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Abstract: Background: Ursodeoxycholic acid (UDCA), chenodeoxycholic acid (CDCA) plus UDCA
(C&U), and terpene are widely administered to prevent common bile duct (CBD) stone recurrence
and dissolve gallbladder (GB) stones. We evaluated and compared the combined effects of these
agents on CBD stone recurrence and GB stone resolution. Methods: This study included patients
who underwent endoscopic retrograde cholangiopancreatography (ERCP) at six referral centers,
retrospectively. A total of 940 patients who underwent cholecystectomy before or after CBD stone
removal by ERCP were evaluated to assess CBD stone recurrence (the CBD recurrence cohort),
and 98 patients with GB stones were assessed by abdominal or endoscopic ultrasonography before
and 6 months after ERCP to evaluate GB stone resolution (GB cohort). Patients were divided into
no-medication, single-agent treatment (UDCA, C&U, or terpene), or dual-agent treatment (terpene
plus UDCA or C&U) groups for the analysis. Results: In the CBD recurrence cohort, baseline
characteristics were similar in the three groups. CBD stone recurrence rates were 41.5%, 12.7%, and
9.8% in the no-medication, single-agent, and dual-agent groups, respectively (p < 0.001), and the
recurrence rate was significantly lower for those administered C&U plus terpene (5.2% vs. 13.2%,
p = 0.002). In the GB cohort, baseline characteristics were also similar in the groups. GB stone
resolution rates of >30% were observed in 5.3%, 14.3%, and 34.8% of patients in the no-medication,
single-agent, and dual-agent groups, respectively (p = 0.028). Conclusions: C&U plus terpene was
significantly more effective for preventing CBD stone recurrence and achieving GB stone resolution
than no medication or single agents.

Keywords: choledocholithiasis; recurrence; cholelithiasis

1. Introduction

The migration of gallbladder (GB) stones from the GB to the biliary tree is the main
etiology of common bile duct (CBD) stones [1,2], and symptomatic GB stones are accompa-
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nied by coexisting CBD stones in 3–16% of patients [3,4]. CBD stones are usually managed
with endoscopic procedures, including endoscopic sphincterotomy (EST) [5], endoscopic
papillary balloon dilation (EPBD) [6], and stone extraction. After the endoscopic removal
of CBD stones, prophylactic cholecystectomy is routinely offered [7], but stones recur in up
to 24% of patients [8–10].

The preventative role of oral dissolution therapy based on ursodeoxycholic acid
(UDCA) or other choleretic agents in recurrent CBD stones after endoscopic removal has
not been established. One randomized control trial (RCT) reported that UDCA is marginally
effective at preventing CBD stone recurrence [11], and Somerville et al. concluded that
terpene plus UDCA and chenodeoxycholic acid (CDCA) are effective dissolution therapies
for CBD stones [12]. Although the combination of UDCA, terpene, and endoscopic biliary
stenting was found to be an effective treatment for CBD stones [13], two RCTs showed
that adding UDCA to endoprosthetic treatment did not reduce CBD stone size [14,15].
Furthermore, two other studies demonstrated that UDCA and/or terpene did not prevent
CBD stone recurrence [16,17].

Nonsurgical management, such as dissolution therapy, is an option for patients with
symptomatic GB stones who are either unable or unwilling to undergo cholecystectomy,
but dissolution therapy is associated with an overall low curative success rate and a
high probability of stone recurrence [18–20]. Although the effectiveness of dissolution
therapy was not significant, one study found that UDCA had a small (<20 mm) gallstone
dissolution efficacy of 30–50% [21]. In addition, a meta-analysis of 23 RCTs reported
GB stone dissolution rates of 37% for ursodiol and 62.8% for CDCA plus UDCA (C&U)
combination therapy [18]. Other studies have confirmed higher GB stone dissolution rates
for combination therapy than monotherapy. In one study, C&U and UDCA achieved
complete small stone dissolution rates of 52% and 24%, respectively [22], and another study
reported complete stone dissolution rates for UDCA alone and UDCA plus menthol of 38%
and 53%, respectively [23].

It is important to determine which drugs are more effective at reducing CBD stone
recurrence and dissolving GB stones. Therefore, we evaluated the effects of UDCA, C&U,
and terpene (alone and in combination) on CBD stone recurrence and GB stone dissolution.

2. Materials and Methods

2.1. Patients

The patient flow chart is provided in Figure 1. The records of 21,012 patients who
underwent endoscopic retrograde cholangiopancreatography (ERCP) at six referral hos-
pitals during 2011–2015 were screened, retrospectively. Inclusion criteria were ERCP for
CBD stone removal and cholecystectomy before or after CBD stone removal by ERCP (the
CBD recurrence cohort) or no cholecystectomy and GB stones identified by abdominal
ultrasonography or endoscopic ultrasonography (EUS) before and 6 months post-ERCP
(the GB cohort). Exclusion criteria were ERCP for malignant obstruction, another bile
duct pathology (e.g., benign biliary stricture or intrahepatic duct stone), or a pancreatic
duct procedure; EST performed because of previous ERCP; surgically altered anatomy;
failure to attend an outpatient follow-up appointment or lost to follow-up within 3 months
post-ERCP; or CBD stone recurrence within 3 months post-ERCP.

This study was conducted in accordance with the guidelines of the Declaration of
Helsinki (revised in 2013), and the study protocol was approved beforehand by our Institu-
tional Review Board (Approval No. 2021-11-011).
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Figure 1. Study flow chart.

2.2. Patient Cohorts

The CBD recurrence cohort included 940 patients who underwent cholecystectomy
before or after ERCP. ERCP-related CBD stone recurrence factors, viz. periampullary
diverticulum, bile duct stenosis, bile duct diameter, bile duct angle (as defined by Keizman
et al. [24,25]), procedure type (EST, EPBD, and mechanical lithotripsy), type of CBD stone
removed, and patient data (sex, age, body mass index, and co-morbidities), were evaluated.
Recurrent CBD was defined as confirmation by computed tomography, magnetic resonance
cholangiopancreatography, or ERCP.

The GB cohort was composed of 98 patients who did not undergo cholecystectomy
but underwent ultrasonography before and 6 months after ERCP. The same ultrasound
modality (transabdominal or endoscopic) was used pre- and post-ERCP. We assumed that
CBD stones and the remaining GB stones were of the same type. Patient data were recorded,
and ultrasound images were used to calculate changes in GB stone sizes post-ERCP.

2.3. Medication Groups

Recorded patient usages of UDCA (Ursa®, Daewoong Pharm. Co., Ltd., Seoul,
Republic of Korea), C&U (CnU®, Myungmoon Pharm. Co., Ltd., Seoul, Republic of Korea,
composed of CDCA 114 mg and UDCA 114 mg), and terpene (Rowahcol®, Pharmbio Korea
Co., Ltd., Seoul, Republic of Korea) were as follows: UDCA 600 mg/day (200 mg three
times daily after meals), C&U 750 mg/day (250 mg three times daily after meals), and
terpene 3 capsules daily (1 capsule three times daily before meals). Medication use was
defined as being prescribed medication for ≥3 months during follow-up. Patients whose
medication regimen changed during follow-up were classified according to the medication
received for the longest time. Patients were divided into three groups: no medication,
single agents (UDCA, C&U, or terpene), or dual agents (UDCA or C&U plus terpene).

2.4. GB Stone Resolution Rate

GB stone resolution was defined based on the percentage change in GB stone size from
baseline to 6 months post-ERCP, as determined by ultrasonography. When distinct GB
stones were present, stone sizes were measured using the ultrasound length measurement
tool, and gallstone size was recorded as the maximum diameter of the largest stone. When
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only gallbladder sludge was present, sludge volume was calculated using 4/3π × r3

(r = radius).

2.5. Statistical Analysis

The analysis was performed using IBM SPSS Statistics (version 21.0, IBM Corp.,
Armonk, NY, USA). Categorical data were expressed as frequencies and percentages,
and the significances of intergroup differences were determined using the chi-square test.
Continuous data were expressed as means ± standard deviations, and the significances of
intergroup differences were determined using the independent Student t-test. Statistical
significance was accepted for p values < 0.05. Univariate and multivariate analyses were
conducted to identify factors associated with CBD stone recurrence. Variables with p values
of <0.100 via univariate analysis were included in the multivariate analysis. Kaplan–Meier
plots were used to determine cumulative recurrence rates, and recurrence rates were
compared using the log-rank test.

3. Results

3.1. Baseline Characteristics

Table 1 summarizes the baseline characteristics of the 940 patients between the no-
medication group and the medication group in the CBD recurrence cohort. Baseline
characteristics were similar between two groups, except for hypertension rates (no medi-
cation vs. medication: 49.5% vs. 40.9%, p = 0.032), diabetes (27.1% vs. 20.2%, p = 0.039),
dyslipidemia (14.6% vs. 8.0%, p = 0.006), bile duct angle (137.5◦ ± 18.1◦ vs. 141.9◦ ± 19.5◦,
p = 0.005), and mechanical lithotripsy (19.2% vs. 27.3%, p = 0.021).

Table 1. Baseline characteristics by medication type.

Baseline Characteristics
No Medication

n = 193
Medication

n = 747
p Value

Sex, male 106 (55.2) 364 (49.0) 0.125
Age (years) 65.4 ± 14.5 64.2 ± 14.9 0.325
BMI (kg/m2) 24.1 ± 3.9 24.0 ± 3.6 0.762
Hypertension 95 (49.5) 305 (40.9) 0.032
Diabetes 52 (27.1) 151 (20.2) 0.039
Dyslipidemia 28 (14.6) 60 (8.0) 0.006
Periampullary diverticulum 73 (37.8) 247 (33.2) 0.232
Bile duct diameter (mm) 12.5 ± 4.9 13.1 ± 6.0 0.117
Bile duct angle (◦) 137.5 ± 18.1 141.9 ± 19.5 0.005
Procedure

EST 188 (97.4) 710 (95.0) 0.157
EST + EPBD 81 (42.0) 303 (40.6) 0.723
EST + EPLBD 30 (15.5) 124 (16.6) 0.724
Mechanical lithotripsy 37 (19.2) 203 (27.3) 0.021

Type of removed CBD stone
Brown 106 (55.2) 446 (60.4) 0.229
Black 56 (29.2) 172 (23.3) 0.083
Cholesterol 30 (15.6) 121 (16.4) 0.825

Duration of medication use (months) – 9.5 ± 14.0 -
Data are mean ± standard deviation, number, or number (percentage). BMI, body mass index; CBD, common
bile duct; EPBD, endoscopic papillary balloon dilation; EPLBD, endoscopic papillary balloon dilation (≥12 mm);
EST, endoscopic sphincterotomy.

Table 2 summarizes the baseline characteristics of the 747 patients between the single-
agent group and the dual-agent group in the CBD recurrence cohort. Baseline characteristics
were similar between the two groups, except for EST + EPBD rates (single agent vs. dual
agent: 55.6% vs. 30.2%, p < 0.001), mechanical lithotripsy (37.2% vs. 20.5%, p < 0.001),
brown pigment stone (56.2% vs. 63.2%, p = 0.026), and cholesterol stone (21.4% vs. 13.0%,
p = 0.004).
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Table 2. Baseline characteristics by medication type.

Baseline Characteristics
Single Agent

n = 306
Dual Agent #

n = 441
p Value

Sex, male 147 (48.0) 217 (49.7) 0.664
Age (years) 64.8 ± 15.2 63.8 ± 14.6 0.359
BMI (kg/m2) 24.0 ± 3.4 24.1 ± 3.7 0.835
Hypertension 136 (44.6) 169 (38.3) 0.087
Diabetes 71 (23.2) 80 (18.1) 0.090
Dyslipidemia 18 (5.9) 42 (9.5) 0.074
Periampullary diverticulum 99 (32.6) 148 (33.7) 0.744
Bile duct diameter (mm) 13.2 ± 5.3 13.1 ± 6.4 0.686
Bile duct angle (◦) 143.2 ± 17.3 141.0 ± 20.9 0.114
Procedure

EST 292 (95.4) 418 (94.8) 0.692
EST + EPBD 170 (55.6) 133 (30.2) <0.001
EST + EPLBD 45 (14.7) 79 (17.9) 0.247
Mechanical lithotripsy 113 (37.2) 90 (20.5) <0.001

Type of removed CBD stone
Brown 168 (56.2) 278 (63.2) 0.026
Black 67 (22.4) 105 (23.9) 0.541
Cholesterol 64 (21.4) 57 (13.0) 0.004

Duration of medication use (months) 10.6 ± 16.6 8.7 ± 11.9 0.086

Data are mean ± standard deviation, number, or number (percentage). # Dual agent = terpene plus UDCA
(ursodeoxycholic acid) or terpene plus C&U (chenodeoxycholic acid [CDCA]). BMI, body mass index; CBD,
common bile duct; EPBD, endoscopic papillary balloon dilation; EPLBD, endoscopic papillary balloon dilation
(≥12 mm); EST, endoscopic sphincterotomy.

3.2. CBD Stone Recurrence

CBD stone recurrence rates differed significantly between the no-medication group
and the medication group (no medication vs. medication: 41.5% vs. 11.0%, p < 0.001) and
within a year (12.4% vs. 5.2%, p < 0.001) (Table 3). Time to recurrence was similar in the
groups (24.0 ± 18.6 vs. 23.3 ± 22.3 months, p = 0.842). Follow-up duration was significantly
longer in the no-medication group (37.7 ± 33.7 vs. 26.0 ± 30.7 months, p < 0.001).

Table 3. Common bile duct stone recurrence results by medication type.

Recurrence Results
No Medication

n = 193
Medication

n = 747
p Value

Recurrence 80 (41.5) 82 (11.0) <0.001
Recurrence within 1 year 24 (12.4) 39 (5.2) <0.001
Recurrence frequency 1/2/3+ 51/21/8 50/22/10 0.891
Time to recurrence (months) 24.0 ± 18.6 23.3 ± 22.3 0.842
Duration of follow-up (months) 37.7 ± 33.7 26.0 ± 30.7 <0.001

Data are mean ± standard deviation, number, or number (percentage).

Recurrence rates were significantly lower in the medication group than in the no-
medication group from 12 months (14.5% vs. 5.0%, p < 0.001) to 60 months (39.9% vs. 10.3%,
p = 0.002) (Figure 2).

However, CBD stone recurrence rates did not differ significantly between the single-
agent group and the dual-agent group (single agent vs. dual agent: 12.7% vs. 9.8%,
p = 0.198) and within a year (4.6% vs. 5.7%, p = 0.509) (Supplementary Table S1). This
analysis was performed in response to the diverse range of drugs and their combinations.
Time to recurrence was similar in the groups (22.4 ± 17.2 vs. 24.2 ± 26.2 months, p = 0.708).
Also, follow-up duration was similar in the groups (25.5 ± 29.2 vs. 26.3 ± 31.8 months,
p = 0.724).
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Figure 2. Factors associated with common bile duct stone recurrence. The no-medication group had a
significantly higher cumulative recurrence rate than the single-agent or dual-agent groups (p < 0.001).
However, no significant difference was observed between the two groups at 6 months.

Recurrence rates did not differ significantly between the single-agent group and the
dual-agent group (12.7% vs. 9.8%, p = 0.085) (Figure 3).

 

Figure 3. Kaplan–Meier curves for common bile duct stone recurrence. Recurrence rates did not
differ significantly between the single-agent group and the dual-agent group (p = 0.085).
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Subgroup analysis revealed that CBD stone recurrence rates for the medication reg-
imens differed (UDCA vs. C&U vs. terpene vs. UDCA + terpene vs. C&U + terpene:
11.5% vs. 13.3% vs. 19.4% vs. 14.0% vs. 5.2%, p = 0.016) (Table 4). A comparative analysis
of CBD stone recurrence across various medication subgroups was conducted. In this
analysis, the combination of C&U and terpene demonstrated a statistically significant
difference compared to other treatments (Supplementary Figure S1). The mean duration of
follow-up was similar between the medication regimens (p = 0.655). Time to recurrence was
significantly different in the medication subgroups (21.2 ± 18.9 vs. 31.8 ± 12.9 vs. 11.2 ± 6.8
vs. 29.2 ± 28.6 vs. 9.6 ± 6.8 months, p = 0.011). In the comparative analysis of time to
recurrence across various medication subgroups, C&U, as well as the combination of C&U
and terpene, demonstrated a statistically significant difference compared to other treatments
(Supplementary Figure S2). Also, the duration of medication use was significantly different
in the groups (11.1 ± 17.7 vs. 11.7 ± 16.2 vs. 5.1 ± 6.4 vs. 8.5 ± 12.8 vs. 9.0 ± 10.9 months,
p < 0.001). In the comparison of the duration of medication use across medication sub-
groups, terpene and UDCA showed a statistically significant difference when compared to
other treatments (Supplementary Figure S3).

Table 4. CBD stone recurrence results of the medication subgroups.

UDCA
n = 200

C&U
n = 75

Terpene
n = 31

UDCA +
Terpene
n = 228

C&U +
Terpene
n = 213

p Value

Recurrence 23 (11.5) 10 (13.3) 6 (19.4) 32 (14.0) 11 (5.2) 0.016

Duration of
follow-up 28.7 ± 32.5 20.3 ± 21.5 17.8 ± 17.9 29.2 ± 33.6 23.3 ± 29.5 0.655

Time to
recurrence 21.2 ± 18.9 31.8 ± 12.9 11.2 ± 6.8 29.2 ± 28.6 9.6 ± 6.8 0.011

Duration of medication use 11.1 ± 17.7 11.7 ± 16.2 5.1 ± 6.4 8.5 ± 12.8 9.0 ± 10.9 < 0.001

Data are means ± standard deviations or numbers (percentages). UDCA, ursodeoxycholic acid; C&U, chen-
odeoxycholic acid plus ursodeoxycholic acid.

Recurrence rates were significantly lower in the C&U plus terpene group than in the
other medication groups (p = 0.034) (Figure 4).

 

Figure 4. Kaplan–Meier curves for common bile duct stone recurrence. Compared to the other
medication groups, the chenodeoxycholic acid and ursodeoxycholic acid (C&U) plus terpene group
had significantly lower cumulative recurrence rates (p = 0.034).
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Age, rates of hypertension, periampullary diverticulum, bile duct diameter, bile duct
angle, EST, EST + EPBD, EST + EPLBD, mechanical lithotripsy, brown pigment stones,
medication, and medication duration in the recurrence and no-recurrence groups were
significantly different (Supplementary Table S2). Significant risk factors for recurrence as
determined by multivariate regression analysis were age > 70 years (hazard ratio [HR],
2.041; 95% confidence interval [CI], 1.313–3.172; p = 0.002), bile duct diameter > 13 mm
(HR, 1.802; 95% CI, 1.177–2.759; p = 0.007), EST (HR, 0.445; 95% CI, 0.199–0.995; p = 0.049),
EST + EPBD (HR, 2.061; 95% CI, 1.267–3.352; p = 0.004), single agents (HR, 0.122; 95% CI,
0.069–0.215; p < 0.001), and dual agents (HR, 0.109; 95% CI, 0.064–0.188; p < 0.001) (Table 5).

Table 5. Factors associated with common bile duct stone recurrence.

Factors HR (95% CI)
p Value for

Univariate Analysis
HR (95% CI)

p Value for
Multivariate Analysis

Sex, male 1.064 (0.758–1.495) 0.720
Age > 70 years 2.457 (1.733–3.484) <0.001 * 2.041 (1.313–3.172) 0.002 *
BMI ≥ 25 kg/m2 0.740 (0.512–1.069) 0.108
Hypertension 1.498 (1.066–2.106) 0.020 * 0.926 (0.607–1.413) 0.721
Diabetes 1.054 (0.700–1.585) 0.802
Dyslipidemia 0.991 (0.553–1.776) 0.975
Periampullary
diverticulum 1.452 (1.027–2.055) 0.035 * 1.135 (0.741–1.739) 0.559

Type I reference reference
Type II 0.433 (0.196–0.953) 0.038 *
Type III 0.585 (0.256–1.338) 0.204
Type II + III

Bile duct diameter > 13 mm 1.940 (1.378–2.732) <0.001 * 1.802 (1.177–2.759) 0.007 *
Bile duct angle < 145◦ 0.743 (0.529–1.045) 0.088 0.676 (0.447–1.021) 0.063
Procedure

EST only 0.395 (0.203–0.768) 0.006 * 0.445 (0.199–0.995) 0.049 *
EST + EPBD 3.743 (2.594–5.402) <0.001 * 2.061 (1.267–3.352) 0.004 *
EST + EPLBD 1.850 (1.238–2.765) 0.003 *
Mechanical lithotripsy 2.008 (1.402–2.875) <0.001 * 1.528 (0.923–2.527) 0.099

Type of removed CBD
stone

Brown reference reference
Black 0.704 (0.460–1.077) 0.105
Cholesterol 0.709 (0.431–1.168) 0.177
Black + Cholesterol 0.687 (0.482–0.979) 0.038 * 0.871 (0.562–1.352) 0.538

Medication group
No medication reference reference reference reference
Single agent 0.206 (0.133–0.321) <0.001 * 0.122 (0.069–0.215) <0.001 *
Dual agent 0.153 (0.100–0.234) <0.001 * 0.109 (0.064–0.188) <0.001 *

Medication > 7 months 0.555 (0.364–0.847) 0.006 * 1.079 (0.662–1.757) 0.760

Data are means ± standard deviations, numbers, or numbers (percentages). * Statistically significant. Bl, black
pigment stone; BMI, body mass index; CBD, common bile duct; CI, confidence interval; EPBD, endoscopic papillary
balloon dilation; EPLBD, endoscopic papillary balloon dilation (≥12 mm); EST, endoscopic sphincterotomy;
HR, hazard ratio.

3.3. GB Stone Resolution

Baseline characteristics and GB stone resolution results were not significantly different
between medication groups in the GB cohort (Table 6). The resolution rate was highest
for brown pigment stones, followed by black pigment stones. Mean medication durations
were similar for the single-agent and dual-agent groups (12.0 ± 20.8 vs. 11.1 ± 15.3 months,
p = 0.870). However, the proportions of patients with a stone resolution rate of >30% were
significantly different in the medication groups (no medication vs. single agent vs. dual
agent: 5.3% vs. 14.3% vs. 34.8%, p = 0.028). Complete resolution was achieved in 12.5%
of patients (7/56) in the single-agent group and 21.7% of patients (5/23) in the dual-agent
group (Figure 5).
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Table 6. Baseline characteristics and gallbladder stone resolution results by medication group.

