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Abstract: Background: Percutaneous transhepatic gallbladder drainage (PT-GBD) has been the
treatment of choice for acute cholecystitis patients who are not suitable for surgery. The effectiveness
of endoscopic ultrasound-guided gallbladder drainage (EUS-GBD) as an alternative to PT-GBD is
not clear. In this meta-analysis, we have compared their efficacy and adverse events. Methods: We
adhered to the PRISMA statement to conduct this meta-analysis. Online databases were searched
for studies that compared EUS-GBD and PT-GBD for acute cholecystitis. The primary outcomes
of interest were technical success, clinical success, and adverse events. The pooled odds ratio (OR)
with a 95% confidence interval (CI) was calculated using the random-effects model. Results: A total
of 396 articles were screened, and 11 eligible studies were identified. There were 1136 patients, of
which 57.5% were male, 477 (mean age 73.33 £ 11.28 years) underwent EUS-GBD, and 698 (mean
age 73.77 & 8.7 years) underwent PT-GBD. EUS-GBD had significantly better technical success (OR
0.40; 95% CI 0.17-0.94; p = 0.04), fewer adverse events (OR 0.35; 95% CI 0.21-0.61; p = 0.00), and
lower reintervention rates (OR 0.18; 95% CI 0.05-0.57; p = 0.00) than PT-GBD. No difference in clinical
success (OR 1.34; 95% CI 0.65-2.79; p = 0.42), readmission rate (OR 0.34; 95% CI 0.08-1.54; p = 0.16), or
mortality rate (OR 0.73; 95% CI 0.30-1.80; p = 0.50) was noted. There was low heterogeneity (12 = 0)
among the studies. Egger’s test showed no significant publication bias (p = 0.595). Conclusion: EUS-
GBD can be a safe and effective alternative to PT-GBD for treating acute cholecystitis in non-surgical
patients and has fewer adverse events and a lower reintervention rate than PT-GBD.

Keywords: endoscopic ultrasound-guided gallbladder drainage; percutaneous gallbladder drainage;
meta-analysis; acute cholecystitis; gallbladder drainage; EUS guided gallbladder drainage; lumen
apposing metal stent; plastic stent

1. Introduction

Cholecystectomy is the standard of treatment for acute cholecystitis [1]. Emergent
cholecystectomy is performed in up to 52.7% of the patients [2]. However, cholecystectomy
is not possible in all patients with acute cholecystitis. An emergent cholecystectomy can
lead to significant morbidity (up to 41%) and mortality in patients who are poor surgical
candidates with severe comorbidities [3]. When cholecystectomy is not possible, percuta-
neous gallbladder drainage (PT-GBD) may be considered to decompress the gallbladder by
placement of a cholecystostomy tube. The procedure involves placement of a catheter into
the gallbladder under ultrasound or Computed tomography (CT) guidance. The technical
success rate of PT-GBD ranges from 90-100%, with a clinical response rate of 56-100% [3].
However, the procedure involves a significant peri-procedure and post-procedure complica-
tion rate and morbidity. Complications (bile leak, peritonitis, bleeding, and pneumothorax)
are reported in up to 10% of the patients. Patients are left with an external tube that is
susceptible to dislodge, cause bleeding, pain, and increased risk of infection. Many patients
would require repeated interventions and long-term management of the external drainage
tube is a challenge, especially among elderly patients with extensive comorbidities and
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poor functional status. An alternative to PT-GBD is endoscopic ultrasound-guided gall-
bladder drainage (EUS-GBD). EUS-GBD is reported to have a low complication rate, length
of stay, and low post-procedure pain [4]. In this technique, the gallbladder is accessed
endoscopically through transmural (trans-gastric vs. trans-duodenal) stent placement.
Literature suggests a technical and clinical success of EUS-GBD >90% [5-7].

In a meta-analysis of five studies (1 = 495) that compared EUS-GBD and PT-GBD
showed that EUS-GBD had similar technical success (OR 2.3, 95% CI 0.7-7.5, p = 0.18),
clinical success (OR 1.1, 95% CI 0.6-2.2, p = 0.74) and adverse events (OR 2.9, 95% CI
0.9-9.2, p = 0.07. However, the reintervention rate was higher in the PT-GBD (OR 4.3, 95%
CI2.0-9.3, p < 0.001) [8]. One of the studies in the prior meta-analysis included patients
who underwent trans-papillary gallbladder drainage rather than EUS-GBD through a
transmural approach, making the results unreliable [9]. Therefore, we performed an
updated meta-analysis to compare transmural EUS-GBD and PT-GBD to assess the two
techniques’ efficacy and safety profile [10].

2. Materials and Methods

We followed the ‘Preferred reporting items for systematic review and meta-analysis’
statement (PRISMA) to conduct this meta-analysis as per the study team’s protocol [11].

