) 73(70.2)  0.046 -
- endoscopic view 7 (58.3) 31 (29.8)

beginning of post-procedural

enteral diet 7 (583) 86 (835) 0.036 -

- immediate or within 48 h 5 (41.7) 17 (16.5)

- after 48 h

Abbreviations. SD: standard deviation.

A lower WBC count and stent diameter <10 mm correlated to technical failure in uni-
variable analysis, but not in multivariable, while the choice of access (trans-gastric or
trans-duodenal) was not associated with the technical outcome.

AC alone, namely cases not associated with other diseases or other complications,
with a higher mean width of the gallbladder, 10 mm or wider stents, a shorter procedural
time, early enteral feeding (within 48 h) and the absence of AEs, was significantly corre-
lated to clinical success in univariable analysis. No correlation was shown with the route
of drainage (trans-gastric or trans-duodenal). Multivariable analysis confirmed that AC
alone (OR =10.156, CI-95% 2.118-48.698; p = 0.004) and early enteral feeding (OR =13.691,
CI-95% 3.254-57.601; p < 0.001) are independently associated with clinical success.

AE occurrence was inversely correlated with intrachannel release of the second
flange and early enteral feeding in univariable analysis, but these correlations were not
confirmed in multivariable analysis. Again, no correlations were found with the route of
drainage.

Moreover, in univariable analysis, AC complicated by or associated with other dis-
eases, delayed enteral feeding (>48 h), together with higher levels of total and direct bili-
rubin, were predictors both for 30-day and overall mortality. On the other hand, 30-day
mortality was inversely correlated with age, while overall mortality had analogous
correlation with CRP and had a direct correlation with longer hospital stay and acalculous
AC. In multivariable analysis, only complicated AC or AC associated with other diseases
(OR =41.7, CI-95% 1.979-879.0; p = 0.016) was a predictor of 30-day mortality, while de-
layed enteral feeding (OR = 8.582, CI-95% 1.698-43.381; p = 0.009), lower CRP levels before
drainage (OR = 0.918, CI-95% 0.855-0.987; p = 0.020) and acalculous gallbladder disease
(OR =5.273, CI-95% 1.229-22.613; p = 0.025) were predictors of overall mortality.
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Table 4. Univariable and multivariable analysis of variables associated with 30-day mortality and
overall mortality.

30-Days Mortality

Univariable Analysis Multlvarla.ble Analy-
sis
. 30-Day SO-Pay Odds Ratios P
Variable Death Survival Value (CI-95%) Valu
(n=21) (n=85) ° e
1.031 (0.946-
age, years (mean SD) 781+145 837+99 0.038 031 1(329) 6 0.488
total bilirubin, mg/dL (mean 1.012 (0.872—-
109 +7. 44 +5. .047 .87
sD) 09+7.6 +58 0.0 1173) 0.879
diagnosis <0.00  41.7 (1.979-
- acute cholecystitis 13 (61.9) 77 (90.6) 1 ' 479 ' 0) 0.016
- other 8(38.1) 8(9.4) '
beginning of post-procedural
teral diet 8.578 (0.545-
enteratdie L 14667) 77(90.6) 0005 780245,
- immediate or within 48 h 7 (33.3) 8 (9.4) 134.197)
- after48 h ’ '
Overall Mortality

Univariable analysis

Multivariable analy-

sis

Overall Overall p
dds Rati
Variable Mortality  Survival Varl’ue © ( CIS 95?) /1)05 Valu
n=39)  (n=67) ° e
.918 (0.855-
CRP, mg/dL (mean SD) 122+8.7 229+184 0.005 09 089(;);55 0.020
total bilirubin, mg/dL (mean <0.00 1.058 (0.960-
SD) 9.1+87 29+27 1 1.166) 0.259
diagnosis 7.542 (0.972-
- acute cholecystitis 27 (69.2) 63 (94.0) 0.001 ’ 58.5 1'0) 0.053
- other 12 (30.8) 4 (6.0) '
beginning of post-procedural
enteral diet 8.582 (1.698-
- immediate or within 48 h ﬁ; géi; 62 840?) 0.002 43.381) 0009
- after 48 h ' '
length of hospitalizati t .954 (0.899-
ength ofhospitalization post 3 o 117 96 74 0021 O%*C 0.125
procedure, days (mean SD) 1.013)
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gallbladder disease

- stone and sludge (ref) 14 (36.8)  40(59.7) 0.007 0.306 (0.026—

- acalcolous 10 (26.3) 4 (6.0) ’ 3.541) 0.343

- purulent 14 (36.8) 23 (34.3) 5273 (1.229- 0.025
22.613)

Abbreviations. SD: standard deviation.