No Medication
n = 19

Single Agent
n = 56

Dual Agent
n = 23

p Value

Baseline characteristics
Sex, male 8 (42.1) 28 (50.0) 12 (52.2) 0.788
Age (years) 66.3 ± 16.5 70.1 ± 14.2 64.8 ± 14.4 0.297
BMI (kg/m2) 23.2 ± 6.3 22.9 ± 3.9 24.4 ± 3.3 0.396
Hypertension 9 (47.4) 29 (51.8) 10 (43.5) 0.789
Diabetes 4 (21.1) 13 (23.2) 2 (8.7) 0.326
Dyslipidemia 2 (10.5) 6 (10.7) 1 (4.3) 0.656
Type of removed CBD stone

Brown/black/cholesterol 11/6/1 37/13/6 11/11/1 0.275
Duration of medication use (months) - 12.0 ± 20.8 11.1 ± 15.3 0.870

Results
Stone size change

Decrease/no change/increase 6/5/8 16/12/28 8/8/7 0.592

Stone size pre-ERCP (cm) 0.95 ± 0.38 1.10 ± 0.74 1.10 ± 0.77 0.702
Stone size post-ERCP (cm) 1.01 ± 0.50 1.18 ± 0.89 0.85 ± 0.71 0.250
Change in stone size (%) 7.69 ± 27.7 24.1 ± 107.1 –1.3 ± 83.9 0.426
>30% stone resolution 1 (5.3) 8 (14.3) 8 (34.8) 0.028 *†

Data are means ± standard deviations, numbers, or numbers (percentages). * Statistically significant. † p = 0.043
for the single-agent vs. dual-agent comparison. BMI, body mass index; CBD, common bile duct.

Figure 5. Gallbladder stone resolution by medication group and stone type. Percentage changes in
stone size are shown for patients in (a) the no-medication group, (b) the dual-agent group, and (c) the
single-agent group. Complete stone resolution was achieved in 7 patients (12.5%) in the single-agent
group and 5 patients (21.7%) in the dual-agent group.
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4. Discussion

This study shows that stone dissolution medications lowered CBD stone recurrence
rates from 41.5% with no medication to 12.7% for single-agent and 9.8% for dual-agent
C&U plus terpene therapy treatments. Subgroup analysis revealed that the CBD stone
recurrence rate was significantly lower for C&U plus terpene than all other medication
regimens combined (5.2% vs. 13.5%). The overall CBD recurrence rate of 17.2% was
in line with previously reported recurrence rates of 1–20% [26]. Notably, dual-agent
therapy was more effective than single-agent treatment or no medication for GB stone
resolution; these treatments achieved > 30% stone reductions in 34.8%, 14.3%, and 5.3% of
patients, respectively.

Medication use significantly reduced the risk of CBD stone recurrence, with HRs of
0.122 and 0.109 for single-agent or double-agent treatment, respectively, versus no therapy.
In addition, the study showed an age > 70 years (HR, 2.041), bile duct diameter >13 mm
(HR, 1.802), EST (HR, 0.445), and EST + EPBD (HR, 2.061) as risk factors of CBD stone
recurrence. Previously reported risk factors were age, a large CBD diameter, CBD angle,
periampullary diverticulum, EST, mechanical lithotripsy, biliary stenting, and remnant
GB [27]. Periampullary diverticulum was not a risk factor via multivariate analysis in the
current study, and mechanical lithotripsy was associated with the risk of CBD recurrence
via univariate analysis but not multivariate analysis. When we set a cut-off value of
13 mm, according to receiver operating characteristic (ROC) curve analysis (area under the
curve [AUC] of 0.610 and highest sensitivity and specificity at a mean bile duct diameter
of 12.3 mm), a CBD diameter of >13 mm was also a risk factor for CBD recurrence via
univariate but not multivariate analysis. When we set a cut-off value of 145◦ for the CBD
angle based on the findings of another study [28], neither univariate nor multivariate
analysis showed an association with CBD stone recurrence, and ROC analysis produced
an AUC of 0.557. A large CBD diameter and periampullary diverticulum are associated
with cholestatic effects. Furthermore, after ERCP, the possibility of reflux cholangitis
increases because of EST, and cholestasis of bile promotes CBD stone recurrence. However,
medications such as UDCA or CDCA that enhance bile acid synthesis [29] reduce bile
reflux, and thus, stone recurrence.

Combining medications can have additive or synergistic effects on the prevention
of CBD stone recurrence. Several studies have demonstrated that UDCA plus CDCA is
more effective than either agent alone at dissolving gallstones [21,22,30]. Furthermore, the
percentage of cholelitholytic bile acids in bile was nearly 80% for the combination and
only ~65% for UDCA alone. Achieving these beneficial changes in bile acid composition
is not feasible by administering UDCA or CDCA alone. Specifically, high UDCA doses
reduce bile CDCA levels, and thus, reduce cholesterol solubilization into micelles [22].
When CDCA is administered alone, cholesterol does not dissolve in the liquid crystal
phase, and bile may remain cholesterol-saturated, even at high CDCA doses, which are
poorly tolerated [22]. Terpene alone also has a limited ability to dissolve gallstones, [13]
but when combined with CDCA, it provided complete or partial gallstone dissolution in
41% of patients over 6 months [31]. In addition, for patients with CBD stones, three terpene
capsules daily resulted in stone dissolution (complete or partial) in 46% of patients after
6 months and 67% of patients after 1 year [32]. Given that combining stone dissolution
medications provides effective treatment for established GB or CBD stones, it is likely that
combinations are also effective at preventing CBD stone formation.

Several studies have demonstrated gut microbiota dysbiosis after cholecystectomy [33,34]
and in patients with GB stones [35], which resulted in studies on the effectiveness of stone
dissolution therapy for gut dysbiosis. UDCA treatment restored gut microbiota in patients
with non-alcoholic steatohepatitis or primary biliary cholangitis [36,37]. In another study,
gut microbiota dysbiosis was partially reversed by C&U treatment in patients with GB
stones [35]. Moreover, a recent study that analyzed changes in bile metabolism and
composition after UDCA treatment found that UDCA might play a protective role related
to gut microbiota in patients with CBD stones [38]. Thus, dissolution therapy may reduce
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CBD stone recurrence even after therapy by altering the gut microbiome. Moreover,
although the effects of terpene on gut dysbiosis have not been evaluated, it might have
similar protective effects.

Biliary stones are classified as cholesterol, black pigment, or brown pigment stones.
Pigment stones are more common in East Asia and cholesterol stones are most common
in Western countries [39,40], and understanding the mechanisms responsible for their
formation is essential for the optimal use of stone-dissolving medicines. Cholesterol stones
form mainly when bile concentrations of cholesterol are elevated, and all medications
used for biliary stones (UDCA, CDCA, and terpene) reduce bile cholesterol levels by
controlling HMG-CoA reductase [27,41]. On the other hand, pigment stones originate from
increased unconjugated bilirubin levels when the hepatic glucuronic acid concentration
is diminished. Reductions in glucuronic acid have many causes, including bacterial β-
glucuronidase activity [11]. Regarding treatments, terpene is metabolized to menthol-
glucuronic acid, which can combine with unconjugated bilirubin to reduce pigment stone
formation. Recurrent CBD stones after EST are usually brown pigment stones [42]. Terpene
is the only medication that can suppress bile glucuronic acid reductions and decrease bile
cholesterol saturation. Thus, terpene alone might be considered to be capable of resolving
or preventing biliary stones. However, clinical data indicate that terpene monotherapy
is inadequate [12,23]. Furthermore, brown pigment stones are associated with bacterial
ascending cholangitis, which can be caused by EST after ERCP. The use of UDCA or CDCA
to enhance bile acid synthesis would be expected to reduce recurrent brown pigment stone
formation by decreasing reflux cholangitis, and UDCA-CDCA combination therapy would
be expected to be more effective for biliary stone resolution or prevention than a single
therapy treatment with either agent. In a study of CBD stones, the complete dissolution rate
was 42% for terpene monotherapy and 73% for terpene plus CDCA or UDCA [12], and in a
study of GB stones, the complete resolution rate was 37.5% for UDCA monotherapy and
53% for UDCA plus terpene [23]. It has been reported that terpene is more effective when
used in combination therapy, and that CDCA and UDCA function more effectively when
combined [43]. In the current study, we found that C&U plus terpene was more effective at
preventing CBD recurrence than the other treatments. Numerous studies have shown that
UDCA, CDCA, and terpene in various combinations act additively or synergistically, and
our results suggest that they provide the best CBD stone prevention when combined.

The duration of medication use required to prevent CBD stone recurrence has not been
established, though theoretically, treatment should be continued for life. However, this
would be difficult and not cost-effective. After initial complete GB stone resolution, stones
recur in around 10% of patients during the year following medication discontinuation and
in up to 50% of patients by 5 years [44], and the recurrence rate is even higher in patients
who do not achieve complete GB stone resolution. Small stone particles or bile sludge
may remain after apparent complete CBD stone removal by ERCP, which highlights the
importance of determining the appropriate duration of medication administered to dissolve
any remaining stone material. Our results suggest that 6–7 months is appropriate, and ROC
curve analysis showed that a cut-off value of 6.4 months had the greatest sensitivity and
specificity for preventing CBD stone recurrence (AUC, 0.605; sensitivity, 0.353; specificity,
0.773). Also, after removing CBD stone(s) by ERCP, clinical practice guidelines recommend
cholecystectomy when GB stone(s) are confirmed upon imaging. However, in patients
with significant co-morbidities or other reasons to avoid surgery, medications could be
continued as an alternative treatment. Additionally, CBD dilation after cholecystectomy in
young patients may be another risk factor for CBD stones [45].

Our study has several limitations. First, due to its retrospective design, medication
duration was not controlled, and some differences in group baseline characteristics were
detected. Furthermore, the adverse effects of the medications could not be thoroughly
investigated. In particular, medication durations differed markedly between patients,
and some patients changed medications during the follow-up period, which introduced
potential bias. On the other hand, a large cohort of patients was enrolled to reduce the
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effects of bias. Second, patients probably stopped taking medications during follow-up, and
thus, we could not determine how long medication effects persisted after discontinuation.
However, beneficial effects probably persisted due to improvements in gut dysbiosis,
especially if microlithiasis was completely removed by medications. Third, the number
of patients enrolled in the GB cohort was too small to allow for definitive conclusions.
Nonetheless, it can be assumed that medication was effective, and the results obtained
provide ample evidence to support the design of future large-scale studies.

5. Conclusions

The combination of CDCA and UDCA plus terpene was more effective at preventing
CBD stone recurrence than other medication regimens. Furthermore, terpene-containing
dual-agent regimens were more effective at resolving GB stones than no medication or
single-agent treatments. Further research is required to confirm our results and improve
our understanding of the mechanisms underlying effective CBD stone prevention.
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Abstract: Background/Objectives: Effective management of acute pancreatitis (AP) hinges on
prompt volume resuscitation and is adversely affected by delays in diagnosis. Given diverse clinical
settings (tertiary care vs. community hospitals), further investigation is needed to understand the
impact of the initial setting to which patients presented on clinical outcomes and quality of care. This
study aimed to compare outcomes and quality indicators between AP patients who first presented
to the emergency department (ED) of a tertiary care center and AP patients transferred from com-
munity hospitals. Methods: This study included AP patients managed at our tertiary care hospital
between 2008 and 2018. We compared demographics and outcomes, including length of stay (LOS),
intensive care unit (ICU) admission, rates of local and systemic complications, re-admission rates,
and one-year mortality in transferred patients and those admitted from the ED. Quality indicators of
interest included duration of volume resuscitation, time until advancement to enteral feeding, pain
requiring opioid medication [measured in morphine milliequivalent (MME) dosing], and surgical
referrals for cholecystectomy. Categorical variables were analyzed by chi-square or Fisher’s exact test;
continuous variables were compared using Kruskal–Wallis tests. Regression was performed to assess
the impact of transfer status on our outcomes of interest. Results: Our cohort of 882 AP patients
comprised 648 patients admitted from the ED and 234 patients transferred from a community hospital.
Transferred patients were older (54.6 vs. 51.0 years old, p < 0.01) and had less frequent alcohol use
(28% vs. 39%, p < 0.01). Transferred patients had a significantly greater frequency of gallstone AP
(40% vs. 23%), but a lower frequency of alcohol AP (16% vs. 22%) and idiopathic AP (29% vs. 41%) (p
< 0.001). Regarding clinical outcomes, transferred patients had significantly higher rates of severe
AP (revised Atlanta classification) (10% vs. 2% severe, p < 0.001) and ICU admission (8% vs. 2%, p
< 0.001) and longer median LOS (5 vs. 4 days, p < 0.001). Regarding quality indicators, there was
no significant difference in the number of days of intravenous fluid administration, or days until
advancement to enteral feeding, pain requiring opioid pain medication, or rates of surgical referral
for cholecystectomy. Conclusions: Though the quality of care was similar in both groups, transferred
patients had more severe AP with higher rates of systemic complications and ICU admissions and
longer LOS, with no difference in quality indicators between groups.

Keywords: acute pancreatitis; quality of care; tertiary care center; community hospital

1. Introduction

Acute pancreatitis (AP) is a severe inflammatory disorder of the pancreas accounting
for over 300,000 hospitalizations in the United States each year [1]. The financial burden of
AP is substantial, with costs reaching up to $2.6 billion annually [2]. Despite a decline in
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mortality rates over the past decade, AP continues to present considerable mortality risks,
particularly in high-risk groups; approximately 25% of patients develop severe AP which
has a mortality rate of 20% [3].

As the incidence of AP has increased, recently reported to be at a rate of 2–5% per year,
guidelines for early evidence-based interventions for management have been developed
to mitigate AP-related mortality [4]. While AP has numerous etiologies that are managed
differently, there are consistencies in the management of AP that are recommended regard-
less of etiology, namely intravenous fluid resuscitation and the prevention of local and
systemic complications. Current ACG guidelines based on expert opinion and clinical trials
recommend moderately aggressive fluid resuscitation with lactated ringer within the first
24 h of admission [5–7]. In patients with mild AP, oral feeding should be initiated based on
patient hunger. The initiation of oral feeding within 24–48 h of presentation is associated
with superior outcomes. Randomized controlled trials have demonstrated that there is no
indication for the slow advancement of diet from clear liquids to solids [8].

Patients with AP present to community hospitals and tertiary care centers, with com-
munity hospitals vastly outnumbering tertiary care centers. Patients who initially present
to a community hospital may be transferred to a tertiary care center, often for subspecialty
care or prolonged intensive care that cannot be offered at the community hospital. Studies
comparing outcomes of transferred patients with AP to patients admitted from the emer-
gency department (ED) are limited and results are difficult to interpret, as higher mortality
among transferred patients may reflect their increased illness severity rather than the care
delivered at the community hospital or risks associated with discontinuity of care during
the transfer process [9–11]. While community hospitals may not have robust advanced
endoscopy resources or a team of gastroenterologists with expertise in pancreaticobiliary
disease, the key early interventions—fluid resuscitation and nutritional support—can be
delivered both in community settings and tertiary care [5].

Studies assessing outcomes for transferred and non-transferred patients with non-
pancreatitis acute conditions have yielded mixed results. A multi-center study of 885,392 gen-
eral adult inpatients found that transferred patients spend more time in intensive care units
and have higher inpatient mortality [12]. This trend was corroborated and expanded upon
in an analysis using National Inpatient Sample data, which included 1,397,712 transferred
patients and 31,692,211 patients admitted from the ED and demonstrated that transferred
patients had more frequent in-hospital adverse events and more complex discharge dis-
position [13]. However, the above analyses were limited by not being disease-specific
and thus included transfers that occurred for specialty services or procedural intervention.
Furthermore, both studies utilized administrative data and were not able to characterize
patients as completely as would have been possible through chart review. While inter-
hospital transfer confers risks related to discontinuity of care, results must be interpreted
with acknowledgement of the increased severity and complexity of illness in this patient
population. Within a nationally representative sample of Medicare claims for acute coro-
nary syndrome, congestive heart failure, arrhythmia, sepsis, and pneumonia, among other
conditions, transferred patients had greater resource utilization and variable results for
3-day and 30-day mortality. Patients transferred with acute coronary syndrome, sepsis,
stroke, or respiratory disease had lower odds of 3-day and 30-day mortality. Patients trans-
ferred with esophageal or gastrointestinal disease, congestive heart failure, or renal failure,
among other conditions, had greater odds of 3-day and 30-day mortality [14]. Finally, a
study of outcomes of transferred and non-transferred patients with acute non-ST elevation
myocardial infarctions in British Columbia found similar 30-day and 1-year mortality rates
among both groups of patients.

Our study aimed to compare baseline characteristics and clinical outcomes between
patients with AP admitted from the ED of a tertiary care center and patients with AP
transferred from community hospitals in the referral network. Specifically, we sought to
examine length of stay, in-hospital adverse events, intensive care unit (ICU) admissions,
and mortality. We also compared quality indicators of care for AP. We hypothesize that
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transferred patients may have worse outcomes given the relative lack of resources at
community hospitals and the tendency to transfer patients who have clinically worsened
over their hospital stay. We aim to elucidate disparities in AP outcomes with the ultimate
goal of guiding interventions to reduce these disparities.

2. Methods

2.1. Study Design and Setting

We conducted a retrospective cohort study of patients diagnosed with AP and hos-
pitalized at a tertiary care center in the Boston area between 1 January 2008 and 31 De-
cember 2018. This study was approved by our center’s Institutional Review Board (Pro-
tocol ID: 2016P000158). This study is reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline
(Supplement S1) [15].

2.2. Patient Population

Adult patients (aged ≥ 18 years) were identified through International Classification
of Diseases, Ninth and Tenth Revision codes 577.1 and K85.9 [16]. Electronic health records
were then manually reviewed to confirm the diagnosis of AP. The diagnosis of AP was
based on revised Atlanta classification (two of the following during hospitalization: typical
abdominal pain, elevation of serum lipase level three times upper limit of normal, or
evidence of pancreatitis on cross-sectional imaging) [17]. Patients who carried a diagnosis
of chronic pancreatitis or pancreaticobiliary malignancy were excluded.

2.3. Data Collection

We collected demographic data including age, sex, race, ethnicity, body mass index
(BMI), alcohol use, tobacco smoking history, and etiology of AP. Clinical data included
comorbidities such as pre-existing DM, kidney disease, pulmonary disease, and cardio-
vascular disease quantified through the age-adjusted Charlson Comorbidity Index (CCI)
and pain at time of presentation [measured through the visual analog scale (VAS)] [18].
The severity of AP at presentation was graded based on the revised Atlanta classification
[coded as mild AP (no local or systemic complications), moderately severe AP (transient
organ failure, local complications, or exacerbation of co-morbid disease) and severe AP
(characterized by persistent organ failure for more than 48 h) [19]. The patients’ BISAP
score, which predicts in-hospital mortality in AP based on clinical and laboratory variables,
was calculated on presentation [20]. Opioid use during the entire hospitalization was
quantified and converted into morphine milliequivalent (MME) units.

2.4. Outcomes of Interest

Outcome variables included length of stay, ICU admission, local complications of
AP (i.e., pancreatic pseudocysts, peri-pancreatic fluid collections, pancreatic necrosis, and
splenic vein thrombosis), systemic complications of AP (i.e., renal failure, acute hypoxemic
respiratory failure requiring intubation, and sepsis), extra-pancreatic complications (i.e.,
alcohol withdrawal, gastrointestinal bleeding, and delirium), re-admissions within thirty
days of discharge from index hospitalization, and mortality within one year of index hos-
pitalization. Finally, we assessed quality indicators of care for AP including duration of
volume resuscitation, time until advancement to enteral feeding, opioid use during the en-
tire hospitalization [quantified and converted into morphine milliequivalent (MME) units],
and surgical referrals for cholecystectomy, with the aforementioned quality indicators
chosen based on a review of ACG guidelines and the literature [5,21,22].

2.5. Statistical Analysis

Categorical data are presented as proportions while continuous variables are reported
as medians with interquartile ranges. Statistical differences in categorical variables were
assessed using chi-square tests or Fisher’s exact tests, while continuous variables were
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analyzed using Kruskal–Wallis tests. Outcome variables (length of stay, ICU admission,
local complications, systemic complications, extra-pancreatic complications, readmissions,
and one-year mortality) served as dependent variables and were analyzed using univariate
linear and logistic regression to identify associations with transferred or non-transferred
status. Multivariate regression, controlling for age, sex, BMI, CCI, and AP etiology was
planned for variables with p < 0.1 on univariate regression. All statistical analysis was
performed using STATA software (StataCorp LLC, Version 17.0, College Station, TX, USA).
A p-value < 0.05 was considered statistically significant.

3. Results

We identified 882 patients who met our inclusion criteria for AP and who did not carry
a diagnosis of chronic pancreatitis or pancreaticobiliary malignancy. The sample included
648 patients admitted from the ED (73.4%) and 234 patients transferred from community
hospitals (26.5%).

3.1. Demographics and Clinical Features

Baseline demographics and patient characteristics of the study cohort are summarized
in Table 1. The mean age of the full cohort was 51.8 years (SD 21.2); patients admitted
from the ED were significantly younger than transferred patients (51.0 vs. 54.6, p < 0.01).
The cohort was 49% female and 73% Caucasian; median BMI was 26.3 (7.1) kg/m2. There
were no statistically significant differences in distribution of sex, race, or BMI between
the two groups. We observed a substantial psychosocial burden within our study sample,
with 310 patients (36%) reporting active alcohol use and 241 patients (27%) reporting
active smoking at time of admission. Notably, active alcohol use was significantly more
prevalent in patients admitted from the ED compared to transferred patients (39% vs.
28%, p < 0.01). The median CCI of patients was 1; there was no difference in CCI when
comparing transferred patients to patients admitted from the ED.

3.2. Pancreatitis Etiology and Severity

The etiology of AP varied between groups, with transferred patients having signifi-
cantly higher rates of gallstone pancreatitis (40% vs. 23%) and post-ERCP pancreatitis (4%
vs. 2%), and lower rates of alcoholic pancreatitis (16% vs. 22%) and idiopathic pancreatitis
(29% vs. 41%) compared to patients admitted from the ED (p < 0.01). On presentation,
out of the full sample of 882 patients, 642 patients (76%) met criteria for mild pancreati-
tis, 172 patients (20%) met criteria for moderate pancreatitis, and 34 patients (4%) met
criteria for severe pancreatitis by revised Atlanta classification. Transferred patients had
significantly higher rates of moderate (32% vs. 16%) and severe (10% vs. 2%) pancreatitis
(p < 0.01). Median BISAP score was 1 among both patients admitted from the ED and
transferred patients.

3.3. Clinical Outcomes
3.3.1. Length of Stay and Intensive Care Unit Admission

Transferred patients had a significantly longer median length of stay (5 vs. 4 days,
p < 0.001) and were more likely to be transferred to the ICU (8% vs. 2%, p < 0.001) compared
to patients admitted from the ED (Table 2). These associations were statistically significant
on regression analysis (Table 3). When controlling for age, sex, BMI, CCI, and AP etiology,
transferred patients had significantly longer lengths of stay (OR 3.09; 95%CI 2.08–4.10) and
were significantly more likely to be transferred to the ICU compared to patients admitted
from the ED (OR 7.05; 95%CI 3.22–15.44) (Table 4).
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Table 1. Demographic and clinical characteristics of patients admitted from the ED and transferred
patients with acute pancreatitis.

