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Abstract
Background Recent evidences suggest that gallbladder drainage is the treatment of choice in elderly or high-risk surgical 
patients with acute cholecystitis (AC). Despite better outcomes compared to other approaches, endoscopic ultrasound-guided 
gallbladder drainage (EUS-GBD) is burdened by high mortality. The aim of the study was to evaluate predictive factors for 
mortality in high-risk surgical patients who underwent EUS-GBD for AC.
Methods A retrospective analysis of a prospectively maintained database was performed. Electrocautery-enhanced lumen-
apposing metal stents were used; all recorded variables were evaluated as potential predictive factors for mortality.
Results Thirty-four patients underwent EUS for suspected AC and 25 (44% male, age 78) were finally included. Technical, 
clinical success rate and adverse events rate were 92%, 88%, and 16%, respectively. 30-day and 1-year mortality were 12% 
and 32%. On univariate analysis, age-adjusted Charlson Comorbidity Index (CCI) (OR 20.8[4–68.2]), acute kidney injury 
(AKI) (OR 21.4[2.6–52.1]) and clinical success (OR 8.9[1.2–11.6]) were related to 30-day mortality. On multivariate analy-
sis, CCI and AKI were independently related to long-term mortality. Kaplan–Meier curves showed an increased long-term 
mortality in patients with CCI > 6 (hazard ratio 7.6[1.7–34.6]) and AKI (hazard ratio 11.3[1.4–91.5]).
Conclusions Severe comorbidities and AKI were independent predictive factors confirming of long-term mortality after 
EUS-GBD. Outcomes of EUS-GBD appear more influenced by patients’ conditions rather than by procedure success.
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Biliary stone disease represents one of the most frequent 
conditions with a worldwide prevalence ranging between 
15 and 20% [1, 2]. Most reported complications are acute 
cholecystitis (AC), pancreatitis, jaundice, and cholangitis, 
with a cumulative incidence of 0.1–4% per year. Risk factors 
for biliary stone disease and its complications are female 
gender, age, pregnancy and puerperium, obesity, comorbidi-
ties (such as liver cirrhosis, Crohn’s disease or hemolytic 
anemia) and concomitant medications (such as hormone 
therapy, parenteral nutrition or somatostatin analogs) [1, 3, 
4] .

AC is the most common complication of biliary stone 
disease, with an incidence of 10% in symptomatic popula-
tion. While there is a wide consensus regarding early lapa-
roscopic cholecystectomy as the treatment of choice for AC 
in patients fit for surgery [5, 6], recommendations on the 
management of elderly and/or high-risk surgical patients are 
based on low grade evidence and as thus not completely 
unanimous. Nevertheless, Tokyo 2018 guidelines introduced 
the concept that treatment should be based on the evaluation 
of AC severity, patient’s general status and comorbidities 
[7]. Despite conclusive results are lacking on the best man-
agement (surgery vs drainage), the authors of the guidelines 
recommend biliary drainage for severe AC and for high-risk 
surgical patients with moderate AC.

Three different strategies are available for gallblad-
der drainage (GBD) including percutaneous transhepatic-
GBD, endoscopic transpapillary GBD (during endoscopic 
retrograde cholangiopancreatography ERCP) and endo-
scopic ultrasound (EUS)-guided GBD. While PT-GBD is 
considered the standard drainage method due to its general 
availability, the two endoscopic approaches require specific 
expertise that is usually available only in high-volume cent-
ers [8]. Endoscopic transpapillary GBD is burdened by a 
low rate of technical and clinical success rate, due to the dif-
ficulty of cannulation and stent placement in an obstructed 
cystic duct, and the risk of post-ERCP acute pancreatitis [9, 
10]. In the last years, thanks to technical and technological 
improvements, in primis due to the development of dedi-
cated devices, several studies reported good technical and 
clinical outcomes of EUS-GBD in high-risk surgical patients 
with AC; [11, 12] recently, results from a randomized trial 
definitely demonstrated that EUS-GBD with lumen-appos-
ing metal stent (LAMS) is superior over PT-GBD in terms 
of 30-day adverse events and long-term outcomes (adverse 
events, recurrent AC, and need for reintervention). [13]

However, despite promising results, EUS-GBD is still far 
from being a perfect strategy in this setting; indeed, a recent 
meta-analysis reported a 26% all-cause mortality rate despite 
very high technical and clinical success rate (> 95%). [10] 
Therefore, the identification of predictive factors for short 
and long-term mortality could improve patient selection and 
consequently overall clinical outcomes.