2.1. Definitions

I.  Technical success: Technical success was defined as successful placement of a drainage
catheter or stent placement into the gallbladder, using PT-GBD or EUS-GBD, respectively.

II.  Clinical success: Clinical success was defined as the resolution of clinical symptoms of
acute cholecystitis (e.g., fever, abdominal pain, and leukocytosis) within 3 days after
the procedure.

III. Re-intervention: Reintervention was defined as a repeat procedure due to stent or
catheter blockage; a procedure for repositioning or replacement; or a procedure to
prevent bleeding or to drain fluid.

2.2. Patients, Intervention, Comparison, and Outcomes (PICO)

Patients: Patients with acute cholecystitis who were not surgical candidates for cholecystectomy:.
Intervention: Drainage of gallbladder through either EUS-GBD (treatment group).
Comparison: PT-GBD (control group) for the treatment of acute cholecystitis.

Outcome: Technical success, clinical success, need for reintervention, and rate of ad-
verse events.

2.3. Selection Criteria

Studies that compared EUS-GBD and PT-GBD in acute cholecystitis were included.
The studies published in the English language from inception to 3 December 2020, in
peer-reviewed journals, were included. Studies that included patients >18 years of age
were included, and studies of the pediatric population were excluded. We included the
studies if they were prospective or retrospective cohort studies, or randomized controlled
trials, that were published in a peer-reviewed journal as full-length articles or abstracts as
long as they provided the data on outcome measures described below.

We excluded studies with trans-papillary gallbladder drainage, EUS-guided biliary
drainage, animal studies, reviews, letters to the editor, case reports, case series with <10 pa-
tients, opinions, and studies where the data were insufficient for statistical analysis. We ex-
cluded the studies with patients age < 18 years.

2.4. Search Strategy and Data Extraction

A comprehensive literature search was performed on major online databases, includ-
ing Embase PubMed, Cochrane Library, and Web of Science. The search period went from
the study’s inception to 3 December 2020. A search for studies that compared EUS-GBD
with PT-GBD for the treatment of acute cholecystitis was conducted. The following key-
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words and phrases were used to extract relevant studies from the electronic databases: acute
cholecystitis, endoscopic ultrasound, endoscopic ultrasound-guided gallbladder drainage,
EUS guided gallbladder drainage, percutaneous gallbladder drainage, trans-hepatic gall-
bladder drainage, cholecystostomy, and gallbladder stent, in various combinations of ‘AND’
and ‘OR.” Further, we searched the references to identify any eligible studies based on
inclusion and exclusion criteria described above.

The data collection was done by two independent authors (U.B. and M.C.) on a
Microsoft Excel sheet. All the citations from the literature search were first imported to
Endnote. Then, we removed the duplicate citations, followed by a screening of the articles
(title and abstract) for inclusion and exclusion criteria. When there was no consensus on
including a study for the pooled analysis between the two authors, a senior author (S.S.)
reviewed the study personally and made the decision on whether or not the study could be
included. For each study, we collected the data on the author, year of publication, country
of origin, study population, gender, technical and clinical success, re-intervention rate, and
adverse events for both groups.

2.5. Outcome Measures

The primary outcome measures of interest for the study were pooled odds ratio of
technical success, clinical success, re-intervention rate, and adverse events between EUS-
GBD and PT-GBD. The secondary outcomes included pooled estimates of readmission
rate, procedure-related mortality, duration of the procedure, length of hospital stay, and
successful cholecystectomy after gallbladder drainage. A leave-one-out sensitivity analysis
was performed to assess the effect of each individual study on the pooled estimates of
primary outcomes.

2.6. Quality Assessment

The quality of non-randomized studies was assessed with the Risk of Bias Assessment
Tool for Non-Randomized Studies (ROBANSs). The studies were assessed by scoring each
study for the selection of study groups, comparability, and assessment of outcomes. The
quality of randomized studies was assessed using the Cochrane risk of bias tool.

2.7. Statistical Analysis

We calculated the pooled odds ratio of technical success, clinical success, adverse
events, discharge rate, and need for re-intervention. When the number of events in a group
was ‘zero,” a correction constant of 0.5 was added to calculate the pooled estimates. The
pooled estimates with a 95% confidence interval were synthesized using the random-effects
model, as suggested by ‘DerSimonian and Laird.” Due to variations in the study population,
study designs, and intervention, the expected effect measure may also vary, referred to as
statistical heterogeneity. Heterogeneity among the included studies was assessed using the
inconsistency index (I?). The heterogeneity was classified as low, moderate, substantial,
or considerable when the I? score was less than 25%, 25-50%, 50-75%, or more than
75%, respectively. Publication bias was assessed using the funnel plot and Egger’s test.
Continuous variables were reported as proportions and percentages, and the categorical
variables were reported as means and standard deviations.