Demographics

Total (N = 882)
Patients Admitted
from ED (N = 648)

Transferred Patients
(N = 234)

p-Value

Age [mean (SD)] 51.8 (21.2) 51.0 (20.6) 54.6 (21.8) <0.01

Body Mass Index [M (IQR)] 26.3 (8.3) 26.0 (8.7) 26.7 (7.1) 0.54

Sex [Female n (%)] 431 (49%) 310 (48%) 121 (52%) 0.31

Race [Caucasian n (%)] 633 (73%) 460 (72%) 173 (78%) 0.1

Active Alcohol use [n (%)] 310 (36%) 246 (39%) 64 (28%) <0.01

Active Tobacco Use [n (%)] 241 (27%) 187 (29%) 54 (23%) 0.08

Revised Atlanta Classification
[mild/moderate/severe: n (%)]

642 (76%) 518 (82%) 124 (57%)

<0.001172 (20%) 102 (16%) 70 (32%)

34 (4%) 12 (2%) 22 (10%)

Etiology of AP [n (%)]

<0.001

Gallstone 237 (27%) 145 (23%) 92 (40%)

Alcohol 179 (20%) 143 (22%) 36 (16%)

Post-ERCP 24 (3%) 14 (2%) 10 (4%)

Other 1 102 (13%) 81 (12%) 28 (11.5%)

Idiopathic 327 (37%) 261 (41%) 66 (29%)

Charlson Comorbidity Index [M (IQR)] 1 (1) 0 (1) 1 (2) 0.3

BISAP [M (IQR)] 1 (0) 1 (0) 1 (1) <0.001
1 Includes hypertriglyceridemia, medication-induced, autoimmune pancreatitis, pancreatic mass, and acute on
chronic acute pancreatitis.

3.3.2. Local and Systemic Complications

We compared the frequency of local complications of AP, including pancreatic pseudo-
cysts, peri-pancreatic fluid collections, pancreatic necrosis, and splenic vein thrombosis,
between transferred patients and patients admitted from the ED. There was no difference
in the rates of any of these local complications between groups. We also assessed systemic
complications of AP, including renal failure, acute hypoxemic respiratory failure requiring
intubation, and sepsis. Transferred patients had significantly higher rates of systemic
complications overall (29% vs. 7%, p < 0.001), and higher rates of each complication when
analyzed individually (p < 0.001). On multivariate regression, transferred patients were
significantly more likely to have systemic complications of AP (OR 4.22; 95% CI 2.61–6.84)
(Table 4). Regarding extra-pancreatic complications, there was no difference between pa-
tients admitted from the ED and transferred patients when considering all extra-pancreatic
complications (i.e., alcohol withdrawal, gastrointestinal bleeding, and delirium) in aggre-
gate though when considered individually, patients admitted from the ED had higher rates
of alcohol withdrawal (5.7% vs. 1%, p < 0.01) and lower rates of delirium (1.5% vs. 6%,
p < 0.01) compared to transferred patients.

3.3.3. Thirty-Day Re-Admissions and One-Year Mortality

Overall, 166 (19%) patients were re-admitted within 30-days of discharge; re-admission
rates did not vary between transferred patients and patients admitted from the ED. One-
year mortality in the sample was 2.5%; one-year mortality was not significantly different
when comparing transferred patients and patients admitted from the ED.
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Table 2. Clinical outcomes and quality of care measures of patients admitted from the ED and
transferred patients with acute pancreatitis.

Clinical Outcomes

Total (N = 882)
Patients Admitted
from ED (N = 648)

Transferred Patients
(N = 234)

p-Value

Length of Stay (days) [M (IQR)] 4 (3.6) 4 (4) 5 (5.8) <0.001

ICU transfer [n (%)] 29 (3%) 10 (2%) 19 (8%) <0.001

Local complications (defined as one or
more of the following: pseudocysts,
peri-pancreatic fluid collections,
pancreatic necrosis, and splenic vein
thrombosis) [n (%)]

128 (15%) 89 (14%) 39 (17%) 0.28

Systemic complications (defined as one or
more of the following: renal failure, acute
hypoxemic respiratory failure requiring
intubation, and sepsis) [n (%)]

112 (13%) 43 (7%) 69 (29%) <0.001

Renal failure 52 (6%) 22 (3%) 30 (13%) <0.001

Acute hypoxemic respiratory
failure requiring intubation 18 (2%) 4 (0.6%) 14 (6%) <0.001

Sepsis 41 (5%) 16 (2%) 25 (11%) <0.001

Extra-pancreatic complications (including
alcohol withdrawal, gastrointestinal
bleeding, and delirium) [n (%)]

83 (9%) 61 (9%) 22 (9%) 0.99

Alcohol withdrawal [n (%)] 39 (4%) 37 (6%) 2 (1%) <0.01

Delirium [n (%)] 24 (3%) 10 (2%) 14 (6%) <0.01

Re-admitted within 30-days of discharge
[n (%)] 166 (19%) 131 (20%) 35 (11%) 0.08

One-year mortality [n (%)] 22 (3%) 13 (3%) 9 (5%) 0.15

Quality of Care Measures

Total (N = 882)
Patients Admitted
from ED (N = 648)

Transferred Patients
(N = 234)

p-Value

Days of IV fluid resuscitation [M (IQR)] 3 (2) 3 (2) 3 (3) 0.69

Initial pain assessment through visual
analog scale (VAS) [M (IQR)] 7 (4) 7 (4) 7 (4) 0.38

MME within first 24 hours of admission
[M (IQR)] 8.5 (14) 8.5 (16) 8.5 (10) 0.79

Total MME over admission [M (IQR)] 14 (44.6) 12 (41) 16 (59.8) 0.36

Time to PO nutrition (days) [M (IQR)] 2 (2) 2 (2) 2 (3) 0.44

Received IV fluids within 4 hours of
admission [n (%)] 554 (81%) 413 (82%) 141 (78%) 0.32

Surgical referral for cholecystectomy [n
(%)] 169 (19%) 104 (16%) 65 (28%) 0.57
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Table 3. Univariate linear and logistic regression analysis assessing the association of transfer status
with various outcomes of AP (n = 882).

Parameter Odds Ratio p-Value

Length of stay 3.09 (95%CI: 2.08–4.10) <0.001

ICU admission 7.05 (95%CI: 3.22–15.44) <0.001

Local complications 1.14 (95%CI: 0.74–1.75) 0.57

Systemic complications 4.22 (95%CI: 2.61–6.84) <0.001

Extra-pancreatic complications 1.05 (95%CI: 0.61–1.80) 0.86

Re-admission within 30 days 0.86 (95%CI: 0.57–1.29) 0.46

One-year mortality 1.55 (95%CI: 0.47–5.11) 0.56

Table 4. Multivariate regression analysis assessing the association of transfer status with various
outcomes of AP, controlling for age, gender, BMI, CCI, and etiology of AP (n = 882).

Parameter Odds Ratio p-Value

Length of stay 3.16 (95%CI: 1.99–4.33) <0.001

ICU admission 8.23 (95%CI: 3.26–20.72) <0.001

Systemic complications 3.75 (95%CI: 2.01–5.89) <0.001

3.4. Quality of Care Measures

An initial pain assessment score using VAS demonstrated a median score of seven
(IQR: 4). Regarding pain management with opioids, patients received a median of 8.5 MME
within the first 24 h of admission and 14 MME over the course of admission. Regarding
IV fluid resuscitation, 554 patients (62.8%) of patients received IV fluids within four hours
of presentation and patients received a median of 3 days (IQR: 2) of IV fluids. Diet was
advanced to oral nutrition in a median of 2 days (IQR: 2). On discharge, 169 patients (19.1%)
received a surgical referral for cholecystectomy. There was no significant difference in any
of the above measures when comparing transferred patients to patients admitted from
the ED.

4. Discussion

We found numerous differences in baseline characteristics and outcomes for patients
with AP when comparing those transferred from community hospitals to those who pre-
sented to the ED of our tertiary care center. We found that transferred patients had a higher
incidence of moderate and severe AP and higher rates of gallstone-related and post-ERCP
pancreatitis. Patients who presented to the ED had a higher baseline rate of active alcohol
use and higher rates of alcohol-related pancreatitis. Transferred patients had longer lengths
of stay, higher rates of admission to the ICU, and higher rates of systemic complications of
pancreatitis compared to patients admitted from the ED.

There are numerous possible explanations for the above findings. The higher incidence
of moderate and severe pancreatitis, longer lengths of stay, higher rates of admission to
the ICU, and higher rates of systemic complications of transferred patients may represent
greater illness severity among transferred patients or suboptimal initial management at
community hospitals; however, there were no differences in the quality of care between
groups. Reassuringly, mortality rates were not significantly different between transferred
patients and patients admitted from the ED, reflecting uniform high-quality care delivered
at our tertiary care pancreas center. Unfortunately, we did not have access to data on
fluid resuscitation delivered at community hospitals, with fluid resuscitation being one of
the cornerstones of management in AP. Inadequate fluid resuscitation is associated with
the development of necrotizing pancreatitis and consequent multi-organ failure [23,24].
Data support that delayed presentation for acute pancreatitis is associated with greater
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pancreatitis severity at the time of presentation, higher rates of organ failure, and greater
likelihood of requiring procedural intervention [25].

Our study has a number of strengths. This study is strengthened by rigorous clinical
follow-up, detailed clinical history, and meticulous work-up for each AP patient in a
large sample of over 800 patients with AP. Manual chart review ensures a high degree
of accuracy [26]. The retrospective design of the study mitigates the “Hawthorne effect”,
providing a more accurate reflection of real-time practices. We have included a wide range
of outcome variables including systemic and extra-pancreatic complications of AP, which
are responsible for a substantial mortality and morbidity burden.

Despite these strengths, there are a number of limitations which should be noted. First,
these findings stem from the population of a large single-center tertiary referral center, and
thus may not be generalizable to all other hospital systems. Second, our current sample size
limits the ability to detect small differences between groups. Third, our results may reflect
referral bias, with transfer patients having more severe AP at the time of transfer. Last, as a
retrospective study, although many clinical and demographic variables were captured, the
likelihood of unmeasured confounding always exists.

In conclusion, we found that relative to patients admitted from the ED of a tertiary
care center, transferred patients had longer lengths of stay, higher rates of admission to the
ICU, and higher rates of systemic complications though readmissions within 30-days of
discharge and one-year mortality was not significantly different between groups, indicating
that high quality care delivered by our pancreas center serves to mitigate possible greater
illness severity or suboptimal management of transferred patients prior to their transfer.
Further prospective studies are needed to identify reasons for disparities in outcomes
between the two groups of AP patients.
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Abstract: Background: The 2018 Tokyo Guidelines (TG18) are used to classify the severity of acute
cholecystitis (AC) but insufficient to predict the length of hospital stay (LOS). Methods: For patients
with AC, clinical factors and computed tomography features, including our proposed grading
system of pericholecystic fat stranding were used for predicting an LOS of ≥7 days in the logistic
regression models. Results: Our multivariable model showed age ≥ 65 years (OR: 2.56, p < 0.001),
C-reactive protein (CRP) ≥ 2 mg/dL (OR: 1.97, p = 0.013), gamma-glutamyltransferase levels (OR:
2.460, p = 0.001), TG18 grade (OR: 2.89 per grade, p < 0.001), and moderate to severe pericholecystic
fat stranding (OR: 2.14, p = 0.012) exhibited prolonged LOS ≥ 7 days. Conclusions: We developed a
scoring model, including TG18 grades (score of 1–3 per grade), our grading system of fat stranding
(score of 1), CRP (score of 1), and gamma-glutamyltransferase (score of 1), and a cutoff of >3 had
highest diagnostic performance.

Keywords: acute cholecystitis; length of stays; Tokyo guidelines; pericholecystic fat stranding;
computed tomography

1. Introduction

Acute cholecystitis (AC) is a common diagnosis for patients presenting in the emer-
gency department with abdominal pain. In general, history taking, physical examina-
tion, and abdominal sonography are adequate for making a clinical diagnosis of AC [1].
However, distinguishing between complicated and uncomplicated AC generally requires
multislice computed tomography (MSCT). Abdominal MSCT has high sensitivity (85% to
94%) for the detection of AC [2,3]. MSCT plays an essential role in evaluating the severity
of AC [4].

The 2018 Tokyo Guidelines (TG18) regarding the diagnostic and severity grading
criteria for AC are widely used to classify AC severity. The severity of AC is classified
as grade I (mild), grade II (moderate), and grade III (severe) [5]. Patients with signs of
cardiovascular, neurological, hematological, respiratory, renal, or hepatic system organ
dysfunction are categorized as having grade III (severe) AC. Patients with an elevated
white blood cell count (>18,000/mm3), a palpable tender mass in the right upper abdominal
quadrant, onset > 72 h, or marked local inflammation are categorized as having grade II
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(moderate) AC. Patients with uncomplicated AC who do not meet the criteria for grades II
and III are categorized as having grade I (mild) AC. Patients with grade I or II AC can be
treated surgically, whereas those with grade III AC are generally treated using percutaneous
transhepatic gallbladder drainage [5,6]. MSCT information is not included in the TG18
diagnostic criteria for AC.

Remarkable MSCT features, such as gallbladder distension, wall thickening, and
pericholecystic fat stranding, are valuable for their role in diagnosis [7]. The present study
proposes that fat stranding may be associated with AC severity. In addition, other MSCT
features may assist in distinguishing between complicated and uncomplicated AC. To
our knowledge, few studies have evaluated the use of fat stranding signs to assess AC
severity [8].

The present study determined whether fat stranding signs were associated with an
increased length of hospital stay (LOS) and developed a simple and accessible scoring
system that can be implemented in emergency departments.

2. Materials and Methods

2.1. Participants and Design

This single-center retrospective study was conducted between 1 January 2018 and
31 December 2020 in the emergency department of Taipei Medical University Hospital,
Taipei, Taiwan. This hospital is a tertiary care center. The emergency department of this hos-
pital is run by certified emergency physicians and has approximately 60,000 patient visits
per year. Study participants were treated in the usual manner. We used the disease codes of
the International Statistical Classification of Diseases, Tenth Revision, Clinical Modification
(Supplementary Table S1) to enroll eligible patients. Patients who were aged ≥ 18 years,
who presented to our emergency department with a confirmed diagnosis of cholecysti-
tis (including both calculus and acalculous cholecystitis), and who were admitted to a
ward for subsequent care were enrolled. Furthermore, the management of AC was by the
consensus of the emergency physician and the general surgeon (laparoscopic cholecystec-
tomy, percutaneous transhepatic gallbladder drainage [PTGBD], and endoscopic retrograde
cholangiopancreatography [ERCP]). Patients were excluded if their MSCT images were not
taken at the emergency department, if they were discharged directly from the emergency
department, including if they were discharged against medical advice, or if their final
diagnosis was not compatible with cholecystitis. The medical charts of the patients were
reviewed by Suh-Won Lee, Cheng-Han Tsai, and Yu Chen. This study was approved by the
Joint Institutional Review Board (reference number: N202303059).

2.2. Data Collection

Patient information relating to age, sex, vital signs, Glasgow Coma Scale score, and
a history of hypertension, diabetes mellitus, chronic kidney disease, liver cirrhosis, or
malignant disease was obtained upon the arrival of each patient to the emergency de-
partment. Blood samples for laboratory tests, including a complete blood cell count and
differential count, C-reactive protein (CRP, normal range < 0.5 mg/dL), total bilirubin, and
gamma-glutamyl transpeptidase (normal range 5–40 U/L) levels, were obtained within
2 h of the arrival of each patient to the emergency department. TG18 and fat stranding
grades were analyzed by reviewing the patients’ data after their discharge. The LOS was
considered to be the total number of days spent in the hospital, including the days of the
patient’s emergency department stay. The patients were categorized into groups of LOS < 7
and LOS ≥ 7 days.

2.3. MSCT Imaging

Abdominal MSCT images were obtained by using the 128-slice SOMATOM Perspective
MSCT scanner (Siemens Healthineers Inc., Forchheim, Germany). Scans were obtained
from the top of the liver to the pubic symphysis in the pelvic cavity with a 0.625 mm slice
thickness. All patients were administered 95 mL of Optiray 350 (Mallinckrodt Medical
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Inc., Pointe Claire, QC, Canada) contrast medium intravenously. The initial interpretation
of the MSCT images was performed by the on-duty emergency physician. All original
MSCT images were reviewed by Suh-Won Lee, Cheng-Han Tsai, and Yu Chen to ensure the
accuracy of the data.

2.4. Classification of Fat Stranding

The gallbladder fat stranding signs were categorized into four grades (Figure 1).
Grade 0 was defined as definitely no sign of fat stranding. Grade 1 was considered to be
gallbladder wall thickening > 0.3 cm without obvious fat stranding. Grade 2 was considered
to be linear fat stranding of the fat adjacent to the gallbladder. Grade 3 was considered to
be severe fat stranding extending outside the gallbladder with or without pericholecystic
abscess or a gangrene change in the gallbladder wall.

Figure 1. Categorization of fat stranding signs. (a) Grade 0: no pericholecystic fat stranding or
gallbladder wall thickening. (b) Grade 1: gallbladder wall thickening > 0.3 cm without pericholecystic
fat stranding. (c) Grade 2: linear pericholecystic fat stranding. (d) Grade 3: prominent pericholecystic
reticular dirty fat.

2.5. Statistical Analysis

Tests of normality for continuous variables, including the Kolmogorov–Smirnov and
the Shapiro–Wilk tests, were performed (Supplementary Table S2). Continuous variables
with non-Gaussian distribution were presented as median and interquartile range and were
compared using the Mann–Whitney U tests. Categorical variables were presented as pro-
portions and were analyzed using Pearson’s chi-square test or Fisher’s exact test. The cutoff
values for age [9–11], CRP levels [12], gamma-glutamyltransferase levels, fat stranding,
TG18 [13,14], and LOS [15–17] were determined with reference to the relevant literature.

Univariable and multivariable logistic regression models were used to obtain the
odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for predicting an
LOS of ≥7 days. To identify suitable predictors or variables for our multivariable logistic
regression models, we used univariable logistic regression analysis and determined which
factors were statistically significant (indicated by p < 0.05). All significant factors were
incorporated into the multivariable logistic regression model. To construct our scoring
system, we assigned point values to different potential predictors on the basis of their
ORs. The diagnostic performance of each model was obtained by calculating the areas
under the curve (AUCs) of the receiver operating characteristics curves. The Youden
index was used to determine the optimal cutoff values (the point with the maximum value
of sensitivity + specificity − 1) for our developed scoring system. A p value < 0.05 was
considered statistically significant. All statistical analyses were performed using SPSS
version 20 (IBM, Armonk, NY, USA).

3. Results

A total of 390 patients with AC were included in this study. There were 324 of 390
(83.1%) patients who had the first episode of cholecystitis; the remaining 66 patients had
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recurrent cholecystitis. The patients were categorized into groups of LOS ≥ 7 and LOS < 7.
The patient characteristics are presented in Table 1. The mean age was significantly higher
in the LOS ≥ 7 group (70.0 [IQR, 58.0–80.3] years) than in the LOS < 7 group (54.5 [IQR,
43.3–66.8) years; p < 0.001). Gallbladder length was greater in the LOS ≥ 7 group (7.3 [IQR,
5.6–9.0] cm) than in the LOS < 7 group (6.9 [IQR, 5.2–8.1) cm; p = 0.0079). Gallbladder width
was greater in the LOS ≥ 7 group (4.1 [IQR, 3.5–4.7) cm) than in the LOS < 7 group (3.9
[IQR, 3.2–4.4] cm; p = 0.0083). Gallbladder size was greater in the LOS ≥ 7 group (30.4 [IQR,
21.3–41.3] cm2) than in the LOS < 7 group (26.0 [IQR, 18.0–33.9] cm2, p = 0.0020). A total of
138 patients in the LOS < 7 days group (58.5%) underwent laparoscopic cholecystectomy.
By contrast, only 34 patients (22.1%) in the LOS ≥ 7 days group underwent laparoscopic
cholecystectomy. In total, 1 of 172 patients (0.6%) had conversion from laparoscopic
cholecystectomy to open surgery. Percutaneous transhepatic gallbladder drainage was
more common in the LOS ≥ 7 days group than in the LOS < 7 days group (44.2% vs. 14.0%,
respectively; p < 0.0001). Endoscopic retrograde cholangiopancreatography was more
common in the LOS ≥ 7 days group than in the LOS < 7 days group (27.3% vs. 12.7%,
respectively; p = 0.0003). The TG18 grades were higher in the LOS ≥ 7 days group (Grade II,
III 75.3%) than in the LOS < 7 days group (Grade II, III 50.4%).

Table 1. Population characteristics (N = 390).

Characteristics LOS < 7 Days LOS ≥ 7 Days p Value

Number (N) 236 (60.5%) 154 (39.5%)
Age (years) 54.5 (43.3–66.8) 70.0 (58.0–80.3) <0.0001 *
Age subgroups <0.0001 *

20–29 years (N) 10/236 (4.2%) 1/154 (0.7%)
30–39 years (N) 28/236 (11.9%) 5/154 (3.3%)
40–49 years (N) 55/236 (23.3%) 15/154 (9.7%)
50–59 years (N) 51/236 (21.6%) 24/154 (15.6%)
60–69 years (N) 43/236 (18.2%) 30/154 (19.5%)
70–79 years (N) 32/236 (13.6%) 40/154 (26.0%)
≥80 years (N) 17/236 (7.2%) 39/154 (25.3%)

Body mass index (kg/m2) 24.6 (22.6–27.3) 24.9 (22.0–27.6) 0.7548
Onset of symptoms to ED (days) 1.0 (1.0–3.0) 1.0 (1.0–3.0) 0.8720
Onset of symptoms to ED > 72 h 30/236 (12.7%) 27/154 (17.5%) 0.1877
ICU admission 8/236 (3.4%) 35/154 (22.7%) <0.0001
Procedures

Laparoscopic cholecystectomy 138/236 (58.5%) 34/154 (22.1%) <0.0001 *
PTGBD 33/236 (14.0%) 68/154 (44.2%) <0.0001 *
ERCP 30/236 (12.7%) 42/154 (27.3%) 0.0003 *

Imaging findings
Gallbladder length (cm) 6.9 (5.2–8.1) 7.3 (5.6–9.0) 0.0079 *
Gallbladder width (cm) 3.9 (3.2–4.4) 4.1 (3.5–4.7) 0.0083 *
Gallbladder size (cm2) 26.0 (18.0–33.9) 30.4 (21.3–41.3) 0.0020 *
Gallbladder volume (mL) 186.4 (129.9–269.3) 209.1 (135.5–305.0) 0.0863
Gallbladder wall thickness 0.4 (0.3–0.7) 0.5 (0.3–0.7) 0.3118
Calculus cholecystitis 133/236 (56.4%) 82/154 (53.2%) 0.5467
Multiple Gallbladder stone (N) 75/236 (31.8%) 52/154 (33.8%) 0.6824
Abscess (N) 8/236 (3.4%) 10/154 (6.5%) 0.1533

Grades of pericholecystic fat stranding 0.0518
Grade 0 55/236 (23.3%) 32/154 (20.8%)
Grade 1 94/236 (39.8%) 45/154 (29.2%)
Grade 2 44/236 (18.6%) 34/154 (22.1%)
Grade 3 43/236 (18.2%) 43/154 (27.9%)

Tokyo guideline grading <0.0001 *
Grade I 117/236 (49.6%) 38/154 (24.7%)
Grade II 94/236 (39.8%) 47/154 (30.5%)
Grade III 25/236 (10.6%) 69/154 (44.8%)

Continuous variables were expressed as median (interquartile range). Abbreviations: ED, emergency department;
ERCP, endoscopic retrograde cholangiopancreatography; PTGBD, percutaneous transhepatic gallbladder drainage.
* Statistical significance at p value < 0.05.