The aim of our study was to evaluate the outcomes of 
EUS-GBD with LAMS in high-risk surgical patients with 
AC. The main goal was to identify predictive factors for 
short-term and long-term mortality; we also focused on 
EUS-GBD procedural management (sedation, airways intu-
bation) and hospitalization (referral department, need for 
ICU admission and ICU length of stay).

Materials and methods

Study design

A retrospective analysis of a prospectively maintained 
database was conducted; consecutive high-risk surgical 
patients who underwent EUS for AC from January 2017 to 
December 2019 were considered. Inclusion criteria were: 
(a) Suspected AC complicated by biliary sepsis; (b) surgical 
contraindication agreed on multidisciplinary team (MDT) 
evaluation; (c) patients who underwent EUS with therapeu-
tic intent (EUS-GBD); (d) written informed consent. Exclu-
sion criteria were: (a) no EUS sign of biliary inflammation 
or AC; (b) common bile duct stones with cholangitis; (c) 
post-surgical altered upper gastrointestinal anatomy; (d) pre-
vious gallbladder drainage.

All cases underwent computed tomography (CT) before 
EUS and were discussed by the Hospital Multidisciplinary 
Team, including at least one gastroenterologist, surgeon, 
oncologist, and radiologist. Written informed consent for 
interventional EUS procedure was obtained, clearly speci-
fying the use of LAMS for EUS-GBD. The study was con-
ducted according to local policy on retrospective studies and 
to the principles of the Declaration of Helsinki (revision of 
Edinburgh 2000).

The following variables were recorded: patients’ age and 
gender, comorbidities and concomitant medications, ASA 
class, age-adjusted Charlson Comorbidities Index (CCI) [14, 
15], size of LAMS, type of sedation administered, airways 
intubation, severity of AC according to Tokyo guidelines 
[16, 17], C reactive protein, referral department, ICU admis-
sion and length of stay (LoS), hospital LoS.

Technical success was defined as successful LAMS 
placement with confirmed bile drainage. Clinical success 
was defined as improvement of clinical and biochemi-
cal parameters within 1 week after EUS-GBD. Adverse 
events were described and graded according to endoscopic 
adverse events classification [18] Recurrence of AC have 
been recorded. Patients were followed up for 12 months after 
EUS-GBD or until death.
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EUS‑GBD procedure

All EUS-GBD were conducted in our endoscopic suite by 
two experienced operators (A.L and P.F., with more than 
20 EUS-GBD each). A curvilinear-array (GF-UCT-180, 
Olympus comp.) or a forward-view (TGF-UC180J, Olympus 
Comp.) echoendoscope with a dedicated ultrasound proces-
sor (EU-ME2, Olympus comp.) were used based on opera-
tor’s choice. [19] Electrocautery-enhanced LAMS delivery 
system (Hot-Axios, Boston Scientific Medical Corpora-
tion, Marlborough, USA) was used in conjunction with the 
ERBE VIO 300D electrosurgical unit using pure cut mode 
(AUTOCUT mode, effect 5, power 100 W). Procedures were 
done under EUS guidance without fluoroscopic assistance. 
Transduodenal drainage was preferred, while transgastric 
route was considered after failure of the attempt to identify 
an adequate transduodenal window.

Percutaneous transhepatic gallbladder drainage

Patients requiring PT-GBD were referred to the Interven-
tional Radiology Unit, S.Orsola-Malpighi Hospital in Bolo-
gna (Italy), located at a distance of 45 km from the Hospi-
tal of Imola. The decision to refer the patient for EUS- or 
PT-GBD was based on local expertise and availability, the 
need to obtain immediate gallbladder drainage and when the 
patient was not considered safely transportable, based on the 
underlying clinical condition.