Sensitivity analysis was performed based on the type of study (prospective vs. ret-
rospective), type of stents used in EUS-GBD, and approach to gallbladder drainage in
EUS-GBD (trans-gastric vs. trans-duodenal). Statistical analysis was performed using
STATA 14.2 (Stata Corp. 4905 Lakeway Drive, College Station, TX 77845, USA).

3. Results
3.1. Search Results and Study Characteristics

Online data search from Embase, PubMed, Web of sciences, and Cochrane database
yielded 1337 studies. Duplicates were removed from the initial screening, and there was
a total of 788 studies remaining for further screening. Screening the titles and abstracts
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yielded 27 studies for detailed review. Ultimately, we found 11 eligible studies based on in-
clusion and exclusion criteria [5-7,12-19]. Figure 1 illustrates the flow chart for the literature
search and study selection. Among the 11 studies included in the meta-analysis, there were
8 retrospective studies [5,7,12-14,16-18], one of them being a propensity-matched cohort
study [19] and 3 prospective studies (One prospective cohort study and two randomized
controlled trials) [6,15,19]. Seven of the 11 studies were full-length articles [5-7,15,16,18,19]
and the remaining 4 studies were published as abstracts; however, the data on outcomes
were reported [12-14,17]. Four studies originated from the USA [13,16,17,20], two stud-
ies originated from Korea [14,15], one study from Italy [12] and Japan [19] each, and the
remaining three studies were multi-center studies from more than one country [5,6,19].
Table 1 contains the characteristics of the studies included in this meta-analysis. Online
literature search strategy on databases is included as a supplementary document.

PubMed: 439

Scopus: 388
Cochrane libraries: 30
Web of Science: 480

Excluded (n=549 duplicates)

v

v

788 articles were screened Excluded (n=761) studies
were excluded due to study
design, and irrelevant study
outcomes, non-human

> | studies, reviews, case reports,
guidelines, systematic
g A reviews.
=) 27 Full length articles/
) abstracts were reviewed
16 articles excluded; EUS
» guided biliary drainage was
o performed for indications
-.% other than acute cholecystitis
= Eligible for primary outcome
% analysis (n=11)
=

Figure 1. PRISMA flow chart of selecting eligible studies for the meta-analysis.
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Table 1. Characteristics of studies and events in the treatment and control groups.

Follow Up

Type of Lo . Technical Clinical Adverse Reintervention Readmission . Procedure
Author Country Study Stent Type Dug:}?: m Patients (n) Success (1) Success (1) Events (n) (n) (n) Mortality (n) Time (min)
Anderloni 2017 [12] * Italy Retrospective LAMS EUS-GBD NA 10 10 10 ! NA NA NA NA
PT-GBD NA 10 10 10 2 NA NA NA NA
Chaar 2019 [13] * USA Retrospective LAMS EUS-GBD 1223 10 10 10 2 1 2 0 0
PT-GBD 151.6 30 30 26 13 6 8 5 0
Cho 2017 [14] * Korea Retrospective LAMS EUS-GBD NA 74 74 73 5 7 NA NA NA
PT-GBD NA 107 106 103 21 23 NA NA NA
Irani 2017 [5] International Retrospective LAMS EUS-GBD 215 (1-621) 45 44 43 8 NA NA 1 22
PT-GBD 265 (1-1638) 45 45 41 14 NA NA 3 28
Jang 2017 [15] Korea RCT NBD EUS-GBD NA 30 29 29 2 NA NA NA 24
PT-GBD NA 29 28 27 1 NA NA NA 23
Siddiqui 2019 [18] USA Retrospective LAMS EUS-GBD 156 102 96 92 13 NA NA NA NA
PT-GBD 156 146 143 141 29 NA NA NA NA
Saumoy 2019 [16] USA Retrospective LAMS EUS-GBD NA 13 13 13 2 8 4 NA NA
PT-GBD NA 21 21 21 3 15 2 NA NA
Shah 2020 [17] * USA Retrospective LAMS EUS-GBD NA 33 NA NA 2 1 NA 1 NA
PT-GBD NA 79 NA NA 43 79 NA 4 NA
Teoh 2017 [7] Japan Retrospective LAMS EUS-GBD NA 59 57 53 19 NA 4 5 NA
PT-GBD NA 59 59 56 44 NA 42 1 NA
Teoh 2019 [19] International RCT LAMS EUS-GBD 365 39 38 36 5 1 10 3 22.7
PT-GBD 365 40 40 37 19 12 14 4 27.4
Tyberg 2018 [6] International Prospective Multiple EUS-GBD NA 42 40 40 7 4 6 0 NA
cohort study
PT-GBD NA 113 112 97 21 28 27 4 NA