3.1. Univariate Analysis

Univariate analysis was used to investigate the factors significantly associated with
LOS ≥ 7 days. Age, gallbladder width, size, and volume, common bile duct diameter, fat
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stranding, TG18 grade, and the laboratory markers of CRP and gamma-glutamyltransferase
levels were associated with LOS ≥ 7 days (Table 2).

Table 2. Univariate analysis of LOS < 7 days and LOS ≥ 7 days.

Characteristics
Univariate Analysis

OR (95% CI) p Value AUC

Age 1.05 (1.04–1.07) <0.001 * 0.716
Gallbladder width 1.38 (1.10–1.72) 0.005 * 0.581
Gallbladder size 1.03 (1.01–1.04) 0.001 * 0.596

Gallbladder volume 1.00 (1.00–1.00) 0.034 * 0.555
Gallbladder stone 0.88 (0.59–1.33) 0.546 0.482
Gallbladder wall 1.15 (0.66–2.00) 0.628 0.532

Gallbladder wall HU 1.01 (1.00–1.02) 0.064 0.544
CBD diameter 2.47 (1.26–4.88) 0.009 * 0.589

TG18 grade 2.79 (2.09–3.73) <0.001 * 0.695
Fat stranding 1.25 (1.03–1.52) 0.022 * 0.563

Fat stranding (0 vs. 1–3) 1.16 (0.71–1.90) 0.558 0.512
Fat stranding (0–1 vs. 2–3) 1.71 (1.13–2.59) 0.010 * 0.563
Fat stranding (0–2 vs. 3) 1.74 (1.07–2.82) 0.025 * 0.549

Abscess 1.98 (0.76–5.13) 0.160 0.516
Gangrene change 1.45 (0.96–2.19) 0.077 0.546

Symptom duration (0–7 and >7) 1.04 (0.92–1.16) 0.561 0.507
Symptom duration (0–7 vs. >7) 0.65 (0.17–2.55) 0.537 0.495
Symptom duration (0–3 vs. >3) 1.46 (0.83–2.57) 0.189 0.524

CRP (normal range <0.5 mg/dL) 1.05 (1.02–1.07) <0.001 * 0.631
CRP ≥ 0.5 mg/dL 2.26 (1.48–3.46) <0.001 * 0.598
CRP ≥ 0.8 mg/dL 2.41 (1.59–3.66) <0.001 * 0.608
CRP ≥ 2 mg/dL 2.46 (1.62–3.74) <0.001 * 0.608

g-GT (normal range 5–40 U/L) 1.00 (1.00–1.00) 0.007 * 0.556
g-GT ≥ 60 U/L 2.53 (1.53–4.18) <0.001 * 0.575
g-GT ≥ 40 U/L 2.57 (1.60–4.14) <0.001 * 0.585

Abbreviations: HU, Hounsfield unit; CBD, common bile duct; CRP, C-reactive protein; g-GT, gamma-
glutamyltransferase. * Statistical significance at p value < 0.05.

3.2. Multivariable Analysis

Multivariate logistic regression analysis revealed that a high TG18 grade (OR: 2.89
per grade, p < 0.001), a fat stranding grade > 2 (OR: 2.14, p = 0.012), CRP level ≥ 2 mg/dL
(OR: 1.97, p = 0.013), gamma-glutamyltransferase level ≥ 40 U/L (OR: 2.460, p = 0.001), and
age ≥ 65 years (OR: 2.56, p < 0.001) were independent predictors of LOS ≥ 7 days (Table 3).

Table 3. Multivariate Analysis of LOS < 7 Days and LOS ≥ 7 Days.

Characteristics OR (95% CI) p Value Score

TG18 grade (per grade) 2.89 (2.04–4.10) <0.001 * 1–3 †
Fat stranding grade > 2 2.14 (1.18–3.86) 0.012 * 1
CRP level ≥ 2 mg/dL 1.97 (1.15–3.35) 0.013 * 1
g-GT level ≥ 40 U/L 2.46 (1.44–4.22) 0.001 * 1

Age ≥ 65 years 2.56 (1.59–4.12) <0.001 * 1
Abbreviations: CRP, C-reactive protein; g-GT, gamma-glutamyltransferase. * Statistical significance at p < 0.05.
† 1–3 According to TG18, Grade I (mild) = 1, Grade II (moderate) = 2, Grade III (severe) = 3.

3.3. Area under the Receiver Operating Characteristics Curve Analysis

In a univariate receiver operating characteristics curve analysis (Figure 2), age ≥ 65 years
(AUC: 0.657, 95% CI, 0.601–0.713), gamma-glutamyltransferase ≥ 40 U/L (AUC: 0.587, 95%
CI, 0.528–0.646), TG18 grade (AUC: 0.698, 95% CI, 0.643–0.752), fat stranding grade > 2 (AUC:
0.566, 95% CI, 0.507–0.624), and CRP level ≥ 2 mg/dL (AUC: 0.608, 95% CI, 0.551–0.666)
were comparable for predicting LOS ≥ 7 days. In the multivariable model including the
five significant predictors, the diagnostic performance for predicting LOS ≥ 7 days reached
a moderate-to-high level (AUC: 0.769, 95% CI, 0.720–0.817). After exclusion of TG18 grade,
the multivariable model exhibited a moderate diagnostic performance (AUC: 0.714, 95%
CI, 0.662–0.767).
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Figure 2. Receiver of operating characteristic curve of the multivariable model.

3.4. Development of New Scoring System Model

In our model, TG18 grades I, II, and III were assigned 1, 2, and 3 points, respectively.
In addition, fat stranding grade > 2, CRP level ≥ 2 mg/dL, gamma-glutamyltransferase
level ≥ 40 U/L, and age ≥ 65 years were assigned 1 point each (Table 3). After the Youden
index was applied (Figure 3), a cutoff value of 2 exhibited a sensitivity of 79.9%, a specificity
of 48.7%, and a Youden index value of 28.6%. A cutoff value of 3 exhibited a sensitivity
of 66.2%, a specificity of 66.5%, and a Youden index value of 32.7%. By contrast, a cutoff
value of 4 exhibited a sensitivity of 46.1%, a specificity of 87.3%, and a Youden index
value of 33.4%. On the basis of the Youden index results, an optimal cutoff value of >3
was determined.

Figure 3. Receiver of operating characteristic curve of the scoring system model.

4. Discussion

Our study revealed that older age, elevated inflammatory marker levels, and more
pronounced fat stranding signs were associated with a prolonged hospital stay. In our
multivariate analysis, age, CRP levels, gamma-glutamyltransferase levels, TG18 grade, and
fat stranding were significant predictors for a prolonged hospital stay.
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A distinctive feature of our study is the inclusion of fat stranding signs. Our study
model’s diagnostic performance was comparable to that of an earlier model that employed
ten variables, namely age, sex, body mass index, white blood cell count, neutrophil fraction,
platelet count, alanine transaminase levels, admission from the emergency department,
gallbladder wall thickening, and pericholecystic fluid levels [18]. In general, severe inflam-
mation of the gallbladder leads to more pronounced fat stranding signs [19,20]. Notably,
a novel feature of our study is the proposal of the four grades of fat stranding into a
predictive model. Fat stranding is caused by increased congestion and engorgement of
lymphatics [21]. Disproportionate fat stranding observed on MSCT is used to evaluate the
severity of intra-abdominal inflammation such as acute appendicitis, diverticulitis, and
cholecystitis [22]. In case of worsening acute cholecystitis, the gallbladder wall becomes
venously engorged and leads to reduced atrial blood flow and subtle ischemic changes. As
inflammation progresses, fat stranding becomes more apparent. In addition to fat stranding,
our selection of other variables was well justified. The cutoff values we used for LOS, age,
CRP levels, and gamma-glutamyltransferase levels were determined based on the relevant
literature. First, AC severity is positively correlated with LOS [16], and in most studies, the
median LOS was 7 days [15]. Accordingly, LOS ≥ 7 days was defined as a poor outcome
(prolonged LOS), while LOS < 7 days was considered a more favorable outcome [16,17].
Second, age was a major risk factor for gallbladder stone formation [23] and increased
mortality [24]. Numerous studies have defined age ≥ 65 years as old age [9–11]. Third, CRP
is considered a strong predictor of complicated AC [13], and a cutoff value of ≥2 mg/dL
was reported to exhibit a sensitivity of 71.9% and a specificity of 69.6% [12]. Fourth, gamma-
glutamyltransferase levels are elevated in patients with AC, and we selected the upper
normal limit value of ≥40 U/L as the cutoff value in our model. Last, TG18 grades are
widely used for grading AC severity [14,25]. We assigned scores of 1 to 3 for TG18 grades I
to III, respectively, in our model.

In our univariate analysis, the TG18 grades solely had poor-to-moderate diagnostic
performance for predicting LOS (AUC: 0.698); however, the multivariable model including
age, CRP levels, gamma-glutamyltransferase levels, fat stranding, and the TG18 grades
had improved diagnostic performance (AUC: 0.769). To facilitate clinical practice, we con-
structed a scoring model with a total score of 7. The score was named the FACTT score based
on its components: fat stranding, age, CRP levels, TG18, and gamma-glutamyltransferase.
Points were allocated based on the OR of each variable. We determined the optimal cutoff
value to be a score of 3. Although a score of 4 exhibited the highest Youden index value, it
exhibited relatively low sensitivity (46.1%). In contrast, a score of 3 exhibited a sensitivity
of 66.2% and a specificity of 66.5%.

Overall, our study’s results are consistent with previous research. Several studies have
examined the LOS in patients with AC. For example, patients who received PTGBD before
cholecystectomy had a longer LOS [26]. Similarly, another study showed patients receiving
PTGBD alone rather than cholecystectomy experienced a longer hospital stay [27]. Our
study also found that patients in the LOS > 7 days group were more likely to receive PTGBD
(14.0% vs. 44.2%). The duration of symptoms before ED presentation did not significantly
affect LOS [28]. Our study similarly found no statistically significant differences in LOS
related to the onset time of symptoms before presenting to the ED. The previous literature
has shown that increased pericholecystic fat stranding is significantly associated with the
severity of AC [29]. In our study, using LOS as a measure of severity for AC, we confirmed
that fat stranding is associated with a longer LOS.

Higher grades of TG18, specifically moderate and severe AC, are associated with
an increased complication rate and may necessitate additional imaging studies before
surgery for outcome evaluation [5]. MSCT has become the standard imaging modality in
most modern EDs. Although sonography is available at the bedside for AC evaluation,
it is operator dependent and lacks standardized imaging assessment criteria. In contrast,
MSCT benefits from standardized procedures and well-defined imaging protocols, which
contribute to more reliable and consistent interpretations of results. This standardization
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reduces variability and enhances the clarity of diagnostic images, making MSCT a more
dependable tool for evaluating the severity of AC. Our model incorporates the novel
classification of a pericholecystic fat-stranding sign to address the limitations of TG18.

Our study has several limitations. First, this was a single-center retrospective study.
Unmeasured confounding factors remained. Second, patients were of Han Chinese eth-
nicity; however, we do not believe the clinical course of AC for patients of Han Chinese
ethnicity differs to that for patients of other ethnicities.

5. Conclusions

Fat stranding, C-reactive protein levels, gamma-glutamyltransferase levels, and age are
predictors of length of stays in addition to the 2018 Tokyo Guidelines grade among patients
with acute cholecystitis. An increased severity of these factors is associated with more
severe acute cholecystitis and longer length of stays. Our simple scoring system is currently
being used for the primary evaluation of acute cholecystitis in our emergency department.
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Abstract: Background: This study aimed to assess the effectiveness and safety of endoscopic manage-
ment in patients with walled-off necrosis and additionally explore the results of a stepwise approach
for combining percutaneous intervention in cases where endoscopic management was inadequate.
Methods: We included cases of endoscopic management for walled-off necrosis between February
2019 and December 2023. Results: Endoscopic management was performed in 11 patients. The
median largest dimension was 150 mm. Multiple cavities were present in four patients. Technical
success was 90.9%, while clinical success with only endoscopic management was 36.3%. Clinical
success could not be achieved with only endoscopic management in patients with a large diameter
(≥125 mm) or multi-lobulated walled-off necrosis. Combining percutaneous intervention resulted
in success for all patients. Two patients experienced major complications: one suffered from major
bleeding, while the other experienced perforation, necessitating surgical intervention. The patient
with perforation died due to multi-organ failure. Conclusions: Endoscopic management is recom-
mended as the primary treatment method for walled-off necrosis due to its less invasive and higher
safety profile. In cases involving large or multi-lobulated walled-off necrosis where clinical success
cannot be achieved, combining percutaneous intervention is highly successful and safe. Ultimately,
this approach can minimize the need for more invasive surgery.

Keywords: walled-off necrosis; endoscopic cystogastrostomy; lumen-apposing metallic stent;
percutaneous intervention

1. Introduction

Walled-off necrosis (WON) is a late complication of acute necrotizing pancreatitis that
can lead to permanent organ failure and even death [1,2]. Necrosis in the pancreas develops
in approximately 15–20% of all acute pancreatitis (AP) cases, and about 40% of these cases
progress to infected or complicated WON [3–8]. In the historical process, WON was often
managed with surgical methods. However, minimally invasive procedures involving
endoscopic interventions, video-assisted retroperitoneal debridement, and percutaneous
drainage have become preferred modalities due to their lower morbidity, mortality, cost,
and complication rates, as well as providing a better quality of life. Among minimally
invasive approaches, endoscopic interventions are the preferred initial method [1,9,10].
In cases of sterile pancreatic necrosis presenting with symptoms such as abdominal pain,
nausea, vomiting, and nutritional insufficiency, or in patients with associated complications
such as biliary obstruction, recurrent acute pancreatitis, fistulas, or persistent systemic
inflammatory response syndrome, drainage may be necessary [11]. If drainage proves
inadequate, necrosectomy is advised [12,13].

This study was conducted to evaluate the effectiveness and safety of endoscopic
treatment in the management of WON and to assess combining percutaneous intervention
in cases where endoscopic management was inadequate in a tertiary care center.
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2. Materials and Methods

2.1. Patients and Pre-Procedure Evaluation

In the retrospective analysis of our prospective database, consecutive cases of endoscopic
cystogastrostomy for WON between February 2019 and December 2023 were included in
the study. All patients underwent preprocedural endoscopic evaluation. Additionally, the
presence of vascular structures between the cavity and the lumen was assessed using com-
puted tomography (CT) imaging. If vascular structures were observed or could not be clearly
evaluated, the assessment was conducted using an echoendoscope (EUS) (Olympus GF-UE160
echoendoscope, Olympus, Tokyo, Japan). Patients without capsule integrity of the cavity,
those with a distance of more than 10 mm between the lumen and the cavity, and individuals
with visible vessels at the site where the cavity contacted the lumen were excluded.

Data collected from patients included demographic information, etiology, clinical
manifestations, and results of imaging studies prior to the procedure. Furthermore, we
documented the findings, results, and complications of our approach.

2.2. Definition

Walled-off necrosis was defined according to the revised Atlanta Classification [2].
Technical success was defined as the cannulation of the cavity, successful placement of a
lumen-apposing metallic stent (LAMS) (Micro-Tech Co., Ltd., Nanjing, China) in the cavity,
and successful necrosectomy if necessary. Clinical success was defined as the complete
normalization of disease-related findings in clinical, laboratory, and CT imaging, or a
reduction in WON size to 2 cm or a decrease in size by 25%. Recurrence was defined as
the reappearance of fluid collection or necrosis after resolution. Complications such as
bleeding, perforation, multi-organ failure, stent blockage, infection, and migration were
documented. Complications were graded according to the AGREE classification [14].

2.3. Procedure

All endoscopic procedures were performed using carbon dioxide insufflation by an
experienced endoscopist under moderate sedation. Broad-spectrum antibiotics were ad-
ministered to all patients before and after the procedure. A nasogastric tube was placed into
the gastric lumen before the procedure, and fluid aspiration post-dilation was performed to
prevent respiratory aspiration. In cases of luminal compression, the therapeutic duodeno-
scope (Fujinon ED-530XT Flexible Video Duodenoscope, Fujifilm Medical Co., Saitama,
Japan) was utilized to identify the area of maximum pressure. Subsequently, the identified
area was punctured with a needle knife sphincterotome as a conventional transmural
drainage method. In patients without significant luminal compression, a 19-gauge fine nee-
dle aspiration needle was used to puncture the area determined as the safest location with
an EUS. Afterward, the guidewire was advanced into the cavity. Cystogastrostomy tract
dilation with a 6 or 8 mm dilatation balloon was performed to facilitate stent placement at
the discretion of the endoscopist. This decision was based on factors such as the thickness
of the collection wall and the density of the contents to be drained. After dilatation, a
LAMS was deployed into the cavity under endoscopic and fluoroscopic guidance. To
prevent LAMS migration, a double pigtail plastic stent (DPPS) was inserted through the
LAMS (Figure 1). Patients with disconnected pancreatic duct syndrome (DPDS) identified
during the imaging method were additionally subjected to pancreatic duct cannulation for
transpapillary drainage. A pancreatic sphincterotomy was performed, and a pancreatic
stent was placed to extend to the closest localization of duct disruption.

After the procedure, all patients followed up as inpatients and underwent clinical
and laboratory examinations. If necessary, CT scans were performed, and the timing of
follow-up procedures was decided on an individual basis. The decision of direct endoscopic
necrosectomy (DEN) was made at the discretion of the physician based on insufficient
resolution of necrosis. Necrosectomy was performed using a balloon, basket catheter,
irrigation with sterile saline, and cytology brush (Figure 2). As a step-by-step approach, a
percutaneous drainage catheter was placed in patients where clinical success could not be
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achieved after at least three successful endoscopic interventions (Figure 3). To expedite the
resolution of necrosis and prevent stent and drain blockage, lavage was performed at least
four times a day during subsequent follow-ups.

Figure 1. Placement of lumen-apposing metallic stent (LAMS) in the walled-off necrosis (WON) cavity.
(a) CT demonstrating multi-lobulated WON cavities (asterisk). (b) Endoscopy demonstrating bulging
of the gastric lumen. (c) Determining the WON cavity and selecting an appropriate drainage site with
echoendoscope in a patient exhibiting no signs of bulging on the intestinal lumen (arrow). (d) Cavity
puncture was performed with a needle knife sphincterotome. (e) Subsequently, a guidewire was
carefully introduced into the cavity to facilitate further procedures (arrow). (f) Balloon dilatation
was performed on the cystogastrostomy tract. (g) Purulent fluid was seen flowing into the lumen.
(h) LAMS was placed to extend into the WON cavity. (i) To prevent migration, a double pigtail stent
was positioned through the LAMS, extending into the cavity. (j) Three days post-procedure, the CT
demonstrated the LAMS (red arrow), double pigtail stent (blue arrow), a visibly reduced volume of
the drained WON cavity (white arrow), and another WON cavity (asterixis) that remained unaffected
by endoscopic drainage.

Figure 2. Direct endoscopic necrosectomy procedure. (a) Necrotic tissue in the walled-off necrosis cavity
was seen through the lumen-apposing metallic stent (LAMS) with the endoscope. (b) The necrotic tissue
was captured with a basket catheter. (c) The necrotic tissue was pulled through the LAMS into the gastric
lumen. (d) Subsequently, the necrotic tissue was released into the gastric lumen.
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Figure 3. Image of a double pigtail stent with a lumen-apposing metallic stent and percutaneous
drainage catheters on fluoroscopy. Figure 3 Fluoroscopy demonstrating the presence of the lumen-
apposing metallic stent (white arrow) in the cystogastrostomy tract, along with the double pigtail
stent (blue arrow) and two percutaneous drainage catheters (red arrows).

2.4. Post-Procedure Follow-Up

The stents were removed upon achieving clinical success, and patients were monitored
with clinical, laboratory, and ultrasound examinations every three months for the first
year. For patients with recurrent symptoms or documented recurrence of collections, CT
imaging was repeated. In patients with clinical success, the total number of procedures
was determined by including the last session in which the stent was removed.

2.5. Statistics

Statistical analysis was conducted using the 21st version of the Statistical Package for
the Social Sciences (SPSS, IBM, Armonk, NY, USA). Continuous variables are presented as
the median and interquartile range (IQR), while categorical data are presented as numbers
and percentages. Due to the non-normal distribution of the data, outcomes between groups
were compared using the Mann–Whitney U test for variance. The receiver operating
characteristic (ROC) curve was utilized to calculate the area under the curve (AUC) for
assessing the diagnostic value and accuracy of different parameters, with the best sensitivity
and specificity determined by given cut-off values.

3. Results

3.1. Characteristics of Patients

A total of 11 patients (63.6% male, median age 48 years) with infected or complicated
WON who underwent endoscopic intervention were included in this study. The causes
underlying AP in these patients were gallstone (45.4%), alcohol (18.1%), acute-on-chronic
pancreatitis (18.1%), and hypertriglyceridemia (9.0%). The cause of AP could not be
determined in one (9.0%) patient. The median time interval between the diagnosis of AP
attack and the diagnosis of WON was 54 days (IQR, 30 to 240 days). Abdominal pain was
present in all patients, abdominal distension in 54.5%, early satiety in 54.5%, vomiting
in 18.1%, and fever in 9.0% of cases. In laboratory examinations, white blood cell counts
were above the upper limit of normal (ULN) in two (18%) patients, and amylase and/or
lipase levels were above the ULN in eight (73%). Carcinoembryonic antigen and CA 19-9
levels were within normal limits in all patients. Diagnosis of WON was confirmed in all
patients through abdominal CT scans. The median largest dimension of the WON was
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150 mm (IQR, 92 to 238 mm). Single WON cavities were present in seven (63.6%) patients,
while multiple cavities in four (36.3%) patients. Among these patients, the main location of
WON involved the body and tail in six (54.5%) patients, the entire pancreas in two (18.1%),
the body alone in one (9.0%), and the tail alone in one (9.0%). Additionally, in one (9.0%)
patient, the cavity was located outside the pancreas. DPDS was detected in five (45.4%)
patients, and gastric lumen bulging was observed in six (54.5%) patients during imaging
examinations (Table 1).

Table 1. Characteristics of patients with walled-off necrosis who underwent endoscopic management.