Sedation and airways management

All procedures were performed with anesthesiologists’ assis-
tance. Patients were placed in left lateral decubitus, under 
continuous cardiopulmonary parameter monitor. The type of 
sedation administered (conscious sedation, deep sedation, or 
general anesthesia) was chosen by the anesthesiologist based 
on patients’ hemodynamic and respiratory status; spontane-
ous breathing was usually preferred, while airways intuba-
tion was reserved to most compromised cases.

Clinical follow‑up and stent removal

Oral feeding with a liquid diet was resumed after 12 h. 
Antibiotic treatment was maintained until clinical and bio-
chemical resolution of AC. No LAMS removal was planned 
because of advanced age and/or severe comorbidities. 
Biliary symptoms and adverse events were recorded for 
12 months or until death occurrence.

Statistical analysis

Categorical variables were reported as number and per-
centage, n (%) and compared using the Fischer exact 

test or the Chi-square test, when appropriate. Nor-
mally distributed continuous variables were reported 
as means ± standard deviation (means ± SD) and com-
pared using T-test; non-normally distributed variables 
were reported as median and interquartile range (median 
[IQR]) and compared using Mann–Whitney test. An 
“intention-to-treat” analysis was conducted, includ-
ing all patients with AC who underwent an EUS-GBD 
attempt. Receiver Operating Characteristic (ROC) curves 
were analyzed to identify the best cut-off values. Logistic 
regression model were used to identify variables related 
to 30-day and 1-year mortality; multivariate analysis was 
used to identify variables independently related to those 
outcomes; results were expressed as odds ratio (OR) and 
95% confidence intervals (95% CI). Cox-proportional 
hazard regression was used to assess hazard ratio (HR) 
and 95% CI of factors related to long-term mortality. 
Kaplan–Meier curves were used to compare long-term 
survivals. P values < 0.05 were considered statistically 
significant. MedCalc Statistical Software version 19 
(MedCalc Software bvba, Ostend, Belgium; https ://www.
medca lc.org; 2019) was used.

Results

Study population

During the study period, 11 patients were referred to Inter-
ventional Radiology Unit and 8 underwent PT-GBD, while 
thirty-four consecutive high-risk surgical patients with sus-
pected AC underwent EUS. Nine patients were excluded 
from the analysis because either no EUS signs of AC were 
seen (no. 6), or common bile duct stones were found (no. 
3). Finally, the remaining 25 patients with AC entered the 
intention-to-treat analysis. Study flow-chart is shown in Sup-
plementary Fig. 1. Baseline characteristics of the included 
patients with confirmed AC included in which EUS-GBD 
was indicated and attempted is reported in Table 1.

In detail, 11 (44%) patients were male with a median 
age of 78 [75–88] years. All patients presented moderate 
to severe AC according to Tokyo guidelines classification. 
Mean age-adjusted CCI was 6.1 ± 1.4. At the time of pres-
entation, 7 patients (28%) fulfilled the criteria for an acute 
kidney injury (AKI) before EUS-GBD [17].

Hospitalization

Thirteen patients (52%) were referred to EUS-GBD from the 
internal medicine department and 8 (32%) from the surgical 
department; only 4 (16%) patients required admission to the 
ICU. No patient required admission to ICU after EUS-GBD; 

https://www.medcalc.org
https://www.medcalc.org
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therefore, the overall ICU admission rate was 16%. Median 
ICU length of stay was 5 [3.5–9.5] days (Table 2). The over-
all length of stay was 9 [7–11] days. In-hospital mortality 
was 12% (Table 3).

Sedation and airways management

While in most cases (no. 14, 56%), deep sedation with intra-
venous propofol was used, in 8 patients (32%) EUS-GBD 
was completed under conscious sedation (fentanyl plus 
midazolam). Only 3 patients (12%) required general anes-
thesia with airways intubation. In two cases, tracheal intuba-
tion became necessary during the procedure, after sedation 
induction, while in the remaining case general anesthesia 
was preferred by the anesthesiologist before the procedure. 
All patients regained spontaneous breathing in the endo-
scopic suite.