USA: United States; RCT: randomized controlled trials; LAMS: lumen apposing metal stents; EUS-GBD: endoscopic ultrasound gallbladder drainage; PT-GBD: percutaneous gallbladder

drainage; NA: not available; NBD; naso-biliary drainage. * Abstracts only.
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3.2. Population and Procedure Characteristics

There were 1136 patients from 11 studies with 57.5% males. EUS-GBD was performed
in 477 patients (Mean age 73.33 & 11.28 years) and 698 (Mean age 73.77 £ 8.7 years) patients
underwent PT-GBD. Although we could not calculate the exact proportions for the type
of anesthesia, both IV sedation and general anesthesia were used to perform EUS = GBD;
however, the Majority of the patients underwent PT-GBD under local anesthesia, need for
general anesthesia was infrequent. The cause of acute cholecystitis was available from 7 full-
length articles [5-7,15,16,18,19]. In the EUS-GBD group, 74% (275/372) of patients had
calculous cholecystitis, 20% (76/372) of patients had acalculous cholecystitis, 5% (20/372)
had cholecystitis due to malignancy, and 1% had other causes. In the PT-GBD group, 78%
(338/431) had calculous cholecystitis, 18% (77/431) patients had acalculous cholecystitis,
and 3% (14/431) had acute cholecystitis due to malignancy, and 1% had other causes. In
the EUS-GBD group, a transmural gall bladder drainage through duodenum or gastric wall
using various stents and drainage tubes. Lumen apposing metal stents (LAMS) was used
in 287 patients, covered self-expanding metal stents (SEMS) in 92 patients, naso-biliary
drainage tube in 30 patients, and plastic stents in 9 patients. One study did not report the
type of stent used [19]. The choice of transmural approach for the EUS-GBD was reported
by five studies (n = 252); 144 patients underwent trans-duodenal puncture, 106 patients had
a trans-gastric puncture, and two patients had stent placement through the trans-jejunal
puncture. LAMS with a diameter of 10 mm was used in 131 patients, and 15 mm LAMS was
used in 62 patients (n = 193 from 4 studies). Data on remaining patients was not reported.
In one study, patients with contraindication for PT-GBD (ascites in 5 patients and 4 patients
coagulopathy/thrombocytopenia) underwent EUS-GBD [5]. There were 48 patients in
the EUS-GBD group and in 32 patients in the PT-GBD group who had malignancy as an
underlying comorbidity. However, cholecystitis was caused by malignancy in 20 patients
among EUS-GBD group and in 14 patients among PT-GBD group [5,6,16].

3.3. Pooled Estimates of Primary Outcomes
a. Pooled proportions and odds ratio of technical success:

EUS-GBD was successful in 89.9% of patients (95% CI 0.87-0.92), whereas PT-GBD was
successful in 87.5% (95% CI 0.85-0.90). The overall pooled odds ratio of technical success
was 0.40 (95% CI 0.17-0.94; 12 = 0; p = 0.04) (Figure 2). However, a sensitivity analysis
excluding the studies that did not use LAMS only showed that the technical success was
comparable between the two techniques (OR 0.42; 95% CI 0.15-1.15; I? = 0; p = 0.96).

b.  Pooled proportions and odds ratio of clinical success:

Clinical success was observed in 97% (95% CI 0.95-0.98) of patients who underwent
EUS-GBD, and 94.1% (95% CI 0.92-0.96) of the patients who underwent PT-GBD had
clinical success. The pooled odds ratio of clinical success was 1.34 (95% CI 0.65-2.79; ?=0;
p = 0.42) (Figure 2).

c.  Pooled proportions and odds ratio of adverse events:

Adverse events were noted in 14.6% (95% C1 0.11-0.18) of the patients who had suc-
cessful EUS-GBD. However, nearly 30% (95% CI 0.85-0.90) of the patients who underwent
PT-GBD developed adverse events. The pooled odds ratio of adverse events was 0.35 (95%
CI 0.21-0.61; I = 54.29%; p = 0.00) (Figure 3). The data on the specific type of adverse
events were not uniformly reported. Recurrent cholecystitis was noted in 7 patients who
underwent EUS-GBD (7/162) and 16 in the PT-GBD group (16/195) (OR 0.75; 95% CI
0.15-3.79; 1? = 55.55%; p = 0.73) (Supplementary Figure S1). Bleeding (10 vs. 21), drain
dislodgement (3 vs. 9), bile leak (4 vs. 11), and infection (0 vs. 9) were less commonly noted
in EUS-GBD patients compared to PT-GBD patients. Table 2 lists some of the common
complications reported by the studies.