Total
n (%)

Age (median years) 48 (24–61)
Sex

Male 7 (63.6)
Female 4 (36.3)

Cause of pancreatitis
Alcohol 2 (18.1)

Gallstone 5 (45.4)
Acute or chronic pancreatitis 2 (18.1)

Hypertriglyceridemia 1 (9.0)
Idiopathic 1 (9.0)

Diagnosis time from pancreatitis to WON (median days) 54 (30–240)
Clinical presentation

Abdominal pain 11 (100)
Vomiting 2 (18.1)

Fever 1 (9.0)
Abdominal distention 6 (54.5)

Early satiety 6 (54.5)
Laboratory investigation

Elevated WBC 2 (18.1)
Elevated amylase and lipase 8 (72.7)

Normal CEA and Ca 19-9 11 (100)
Diagnosis by imaging
Abdominal CT or MRI 11 (100)

Largest dimension of WON cavity (mm) 150 (92–238)
No. of WON cavities

Single 7 (63.6)
Multiple 4 (36.3)

Main location of WON
Body 1 (9.0)
Tail 1 (9.0)

Body and tail 6 (54.5)
Entire pancreas 2 (18.1)

Extrapancreatic location 1 (9.0)
Presence of DPD 5 (45.4)

Presence of bulging into the stomach 6 (54.5)
Intra-cavity echogenicity

Anechogenic 11 (100)
Data are presented as median (IQR) or frequency (%). WON, walled-off necrosis. DPD, disconnected pancreatic
duct. WBC, white blood cell. CEA, carcinoembryonic antigen. CT, computed tomography. MRI, magnetic
resonance imaging.

3.2. Initial Outcomes of Endoscopic Intervention

Out of the 11 patients who underwent endoscopic intervention, 6 (54.5%) did so
due to gastric outlet obstruction, 5 (45.4%) due to intractable pain, and 1 (9.0%) due to
suspected infection. The conventional transmural drainage method was employed in
six (54.5%) patients, while EUS-guided drainage was utilized in five (45.4%) patients.
Successful cannulation of the cavity was achieved in all patients with the first puncture
attempt. The cystogastrostomy tract was dilated in nine (81.8%) patients. LAMS with DPPS
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was placed into the WON in all patients. DEN was performed in seven (63.6%) patients.
Additionally, transpapillary drainage was performed in five (45.4%) patients for DPDS.
Surgical treatment was required in one (9.0%) patient due to perforation that occurred
during the initial procedure. Technical success was 90.9%, while clinical success with only
endoscopic treatment methods was 36.3% (Table 2).

Table 2. Procedural details and outcomes of a step-up approach in patients with walled-off necrosis.

Total
n (%)

Indication of intervention
Suspected infection 1 (9.0)

Intractable pain 5 (45.4)
Gastric outlet obstruction 6 (54.5)

Preprocedural intravenous antibiotics 11 (100)
Drainage method

CTD 6 (54.5)
EUS 5 (45.4)

Additional transpapillary drainage 5 (45.4)
Route

Transgastric 11 (100)
Transduodenal 0 (0)

Insufflation during the procedure
Room air 0 (0)
CO2 gas 11 (100)

Cavity cannulation success at first attempt 11 (100)
Tract dilatation 9 (81.8)
Types of stents

LAMS with DPPS 11 (100)
Size of LAMS

16 × 15 mm 5 (45.4)
16 × 20 mm 6 (54.5)

Direct endoscopic necrosectomy needed 7 (63.6)
Additional percutaneous intervention 6 (54.5)

Surgery treatment needed 1 (9.0)
Technical success 10 (90.9)

Clinical success with only endoscopic management 4 (36.3)
Largest dimension of WON cavity (mm) 100–110 (92–120)

Single WON cavity 4 (100)
Multiple WON cavities 0 (0)

Clinical success with a combination of percutaneous and
endoscopic management

6 (54.5)

Largest dimension of WON cavity (mm) 200 (130–238)
Single WON cavity 2 (33.3)

Multiple WON cavities 4 (66.6)
Clinical failure 1 (9.0)

Data are presented as median (IQR) or frequency (%). CTD, conventional transmural drainage. EUS, endoscopic
ultrasonography. CO2, carbon dioxide. LAMS, lumen-apposing metallic stent. DPPS, double pigtail plastic stent.

3.3. The Addition of Percutaneous Intervention as a Step-Up Approach

In six (54.5%) patients, clinical success could not be achieved with three sessions
of endoscopic management alone. Consequently, a step-up approach was adopted by
inserting a percutaneous drainage catheter into the WON cavity. Both technical and clinical
success were attained in all patients with a combination of percutaneous and endoscopic
management (Table 2).

Patients who achieved clinical success with only endoscopic management had a
median cavity diameter of 100–110 mm (IQR, 92 to 120 mm), whereas those who succeeded
with a combined treatment method had a median cavity diameter of 200 mm (IQR, 130 to
238 mm) (p = 0.034). The cut-off value for endoscopic treatment success based on cavity
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diameter was 125 mm (AUC = 1.00; 95% CI: 1.00–1.00; p = 0.011). Additionally, all patients
who achieved clinical success with endoscopic management alone had a single cavity,
whereas among those successfully treated with a combination treatment method, four had
two or more cavities (Table 2).

3.4. Outcomes of Complications, Recurrence, and Follow-Up

A total of 53 procedures were performed, with a median of five procedures (IQR,
one to nine). Among the patients, two (18.2%) experienced major complications, with
one (9.0%) encountering perforation and the other (9.0%) suffering from major bleeding
necessitating replacement. In perforated patients, EUS-guided cannulation of the WON
cavity was followed by balloon dilatation of the cystogastrostomy tract; however, despite
the placement of LAMS, surgical treatment was ultimately necessary. The patient died
due to multi-organ failure during the post-operative follow-up. Additionally, minor com-
plications were observed in six patients, including LAMS migration and minor bleeding
in two patients, LAMS migration and procedure-related infection in one patient, LAMS
migration and blockage in one patient, and LAMS migration in two patients. LAMS mi-
gration was observed in those who were considered sufficiently drained with only LAMS
without the need for DPPS during subsequent procedures. Out of the six patients, LAMS
migration occurred into the gastric lumen in four patients, while it migrated into the cavity
in two patients. In the two cases where LAMS migrated into the cavity, it was retrieved
endoscopically through the cystogastrostomy tract, captured with a snare, removed, and
then replaced. In two out of the four patients in whom LAMS migrated into the stomach
lumen, the size of the WON cavity had significantly reduced, indicating no remaining
necrosis. In these cases, only a DPPS extending into the cavity was placed through the
cystogastrostomy tract. In the other two patients, no additional procedure was necessary as
clinical success had already been achieved. Additionally, no complications related to stent
infection or acute pancreatitis were detected after drainage or at the 1-month follow-up.

No major complications, such as organ perforation or major bleeding, related to the
placement of percutaneous drainage catheter occurred in any of the patients. However,
minor complications occurred in three (50%) patients. All of these were related to catheter
occlusion, requiring either drain replacement or the use of a guide to clear the blockage.

The median length of hospital stay was 32 (IQR, 14 to 58) days, with a median follow-up
time of 94 (IQR, 22 to 1105) days. Among the 10 patients who achieved clinical remission with a
step-up treatment approach, recurrence occurred in only 1 patient during follow-up (Table 3).

Table 3. Outcomes of complications, recurrence, and follow-up.

Total
n (%)

No. of procedures 5 (1–9)
Complications of endoscopic management

Major complications 2 (18.1)
Major bleeding 1 (9.0)

Perforation 1 (9.0)
Minor complications 6 (54.5)

Minor bleeding 2 (18.1)
LAMS blockage 1 (9.0)

Procedure-related infection 1 (9.0)
LAMS migration into the lumen 4 (36.3)
LAMS migration into the cavity 2 (18.1)

Complications of percutaneous intervention
Blockage 3 (50)

Recurrence 1 (9.0)
Mortality 1 (9.0)

Hospital stay (median days) 32 (14–58)
Total follow-up (median days) 123 (55–1125)

Data are presented as median (IQR) or frequency (%). LAMS, lumen-apposing metallic stent.
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4. Discussion

The incidence of acute necrotizing pancreatitis is increasing, and it can be a disease
associated with a mortality rate ranging from 20% to 80%, attributed to septic complications
and multiple organ failure [15]. Endoscopic treatment methods have been reported to
achieve high success rates with low morbidity and mortality rates, along with offering
lower total costs and improved quality of life [4,16,17]. Additionally, the choice of stent
for transmural drainage in endoscopic management is a current area of debate. A recent
review highlighted the use of LAMS in patients with WON, reporting a resolution rate
of 87.7% with transmural drainage using LAMS. Complications included stent occlusion
(7.5%), bleeding (6.2%), perforation (3.8%), migration (7.8%), and occlusion (11.7%) [18].
Consequently, while surgery has traditionally been the predominant approach, minimally
invasive methods, particularly endoscopic treatments, are increasingly favored as the initial
step [19–21].

We included 11 consecutive patients with infected or complicated WON who were
referred to our tertiary referral center over a 4-year period. Technical success was achieved
in 90.9% despite the development of retroperitoneal perforation in one patient, while
clinical success with endoscopic treatment alone was 36.3%. An additional percutaneous
drainage catheter was placed in patients where an adequate response could not be achieved.
Clinical success was attained in all patients who underwent this combination treatment
method. During a total of 53 procedures, major complications occurred in 18.1% of patients,
while minor complications occurred in 6% of patients. Among all complications, LAMS
migration (54.5%) was the most common, and all of these occurred after the decision not
to place DPPS in the follow-up procedures. Our clinical success and major complication
results were comparable to previous studies (20–25).

In our study, the clinical success achieved through endoscopic management alone
was relatively low (36.3%), despite achieving high technical success rates, transpapillary
drainage in all patients with DPDS, the placement of LAMS in all patients to facilitate
drainage, and DEN in indicated cases. We attribute this low success rate of endoscopic treat-
ment alone compared to previous studies to several factors, including the significantly large
average cavity diameter, the presence of multiple unrelated cavities in four patients, and
the complexity of cases typically referred to our center as a tertiary referral center. Out of
our patient cohort, only one individual encountered a procedure-related perforation, which
occurred during cannulation utilizing the EUS-guided method. The absence of perforations
in patients undergoing cavity cannulation via conventional transmural drainage in our
study can be attributed to several factors. These include thorough preprocedural evaluation
of patients radiologically and endoscopically, the performance of cystogastrostomy tract
dilation in deemed necessary cases (the fluidity of the drainage fluid was the main factor),
the use of LAMS in all patients, and the fact that an experienced endoscopist conducted
all procedures. The recent systematic review and meta-analysis by Bang et al. evaluated
the use of LAMS and plastic stent, reporting no significant difference in clinical outcomes
except for procedure duration [22]. Since our study did not include a patient group with
only plastic stent placement for the drainage of WON, we could not make a comparison.
However, we believe that there are additional benefits to using LAMS. The most significant
of these is the closure of gaps without causing a clinical outcome in minor perforation cases
that we cannot detect during the procedure. Another benefit is facilitating entry into the
cavity during necrosectomy procedures. In cases where adequate necrosis resolution could
not be achieved, additional procedures were required for cavity washing. In patients with
an additional percutaneous drainage catheter, providing drainage to the intestinal lumen
through external washing with a low risk of blockage is also a valuable contribution. Addi-
tionally, washing could be easily performed within the day without the need for repeated
procedures. Mohan et al. reported a migration rate of 5.1% for LAMS [23]. Our migration
rate for LAMS was 11.3% in a total of 53 procedures. All migrations occurred in follow-up
procedures after procedures where DPPS was not placed. It is clear that placing DPPS in
every session where LAMS will be left in place will reduce migration rates. Additionally,
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re-cavity cannulation after migration was quite easy in our patients in whom LAMS was
placed before, and this can be considered an additional advantage of using LAMS.

We achieved clinical success with the combination of endoscopic and percutaneous
treatment, as a step-up therapeutic approach, in all six patients for whom clinical success
could not be achieved with three sessions of endoscopic management alone. We believe
there are several main reasons for this high success rate. Firstly, the addition of percuta-
neous drainage to the treatment allows for the drainage of cavities that cannot be drained
endoscopically. Secondly, the reduction in the size of large cavities through endoscopic
drainage may lead to the development of collapsed regions within the cavity, impeding
effective drainage by endoscopic modalities alone. The addition of percutaneous drainage
enables the drainage of regions distant from the cystogastrostomy tract, which may be
difficult to access solely through endoscopic means. Additionally, frequent cavity washouts
within the day help to maintain optimal drainage and promote the resolution of necrotic
tissue, contributing to improved patient outcomes. In our study, we conducted a com-
parative analysis between patients who achieved successful outcomes with endoscopic
management alone and those who required a combined treatment approach for success.
The findings suggest that in instances involving multiple cavities or cavities of significant
size (≥125 mm), relying solely on endoscopic management may prove insufficient. In such
cases, a combined treatment approach emerges as an effective strategy.

According to the recent results of 117 patients with WON treated with a percutaneous
drainage catheter reported by Mallick et al., complications included external pancreatic
fistula in 34.2% of patients, drain blockage in 14.5%, drain slippage in 11.1%, and bleeding
in 5.1%. Among those with an external pancreatic fistula, 80% required the placement of a
pancreatic stent. Additionally, 12% of patients required surgery, and mortality occurred in
13.7% [24]. None of our patients experienced major complications such as organ perforation
or significant bleeding during the percutaneous interventions. A total of 50% of our patients
with combining percutaneous modalities experienced drain obstruction. No instances
of external pancreatic fistula, drain slippage, or bleeding were observed. None of the
patients required surgery due to percutaneous intervention, and there was no mortality.
We believe that the placement of a pancreatic stent before percutaneous intervention in
patients with pre-existing DPDS, along with meticulous follow-up to prevent drain slippage,
was effective.

The strength of this study lies in its inclusion of patients treated with a pre-defined
step-up strategy and the performance of all procedures by an experienced endoscopist.
However, our study has several limitations. Firstly, it is retrospective in design; however,
we believe that this limitation is largely overcome by the pre-defined treatment strategy
and the retrospective analysis of our prospective database. Secondly, another limitation
is the number of included patients. This can be attributed to the fact that our clinic is a
tertiary referral center. Therefore, severe cases that cannot be adequately managed in other
healthcare institutions are often referred to our hospital. We anticipate that addressing this
issue in future multi-center studies or meta-analyses may provide a more comprehensive
perspective. Another limitation is that EUS-guided interventions were not performed in
all patients. However, no major complications occurred in patients where we utilized the
conventional transmural drainage method for interventions. Therefore, we are confident
that this limitation did not significantly impact our results.

In conclusion, endoscopic management is recommended as the primary treatment
method for WON due to its less invasive nature and higher safety profile. However, in cases
where there are large (≥125 mm) or multi-lobulated WON cavities and clinical success
cannot be achieved with three interventions, the inclusion of percutaneous drainage in the
treatment is highly successful and safe. Ultimately, it can minimize the need for surgery,
which is a more invasive treatment modality.
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Abstract: Background: Image reconstruction is crucial for improving overall image quality and
diagnostic accuracy. Q.Clear is a novel reconstruction algorithm that reduces image noise. The
aim of the present study is to assess the preferred Q.Clear β-level for digital [68Ga]Ga-DOTANOC
PET/CT reconstruction vs. standard reconstruction (STD) for both overall scan and single-lesion
visualization. Methods: Inclusion criteria: (1) patients with/suspected neuroendocrine tumors
included in a prospective observational monocentric study between September 2019 and January
2022; (2) [68Ga]Ga-DOTANOC digital PET/CT and contrast-enhanced-CT (ceCT) performed at our
center at the same time. Images were reconstructed with STD and with Q.Clear β-levels 800, 1000,
and 1600. Scans were blindly reviewed by three nuclear-medicine experts: the preferred β-level
reconstruction was independently chosen for the visual quality of both the overall scan and the most
avid target lesion < 1 cm (t) and >1 cm (T). PET/CT results were compared to ceCT. Semiquantitative
analysis was performed (STD vs. β1600) in T and t concordant at both PET/CT and ceCT. Subgroup
analysis was also performed in patients presenting discordant t. Results: Overall, 52 patients were
included. β1600 reconstruction was considered superior over the others for both overall scan quality
and single-lesion detection in all cases. The only significantly different (p < 0.001) parameters between
β1600 and STD were signal-to-noise liver ratio and standard deviation of the liver background. Lesion-
dependent parameters were not significantly different in concordant T (n = 37) and t (n = 10). Among
26 discordant t, when PET was positive, all findings were confirmed as malignant. Conclusions:
β1600 Q.Clear reconstruction for [68Ga]Ga-DOTANOC imaging is feasible and improves image
quality for both overall and small-lesion assessment.

Keywords: Q.Clear; PET/CT; [68Ga]Ga-DOTANOC; neuroendocrine neoplasms; neuroendocrine
tumors; NET

1. Introduction

Technical improvements to Positron Emission Tomography with Computed Tomogra-
phy (PET/CT) have focused on obtaining better image quality through the improvement
of image contrast and the minimization of noise level. Image reconstruction is crucial for
improving overall image quality and diagnostic accuracy [1].
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A widely used image reconstruction algorithm, OSEM, is based on the repetition of a
convergence algorithm that translates PET coincidence data into an image. Iterating the
function, a new image is produced. This reconstruction model is affected by increased noise
when the convergence is full; therefore, it is stopped after 2–4 iterations. Scarce iterations
can lower OSEM quantitative accuracy and misrepresent small lesions.

A Bayesian penalized-likelihood image reconstruction algorithm, named Q.Clear, has
recently been implemented for digital PET/CT tomographs (GE Healthcare) to improve
quantification accuracy and image quality [2]. Q.Clear reconstruction incorporates a noise-
suppression term called “relative difference penalty”, for which the formula is available at:
https://www.gehealthcare.com (accessed on 18 June 2024). Through regularization, the
algorithm reaches full convergence without the need to stop iterations, resulting in preserv-
ing the edges and lowering the background at every voxel. The strength of the regularizing
term is controlled by a “β” variable. The selection of the best optimal penalization factor
(β-level) regulates the penalty term in the reconstruction algorithm with a consecutive
variability in signal recovery and background. Lower β-levels are generally associated
with higher noise and sharp contrast, while higher β-levels suppress image noise with the
possibility of excessive smoothing [3].

It is well known that Q.Clear reconstruction improves overall image quality in com-
parison to other reconstruction algorithms by improving contrast recovery and noise
suppression, therefore resulting in better lesion detectability [4–9].

Small-lesion detection is both a challenging and clinically relevant issue: Q.Clear is
expected to improve small-lesion detectability by reducing image noise [10,11]. However,
this setting has not been extensively studied, and there is no consensus on the best β-level
to employ.

To date, most literature data has investigated the utility of Q.Clear on [18F]F-FDG
(Fluorodeoxyglucose) images. Some analyses conducted on phantoms have shown that
Q.Clear reconstruction seems to detect sub-centimetric findings better than OSEM recon-
struction [12,13].

Regarding the particular setting of small lesions and their characterization, neuroen-
docrine neoplasms (NEN) could benefit from Q.Clear reconstruction. [68Ga]Ga-DOTA-
peptide PET/CT is the gold standard for imaging well-differentiated neuroendocrine
tumors (NET, with high expression of somatostatin receptors—SST), mainly for staging,
assessing SST status, selecting patients for Peptide Receptor Radionuclide Therapy (PRRT),
and monitoring the response to therapy [14–16].

[68Ga]Ga-DOTA-peptide PET/CT shows high sensitivity and specificity for the diag-
nosis of NET [17–21]. The most common site of NET metastases is the liver (up to 85% of
patients), and its involvement is associated with reduced survival. However, the physiolog-
ical moderate-to-intense and often heterogeneous [68Ga]Ga-DOTA-peptide uptake at the
liver level limits the detection of metastases [17,18]. For extra-hepatic metastasis detection
(e.g., bone [19] and node [20]), [68Ga]Ga-DOTA-peptide PET/CT resulted in more accuracy
than contrast-enhanced diagnostic CT (ceCT).

Q.Clear reconstruction may be crucial for detecting small lesions at both liver and
extra-liver levels, with potential impact on patient management.

The literature about Q.Clear utility in NET patients is still very limited, and no defini-
tive β-levels have been reported.

The aim of the present study was to assess the preferred Q.Clear β-level for digital
[68Ga]Ga-DOTANOC PET/CT reconstruction vs. standard reconstruction (STD) for both
overall scan quality and single-lesion visualization (for the most avid finding < 1 cm and
>1 cm, respectively).

2. Materials and Methods

Among the patients with NET or suspected NET who underwent [68Ga]Ga-DOTANOC
PET/CT at our center and were included in a prospective monocentric CE-approved elec-
tronic archive (131/2017/O/Oss), those meeting the following criteria were included in
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the analysis: (1) [68Ga]Ga-DOTANOC PET/CT performed on a digital tomograph (GE MI)
between September 2019 and January 2022 and ceCT performed at our center at the same
time; (2) no significant radiotracer extravasation.

[68Ga]Ga-DOTANOC PET/CT was acquired on a digital tomograph according to
standard practice and following EANM guidelines (100–200 MBq, uptake time 60 min,
3 min per bed position) [14,15]. Overall, 52 patients were included. Areas of increased
uptake outside the tracer’s biodistribution were interpreted as positive (excluding areas of
clearly benign/inflammatory findings). Images were reconstructed with standard OSEM
(8 subsets, 4 iterations, 6 mm filter) + time of flight (STD) and Q.Clear algorithms with
three different βlevels (800, 1000, and 1600) [22].

Scans were reviewed by three expert nuclear-medicine readers, unaware of the clinical
data, who independently chose the preferred reconstruction (STD vs. β800 vs. β1000 vs.
β1600) for the visual quality of both overall scan and single lesions (for the most avid target
finding < 1 cm and >1 cm, respectively). Agreement among readers was assessed to define
the best β-level reconstruction, as previously published. PET/CT results were compared to
ceCT and revised by one expert radiologist.

Semiquantitative analysis (GE software AW server) of the most avid lesion < 1 cm (t)
and > 1 cm (T) concordant at both PET/CT and ceCT was performed both on STD and the
best β-level reconstruction: SUVmax, SUVmean, and standard deviation (SD) of, respec-
tively, the most avid target lesion (T and t) and liver background (L); SUVmax-T/SUVmean-
L; SUVmax-t/SUVmean-L; signal-to-noise liver ratio (SNR-L = SUVmean /SD); contrast-to-
noise ratio (CNR = SUVmean (T or t)-SUVmeanSurroundingBackground/SDBackground).
Note that a 5-centimeter-diameter ROI on disease-free liver parenchyma was used to
measure liver background uptake.

A subgroup analysis was also performed in patients presenting small-sized discordant
lesions on PET/CT and ceCT.

3. Statistical Analysis

All collected data were analyzed using R software version 4.1.0, with a significance
level set at 0.05. The Friedman test was applied to semiquantitative parameters. In the
case of significant results, post hoc analysis was performed using pair-by-pair Wilcoxon
signed-rank tests.

4. Results

Overall, 52 patients with NET or suspected NET were included (M:F = 31:21; age:
mean = 60.3 yo, median = 62.5 [52.7–73.0] yo). NET primary tumor sites were ileum (15/52,
29%), pancreas (11/52, 21%), other gastrointestinal (6/52, 11%), lung (4/52, 8%), and
unknown (4/52,8%). A total of 12 of 52 (23%) were patients with suspected NET.