EUS‑GBD

Technical success was achieved in 23 out of 25 patients 
(92%). In two cases of technical failure, the operators were 
not able to identify an operative window for gallbladder 
drainage; in both cases, switching the linear to a forward-
view echoendoscope was not successful either (Fig. 1). In 
both cases, PT-GBD was planned within 48-h; however, 
the patients showed clinical and biochemical improvement 
with fasting, intravenous liquid and antibiotics; no percuta-
neous drainage was then performed and both patients were 
alive at the end of follow-up. One patient, despite techni-
cally successful EUS-GBD, did not recover from biliary 

Table 1  Baseline characteristics of the study population

IQR Interquartile range, SD standard deviation, ASA American Soci-
ety of Anesthesiology, LMWH low-molecular weight heparin

Total (no. 25)

Demographic characteristics
Gender (male), n (%) 11 (44%)
Age (year), median [IQR] 78 [75–88]
Clinical presentation
ASA class (I–II), n (%) None
ASA class (III), n (%) 9 (36%)
ASA class (IV), n (%) 16 (64%)
Age-adjusted Charlson Comorbidity Index, 

mean ± SD
6.1 ± 1.4

Severity of Acute Cholecystitis (grade I), n (%) None
Severity of Acute Cholecystitis (grade II), n (%) 8 (32%)
Severity of Acute Cholecystitis (grade III), n (%) 17 (68%)
C reactive protein (mg/dL), mean ± SD 36.5 ± 11.3
Concomitant medications
Antiplatelet agents, n (%) 11 (44%)
Anticoagulant agents (oral or LMWH), n (%) 4 (16%)
Comorbidities
Arterial hypertension or hypertensive heart disease, 

n (%)
15 (60%)

Chronic obstructive pulmonary disease, n (%) 13 (52%)
Liver cirrhosis, n (%) 4 (16%)
Chronic kidney disease, n (%) 8 (32%)
Acute kidney injury, n (%) 7 (28%)

Table 2  Hospitalization and EUS-GBD anesthesiological manage-
ment

IQR Interquartile range, ICU Intensive Care Unit

Total (no. 25)

Hospitalization department
Internal Medicine Department, n (%) 13 (52%)
Surgical Department, n (%) 8 (32%)
Intensive Care Unit, n (%) 4 (16%)
Length of stay
Length of stay (days), median [IQR] 9 [7–11]
Length of stay in ICU (days), median [IQR] 5 [3.5–9.5]
Procedural management
Presence of anesthesiologist, n (%) 25 (100%)
General anesthesia (airways intubation), n (%) 3 (12%)
Deep sedation, n (%) 14 (56%)
Conscious sedation, n (%) 8 (32%)

Table 3  Adverse events and mortality after EUS-GBD

Aes adverse events
*1 bleeding and stent misdeployment in the same patient

Total (no. 25)

Adverse events
Procedural AEs
 Bleeding, n (%) 2 (8%)
 Distal flange misdeployment, n (%) 1* (4%)

30-day AEs
  Stent obstruction due to tissue overgrowth, n (%) 1 (4%)
  Stroke, n (%) 1 (4%)
  Recurrent AC, n (%) 1 (4%)

1-year AEs
 None –

Survival
30-day mortality, n (%) 3 (12%)

  Heart and renal failure, n 2
  Biliary sepsis, n 1

1-year mortality, n (%) 8 (32%)
Related to AC, n 1
Possible correlation to AC, n 1
Unrelated to AC, n 6
Overall survival (months), median [IQR] 12 [6–20]
Overall survival (months), mean ± SD 13.0 ± 8.4
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sepsis due to AC. Overall, clinical success was achieved 
in 22 out of 25 patients (88%).

The electrocautery-enhanced LAMS delivery system 
was used under sole EUS guidance with the direct punc-
ture technique in all cases. In 20 cases (80%) a 10 × 10 mm 
LAMS was used; in 4 cases (16%) a 15 × 10 mm LAMS; 
in the remaining case (4%) an 8 × 8 mm was used after the 
misdeployment of a 10 × 10 mm one [20]. Transduodenal 
EUS-GBD was performed in 18 cases (78%) and transgas-
tric in the remaining 5 cases after failure to identify an 
adequate transduodenal window (22%). Median procedure 
time was 10 min [8.5–16]; procedure time was signifi-
cantly higher in transgastric drainage than transduodenal 
ones (20 [9–28] vs. 9.5 [5–16], respectively; P = 0.05).