Diagnostics 2023, 13, 657

70f13

Technical success

Treatment Control exp(Odds tatio)  Weight
Study Yes No Yes No with 95% CI (%)
Anderloni 2017 i0 0 10 0 1.00[ 0.02, 55.27] 4.49
Chaar 2019 10 0 30 0 = 0.34[ 0.01, 18.46] 4.56
Cho 2017 74 0 106 1 —&—  2.10[ 0.08, 52.22] 7.00
Irani 2017 44 1 45 0 —_— 0.33[0.01, 8.22] 6.95
Jang 2011 29 1 28 1 —8®——  1.04[0.06, 17.38] 9.10
siddiqui 2017 9% 6 143 3 —l— 0.34[0.08, 1.37] 36.39
Saumoy 2019 13 0 21 0 = 0.63[0.01, 33.56] 4.57
Teoh 2017 57 2 59 0 —_——r 0.19[0.01, 4.11] 7.74
Teoh 2020 38 1 40 0 — 0.32[0.01, 8.02] 6.93
Tyberg 2018 40 2 112 1 —— 0.18[ 0.02, 2.02] 12.28
Overall > 0.40[0.17, 0.94]
Heterogeneity: 12 = 0.00, I = 0.00%, H* = 1.00
Testof 8,=8:Q(9) =2.45,p=0.98
Testof 8 =0:z=-2.09, p=0.04

128 178 2 32
Random-effects DerSimonian-Laird model
Clinical success

Treatment Control exp(Odds tatio) Weight
Study Yes No Yes No with 95% CI (%)
Anderloni 2017 10 0 10 0 L 1.00[0.02, 55.27] 3.08
Chaar 2019 10 0 26 4 s pi 3.57[0.18, 72.19] 5.49
Cho 2017 73 1 103 3 —— 213[0.22, 20.85] 9.53
Irani 2017 43 1 41 4 —— 420[045 39.12] 9.96
Jang 2011 29 0 27 1 —_—l 3.22[0.13, 8238] 4.72
siddiqui 2017 92 4 141 2 —l— 0.33[0.06, 1.82] 16.83
Saumoy2019 13 0 21 0 a 0.63[0.01, 3356 3.14
Teoh 2017 53 4 656 3 _._ 0.71[0.15, 3.32] 20.84
Teoh 2020 36 4 37 3 —— 0.73[0.15, 3.49] 20.25
Tyberg 2018 40 0 97 15 1288 0.75, 220.38] 6.16
Overall - 1.17[0.58, 237

Heterogeneity: ¢ = 0.00, I? = 0.00%, H? = 1.00
Test of 6,=8: Q(9) = 8.14, p= 0.52
Testof 8 =0:z=0.44, p = 0.66

Random-etfects DerSimonian-Laird model

1 /,64 1}4 It 64

Figure 2. Forest plot for technical and clinical success.

Table 2. Common complications associated with gallbladder drainage.

Complications EUS-GBD PT-GBD
Abdominal pain 6 47
Drain/stent dislodgement 3 28
Bleeding 10 22
Bile leak 4 11
Infection 0 9
Stent obstruction 6 9
Recurrent cholecystitis 6 8
Pericholecystic collection 2 3
Pneumonia 4 3
Bowel perforation 3 0
Pneumoperitoneum 2 0
Drainage around the catheter 0 2
Peritonitis 1 0

EUS-GBD: Endoscopic ultrasound-guided gallbladder drainage; PT-GBD: percutaneous gallbladder drainage.



Diagnostics 2023, 13, 657

8 of 13

Adverse events

Treatment Control exp(Odds tatio) Weight
Study Yes No Yes No with 95% CI (%)
Anderloni2017 1 9 2 8 —_— 0.44[0.03, 588] 362
Chaar 2019 2 8 13 17 —a— 0.33[0.06, 1.81] 6.63
Cho 2017 5 69 21 85 —— 0.29[ 0.1, 0.82] 11.32
Irani 2017 8 36 14 31 —— 0.49[0.18, 1.33] 11.61
Jang 2011 2 27 1 27 ————@———200[0.17, 23.39] 3.92
siddiqui 2017 13 83 29 114 - 0.62[0.30, 1.26] 14.25
Saumoy 2019 2 11 3 18 —®—  1.09[0.16, 7.59] 5.59
Shah 2020 2 31 43 36 —— 0.05[0.01, 0.24] 7.81
Teoh 2017 19 38 44 15 - 0.17[0.08, 0.38] 13.37
Teoh 2020 4 34 19 21 —— 0.13[0.04, 0.44] 9.81
Tyberg 2018 7 33 21 o1 —— 0.92[0.36, 2.36] 12.06
Overall <> 0.35[0.21, 0.61]