Indications to [68Ga]Ga-DOTANOC PET/CT were pre-treatment staging (7/52, 14%),
post-surgical staging (6/52, 11%), evaluation of PRRT eligibility (2/52, 4%), suspected
relapse (4/52, 8%), assessment during treatment (8/52, 15%), restaging after therapy
(10/52, 19%), follow-up (2/52, 4%), localization of unknown primary (2/52, 4%) and for
suspected NET (11/52, 21%) [Table 1].

Overall, [68Ga]Ga-DOTANOC PET/CT was positive in 37/52 patients (71%) and
negative in 15/52 (29%), while ceCT was positive in 45/52 (87%) and negative in 7/52
(13%) patients.

Visual image quality of PET β-1600 reconstruction was considered superior over the
others (STD; β-800; β-1000) for both overall scan quality and single-lesion detection in all
cases (52/52, 100%), with full agreement between the three readers (100%) (Figures 1 and 2).
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Table 1. Patient epidemiological characteristics.

Median Range

Age 62.5 52.7–73.0
Gender n %

Male 31 60
Female 21 40

Primary tumor site
Ileum 15 29

Pancreas 11 21
Other GEP 6 11

Lung 4 8
CUP 4 8

Suspected NET 12 23
Indication of
PET imaging

Pre-treatment staging 7 14
Post-surgical staging 6 11

Evaluation of PRRT eligibility 2 4
Suspected relapse 4 8

Assessment during treatment 8 15
Restaging after therapy 10 19

Follow-up 2 4
Localization of unknown

primary 2 4

Suspected NET 11 21

Figure 1. MIP images corresponding to STD (A), β-level 800 (B), β-level 1000 (C), and β-level 1600
(D) are displayed: lower image noise is evident in D, confirming the preferred image quality with
β-level 1600.

Figure 2. Transaxial PET images corresponding to STD (A), β-level 800 (B), β-level 1000 (C), and
β-level 1600 (D) are displayed: both T (red arrow) and t (dashed arrow) are better appreciated on the
D image corresponding to β-level 1600.
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The only significantly different (p < 0.001) parameters between β1600 and STD (p < 0.001)
were signal-to noise liver ratio (SNR-L) (β1600 vs. STD: mean = 9.9 vs. 7.3; median = 9.9 vs.
7.1; range: 4.7–15.7 vs. 4.6–14.0) and standard deviation of the liver background (β1600 vs.
STD: mean = 0.5 vs. 0.7; median =0.5 vs. 0.7; range: 0.2–1.1 vs. 0.3–1.3) (Figure 3).

 
(a) (b) 

Figure 3. (a) Standard deviation of the liver background of β1600 (red) and STD (blue) are significantly
different p < 0.001; (b) Signal-to-noise liver ratio of β1600 (red) and STD (blue) are significantly
different at p < 0.001.

When lesion-dependent parameters (SUVmax, SUVmean, and CNR) were measured
in the most avid lesion (>1 cm, T; n = 37), there were no statistically significant differences
between β1600 and STD. This was also confirmed when lesion-dependent parameters were
measured in the most avid concordant small lesion (<1 cm, t; n = 10) (Table 2).

Table 2. Lesion-dependent parameters.

n β1600 STD p

Mean Median Range Mean Median Range

Most avid lesion > 1 cm
(T) 37

SUVmax 26.7 22.7 4–82.7 26.9 24.3 3.4–79.3 0.867
SUVmean 16.9 14.1 2.3–54.5 16.6 15.1 2.1–51.7 1000

CNR 45.6 38.3 2.3–188 35.5 34.8 2.7–125.5 0.165
Most avid lesion < 1 cm 23

concordant 10
SUVmax 10.4 7.5 4.7–24 11.7 8.7 5.1–24.3 0.364

SUVmean 6.5 4.6 3–15.6 7.0 5.3 3.3–15.1 0.427
CNR 15.6 5.0 −0.6–60 15.4 5.7 −0.6–49.5 0.734

discordant 13
SUVmax 14.8 13.4 7.3–18.4 15.1 11.8 7.8–20.4 0.96

SUVmean 9.3 8 4.3–11.3 9.7 7.4 4.6–12.5 0.98
CNR 27.8 18.5 9–32.8 29.6 23.7 10.9–30.7 0.572

In the subgroup of patients presenting small-sized (<1 cm) discordant lesions (n = 26)
between PET/CT and ceCT, PET was negative in 13 cases and positive in the remaining
half of the cases (13/26).

Among patients with PET-negative small discordant lesions (n = 13/26), in 4 cases,
ceCT detected millimetric findings compatible with secondary NET lesions (liver lesions
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in 3 patients and nodes in 1 patient); in 9 patients, small-sized findings (at lung, nodes,
liver, and pancreatic level) were reported as indeterminate on ceCT (4/9 remained stable
following imaging).

Among the 13 PET-positive targeted small findings (all true positive), 6/13 cases
presented ceCT-negative small lesions (at bone level in 4/6 patients and node level in
2/6 cases) (Figure 4), 2/13 showed both small-sized PET-positive lesions (false negative on
ceCT) and additional small-sized lesions reported as indeterminate on ceCT that were not
detectable on PET/CT. There was also a small group of only 5/13 patients presenting both
concordant and discordant PET-positive findings: each case presented a target PET-positive
small finding confirmed by ceCT (concordant true positive) and a small finding clearly
avid on PET images (2 pancreatic, 2 nodal and 1 at soft tissue level), known as malignant at
ceCT only after expert radiological revision, aware of the PET result.

 

Figure 4. Maximum intensity projection (MIP) (A), PET (B), CT (C), and fused PET/CT (D) transaxial
images of a patient studied for restaging of metastatic G3 NET, likely of pancreatic origin. [68Ga]Ga-
DOTANOC PET shows high and focal uptake at the coccyx (arrows). The uptake area does not
correspond to clear morphologic alterations on low-dose CT.

5. Discussion

PET images are generated using image reconstruction algorithms to improve image
quality. Q.Clear was developed to enhance image quality through the improvement of CNR,
and it is deemed to increase quantitative accuracy [2]. The superiority of Q.Clear over OSEM
was documented in phantom and clinical studies, mostly using [18F]F-FDG reconstructed
with various β-levels, often between 300 and 400 [4,5,7–9,23–25]. The optimal β-level in
the non-FDG setting was only preliminarily explored in different clinical scenarios. In a
study conducted using [18F]F-PSMA-1007 PET/CT, the optimal β-level was 700 [26]. In
two studies on [18F]-NaF, the preferred levels were, respectively, 400 and 600 (the latter
for overweight patients) [27,28]. For [89Zr]-immunoPET tracers, the best value found was
3600 [29].

Few studies regard Gallium-68 tracers. Santoro et al. analyzed OSEM and Q.Clear
reconstructed images of NEMA phantoms filled with Gallium-68 to find the optimal β-level
according to lesion size and phantom type (mimicking normal or overweight patients).
Optimal β-levels ranged from 250 to 800 [3]. A β-level of 600 was suggested for [68Ga]Ga-
PSMA PET/CT by Rijnsdrop et al. [30]. Lysvik et al. applied different β-levels to dynamic
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[18F]F-PSMA-1007 PET imaging performed in two patients with recurrent glioblastoma,
reporting a 25.5% increase of Ki with increased β-levels (from 300 to 1000) [31].

Besides identifying the best reconstruction in terms of overall visual image quality, we
conducted additional analysis of ceCT/PET discordant small lesions, expecting improved
small-lesion detectability with Q.Clear reconstruction. An improvement in small-lesion
detectability in Q.Clear images was previously reported by Macnab et al. In their study,
three independent readers blindly compared the visual image quality of active and non-
active small objects in OSEM and Q.Clear reconstructions (with a penalization coefficient
of 400), finding significant visual-detection improvement in Q.Clear images of active small
lesions over OSEM. No significant differences were found for non-active (true-negative)
lesions [13]. Miwa et al. recently analyzed the impact on small lesions of another factor
of Q.Clear reconstruction, named gamma, whose value of 2 enabled the detection of
lesions <6.2 mm in phantoms [32]. Overall, the preferred β-level varies considerably among
published studies, also depending on the chosen scan time per bed position. Moreover,
semiquantitative measurements are influenced by uptake times and data entries like patient
weight, decay-corrected injected dose, and cross-calibration [15].

A potential limitation of this new technology is the occurrence of significant alter-
ations of lesions’ semiquantitative parameters that may hamper the direct comparison of
their value across different tomographs and time-points: higher SUV values over OSEM
were previously reported for Q.Clear image reconstructions performed using [68Ga]Ga-
DOTATATE [33], [18F]F-FDG [1,7,34], and [18F]F-PSMA [35]. Devriese et al. reported
statistically significant and clinically relevant differences between Q.Clear (β-factor of
400) and OSEM images in terms of SUVmax and SUVpeak in 64 [18F]F-FDG PET/CT
examinations [34]. Similarly, Wyrzykowski et al. reported significant discordant clinical
assessments (change in Deauville Score) between the two reconstructions in 11 cases (15.7%)
of 70 interim [18F]F-FDG PET scans and in 11 cases of 70 end-of-treatment PET scans among
a total of 280 patients with lymphoma (β-level of 350) [9].

Published studies investigating Q.Clear of patients with neuroendocrine neoplasms
undergoing [68Ga]Ga-DOTANOC PET/CT are limited. We previously analyzed Q.Clear
reconstruction in the subgroup of overweight patients with NEN. In these patients, image
quality suffers from low-coincidence events and poor attenuation. Applying the Bayesian
penalized-likelihood reconstruction with high β-levels (β1600), the perceived image qual-
ity was enhanced, followed by significantly increased CNR, SNR-T, and LSNR [21]. The
issue of comparability was also addressed by Krokos et al., who performed PET scans
with 68Gallium-labelled tracers in 14 patients, reconstructing the images with or with-
out the Q.Clear algorithm. They found that only β-factors of 800–1000 made the two
reconstructions comparable in terms of semiquantitative parameters [36].

The present study shows that Q.Clear β1600 reconstruction outperformed STD and
β800/β1000 reconstructions. In fact, all readers unanimously agreed that β1600 reconstruc-
tion provided the best image quality. When lesion-dependent parameters were analyzed,
there were no significant differences between β1600 and STD (regardless of lesion size),
confirming that β1600 can be employed in routine clinical practice (allowing the direct com-
parison of lesions’ semiquantitative parameters even when previous images were acquired
using different tomographs). Moreover, the β1600 images present significant differences in
SNR liver, resulting in better visualization of lesions at the liver level, the most frequent site
of metastatic spread. Limitations of the present study include the small-sized cohort and,
in particular, the small subgroup with discordant small lesions. However, it is important
to note that the setting of small-lesion detection is challenging with all imaging modali-
ties (ceCT and PET), in particular in the setting of NET, which is characterized by a low
growth rate over time. Our data show that all clearly PET-positive target findings <1 cm
corresponded to true malignant lesions. In particular, the most frequent sites of small
PET-positive/ceCT-negative findings were at the bone level and node level. In the case of
a lack of significant uptake on PET corresponding to indeterminate small ceCT findings,
clinical and radiological surveillance is recommended.
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6. Conclusions

Despite the previously mentioned limitations, our data show that when a digital
PET/CT is available, β1600 Q.Clear reconstruction for [68Ga]Ga-DOTANOC imaging is
feasible and improves image quality for both overall and small-lesion assessment. Further
studies are needed to validate these findings in a larger population and to assess the impact
on patient management derived from the Q.Clear improved image quality.
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on the interpretation of PET/CT images in patients with lymphoma. EJNMMI Res. 2020, 10, 99. [CrossRef] [PubMed]

52



J. Clin. Med. 2024, 13, 3841

10. Genc, M.; Yildirim, N.; Coskun, N.; Ozdemir, E.; Turkolmez, S. The variation of quantitative parameters and Deauville scores
with different reconstruction algorithms in FDG PET/CT imaging of lymphoma patients. Rev. Espanola Med. Nucl. E Imagen Mol.
2023, 42, 388–392. [CrossRef] [PubMed]

11. Sadeghi, F.; Sheikhzadeh, P.; Farzanehfar, S.; Ghafarian, P.; Moafpurian, Y.; Ay, M. The effects of various penalty parameter values
in Q.Clear algorithm for rectal cancer detection on 18F-FDG images using a BGO-based PET/CT scanner: A phantom and clinical
study. EJNMMI Phys. 2023, 10, 63. [CrossRef] [PubMed]

12. Miwa, K.; Wagatsuma, K.; Nemoto, R.; Masubuchi, M.; Kamitaka, Y.; Yamao, T.; Hiratsuka, S.; Yamaguchi, M.; Yoshii, T.;
Kobayashi, R.; et al. Detection of sub-centimeter lesions using digital TOF-PET/CT system combined with Bayesian penalized
likelihood reconstruction algorithm. Ann. Nucl. Med. 2020, 34, 762–771. [CrossRef] [PubMed]

13. Macnab, M.R.F.; Biggans, T.J.; Mckiddie, F.I.; Pether, M.I.; Straiton, J.B.; Staff, R.T. Detectability of small objects in PET/computed
tomography phantom images with Bayesian penalised likelihood reconstruction. Nucl. Med. Commun. 2020, 41, 666–673.
[CrossRef] [PubMed]

14. Virgolini, I.; Ambrosini, V.; Bomanji, J.B.; Baum, R.P.; Fanti, S.; Gabriel, M.; Papathanasiou, N.D.; Pepe, G.; Oyen, W.; De
Cristoforo, C.; et al. Procedure guidelines for PET/CT tumour imaging with 68Ga-DOTA-conjugated peptides: 68Ga-DOTA-TOC,
68Ga-DOTA-NOC, 68Ga-DOTA-TATE. Eur. J. Nucl. Med. Mol. Imaging 2010, 37, 2004–2010. [CrossRef] [PubMed]

15. Bozkurt, M.F.; Virgolini, I.; Balogova, S.; Beheshti, M.; Rubello, D.; Decristoforo, C.; Ambrosini, V.; Kjaer, A.; Delgado-Bolton, R.;
Kunikowska, J.; et al. Guideline for PET/CT imaging of neuroendocrine neoplasms with 68Ga-DOTA-conjugated somatostatin
receptor targeting peptides and 18F-DOPA. Eur. J. Nucl. Med. Mol. Imaging 2017, 44, 1588–1601. [CrossRef] [PubMed]

16. Hope, T.A.; Bodei, L.; Chan, J.A.; El-Haddad, G.; Fidelman, N.; Kunz, P.L.; Mailman, J.; Menda, Y.; Metz, D.C.; Mittra, E.S.;
et al. NANETS/SNMMI Consensus Statement on Patient Selection and Appropriate Use of 177Lu-DOTATATE Peptide Receptor
Radionuclide Therapy. J. Nucl. Med. Off. Publ. Soc. Nucl. Med. 2020, 61, 222–227. [CrossRef] [PubMed]

17. Hofman, M.S.; Lau, W.F.E.; Hicks, R.J. Somatostatin receptor imaging with 68Ga DOTATATE PET/CT: Clinical utility, normal
patterns, pearls, and pitfalls in interpretation. Radiogr. Rev. Publ. Radiol. Soc. N. Am. Inc. 2015, 35, 500–516.

18. Choi, S.J.; Choi, S.H.; Lee, D.Y.; Lee, J.S.; Kim, D.W.; Jang, J.K. Diagnostic value of [68Ga]Ga-DOTA-labeled-somatostatin analogue
PET/MRI for detecting liver metastasis in patients with neuroendocrine tumors: A systematic review and meta-analysis. Eur.
Radiol. 2022, 32, 4628–4637. [CrossRef] [PubMed]

19. Ambrosini, V.; Nanni, C.; Zompatori, M.; Campana, D.; Tomassetti, P.; Castellucci, P.; Allegri, V.; Rubello, D.; Montini, G.; Franchi,
R.; et al. 68Ga-DOTA-NOC PET/CT in comparison with CT for the detection of bone metastasis in patients with neuroendocrine
tumours. Eur. J. Nucl. Med. Mol. Imaging 2010, 37, 722–727. [CrossRef] [PubMed]

20. Albanus, D.; Apitzsch, J.; Erdem, Z.; Erdem, O.; Verburg, F.; Behrendt, F.; Mottaghy, F.; Heinzel, A. Clinical value of 68Ga-
DOTATATE-PET/CT compared to stand-alone contrast enhanced CT for the detection of extra-hepatic metastases in patients
with neuroendocrine tumours (NET). Eur. J. Radiol. 2015, 84, 1866–1872. [CrossRef] [PubMed]

21. Zanoni, L.; Calabrò, D.; Fortunati, E.; Argalia, G.; Malizia, C.; Allegri, V.; Civollani, S.; Fanti, S.; Ambrosini, V. Two birds with one
stone: Can [68Ga]Ga-DOTANOC PET/CT image quality be improved through BMI-adjusted injected activity without increasing
acquisition times? Br. J. Radiol. 2022, 95, 20211152. [CrossRef]

22. Tian, D.; Yang, H.; Li, Y.; Cui, B.; Lu, J. The effect of Q.Clear reconstruction on quantification and spatial resolution of 18F-FDG
PET in simultaneous PET/MR. EJNMMI Phys. 2022, 9, 1. [CrossRef] [PubMed]

23. Caribé, P.R.R.V.; Koole, M.; D’Asseler, Y.; Van Den Broeck, B.; Vandenberghe, S. Noise reduction using a Bayesian penalized-
likelihood reconstruction algorithm on a time-of-flight PET-CT scanner. EJNMMI Phys. 2019, 6, 22. [CrossRef] [PubMed]

24. Rogasch, J.M.; Suleiman, S.; Hofheinz, F.; Bluemel, S.; Lukas, M.; Amthauer, H.; Furth, C. Reconstructed spatial resolution and
contrast recovery with Bayesian penalized likelihood reconstruction (Q.Clear) for FDG-PET compared to time-of-flight (TOF)
with point spread function (PSF). EJNMMI Phys. 2020, 7, 2. [CrossRef] [PubMed]

25. Trägårdh, E.; Minarik, D.; Brolin, G.; Bitzén, U.; Olsson, B.; Oddstig, J. Optimization of [18F]PSMA-1007 PET-CT using regularized
reconstruction in patients with prostate cancer. EJNMMI Phys. 2020, 7, 31. [CrossRef] [PubMed]

26. Yoshii, T.; Miwa, K.; Yamaguchi, M.; Shimada, K.; Wagatsuma, K.; Yamao, T.; Kamitaka, Y.; Hiratsuka, S.; Kobayashi, R.; Ichikawa,
H.; et al. Optimization of a Bayesian penalized likelihood algorithm (Q.Clear) for 18F-NaF bone PET/CT images acquired over
shorter durations using a custom-designed phantom. EJNMMI Phys. 2020, 7, 56. [CrossRef] [PubMed]

27. Usmani, S.; Ahmed, N.; Gnanasegaran, G.; Rasheed, R.; Marafi, F.; Alnaaimi, M.; Omar, M.; Musbah, A.; al Kandari, F.; De
Schepper, S.; et al. The clinical effectiveness of reconstructing 18F-sodium fluoride PET/CT bone using Bayesian penalized
likelihood algorithm for evaluation of metastatic bone disease in obese patients. Br. J. Radiol. 2021, 94, 20210043. [CrossRef]
[PubMed]

28. Kirchner, J.; O’Donoghue, J.A.; Becker, A.S.; Ulaner, G.A. Improved image reconstruction of 89Zr-immunoPET studies using a
Bayesian penalized likelihood reconstruction algorithm. EJNMMI Phys. 2021, 8, 6. [CrossRef] [PubMed]

29. Rijnsdorp, S.; Roef, M.J.; Arends, A.J. Impact of the Noise Penalty Factor on Quantification in Bayesian Penalized Likelihood
(Q.Clear) Reconstructions of 68Ga-PSMA PET/CT Scans. Diagnostics 2021, 11, 847. [CrossRef] [PubMed]

30. Lysvik, E.K.; Mikalsen, L.T.G.; Rootwelt-Revheim, M.E.; Emblem, K.E.; Hjørnevik, T. Optimization of Q.Clear reconstruction for
dynamic 18F PET imaging. EJNMMI Phys. 2023, 10, 65. [CrossRef] [PubMed]

53



J. Clin. Med. 2024, 13, 3841

31. Miwa, K.; Yoshii, T.; Wagatsuma, K.; Nezu, S.; Kamitaka, Y.; Yamao, T.; Kobayashi, R.; Fukuda, S.; Yakushiji, Y.; Miyaji, N.; et al.
Impact of γ factor in the penalty function of Bayesian penalized likelihood reconstruction (Q.Clear) to achieve high-resolution
PET images. EJNMMI Phys. 2023, 10, 4. [CrossRef] [PubMed]

32. Chicheportiche, A.; Goshen, E.; Godefroy, J.; Grozinsky-Glasberg, S.; Oleinikov, K.; Meirovitz, A.; Gross, D.J.; Ben-Haim, S. Can
a penalized-likelihood estimation algorithm be used to reduce the injected dose or the acquisition time in 68Ga-DOTATATE
PET/CT studies? EJNMMI Phys. 2021, 8, 13. [CrossRef] [PubMed]

33. Devriese, J.; Beels, L.; Maes, A.; Van de Wiele, C.; Pottel, H. Impact of PET reconstruction protocols on quantification of lesions
that fulfil the PERCIST lesion inclusion criteria. EJNMMI Phys. 2018, 5, 35. [CrossRef] [PubMed]
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Abstract: Background/Objectives: Immunoglobulin G4-related disease (IgG4-RD) is an immune-
mediated disorder presenting as mass-like lesions with obstructions. An elevated serum IgG4
level is identified in more than half of affected patients and is considered a diagnostic criterion.
IgG4-RD is still easily misdiagnosed as neoplastic or infectious disease. We aimed to conduct a
hospital-based study to illuminate the association between serum IgG4 levels and pancreatobiliary
disorders and cancer. Methods: In this study, serum IgG4 levels were assessed at our hospital’s
immunology laboratory, utilizing data from the hospital’s computer center, and the diagnostic codes
used were based on ICD-9-CM. We analyzed IgG4 level data collected between April 2013 and
April 2020, including patients’ age, gender, and diseases, but excluding the rationale for IgG4 level
assessment. Employing propensity score matching (PSM) at a 1:1 ratio to mitigate age and gender
confounding, we analyzed 759 patients divided into groups by IgG4 levels (≤140 and >140 mg/dL;
and ≤140, 141–280, >280 mg/dL). We explored associations between IgG4 levels and conditions such
as pancreatobiliary cancer (the group included cholangiocarcinoma, pancreatic cancer, and ampullary
cancer), cholangitis, cholangiocarcinoma, pancreatitis, pancreatic cancer, and ampullary cancer.
Results: Our study analyzed the demographics, characteristics, and serum IgG4 levels of participants
and found no significant differences in serum IgG4 levels across various pancreatobiliary conditions.
Nevertheless, the crude odds ratios (ORs) suggested a nuanced association between a higher IgG4
level > 280 mg/dL and increased risks of cancer and pancreatitis, with crude ORs of 1.52 (p = 0.03)
and 1.49 (p = 0.008), respectively. After PSM matching, the further analysis of 759 matched patients
showed no significant differences in IgG4 levels > 140 mg/dL between cancerous and non-cancerous
groups, nor across other pancreatobiliary conditions. A higher serum IgG4 level > 280 mg/dL
was significantly associated with pancreatobiliary cancer and cholangiocarcinoma, with crude ORs
of 1.61 (p = 0.026) and 1.62 (p = 0.044), respectively. In addition, IgG4 > 280 mg/dL showed a
greater association with pancreatic cancer compared with 141–280 mg/dL, with crude OR of 2.18
(p = 0.038). Conclusions: Our study did not find a clear association between serum IgG4 levels
(>140 mg/dL) and pancreatobiliary cancer. We observed that higher IgG4 levels (>280 mg/dL) may
be associated with cholangiocarcinoma and pancreatic cancer, as indicated by crude ORs. However,
the adjusted analysis did not demonstrate the significant association between IgG4 level > 280 mg/dL
and cancer. Considering IgG4-RD as a chronic and persistent inflammatory status, it is more closely
associated with inflammatory diseases than with cancer. Therefore, further long-term cohort studies
are necessary to evaluate the potential role of IgG4 levels in cancer risk among these patients.