We observed three procedural adverse events in two 
patients (8% of patients included in the intention-to-treat 
analysis; 9% in the per-protocol analysis). One patient pre-
sented bleeding after stent deployment; the bleeding did 
not require hemostatic treatment and a coaxial 6Fr double 
pig-tail plastic catheter was left inside the LAMS. One 
patient (4%) presented with recurrent AC with cholangi-
tis and sepsis 3 weeks after EUS-GBD; on CT and upper 
endoscopy, significant tissue overgrowth was observed on 
the LAMS. A fully covered biliary self-expandable metal 
stent was then placed through the obstructed LAMS, 
achieving good biliary drainage. Subsequently, the patient 
underwent elective cholecystectomy because of persistent 
biliary symptoms. The patient was alive at the end of fol-
low-up. [21] In all other cases LAMS were left in place 
indefinitely and no other patient required surgery there-
after. One patient (4%) suffered an ischemic stroke two 
days after EUS-GBD after aspirin withdrawal. The patient 

survived AC with major neurological sequelae (hemiplegia 
and dysphagia). Data are reported in Table 3.

Mortality after EUS‑GBD

Patients were followed up for a median of 12 [6–20] months. 
Thirty-day mortality and 1-year mortality were 12% and 
32%, respectively (Table 3). 30-day mortality causes were 
biliary sepsis due to AC in one case and progressive heart 
and renal failure in two cases. 1-year mortality causes were 
considered related to AC in 1 case (biliary sepsis), possibly 
related to AC in 1 case (sepsis of unknown origin 5 months 
after EUS-GBD) and unrelated to AC in the remaining 6 
cases (no. 4 cardiovascular, no. 1 stroke, no. 1 hip fracture).

On univariate analysis, age-adjusted CCI (OR 20.8 
[4–68.2]), AKI (OR 21.4 [2.6–52.1]) and fail to achieve 
clinical success (OR 8.9 [1.2–11.6]) were related to 30-day 
mortality, while no variable was independently related to 
30-day mortality on multivariate analysis (Table 4).

On univariate analysis, ASA class IV (OR 6.2 [1.0–62.1]), 
age-adjusted CCI (OR 9.8 [1.4–68.8]), AKI (OR 48.0 
[3.6–631.8]) and concomitant antiplatelet agents (OR 7.2 
[1.1–48.6]) were associated to 1-year mortality; C reactive 
protein (OR 0.89 [0.80–0.99]) appeared inversely related to 
1-year mortality. On multivariate analysis, age-adjusted CCI 
(OR 3.2 [1.2–11.8]) and AKI (OR 28.5 [2.0–467.8]) were 
independently related to 1-year mortality.

Long‑term survival analysis

Receiver Operating Characteristic (ROC) curves (Supple-
mentary Fig. 2) identified age-adjusted CCI > 6 as the best 

Fig. 1  A EUS image showing distal flange release of the lumen-apposing metal stent inside the gallbladder; B endoscopic view of the proximal 
flange release of the lumen-apposing metal stent inside the stomach
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cut-off value for mortality after EUS-GBD (area under ROC 
curve 0.92 [0.74–0.99]; P < 0.001). The identified cut-off 
(age-adjusted CCI > 6) showed a sensitivity of 100% and a 
specificity of 68.2%.

Cox-proportional regression analysis (Supplementary 
Table  1) showed that C reactive protein was inversely 
related to long-term mortality (Exp (b) 0.92 [0.85–0.99]); 
on multivariate analysis, age-adjusted CCI > 6 (Exp (b) 2.4 
[1.1–5.5]) and AKI (Exp (b) 11.3 [1.4–91.5]) were indepen-
dently related to long-term mortality.

Kaplan–Meier curves (Fig. 2A, B) showed the long-term 
patients’ survival according to an age-adjusted CCI > 6 (haz-
ard ratio 7.6 [1.7–34.6]; P = 0.009) and according to the 
presence of AKI (hazard ratio 11.3 [1.4–91.5]; P < 0.001).