Heterogeneity: T° = 0.41, I? = 54.29%, H* = 2.19
Test of 8, = 8;: Q(10) = 21.88, p = 0.02
Testof ® =0:z2=-3.71, p=0.00

1/64 1}8 1 8
Random-effects DerSimonian-Laird model

Reintervention

Treatment Control exp(Odds tatio) ~ Weight
Study Yes No Yes No with 95% ClI (%)
Anderloni 2017 0 0 0 —®——1.00[ 0.00, 255.60] 3.69
Chaar 2019 1 9 6 24 —— 044[0.05 4.22] 1212
Cho 2017 7 67 23 83 L 0.38[0.15, 0.93] 19.53
Saumoy 2019 8 5 15 6 - 064[0.15, 277] 16.40
Shah 2020 1 32 79 0 —a— 0.00[0.00, 0.01] 8.21
Teoh 2017 0 57 2 54 —a—— 0.19[0.01, 4.04] 877
Teoh 2020 1 37 12 28 —— 0.06[0.01, 0.51] 12.89
Tyberg 2018 4 36 28 84 : i 0.33[0.11, 1.02] 18.39
Overall > 0.18[0.05, 0.57]

Heterogeneity: 12 = 1.60, I> = 67.48%, H? = 3.07
Test of 6,=6;: Q(7) =21.52, p = 0.00
Testof 8=0:2=-292, p=0.00

T

T T T
1/65536 1/512 1/4 32

Random-effects DerSimonian-Laird model

Figure 3. Forest plot for adverse events and reintervention rates.

d.  Pooled proportions and odds ratio for reintervention:

The pooled proportion of reintervention in patients who underwent EUS-GBD was
15% (95% C1 0.1-0.2), and PT-GBD, it was 67% (95% CI 0.62-0.71). The pooled odds ratio of
reintervention rate was 0.18 (95% CI 0.05-0.57; I? = 67.48%; p = 0.00) (Figure 3).

3.3.1. Secondary Outcomes
a. Pooled proportions and odds ratio for readmission:
The pooled proportion of readmission for EUS-GBD was 16.4% (95% CI 0.11-0.23),

and that of PT-GBD was 35.5% (95% CI 0.29-0.41). The pooled odds ratio of the readmission
rate was 0.34 (95% CI 0.08-1.54; 12 = 85.39%; p = 0.16) (Supplementary Figure S2).

b.  Pooled proportions and odds ratio of mortality:

The pooled proportions of mortality in the EUS-GBD (patients) group were 4%
(95% CI 0.02-0.07) and 5.5% (95% CI 0.03-0.08). The pooled odds ratio of mortality was
0.73 (95% CI 0.30-1.80; I = 0; p = 0.50) (Supplementary Figure S3).

c.  The pooled mean difference in procedure time:
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The pooled mean difference in procedure time for EUS-GBD versus PT-GBD was
0.42 (95% CI —6.14, 6.98; I? = 84.43%; p = 0.90). The two techniques were comparable
(Supplementary Figure 54).

d. The pooled mean difference in length of hospital stays:

The pooled mean difference in length of hospital stay was —3.53 (95% CI —5.91, —1.15;
12 = 99.05%; p = 0.00) (Supplementary Figure S5). Two studies did not report the standard
deviation for the outcome. Hence, a correction of 0.5 was used to calculate the pooled
length of stay. A sensitivity analysis excluding those two studies also showed a significantly
shorter length of hospital stay after EUS-GBD, —1.61 (95% CI —2.56, —0.67; I? = 54.08%;
p = 0.86) (Supplementary Figure S6).

e.  Pooled proportion of cholecystectomy after successful drainage

The pooled proportion of patients who underwent cholecystectomy after successful
drainage with EUS-GBD was 22.6% (95% CI 0.16-0.29), and for PT-GBD it was 27.3%
(95% CI0.22-0.33). The pooled odds ratio of cholecystectomy after successful gallbladder
drainage was 0.32 (95% CI 0.08-1.32; I? = 66.93%; p = 0.12) (Supplementary Figure S7).

3.3.2. Validation of Meta-Analysis Results
a.  Sensitivity analysis:

The pooled effect size can be influenced by a single dominant study. Therefore, to
assess the dominant effect of individual studies, we performed a leave one out sensitivity
analysis of pooled estimates of technical success. There was no significant difference in the
pooled estimates on the exclusion of any of the individual studies.

b.  Heterogeneity:

The dispersion of pooled estimates was assessed using the confidence intervals (CI)
and the inconsistency index (I2). The range of the dispersion of the pooled estimates can be
assessed with CI, and the I estimates what proportion of the dispersion is true versus due
to chance [21].