3.6. Patients with Long-Term Survival

A subgroup analysis was performed among patients with a follow-up longer than
one year (Table 5). A total of 40 (40/116, 34.5%) patients had a follow-up longer than one
year, with a mean of 692 days (range 360-2090).

In this subset of patients, technical and clinical success were confirmed as close to
optimal, at 95% (38/40) and 92.5% (37/40) respectively. A total of five patients experienced
AEs (5/40, 12.5%); in three cases, AEs were intraprocedural, namely one bleeding, one
LAMS malpositioning and one perforation, while the remaining two cases occurred dur-
ing long term follow-up, at 27 and 516 days, and were represented by one buried stent
syndrome and one stent migration, respectively.

Only one patient (1/40, 2.5%) had a recurrence of AC, which occurred 14 days after
EUS-GBD and was managed using antibiotics; however, at long-term follow-up, particu-
larly after 1 year, no recurrences of AC were reported.

A total of 13 patients (13/40, 32.5%) were admitted at least once during the overall
follow-up, mainly due to an underlying disease (e.g., heart failure, chronic obstructive
pulmonary disease, neurological diseases or neoplastic diseases). Only one patient was
admitted because of an episode of biliary acute pancreatitis with the need for an ERCP.

None of the patients underwent surgical cholecystectomy or LAMS removal during
the entire follow-up.

Long-term survival was good, with only five deaths (5/40, 12.5%) after 1 year (after a
mean of 552 days) from the endoscopic procedure, and these were because of underlying
diseases or other acute diseases (such as SARS-CoV-2 infection or renal failure).

In univariable analysis, no variables emerged as being statistically significant in rela-
tion to technical success, clinical success, adverse events or mortality. However, a trend
toward significance emerged for the relationship between clinical and technical success
and the absence of adverse events, and between high bilirubin levels after 2 weeks from
EUS-GBD and mortality.

Table 5. Long-term outcomes.

Variable n (%) or Median + Range
patient number 40 /116 (34.5)

follow-up, days 692 (360-2090)

technical success 38/40 (95)

clinical success 37/40 (92.5)

adverse events 5/40 (12.5)

- intraprocedural 3/5 (60)

- during follow up 2/5 (40)

acute cholecystitis recurrence 1/40 (2.5)
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surgical cholecystectomy 0/40 (0)

mortality 5/40 (12.5)

4. Discussion

The present study demonstrates that EUS-GBD using LAMS for AC is a valuable op-
tion for treatment of fragile patients showing high technical and clinical success rates (94%
and 87.1%, respectively), with acceptable complications (10.3%). Most of the AEs occurred
during the endoscopic procedure, and their severity varied from mild to severe (two mild,
three moderate and seven severe) with no evidence of fatal ones. However, when consid-
ering overall mortality and 30-day mortality, rates were significantly high, up to 36.8%
and 19,8%, respectively.

In univariable analysis, technical success was less likely for patients with a lower
WBC count and drained with an LAMS < 10 mm in diameter, though these results were
not confirmed in multivariable analysis. Shorter stents (6 x 8 mm and 8 x 8 mm) have been
designed for EUS-guided biliary drainages, namely choledoco-duodenostomy (EUS-
CDS), in which the space required for deployment is usually 15-20 mm [26]. In the case
of EUS-GBD, usually, wider and longer stents are used (=10 mm), because the diameter of
the gallbladder in the case of AC is at least 40 mm, allowing for the opening of larger
LAMS. In contrast to shorter stents, which require more control and precision, a wider
diameter and longer saddle likely facilitate LAMS release, particularly in less experienced
hands. Therefore, in this setting, a >10 mm LAMS should be preferred over smaller ones.