Keywords: IgG4 levels; pancreatobiliary; inflammatory diseases; malignancy
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1. Introduction

IgG4 is the latest defined human IgG subclass in serum and an intriguing antibody
with unique biological properties [1]. Clinically, IgG4-related disease (IgG4-RD) involves a
chronic fibrous inflammatory process related to immunomodulation disorder, characterized
as tumor-like lesions with dense lymphoplasmacytic infiltration with IgG4-positive plasma
cells, and the most affected organs are the pancreas, bile duct, major salivary glands,
lacrimal glands, retroperitoneum, kidneys, and lymphatic ducts. In addition to local
inflammation-induced tissue fibrosis and injury, IgG4-RD has been recognized as a systemic
disorder and was found to be linked to elevated serum IgG4 levels. As it is a newly defined
disease, the global incidence and prevalence of IgG4-RD is underestimated. In addition,
the natural history of IgG4-RD is also limited due its chronic nature and fluctuating clinical
course [2–6]. The trigger of IgG4 production is thought to involve the activation of the
innate immune response by microbe- and/or damage-associated molecular patterns that
stimulate the production of the type I interferon and B cell-activating factor by innate
immune cells, resulting in IgG4 production by B cells [7]. Thus, the serum IgG4 level is
considered an important indicator for suspicion of the diagnosis of IgG4-RD.

Cancer is a multifactorial and complex disease process caused by cells that have
lost their physiological control of cell overgrowth [8]. Chronic infection results in persis-
tent stimulation and inflammation and, thus, is one of the main contributors to cancer
development [9,10]. Most previous studies were related to the association of cancer con-
comitant with IgG4-RD [11,12]. Cancer could trigger autoantigen expression, leading to
IgG4-RD, and an increased risk of IgG4-RD resulting from cancer treatment has also been
proposed [13]. A recent multi-hospital study enrolled 121 patients and demonstrated
that IgG4-sclerosing cholangitis carried potential risk for cancer [14]. There is also a lack
of basic research on the molecular mechanism of IgG4 and carcinogenesis. A study of
increased IgG4-containing lymphocytes in esophageal cancer implicated the role of IgG4 in
the cancer micro-environment. The authors reported that IgG4 could play a role in cancer
treatment [15].

The main histopathological features of IgG4-RD include a dense, polyclonal, lympho-
plasmacytic infiltrate with an abundance of IgG4-positive plasma cells, storiform fibrosis,
and obliterative phlebitis. These manifestations can range from mild to severe, and the nat-
ural history is wide-ranging and variable. The precise pathogenic mechanisms of IgG4-RD
and its potential association with cancer risk remain unclear and require further investiga-
tion [6]. There are possible malignancies in patients with IgG4-RD at the time of diagnosis
and follow-up in the natural course [16]. Thus, the differential diagnosis of IgG4-RD versus
cancer with serum IgG4 level elevation may be difficult in some situations.

There is a lack of data showing the associations between IgG4-RD, serum IgG4 level,
and cancer risk, particularly pancreatic, biliary, and ampullary cancers. Hence, we inves-
tigated the associations of serum IgG4 level with various cancers. We were interested in
determining whether serum IgG4 level was associated with cancer and whether different
serum levels were associated with a higher risk of cancer. Furthermore, we attempted
to explore the association of a high serum IgG4 level, which indicates more definitive
IgG4-RD, with carcinogenesis. While there is scanty clinical evidence, IgG4-RD could be
associated with malignancy; IgG4-RD may present with a tumor-like focal tumefactive
lesion, which could lead to misdiagnosis [17]. Thus, the evidence and risk of carcinogenesis
related to IgG4-RD need to be clarified.

To address these questions, we conducted a hospital-based case–control study to
analyze the association of IgG4 serum level among patients with cancer.

2. Materials and Methods

2.1. Data Source

Patients’ serum IgG4 levels were checked at the laboratory of the immunology division
in our hospital. The data were obtained from the database of our hospital computer center.
The diagnostic codes used were based on the International Classification of Diseases, 9th
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Revision, Clinical Modification (ICD-9-CM). This study was approved by the Institutional
Review Board of our institution (Taichung Veterans General Hospital IRB: CE20314B).

2.2. Subjects

During April 2013 to April 2020, we collected data on serum IgG4 levels from our hos-
pital database. Other data included the patients’ age, gender, and diseases. The reason for
checking the serum IgG4 level was according to the clinical physicians’ judgment, and there
was no prior record in the database. The diagnosis of cancer and pancreatobiliary disorders
were determined using diagnostic codes based on ICD-9-CM (Figure 1). Cancer included
cholangiocarcinoma (CCA), pancreatic cancer, and ampullary cancer. In pancreatobiliary
disorders, we mainly focused on pancreatitis, including acute and chronic pancreatitis.

Figure 1. Flowchart for patients with cancer or pancreatitis. * Discusses pancreatobiliary disorders
focusing on pancreatitis, including acute and chronic pancreatitis.

Definition of Pancreatobiliary Disorders

The diagnosis of cholangitis was made by Tokyo guidelines 2013/2018, including
systemic inflammation, cholestasis, and imaging implying infection and biliary obstruc-
tion [18–20]. The diagnosis of acute pancreatitis required the presence of two of the
following three criteria: the acute onset of persistent, severe, epigastric pain often radiating
to the back; an elevation in serum lipase or amylase to three times or greater than the upper
limit of normal; and characteristic findings of acute pancreatitis on imaging [21]. On the
other hand, the diagnosis of chronic pancreatitis was based on exposure risk; underlying
predisposition; clinical presentation, including chronic abdominal pain and/or a history
of relapsing acute pancreatitis; symptoms of pancreatic exocrine insufficiency (diarrhea,
steatorrhea, or weight loss); or pancreatogenic diabetes, and using other modalities, in-
cluding cross-sectional imaging, and pancreatic function tests [22,23]. We linked the above
diagnoses with ICD-9-CM.

2.3. The Associations between Serum IgG4 Levels and the Risk of Different Outcomes by
Propensity Score Matching

To address the confounding effects of age and gender in our analysis, we employed
propensity score matching (PSM) at a 1:1 ratio (Figure 2). This approach resulted in the
selection of 759 patients, categorized into two groups based on their serum IgG4 levels:
those with IgG4 ≤ 140 mg/dL and those with IgG4 > 140 mg/dL. These groups were then
analyzed to investigate associations between serum IgG4 levels and various conditions,
including cancer versus non-cancer, cholangitis versus non-cholangitis, cholangiocarci-
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noma versus non-cholangiocarcinoma, pancreatitis versus non-pancreatitis, pancreatic
cancer versus non-pancreatic cancer, and ampullary cancer versus non-ampullary cancer,
to facilitate a more detailed exploration of the relationships between serum IgG4 levels
and these conditions. For further determination of the significant role in serum IgG4 levels
in pancreatic and biliary diseases, we divided serum IgG4 levels into different groups,
i.e., ≤140, 141–280, and >280 mg/dL, and determined the associations with pancreatic
and biliary diseases, according to the International Consensus Diagnostic Criteria (ICDC),
which indicated that the marked elevation of serum IgG4 (>2 times upper limit of normal;
>280 mg/dL in our study) is strongly suggestive (Level 1 criteria) of autoimmune pancre-
atitis (AIP) in the setting of obstructive jaundice/pancreatic mass, and the serum IgG4 level
between 141 and 280 mg/dL is Level 2 criteria [24].

Figure 2. Flowchart for serum IgG4 levels and different outcomes after propensity score matching
(PSM). * Serum IgG4 levels were divided into different groups, i.e., ≤140, 141–280, and >280 mg/dL.

2.4. Statistical Analysis

The statistical analyses were performed as follows: the Chi-square test was used to
check the differences in categorical variables between the cancer and non-cancer groups,
while the two-sample Student’s t-test was used to examine continuous variables. Univari-
able and multivariable logistic regression were used to estimate the effect of serum IgG4
levels on the risk of cancer, as indicated by the odds ratio (OR) with a 95% confidence
interval (CI). All analyses were performed using SAS statistical software (version 9.4; SAS
Institute, Inc., Cary, NC, USA), and results were considered statistically significant when
two-tailed p-values were less than 0.05.

3. Results

3.1. Demographics and Characteristics of Study Subjects

In Table 1, there was a higher proportion of females in the cancer group compared
to the non-cancer group (57.82% vs. 38.50%, p < 0.001). Furthermore, the mean age of
individuals in the cancer group was 63.81 (±14.19) years, which was considerably higher
than the mean age of 53.3 (±16.69) years in the non-cancer control group and showed a
statistically significant difference (p < 0.001). In terms of serum IgG4 levels (categorized
as ≤140, 141–280, and >280 mg/dL), a notable disparity was found between cancer and
non-cancer patients, accounting for 80.24%, 12.90%, and 6.87% of patients in the non-cancer
group and 74.93%, 15.34%, and 9.73% in the cancer group, which was statistically significant
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(p < 0.05). These findings provide valuable insights into the differences between cancer and
non-cancer patients across various demographic and IgG4 measures. A higher proportion
of cancer patients had higher serum IgG4 levels compared with non-cancer patients.

Table 1. Baseline characteristics of serum IgG4 levels in cancer and non-cancer patients.

Variable

Non-Cancer
(N = 3481)

Cancer 2

(N = 339)

N % N % p-Value

Sex <0.0001
Female 1340 38.50 196 57.82
Male 2141 61.51 143 42.18

Age (years) <0.0001
0–39 776 22.29 16 4.72
40–59 1390 39.93 110 32.45
60–79 1146 32.92 173 51.03
>79 169 4.86 40 11.80
Mean, (SD) 1 53.3 (16.69) 63.81 (14.19) <0.0001

IgG4 value (mg/dL) 0.048
≤140 2793 80.24 254 74.93
141–280 449 12.90 52 15.34
>280 239 6.87 33 9.73
Mean, (SD) 1 118.5 (223) 173.95 (483.31) 0.038

1 Student’s t-test; 2 cancer: cholangiocarcinoma, pancreatic cancer, ampullary cancer. Abbreviations: N, numbers
of patients; SD, standard deviation.

3.2. Risk of Cancer Associated with Serum Level of IgG4

Table 2 displays the odds ratios (ORs) representing the estimated cancer risk associated
with different IgG4 levels (≤140, 141–280, and >280 mg/dL). In the crude analysis, the ORs
for IgG4 levels 141–280 mg/dL and >280 mg/dL were 1.27 (95% CI: 0.93–1.74, p = 0.13) and
1.52 (95% CI: 1.03–2.23, p = 0.03), respectively. Following adjustment for age and gender, the
adjusted ORs for cancer risk in the IgG4 141–280 mg/dL and IgG4 > 280 mg/dL categories
were 1.20 and 1.17, with 95% confidence intervals of 0.87–1.66 and 0.78–1.73, respectively.
Interestingly, it was observed that cancer patients exhibited significantly higher IgG4 levels
compared to non-cancer patients based on the crude OR analysis. These findings point to a
potential association between higher IgG4 levels and increased cancer risk, particularly in
the higher IgG4 category.

Table 2. Odds ratios of cancer.

Non-Cancer Cancer 1 Crude Adjusted

Variable N % N % cOR (95% CI) p-Value aOR † (95% CI) p-Value

IgG4 value (mg/dL)
≤140 2793 80.24 254 74.93 1.00 (reference) - 1.00 (reference) -

141–280 449 12.90 52 15.34 1.27 (0.93, 1.74) 0.13 1.20 (0.87, 1.66) 0.26
>280 239 6.87 33 9.73 1.52 (1.03, 2.23) * 0.03 1.17 (0.78, 1.73) 0.45

† Adjusted by age and gender; * p < 0.05. 1 Cancer: cholangiocarcinoma, pancreatic cancer, ampullary cancer.
Abbreviations: N, numbers of patients; cOR, crude odds ratio; aOR, adjusted odds ratio; CI, confidence interval.

3.3. Odds of Pancreatitis Associated with Serum Level of IgG4

In our investigation, we aimed to elucidate the relationship between serum IgG4 levels
and the incidence of pancreatitis. Our objective was to quantify the association between
different concentrations of IgG4 (≤140, 141–280, and >280 mg/dL) and the likelihood of
developing pancreatitis. According to Table 3, the preliminary analysis yielded odds ratios
(ORs) of 0.92 (95% CI: 0.71–1.19, p = 0.52) for IgG4 levels between 141 and 280 mg/dL
and 1.49 (95% CI: 1.11–2.00, p = 0.008) for levels above 280 mg/dL. Adjusting for age and
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gender, the adjusted ORs for IgG4 levels in the 141–280 mg/dL and >280 mg/dL categories
were 0.85 and 1.21, with 95% confidence intervals of 0.66–1.11 and 0.89–1.64, respectively.
These findings suggest a nuanced link between increased IgG4 levels and a heightened risk
of pancreatitis, especially at higher IgG4 concentrations.

Table 3. Odds ratios of pancreatitis.

Non-
Pancreatitis

Pancreatitis Crude Adjusted

Variable N % N % cOR (95% CI) p-Value aOR † (95% CI) p-Value

IgG4 value (mg/dL)
≤140 2525 80.06 522 78.38 1.00 (reference) - 1.00 (reference) -

141–280 421 13.35 80 12.01 0.92 (0.71, 1.19) 0.52 0.85 (0.66, 1.11) 0.24
>280 208 6.59 64 9.61 1.49 (1.11, 2.00) ** 0.008 1.21 (0.89, 1.64) 0.23

† Adjusted by age and gender; ** p < 0.01. Abbreviations: N, numbers of patients; cOR, crude odds ratio; aOR,
adjusted odds ratio; CI, confidence interval.

3.4. Serum IgG4 Level >140 mg/dL in Different Pancreatobiliary Patient Groups after Propensity
Score Matching

Following propensity score matching (PSM) with a 1:1 ratio, we identified 759 patients
with IgG4 ≤ 140 mg/dL and another 759 with serum IgG4 levels > 140 mg/dL for in-depth
analysis (Figure 2; Supplementary Table S1 shows the baseline characteristics after PSM).
In Table 4, our findings indicate that IgG4 levels did not significantly differ between cancer
patients and their non-cancer counterparts, with a crude OR of 1.20 (95% CI: 0.86–1.67,
p = 0.276) and an adjusted OR of 1.21 (95% CI: 0.86–1.69, p = 0.266).

Similarly, for patients with cholangitis, the IgG4 levels were not significantly different
from those without the condition, with both crude and adjusted ORs of 1.07 (95% CI:
0.80–1.44, p = 0.652; and 0.79–1.45, p = 0.644, respectively). The analysis of cholangiocarci-
noma (CCA) patients also revealed no significant difference in IgG4 levels compared to
non-CCA patients, with both crude and adjusted ORs of 1.18 (95% CI: 0.81–1.72, p = 0.391;
and 0.81–1.73, p = 0.383, respectively).

The investigation of pancreatitis patients demonstrated no significant elevation in
IgG4 levels compared to non-pancreatitis individuals, with ORs of 0.85 (95% CI: 0.66–1.09,
p = 0.202) in the crude analysis and 0.84 (95% CI: 0.65–1.09, p = 0.193) upon adjustment.
The assessment of pancreatic cancer patients also showed no significant difference in
IgG4 levels, with both crude and adjusted ORs of 1.12 (95% CI: 0.66–1.90, p = 0.686; and
0.66–1.91, p = 0.683, respectively). Lastly, the analysis of ampullary cancer patients found
no significant variation in IgG4 levels, with both crude and adjusted ORs of 1.00 (95% CI:
0.39–2.53, p = 1; and 0.39–2.54, p = 1, respectively).

3.5. The Association of Higher Serum IgG4 Level >280 mg/dL with Pancreatic and Biliary Diseases

Following propensity score matching (PSM) with a 1:1 ratio, we further determined
the association of different IgG4 levels (≤140, 141–280, and >280 mg/dL) with pancreatic
and biliary diseases (Figure 2). In Table 5, our findings indicate that IgG4 level > 280 mg/dL
was significantly associated with cancer and cholangiocarcinoma, with crude ORs of 1.61
(95% CI: 1.06–2.44, p = 0.026) and 1.62 (95% CI: 1.01–2.59, p = 0.044), respectively. For
pancreatic cancer, IgG4 > 280 mg/dL showed a greater association with pancreatic cancer
compared with 141–280 mg/dL, with crude OR of 2.18 (95% CI: 1.05–4.53, p = 0.038). There
was no significant correlation with IgG4 > 280 mg/dL in ampullary cancer compared with
≤140 mg/dL and 141–280 mg/dL, with crude ORs of 0.63 (95% CI: 0.14–2.93, p = 0.555)
and 0.52 (95% CI: 0.11–2.54, p = 0.421), respectively.
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For cholangitis, IgG4 > 280 mg/dL was also significantly correlated, with a crude OR
of 1.50 (95% CI: 1.03–2.18, p = 0.035). For pancreatitis, IgG4 > 280 mg/dL showed a greater
association with pancreatitis compared with 141–280 mg/dL, with a crude OR of 1.81 (95%
CI: 1.25–2.61, p = 0.002) and an adjusted OR of 1.54 (95% CI: 1.05–2.25, p = 0.027).

4. Discussion

Our analysis revealed that IgG4 levels showed distinct features among patients diag-
nosed with cholangitis, pancreatitis, and biliary–pancreatic–ampullary cancer. Markedly
elevated serum IgG4 levels (>280 mg/dL) were found in patients undergoing IgG4 testing
for other reasons for cholangiocarcinoma and pancreatic cancer, but not ampullary cancer.
The analysis of biliary–pancreatic–ampullary cancer risk in relation to IgG4 levels showed a
notably significant crude odds ratio (OR) for patients with higher IgG4 levels (>280 mg/dL).
However, this significance lessened after accounting for age and gender, suggesting that the
initial observed relationship was influenced by these demographic factors. These findings
underscore potential connections between specific demographic and clinical characteristics
in patients with biliary, pancreatic, or ampullary cancer and the levels of IgG4.

In clinical practice, it may be unclear whether patients with biliary or pancreatic
obstructive diseases have cancer or not. Patients with IgG4-RD could just have a concomi-
tantly elevated serum IgG4 level or they may indeed have an occult cancer component.
The challenge for the physician is to assess the risk or odds of cancer, particularly biliary or
pancreatic cancer, in patients with elevated serum IgG4 levels. Our results demonstrated
that the association of serum IgG4 levels with biliary–pancreatic–ampullary cancer was
not significant. These results may help physicians to make decisions for patients with ob-
structive disease and elevated serum IgG4 levels. A study has demonstrated the increasing
clinical importance of both autoimmune pancreatitis and cholangitis, which can mimic
pancreatic cancer and biliary cancer. IgG4 levels in tissue or blood cannot be used alone to
diagnose IgG4-RD, and they should be adjunct to clinical, radiological, and histological
features. There is importance in the differential diagnosis of inflammation and cancer,
resulting in a significant impact on the clinical management of affected patients [25].

For diagnosing AIP, the International Association of Pancreatology proposed the ICDC,
which combined pancreatic parenchyma and ductal changes at abdominal imaging, the
serum IgG4 level, other organ involvement, histology, and the response to steroid treatment
to reach a diagnosis [24]. Endoscopic ultrasound (EUS) and EUS-guided fine-needle
aspiration/biopsy (EUS-FNA/B) were the tissue-acquisition techniques most used for AIP.
In the clinical practice of one cohort study, endoscopic cytohistology was available in 46.2%
of cases, and diagnostics for AIP was available in 35.2%. EUS-FNA/B of the pancreas was
conducted mostly in the focal form of AIP (85% of cases) to exclude pancreatic cancer [26].

IgG4 may contribute to tumor-associated escape from immune surveillance and have
implications for cancer immunotherapy [16,27]. In a case report, lung tumor with lung
IgG4 interstitial infiltration was observed [11]. However, there are no large series of cases
or surveys of IgG4 tumors in patients with lung disease in the literature. It has been
reported that there is a potential for lymphoma to develop in patients with IgG4-RD. The
co-occurrence of IgG4-RD and lymphoma has also been reported [28]. In another study, a
negative association between IgG4 expression and cutaneous marginal zone lymphoma
was found [29]. Regarding immunity, IgG4 antibodies and IgG4+ B cells in different cancers
could involve IgG4 in tumor escape from immune surveillance through a number of poten-
tial mechanisms, including the IgG4 blockade of IgG1-mediated effector functions [15,27].
A proposed mechanism by which IgG4 may contribute to tumor-associated escape from
human immune surveillance involves the possibility that inflammatory conditions may
exist in tumors that support IgG4 [27]. IgG4 in inflammatory and cancer conditions is
thus complex and sometimes confusing. As such, elevated IgG4 levels could result in
malignancies being overlooked or misdiagnosed.

In an earlier survey of a general population for malignancies in IgG4-RD, malignancies
were observed in 10.4% of the IgG4-RD patients. The malignancies were all different and
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included lung cancer, colon cancer, and lymphoma [16]. Except for age at the time the
IgG4-RD diagnosis was made, there were no common features in patients with cancer. The
frequency of history of malignancy was >3-fold higher in IgG4-RD patients, according to
an analysis of an epidemiological database [13]. By timeframe, the results revealed that
a history of malignancy was linked with a risk of IgG4-RD. There is a lack of evidence
showing any causal relationships between IgG4-RD and malignancy.

In pancreatobiliary type IgG4-RD, there was a greater risk of developing cancer [14,16].
In the aforementioned multiple-hospital-based retrospective study, the authors concluded
that IgG4-sclerosing cholangitis patients had a high risk of pancreatic and bile duct cancer.
The risk of cancer was high <1 year and >5 years after the diagnosis of IgG4-sclerosing
cholangitis. The higher risk at less than 1 year may have been due to the diagnosis of
IgG4-RD and cancer at the same time. The present study found that a mildly elevated
IgG4 level (>140 mg/dL) was not associated with pancreatobiliary disorders and can-
cer. A marked elevation of IgG4 levels (>280 mg/dL) was nuanced and associated with
cholangiocarcinoma and pancreatic cancer, but not ampullary cancer.