The ClIs are reported in the summary Table 3 for pooled estimates. There was low
heterogeneity (I = 0) among the studies included in the meta-analysis. Egger’s test showed
no significant publication bias (p = 0.595).

Table 3. Summary of findings from meta-analysis.

Pooled Estimates

Analysis N;:::gie:s()f POO(IES;) i’(;p(l)al:ltl)ons Odds Ratio or Mean r p-Value
) Difference (95% CI)

Primary outcomes
Technical success 10 89.9% vs. 87.5% 0.40 (0.17-0.94) 0% p =0.04
Clinical success 10 97% vs. 94.1% 1.35 (0.65-2.79) 0% p=042
Adverse events 11 14.6% vs. 30% 0.35 (0.21-0.61) 54.29% p=0.00
Reinterventions 5 15% vs. 67% 0.18 (0.05-0.57) 67.48% p=0.02

Secondary outcomes

Readmission rate 5 16.4% vs. 35.5% 0.34 (0.08-1.54) 85.39% p=0.16
Mortality 6 4% vs. 5.5% 0.73 (0.30-1.80) 0% p=0.50
Procedure time 3 NA 0.42 (—6.14, 6.98) 84.43% p=0.90
Recurrent cholecystitis 3 4.3% vs. 8.2% 0.75 (0.15-3.79) 55.55% p=073
Length of hospital stay 5 7';11?; ilif?;;;’s' —3.53 (=591, —1.15) 99.05% p =0.00
Cholecystectomy 3 22.6% vs. 27.3% 0.32 (0.08-1.32) 66.93% p=0.12

EUS: endoscopic ultrasound; PT: percutaneous cholecystostomy; I?: inconsistency index; CI: confidence interval;
NA: not applicable.

Heterogeneity among the studies included for the pooled odds ratio of technical
success, clinical success, adverse events, and mortality was low. However, there was



Diagnostics 2023, 13, 657

10 of 13

considerable heterogeneity noted among the studies included in the pooled odds ratio of
reintervention and readmission rates.

C. Publication bias:

The asymmetric distribution of the studies included in the meta-analysis on the funnel
plot can provide an indication of whether or not there is a concern for publication bias.
Egger’s regression test can tell us whether there is a significant concern for publication bias.
A p-value of <0.05 was used to define the significance among the groups that were being
compared. Visual inspection of the funnel plot (Supplementary Figure S8) and Egger’s
test (p = 0.595) did not show concern for publication bias. Further nonparametric trim
and fill analysis showed that observed pooled estimates would not be affected by the
unpublished studies.

d. Quality assessment:

The Risk of Bias Assessment tool for Non-Randomized Studies (ROBANSs) table
for non-randomized studies assessing each study is shown in Supplementary Table S1.

Cochrane risk of bias tool assessment of randomized studies is shown in Supplementary
Table S2.

4. Discussion

In this meta-analysis we compared EUS-GBD and PT-GBD technique for decompres-
sion of gall bladder in acute cholecystitis who were not suitable for surgery. Our analysis
showed that EUS-GBD has a significantly higher odds of technical success compared to
PT-GBD (OR 0.40 (95% CI 0.17-0.94; I = 0; p = 0.04). However, further sensitivity analysis
suggested the technical success was comparable between the group and the difference was
statistically insignificant (OR 0.42; 95% CI 0.15-1.15; 12 =0; p =0.96). Clinical success was
also comparable between the two techniques (OR 1.34; 95% CI 0.65-2.79; I? = 0; p = 0.42).
However, EUS-GBD had significantly lower rate of adverse events (OR 0.35; 95%CI 0.21-
0.61; 12 = 54.29%; p = 0.00), reintervention rates (OR 0.18; 95% CI 0.05-0.57; I2 = 67.48%;
p = 0.02), length of hospital stay (Mean difference —3.53 (95% CI —5.91, —1.15; 12 = 99.05%;
p = 0.00). We did not find any difference in mortality (OR 0.73 (95%CI 0.30-1.80; I?> = 0;
p = 0.50), procedure time (Mean difference 0.42 (95% CI —6.14, 6.98; I? = 84.43%; p =0.90),
or the readmission (OR 0.34 (95%CI 0.08-1.54; 1> = 85.39%; p = 0.16)) between either of
the techniques.

The practice guidelines recommend early cholecystectomy for acute cholecystitis [22].
However, advanced age, significant comorbidities, and the presence of multi-organ fail-
ure during the acute phase may increase the risk of peri-procedure complications and
anesthesia-related complications and preclude patients from undergoing cholecystectomy.
When the patient is not a candidate for cholecystectomy, either PT-GBD or EUS-GBD can
be considered as an alternative to decompress the gallbladder.