More controversial is the correlation between WBC and technical success: one hy-
pothesis is that lower WBC may be the expression of AC which is being resolved, and,
therefore, a lesser gallbladder distension is present that make LAMS deployment more
challenging. In these cases, indeed, the space for the correct opening of the first flange
could be insufficient, with an higher risk of stent misdeployment. Preliminary distension
of the gallbladder with saline solution or a contrast injection through a 19 G needle and
wire-guided stent deployment could be useful to reduce this risk.

These findings, however, unearth how a patient’s selection and the appropriate stent
for the right indication are essential in order to increase the likelihood of a successful pro-
cedure.

Moreover, both univariable and multivariable analysis showed that early enteral
feeding (within 48 h) had a positive correlation with clinical success and an inverse corre-
lation with overall mortality; AC alone was a predictor of clinical success, whereas com-
plicated AC or an association with other diseases was a predictor of 30-day mortality. As
most cases of the “not alone” AC were associated with malignant diseases, it is clear that
the clinical outcome in this setting is significantly worse, with an higher rate of 30-day
mortality. Not least, multivariable analysis demonstrated that lower levels of CRP and
acalculous gallbladder disease negatively influence overall mortality. This probably re-
flects the fact that an indication different from AC due to gallstones had worse outcomes
when compared to other etiologies of AC. Indeed, the presence of acalculous AC and
lower levels of CRP may reflect the presence of other severe underlying comorbidities,
such as hepatic impairment and neoplastic diseases.

Interestingly, in our study, the endoscopist’'s experience was not associated with
worse outcomes or with higher rates of complications; similarly, the access of EUS-GBD,
namely trans-gastric and trans-duodenal, was not associated with technical and clinical
outcomes, nor adverse events. This slightly differed from European guideline’s recom-
mendations on therapeutic EUS, which suggest the trans-duodenal route in order to re-
duce the risk of stent dysfunction [27].

Another point of note observed in this multicenter study is the long-term outcome.
In at least 35% of our cohort, the follow-up was longer than 1 year (mean of 692 days),
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and, in subgroup analysis, outcomes were comparable to the overall follow-ups. Interest-
ingly, when considering the rate of recurrence of AC, only one patient experienced a re-
current episode, which occurred more than 14 days after LAMS placement and was man-
aged conservatively. Instead, after one year, no recurrence of AC was reported, even with
32.5% of this subset of patients being admitted at least once due to unrelated diseases. It
is also notable that none of these patients underwent LAMS removal, demonstrating long-
lasting patency and a good safety profile for these stents. In multivariable analysis, no
factors emerged as predictors of long-term clinical outcomes, although a trend of signifi-
cance was observed for mortality and the absence of AEs.

Previous studies reported comparable results in terms of technical and clinical suc-
cess and adverse events [9,17,28], but most of the available data come from tertiary referral
centers with skilled endoscopists. In our study, data were collected from several Italian
centers, including both high-volume and secondary level centers with limited experience
both in the use of LAMS and in EUS-GBD. Indeed, procedures were performed by endos-
copists with different levels of experience in interventional endoscopy and in the use of
LAMS. Data regarding the LAMS-training of the endoscopists included in the i-EUS
group were recently reported, showing that 38.8% attended a dedicated training course,
27.7% were supported by an expert, 22.2% had both opportunities, and 8.3% had none
[18]. These data were found to be reproducible and to reflect real-life settings. While pre-
vious studies showed that a learning curve correlates with longer procedural times and
higher rates of AEs [17,28], in our study, endoscopist experience did not significantly af-
fect the outcomes, showing that EUS-GBD provided satisfying results even when per-
formed by less expert hands and still had a good safety profile. However, according to a
recent meta regression analysis, despite the high rates of technical and clinical success,
center experience proxied to > 10 procedures/years increased and optimized the technical
success and the overall clinical success [29].

Additionally, in our analysis, no fatal adverse events were reported, though a recent
meta-analysis considering complications in EUS-GBD using LAMS [30] showed the rate
of death was 5%. It is important to highlight that while the majority of the included studies
reported death as the final outcome, most deaths were related to underlying diseases and
none to the procedure. One limitation of most published studies is the lack of a classifica-
tion of AEs according to a standardized severity index (e.g., ASGE), which would allow
for a deeper comprehension of complications that affect this procedure and their manage-
ment.