Discussion

It was recently demonstrated that EUS-GBD could be con-
sidered one of the treatment choices in high-risk surgical 
patients with AC [13, 22]. Despite better outcomes when 
compared to PT-GBD and ET-GBD, EUS-GBD cannot 
be still considered the golden bullet as it is burdened by 
high mortality rate [10]. We hypothesize that the identi-
fication of predictive factors for mortality could help to 
identify those patients who may benefit from EUS-GBD, 

leading to an indirect improvement in clinical outcomes. 
Our study identified age-adjusted CCI and presence of 
AKI as independent predictors of mortality in this setting. 
In our population, if an age-adjusted CCI > 6 cut-off was 
adopted, a sevenfold increase in mortality was observed 
(Fig. 2A); similarly, if a patient fulfilled the criteria for 
AKI before EUS-GBD, an 11-fold increase risk in mortal-
ity was expected (Fig. 2B).

Among other predictive factors identified in our analysis, 
C reactive protein appeared inversely correlated to 1-year 
mortality. This finding was confirmed on univariate Cox-
proportional regression analysis but, in both cases, was not 
included in the multivariate model and identified as inde-
pendent predictive factors (Table 4). In other terms, a lower 
C reactive protein value on admission could be interpreted 
as a risk factor for long-term mortality. In our opinion, this 
unexpected result could be interpreted as an increased mor-
tality in patients with more compromised status; in this case, 
the lower C reactive protein should represent an impaired 
liver synthesis rather than a mild systemic inflammation. 
Interestingly, while EUS-GBD clinical success was related 
to 30-day mortality, the long-term survival did not appear to 
be affected by the results of biliary drainage. In other words, 
the factors influencing high mortality after EUS-GBD 
were not related to the drainage itself but to the underlying 
patients’ conditions.

Table 4  Variables related to 
30-day and 1-year mortality

ASA American Society of Anesthesiology, CCI Charlson Comorbidity Index, AC acute cholecystitis, CRP 
C reactive protein, AH arterial hypertension, COPD Chronic obstructive pulmonary disease, CKD chronic 
kidney disease, AKI Acute kidney injury, ns not statistically significant, ni not included in the model on 
multivariate analysis
*Results expressed as Odds Ratio [95% confidence interval]

Predictive factor 30-day mortality 1-year mortality

Univariate* Multivariate* Univariate* Multivariate*

Gender (male) ns – ns –
Age ns – ns –
ASA class (IV) ns – 6.2 [1.0–62.1] ni
Age-adjusted CCI 20.8 [4–68.2] ni 9.8 [1.4–68.8] 3.2 [1.2–11.8]
AC Severity (grade III) ns – ns –
CRP ns – 0.89 [0.80–0.99] ni
AH ns – ns –
COPD ns – ns –
Cirrhosis ns – ns –
CKD ns – ns –
AKI 21.4 [2.6–52.1] ni 48.0 [3.6–631.8] 28.5 [2.0–467.8]
Antiplatelet agents ns – 7.2 [1.1–48.6] ni
Anticoagulant agents ns – ns –
General anesthesia ns – ns –
Technical success ns – ns –
Clinical success 8.9 [1.2–11.6] ni ns –
Adverse event ns – ns –
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The outcome of frail patients with AC could be 
improved through careful treatment allocation [23, 24]. 
In this field, several issues are still debated; for exam-
ple, a recent trial demonstrated that lap-cholecystectomy 
reduced the risk of complications compared to PT-GBD; 
[25] however, a systematic review and meta-analysis sug-
gested that delayed cholecystectomy after temporary PT-
GBD seems to guarantee better surgical outcomes over 
emergency cholecystectomy [26]. While high-quality data 
(results from the DRAC-1 trial) suggested that EUS-GBD 
is the technique of choice for gallbladder drainage [13], 
prospective studies should demonstrate if this advantage 
is confirmed even in patients with severe impairment of 
general conditions.