EUS-GBD allows the creation of a fistulous tract between the gallbladder and GI tract
(trans-duodenal vs. trans-gastric) using plastic or metal stents. Previously, EUS-GBD has
been performed using plastic stents (technical success 100% and clinical success 100%),
self-expanding metal stents (SEMS) (technical success 98.6% and clinical success 90%), and
recently lumen apposing meta-stents (LAMS) have been used (technical success 91.5%
and clinical success 90.1%) [23]. EUS-GBD with LAMS can be a permanent and definitive
treatment for acute cholecystitis. Recent studies suggest LAMS are superior to plastic
stents [5,6]. They are fully covered to reduce the bile leak, promote luminal apposition for
better drainage, and have anti-migratory property [24]. The larger lumen of the LAMS
allows stent intervention such as gallstone extraction [25]. The absence of an external
drainage tube negates the need for drainage tube management by the patient, reduces
the risk of accidental drainage dislodgement, a port of entry for infectious agents, and
aesthetically more acceptable to the patients compared to PT-GBD.

The success of the procedure is operator-dependent, and EUS-GBD is a relatively newer
technique; it is limited to large academic centers. EUS-GBD was commonly performed
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under general anesthesia; therefore, patients who are not candidates for cholecystectomy
due to anesthesia-related contraindications may not be candidates for EUS-GBD either.
However, EUS-GBD is now performed under conscious sedation and, therefore, may
reduce the risk of anesthesia-related adverse events [5,15]. The safety of the procedure
among patients with coagulopathy and ascites is not well established. Coagulopathy (due
to medical comorbidities or medications), thrombocytopenia, and anti-platelet agents could
be independent risk factors for bleeding after any invasive procedure. However, we could
not evaluate the risk and benefit of EUS-GBD vs. PT-GBD in patients with coagulopathy
and thrombocytopenia. Therefore, future clinical trials should address these factors.

After a EUS-GBD, closing the fistulous tract during laparoscopic or open cholecystec-
tomy may be a challenge. Three of the included studies showed that 38 patients under-
went successful cholecystectomy [6,15,18]. The investigators left the LAMS in place after
EUS-GBD for at least 3 months to avoid bleeding and bile leak before undergoing cholecys-
tectomy. One study reported that 79% patients in the EUS-GBD underwent laparoscopic
cholecystectomy with closure of the gastric/duodenal puncture site [15]. This provides us
important updates on probability of successful cholecystectomy can be performed after
EUS-GBD and it is not a one way street as previously thought. However, larger studies are
needed to asses safety of laparoscopic cholecystectomy after EUS-GBD.

The previous meta-analysis had shown that technical success, clinical success, and
adverse events were similar in both techniques [8]. In contrast, in our study, EUS-GBD
had significantly better technical success, lower adverse events, and reintervention rates.
Increasing experience and improved techniques of EUS-GBD compared to older studies
may be the likely reason for the improved outcomes.

The strengths of our study are a comprehensive literature search with a robust and
well-defined inclusion and exclusion, the inclusion of high-quality studies and exclusion of
duplicative studies, the inclusion of newer studies with a significantly higher number of
patients, rigorous quality evaluation of included studies, and statistical evaluation of pooled
estimates. We excluded the studies with patients who underwent EUS guided trans-papillary
gallbladder drainage to minimize the heterogeneity among the studies. Heterogeneity among
the studies can indicate the quality of included studies and the reliability of the pooled
estimates. It should be noted that the heterogeneity was low (I> = 0) in our meta-analysis. The
studies included in this meta-analysis originated from various geographical locations (North
America, Europe, Asia), making our results more generalizable.

However, there are limitations to our study that need to be mentioned. The most
important limitation is that majority of the included studies were retrospective studies and
included only one RCT. The EUS-GBD can be performed through either trans-gastric- or
trans-duodenal approach. It should be noted that the experience of the endoscopist can
influence the outcomes. However, we could not assess the effect of these variabilities on the
pooled estimates. Although we found significantly lower adverse events in the EUS-GBD,
the studies included in the meta-analysis did not clearly define the adverse events such
as definition of bile leak, wound infection, the mode of diagnosis and their management.
Therefore, this can affect the generalizability of our results.

5. Conclusions

In conclusion, our study is the most comprehensive review comparing the transmural
EUS-GBD and PT-GBD for acute cholecystitis. We infer that EUS-GBD is a good alternative
to PT-GBD in the treatment of acute cholecystitis when surgery is contraindicated. EUS-
GBD improves technical success, reduces the need for reintervention. EUS -GBD has a
better safety profile with lower adverse events. Both techniques have comparable clinical
success, readmission rate, and mortality. Our results support that EUS-GBD is a safe and
effective alternative to PT-GBD for acute cholecystitis in non-surgical patients. However,
large randomized controlled trials with sufficient power and follow-up are required to
validate our results.
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