Despite the high clinical success rate and the absence of fatal AEs, the overall mortal-
ity and 30-day mortality rates were significantly higher in our cohort of patients than pre-
viously reported [17,31]. This could be related to the mean age of our study population,
which was close to 83 years—at least 10 years higher than other studies [17,30] —and to
the fact that at least 13% of the patients were affected by complications or associations
with other diseases, which resulted as a negative predictor of 30-day mortality both at
univariable and multivariable analysis. This is in line with previous evidence that suggests
EUS-GBD outcome appears to be more influenced by patient conditions and underlying
comorbidities rather than procedural success [31]. Indeed, the occurrence of AC probably
indicates a worsening and exacerbation of the patient’s underlying comorbidities, which
may have intervened later in the patient’s history, influencing long-term results.

Ours is the first study that demonstrates the role of enteral feeding in this setting and
its association with clinical outcomes. Supposed mechanisms for this association may be
different. First, patients with a better performance status, in which technical success was
achieved and no adverse events occurred, intuitively received an early enteral feeding; in
this case, the correlation with clinical success and 30-day mortality would be a conse-
quence and not a cause of the outcome. Second, as is the case for acute pancreatitis and
any other critical illness, inflammation is associated with intestinal failure with subse-
quent increased gut permeability, dysregulation of the immune response and dysbiosis
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[32-34]. Studies showed that when enteral feeding started within 24-48 h, thanks to re-
duced intestinal inflammation, there was a reduced risk of infection, multiorgan failure
(MOF) and a reduced hospital stay [32,35,36]. This evidence could suggest that early en-
teral feeding should be mandatory to optimize patient outcomes.

To the best of our knowledge, this is the largest cohort of patients with a >1-year
follow-up that shows that this technique has satisfactory long-term outcomes, with a near-
optimal safety profile. Previous studies had a follow-up of at least one year [17,31], but
long-term outcomes were not evaluated selectively, apart from overall mortality.

Interesting results on long-term outcomes for the treatment of AC have recently been
published on ETGBD using double-pigtail plastic stents [37]. According to a study on 49
patients, clinical success was achieved in all cases and demonstrated long-term efficacy in
96% of patients. A higher risk of recurrence of AC was shown when a single stent was
used, while the placement of two was a protective factor against the need for elective re-
peated ETGBD. However, the cannulation of the cystic duct, and, above all, its placement,
could be challenging and not always achievable. Although EUS-GBD showed better tech-
nical and clinical success rates [38-40], a more aggressive ETGBD using two double-pigtail
plastic stents could represent a valuable alternative with satisfactory long-term outcomes
[41]. A head-to-head study comparing EUS-GBD using LAMS and ETGBD using two dou-
ble-pigtail plastic stents would be needed to evaluate whether one technique is superior
to the other.

The present study also has several limitations, such as the retrospective design,
which may affect several reports (such as complications), the lack of information about
patient comorbidities and the involvement of many centers that are inhomogeneous in
terms of volume and experience. Moreover, due to the scarcity of significant variables in
the univariable model, and the low number of events (technical failure), we did not per-
form a multivariable analysis that would have allowed us to establish an independent
relationship between stent size and technical failure, and control, at the same time, of
other possible confounders.

Nonetheless, we believe that this study provides a truthful picture of the real-life set-
ting, which should be taken into account when considering EUS-GBD as an option for
treatment.

5. Conclusions

This multicenter study shows how, in a real-life setting, including both secondary
and tertiary referral Centers, EUS-GBD using LAMS has both high technical and clinical
success rates, with a non-negligible rate of AE, though none were fatal. In a follow-up
longer than one year, no recurrence of AC was observed, demonstrating satisfactory pa-
tency of these devices, with a good safety profile even when left in place. Therefore, ac-
cording to our data, EUS-GBD using LAMS could represent a valuable, long-lasting op-
tion for treatment of fragile patients.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/diagnostics14040413/s1, Supplementary Table S1: Type of
LAMS used.
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