Among the elderly and frail patients, only 16% required 
ICU admission and 12% general anesthesia with airway intu-
bation (Table 2); moreover, all patients regained spontane-
ous breathing in the endoscopic suite and none presented 
anesthesiological complications or required ICU admission 
after the procedure.

These data corroborate recent advances suggesting that 
EUS-GBD should be considered the treatment of choice in 
high-risk surgical patients with AC [9, 10, 13, 22]. First of 
all, technical and clinical success rate are comparable to PT-
GBD. Moreover, a recent RCT demonstrates that patients 
treated with EUS-GBD have a lower risk of adverse events 
and recurrence of AC. [13] Thirdly, even in frail and elderly 
patients, EUS-GBD could be performed without general 

Fig. 2   A Kaplan–Meier curves 
showing patients survival 
according to age-adjusted 
Charlson Comorbidity Index > 6 
(dotted line). B Kaplan–Meier 
curves showing patient’s sur-
vival according to presence of 
acute kidney injury (dotted line)



576 Surgical Endoscopy (2022) 36:569–578

1 3

anesthesia, with a dramatic reduction in need for ICU admis-
sion. Finally, EUS-GBD could even be considered a defini-
tive treatment that potentially allows rapid patient discharge 
with no further intervention required. For all these reasons, 
in particular during the Covid-19 crisis, the multidiscipli-
nary team of our hospital has expanded EUS-GBD indica-
tions in order to face with the dramatic shortage of hospital 
ICU beds and operating rooms [27, 28].

We acknowledge that this study has several limitations. 
The main limitation is related to the study design; despite the 
inclusion of all the consecutive high-risk surgical patients 
with AC who underwent an EUS-GBD attempt, the retro-
spective analysis could involve potential bias. We tried to 
limit any selection bias, including only patients who were 
considered for EUS-GBD. Indeed, a comparison between 
EUS-GBD and other treatments was not the aim of this 
study. Despite the advantage of a homogeneous setting in 
a single-center study, the relatively small sample size is a 
counterpart that has to be taken into account. The number 
of patients included, and events observed could have limited 
multivariate analysis of predictive factors for 30-day mortal-
ity. However, our sample size appeared adequate to conduct 
a multivariate analysis on predictive factors for long-term 
mortality. Finally, we tried to overcome the intrinsic limita-
tion of a retrospective study with an intention-to-treat analy-
sis. In fact, we included in the analysis all the patients in 
which EUS-GBD was indicated and attempted; this method 
could in part justify the quite different results to other series 
in terms of clinical success rate and 30-day mortality [22].

We preferred to conduct a single-arm study rather than a 
comparison to patients who underwent PT-GBD since the 
chose was based on local expertise, availability, the need to 
obtain immediate gallbladder drainage, and when the patient 
was not considered safely transportable. We considered that 
a comparison between the two groups (EUS-GBD vs PT-
GBD) could be burdened by significant selection bias.

This is the first study aiming to correlate clinical pre-
dictive factors with short and long-term mortality after 
EUS-GBD performed for AC. We acknowledge that the 
results of a single study may not constitute sufficient evi-
dence to change current management; however, we believe 
that this study provides new implications and suggestions. 
In particular, after the analysis of our population, we have 
reconsidered the indications for EUS-GBD in patients with 
age-adjusted CCI greater than 7. The new approach led to 
a reduction in mortality and adverse events in 2020 since 
patients with severe comorbidities or compromised health 
status were initially treated just with PT-GBD. At a later 
stage, the same subjects were re-evaluated by the multidisci-
plinary team considering either surgery or PT-GBD removal 
with/without conversion to EUS-GBD. This simple clinical 
algorithm could improve EUS-GBD outcomes on one hand 
and spare futile and expensive procedures on the other hand.

In conclusion, our study is consistent with other trials that 
confirmed the role of EUS-GBD as the treatment of choice 
in high-risk surgical patients with AC. This study could rep-
resent the starting point to push clinical research forward in 
improving patients’ selection. We observed that the pres-
ence of severe comorbidities and AKI are independent pre-
dictors of mortality, helping to identify those patients who 
may benefit from EUS-GBD. We acknowledge that data on 
predictive factors should be confirmed in larger populations 
and treatment algorithm should be prospectively validated.
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