The main strengths of this hospital-based study were the use of a validated database
and disease diagnoses. There were some limitations in this study. First, the associations
of patients’ serum IgG4 levels with diagnoses of cancer were based solely on claims data.
There was no definitive diagnosis of IgG4-RD by pathological proof in the analysis of
associations with cancer. Second, as this was a case–control study, we did not determine
the causal relationship between serum IgG4 level and cancer. Third, the treatments of both
IgG4-RD and cancer were not included in this study.

5. Conclusions

Our study did not find a clear association between serum IgG4 levels (>140 mg/dL)
and pancreatobiliary cancer. We observed that higher serum IgG4 levels (>280 mg/dL)
may be associated with cholangiocarcinoma and pancreatic cancer, as indicated by crude
odds ratios (ORs). However, the adjusted analysis did not demonstrate the significant
association between IgG4 level > 280 mg/dL and cancer. Considering IgG4-RD as a chronic
and persistent inflammatory status, it is more closely associated with inflammatory diseases
than with cancer. Therefore, further long-term cohort studies are necessary to evaluate the
potential role of IgG4 levels in cancer risk among these patients.
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Abstract: Background: The optimal treatment sequencing for advanced, well-differentiated pan-
creatic neuroendocrine tumors (pNETs) is unknown. We performed a multicenter, retrospective
study to evaluate the best treatment sequence in terms of progression-free survival to first-line (PFS1)
and to second-line (PFS2), and overall survival among patients with advanced, well-differentiated
pNETs. Methods: This multicenter study retrospectively analyzed the prospectively collected data
of patients with sporadic well-differentiated pNETs who received at least two consecutive ther-
apeutic lines, with evidence of radiological disease progression before change of treatment lines.
Results: Among 201 patients, 40 (19.9%) had a grade 1 and 149 (74.1%) a grade 2 pNET. Primary tu-
mor resection was performed in 98 patients (48.8%). First-line therapy was performed in 128 patients
with somatostatin analogs (SSA), 35 received SSA + radioligand therapy (RLT), 21 temozolomide-
based chemotherapy, and 17 SSA + targeted therapy. PFS was significantly longer in patients with
grade 1 pNETs compared to those with grade 2, in patients who received primary tumor surgery,
and in patients treated with RLT compared to other treatments. At multivariate analysis, the use
of upfront RLT was independently associated with improved PFS compared to SSA. Second-line
therapy was performed in 94 patients with SSA + targeted therapy, 35 received chemotherapy, 45
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SSA + RLT, and 27 nonconventional-dose SSA or SSA switch. PFS was significantly longer in patients
treated with RLT compared to other treatments. At multivariate analysis, the type of second-line
therapy was independently associated with the risk for progression. OS was significantly longer
in patients who received primary tumor surgery, with Ki67 < 10%, without extrahepatic disease,
and in patients who received SSA–RLT sequence compared to other sequences. Conclusions: In this
large, multicenter study, RLT was associated with better PFS compared to other treatments, and the
SSA–RLT sequence was associated with the best survival outcomes in patients with pNETs with Ki67
< 10%. Primary tumor surgery was also associated with improved survival.

Keywords: pancreatic NET; SSA; RLT; targeted therapy; GEP-NENs; treatment sequence

1. Introduction

Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors, character-
ized by a variable range of differentiation, grading, primary sites, and functional status.
According to the 2019 World Health Organization (WHO), NENs are classified into well-
differentiated tumors, with grading G1, G2, or G3 based on Ki67 value (<3%, ≥3–20%, and
>20%, respectively), and poorly-differentiated neuroendocrine carcinomas (NECs) [1]. Over
the past few decades, NEN incidence has increased, with an age-adjusted incidence rate of
6.4-fold increase from 1973 to 2012, and prevalence increase from 0.006% in 1993 to 0.048%
in 2012, including all tumor sites, stages, and grades [2]. The increased incidence is primar-
ily due to improved detection of early-stage disease, whereas increased prevalence is linked
to improvement of treatment strategies and survival outcomes, but also to improvement of
diagnostic techniques detecting more incidental tumors and to a greater awareness among
pathologists [3]. Historically, NENs are considered tumors with an indolent behavior and
favorable long-term outcomes [4]. However, the prognosis is widely variable based on
several factors, including tumor histology, grading, primary site of tumor, and stage at
diagnosis. Currently available treatment strategies in well-differentiated advanced NETs
include somatostatin analogs (SSA), targeted therapies (i.e., everolimus and sunitinib),
chemotherapy, such as temozolomide-based treatment, and radioligand therapy (RLT) with
lutetium 177 (177Lu)-DOTATATE. Because of the lack of head-to-head comparison studies,
the optimal treatment sequencing has not yet been defined. According to clinical practice,
the sequencing of systemic treatments is still individualized and based on tumor type,
grading, somatostatin receptor (SSTR) expression, extent of disease, and patient-related
characteristics (e.g., age, performance status, comorbidities, presence of symptoms, and
patient preferences). Therefore, the clinical decision-making and management of NENs
is complex and requires discussion within a multidisciplinary team, which should in-
clude medical and radiation oncologists, surgeons, radiologists, and nuclear medicine
specialists, at high-volume referral centers. This is particularly important for patients with
advanced, well-differentiated pancreatic neuroendocrine tumors (pNETs), considering that
the NETTER-1 trial proved the safety and efficacy of RLT as a second-line therapy after
progression on standard SSA only in patients with well-differentiated midgut NENs [5].
Recently, preliminary results from the phase II randomized OCLURANDOM trial of RLT
vs. sunitinib in patients with pNETs have been presented, showing an almost double
progression-free survival rate at 12 months, the primary endpoint, but the final report is
still awaited [6]. Thus, prospective data on the efficacy of RLT compared to chemotherapy
or targeted therapy in patients with pNETs are still lacking. The identification of the best
treatment timing and sequence in patients with advanced well-differentiated pNETs repre-
sents a critical unmet clinical need. Here, we performed a multicenter, retrospective study
involving 11 Italian NET referral centers to evaluate the optimal treatment sequencing in a
large population of patients with advanced well-differentiated pNETs.
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2. Materials and Methods

2.1. Study Design

The study included all consecutive patients at 11 Italian NEN referral centers who
had a histological diagnosis of well-differentiated pancreatic NETs (pNETs), no evidence
or history of familiar NEN syndromes, treated with at least two consecutive therapeutic
lines with approved agents, and evidence of progressive disease according to Response
Evaluation Criteria in Solid Tumors (RECIST) criteria, version 1.1 [7] before change of
treatment. The following baseline characteristics have been collected: sex, age at the time
of the start of first-line treatment, pathology and grading, presence of symptoms secondary
to hormone hypersecretion, surgical resection of primary tumor, disease stage at the time
of first-line treatment start, presence of metastases outside of liver (extrahepatic disease
extension), type of treatment received and outcomes (start and end date, best response, date
of evidence of radiological progression of disease or last radiological evaluation), and date
of death or last follow-up. The histological specimens were examined by a NEN-dedicated
pathologist at each center. Tumors were classified according to the WHO 2019 classification
and the ENETS grading system [1,8]. The Ki67 proliferation index was expressed as a
percentage based on the count of Ki67-positive cells on 2000 tumor cells in the areas of the
highest immunostaining. Clinical and radiological work-up has been performed according
to the most recently available ENETS guidelines [9–13]. Objective response rate (ORR)
was defined as the proportion of patients who achieved complete response (CR) or partial
response (PR) as the best radiological response during each treatment line. Progression-free
survival (PFS) was defined as the interval between the start of the therapy and the time
of progression of disease (PD) or death by any cause, whichever occurred first. Overall
survival (OS) was defined as the time between first-line treatment start and death by any
cause. All patients or their legal representatives provided written informed consent for
anonymous review of their data for research purposes. The study protocol was approved
by the local Institution Review Board (Comitato Etico Indipendente, S.Orsola-Malpighi
University Hospital, Bologna) and was conducted in accordance with the principles of the
Declaration of Helsinki (6th revision, 2008).

2.2. Statistical Analysis

Categorical variables were expressed as numbers (percentage). Continuous variables
were reported as median and range. Survival estimates were made using the Kaplan–Meier
method, and the results were compared using the log-rank test. Predictive risk factors
for PD and death were evaluated by univariate and multivariate analysis using the Cox
proportional hazards method. Risk factors were expressed as hazard ratios (HRs) and 95%
confidence interval (95% CI). The multivariate model was fitted using the forward stepwise
method after including all variables. All analyses carried out for predictive and risk factors
are listed in the tables. The p value was considered significant when inferior to 0.05. Statistical
analysis was performed using dedicated software (IBM—SPSS Statistics v. 22).

3. Results

3.1. Study Population

Between January 1997 and December 2020, 237 consecutive patients with pNETs
matched the inclusion criteria, but 36 were excluded because they had received inves-
tigational treatments. Thus, 201 patients were included in the study, whose baseline
characteristics are summarized in Table 1. One hundred eighteen patients (58.7%) were
males. Median age at diagnosis was 55 years (range 20–86), while median age at start of the
first line of therapy was 58 (range 21–86). As for WHO classification, 40 patients (19.9%) had
a G1 NET, while 149 (74.1%) had a G2 NET; data were missing in 12 cases (6.0%). Median
Ki67 was 5% (range 0.6–20%); 144 patients (71.6%) had Ki67 ≤ 10%, whereas 45 (22.4%)
had Ki67 > 10%. Twenty-seven patients (13.4%) had symptoms related to hormone hyper-
secretion: 9 hyperinsulinemic hypoglycaemia, 6 carcinoid syndrome, 4 Cushing syndrome,
4 Zollinger–Ellison syndrome, 2 glucagone hypersecretion, and 2 VIP hypersecretion. Pri-
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mary tumor was resected in 98 patients (48.8%), and 48 patients (23.9%) had extrahepatic
disease extension at diagnosis. Among patients undergoing surgery of primary tumors,
58 received radical surgery (R0), while 40 underwent surgery in the context of metastatic
disease. At the beginning of first-line treatment, 192 patients had stage IV disease, whereas
9 had stage IIIB disease.

Table 1. Patient characteristics.

Characteristic
Patients
(no. 201)

Demographic:
Gender (male), no. (%) 118 (58.7%)
Median age (range) at therapy start, years 58 (21–86)
WHO classification:
G1, no. (%) 40 (19.9%)
G2, no. (%) 149 (74.1%)
Missing data, no. (%) 12 (6.0%)
Median Ki67% 5 (0.6–20)
Ki67 > 10% 45 (22.4%)
Functioning tumors, no. (%): 27 (13.4%)
Primary tumor surgery, no. (%) 98 (48.8%)
Extrahepatic disease, no. (%)
ttggd 48 (23.9%)

3.2. First-Line Therapy

In the first-line setting, 128 patients (63.7%) received standard-dose SSA alone, 35
(17.4%) SSA + RLT, 21 (10.4%) temozolomide (TMZ)-based chemotherapy, and 17 (10.4%)
SSA + targeted therapy (TT) (n = 16 everolimus, n = 1 sunitinib). Overall, median PFS
to first-line treatment (PFS1) was 13.9 months (95% CI: 10.2–17.6), while ORR was 14.9%:
4 patients achieved CR and 26 PR. In particular, ORR was 9.1% in patients who received
SSA, 37.1% in those who received RLT, 0% in those who received TT, and 31.6% in those
treated with chemotherapy. A difference in PFS was observed according to grading
(G1: 22.0 months [95% CI: 15.3–28.7] vs. G2: 11.0 months [95% CI: 7.6–14.4]; p = 0.002;
Figure 1A), surgery of primary tumor (yes: 17.6 months [95% CI: 12.1–23.1] vs. no:
11.7 months [95% CI: 8.1–15.3]; p = 0.044; Figure 1B), Ki67 ≤ 10% (yes: 15.9 months [95% CI:
10.0–21.8] vs. no: 5.9 months [95% CI: 1.6–10.2]; Figure 1C), and type of treatment (SSA:
9.7 months [95% CI: 6.9–12.5; RLT 34.3 [95% CI: 27.3–41.2]; TT: 10.1 [95% CI: 7.3–12.9]; CHT
9.1 [95% CI: 10.2–17.6]; p < 0.001; Figure 1D). No significant PFS difference according to sex
(p = 0.189), presence of syndrome (p = 0.651), or presence of extrahepatic metastatic disease
(p = 0.175) was observed. A higher risk for progression was associated with Ki67 > 10%
(HR 2.04; p < 0.001) and first-line therapy with chemotherapy compared to SSA (HR 1.70;
p = 0.029, Table 2). A lower risk of progression was associated with resection of primary
tumor (HR 0.75; p = 0.046) and first-line therapy with RLT compared to SSA (HR 0.54;
p = 0.001). Sex, presence of symptoms related to hormone hypersecretion, presence of extra-
hepatic metastatic disease, and first-line therapy with TKI were not significantly associated
with the risk of progression. After adjusting for potential confounding factors, Ki67 > 10%
(HR: 1.98; p < 0.001), resection of primary tumor (HR: 0.69; p = 0.019), and first-line therapy
with RLT (HR: 0.49; p < 0.001) retained significant associations with the risk of progression.
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Figure 1. Progression-free survival to first-line treatment (PFS1) by (A) grading, (B) resection of
primary tumor, (C) Ki67, and (D) type of first-line treatment. SSA: somatostatin analog; PRRT: peptide
radionuclide receptor therapy; TT: targeted therapy; CHT: chemotherapy.

Table 2. Predictive risk factors for disease progression during first-line therapy.

Characteristic
Univariate Analysis Multivariate Analysis

HR 95% CI p Value HR 95% CI p Value

Gender (male) 1.21 0.91–1.60 0.191 - - -
Non-functioning tumor 1.10 0.73–1.65 0.653 - - -
Ki67 > 10% 2.04 1.45–2.88 <0.001 1.98 1.36–2.87 <0.001
Primary tumor resection 0.75 0.57–0.99 0.046 0.69 0.51–0.94 0.019
Extrahepatic disease 1.25 0.90–1.74 0.178 - - -
Type of therapy
SSA 1 1
RLT 0.54 0.37–0.79 0.001 0.49 0.33–0.72 <0.001
TT 1.20 0.72–2.01 0.479 1.12 0.67–1.88 0.662
CHT 1.70 1.06–2.74 0.029 1.15 0.67–1.99 0.608

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; SSA: somatostatin analogs; RLT: radioligand
therapy; TT: targeted therapy; CHT: chemotherapy.

3.3. Second-Line Therapy

Ninety-four patients (46.8%) received SSA + targeted therapy, 35 chemotherapy
(either TMZ- or oxaliplatin-based) (17.4%), 45 SSA + RLT (22.4%), and 27 SSA alone-
based strategy (either non-conventional-dose SSA or switched SSA; 13.4%) as second-
line treatment. Overall, median PFS to second-line treatment (PFS2) was 15.0 months
(95% CI: 10.7–19.3 months), while ORR was 5.5%: 1 patient achieved CR and 10 PR. Signifi-
cantly longer PFS2 was associated with grading (G1: 24.1 months [95% CI: 14.4–33.8] vs.
G2: 12.0 months [95% CI: 9.2–14.8]; p = 0.006; Figure 2A), Ki67 ≤ 10% (18.4 months [95% CI:
12.5–24.3] vs. 9.9 months [95% CI: 6.2–13.6]; p = 0.025; Figure 2B) and type of therapy (SSA
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HD/switch 10.0 months; RLT 26.0 months; TT: 16.0 months; chemotherapy 7.7 months;
p = 0.001; Figure 2C). No significant PFS2 difference according to sex (p = 0.232), presence
of syndrome (p = 0.961), surgery of primary tumor (p = 0.141), or presence of extrahepatic
metastatic disease (p = 0.204) was observed. A higher risk of progression to second-line
treatment was associated with Ki67 > 10% (HR 1.54; p = 0.027), while a lower risk of progres-
sion was associated with second-line treatment with RLT as compared to other therapeutic
strategies (Table 3). Sex, presence of symptoms related to hormone hypersecretion, surgery
of primary tumor, and presence of extrahepatic metastatic disease were not associated
with the risk of progression to second-line treatment. At multivariate analysis, type of
second-line therapy was independently associated with the risk of progression (HD-SSA
vs. RLT HR: 2.06; p = 0.019 and chemotherapy vs. RLT HR: 2.23; p = 0.003; Table 3).

Table 3. Predictive risk factors for disease progression during second-line therapy.

Characteristic
Univariate Analysis Multivariate Analysis

HR 95% CI p Value HR 95% CI p Value

Gender (male) 1.21 0.88–1.68 0.234 - - -
Non-functioning tumor 1.01 0.64–1.59 0.961 - - -
Ki67 > 10% 1.54 1.05–2.26 0.027 1.42 0.96–2.12 0.081
Primary tumor resection 0.79 0.57–1.08 0.143 - - -
Extrahepatic disease 1.26 0.88–1.82 0.207 - - -
Type of therapy
RLT 1 1
SSA HD/Switch 1.80 1.02–3.15 0.041 2.06 1.13–3.75 0.019
TT 1.62 1.07–2.47 0.023 1.48 0.96–2.23 0.074
CHT 2.67 1.62–4.42 <0.001 2.23 1.31–3.80 0.003

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; SSA: somatostatin analogs; HD: high dose;
RLT: radioligand therapy; TT: targeted therapy; CHT: chemotherapy.

3.4. Overall Survival

Median OS was 94.7 months (95% CI: 78.8–110.6 months). To investigate the impact
of treatment sequencing on OS, we grouped patients by the three most-used treatment
strategies, which encompassed 82.1% of patients (n = 165/201), as follows: SSA–RLT in
35 patients (21.2%), RLT–other in 35 (21.2%) and SSA–other in 95 (57.6%). Overall, median
OS in those 165 patients was 107.9 months (95% CI: 88.2–127.5 months). Significantly
longer OS was associated with sex (female: 109.1 months [95% CI: 67.9–150.3] vs. male:
86.2 months [95% CI: 67.3–105.1]; p = 0.031), Ki67 ≤ 10% (99.9 months [95% CI: 80.6–119.1]
vs. 67.9 months [95% CI: 53.2–82.4]; p = 0.001), surgery of primary tumor (yes: 146.1 months
[95% CI: 108.3–183.8] vs. no: 69.4 months [95% CI: 58.7–80.0]; p < 0.001), presence of
extrahepatic metastatic disease (no: 105.2 months [95% CI: 81.7–128.6] vs. yes: 69.0 months
[95% CI: 41.0–97.0]; p = 0.012), and type of treatment (SSA–RLT: 151.1 months; RLT–other:
86.2 months; SSA–other: 96.1 months; p = 0.025; Figure 3). No significant OS difference
according to the presence of syndrome (p = 0.576) was observed. A higher risk of death was
associated with male sex (HR: 1.58; p = 0.032), Ki67 > 10% (HR 2.18; p = 0.001), presence of
extrahepatic metastatic disease (HR: 1.77; p = 0.013), and therapeutic sequence (Table 4). In
particular, the RLT–other (HR: 1.80; p = 0.041) and SSA–other (HR: 1.62; p = 0.023) sequences
were associated with an increased risk for death when compared to SSA–RLT (Table 5). A
lower risk of death was associated with surgery of the primary tumor (HR: 0.38; p < 0.001).
At multivariate analysis, Ki67 > 10% (HR: 2.24; p = 0.005) and primary tumor resection
(HR: 0.40; p = <0.001) were independently associated with the risk of death (Table 4).
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Figure 2. PFS to second-line treatment (PFS2) according to grade (A), Ki67 ≤ 10% (B) and type of
therapy (C).
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Figure 3. Overall survival (OS) by treatment sequence. SSA: somatostatin analog; PRRT: peptide
radionuclide receptor therapy; Other includes targeted therapy, temozolomide-based or oxaliplatin-
based chemotherapy, non-conventional doses SSA, or SSA switch.

Table 4. Predictive risk factors for death.

Characteristic
Univariate Analysis Multivariate Analysis
HR 95% CI p Value HR 95% CI p Value

Gender (male) 1.58 1.04–2.04 0.032 - - ns
Non-functioning tumor 1.18 0.66–2.12 0.576 - - -
Ki67 > 10% 2.18 1.35–3.52 0.001 2.24 1.28–3.94 0.005
Primary tumor resection 0.38 0.25–0.57 <0.001 0.40 0.24–0.66 <0.001
Extrahepatic disease 1.77 1.13–2.78 0.013 - - -
Type of therapy
SSA–RLT 1 1
RLT–Other 1.80 1.02–3.15 0.041 - - ns
SSA–Other 1.62 1.07–2.47 0.023 - - ns

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; SSA: somatostatin analogs; RLT: radioligand
therapy; ns: not significant.

Table 5. Outcomes according to treatment sequences.

N.
(%)

PFS Months (95%
CI)

OS
Months (95% CI)

SSA–RLT 35 (21.2) 62.5 (42.2–82.7) 151.1 (97.4–204.8)

RLT–Other 35 (21.2) 38.1 (28.4–47.8) 86.2 (60.8–111.7)

SSA–Other 95 (57.6) 31.2 (17.0–45.3) 96.1 (66.4–125.8)
Abbreviations: PFS: progression-free survival; OS: overall survival; 95% CI: 95% confidence interval;
SSA: somatostatin analogs; RLT: radioligand therapy.

3.5. Overall Survival in Patients with Ki67 ≤ 10%

Because the most relevant sequences in our cohort involved the use of SSA and RLT,
which are mainly adopted in the treatment of pNETs with Ki67 ≤ 10%, we investigated
the impact of treatment sequencing in this subgroup, which comprised 80.6% of patients
(n = 133/165) whose median OS was 116.4 months (95% CI: 81.4–151.3). In this sub-
group, a higher risk of death was associated with the presence of extrahepatic metastatic
disease (HR: 1.77; p = 0.045) and therapeutic sequences with SSA–other compared to SSA–
RLT (Table 6), while a lower risk of death was associated with primary tumor surgery
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(HR: 0.34; p < 0.001). At multivariate analysis, primary tumor resection (HR 0.38; p = 0.001)
and therapeutic sequence (HR 2.26; p = 0.039) were independently associated with the risk
of death (Table 6).

Table 6. Predictive risk factors for death in patients with Ki67 ≤ 10%.

Characteristic
Univariate Analysis Multivariate Analysis
HR 95% CI p Value HR 95% CI p Value

Gender (male) 1.32 0.80–2.20 0.280 - - ns
Non-functioning tumor 1.08 0.56–2.07 0.817 - - -
Ki67 1.04 0.96–1.13 0.371 - - ns
Primary tumor resection 0.34 0.20–0.57 <0.001 0.38 0.21–0.69 0.001
Extrahepatic disease 1.77 1.01–3.10 0.045 - - ns
Type of therapy
SSA–RLT 1 1
RLT–Other 2.02 0.85–4.77 0.110 1.65 0.69–3.97 0.264
SSA–Other 2.39 1.18–5.12 0.025 2.26 1.04–4.88 0.039

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; SSA: somatostatin analogs; RLT: radioligand
therapy; ns: not significant.

3.6. Overall Survival in Patients with Ki67 > 10%

Finally, we investigated the impact of treatment sequencing in the subgroup of patients
with Ki67 > 10%, which comprised 19.4% of patients (n = 32/165) whose median OS was
69.0 months (95% CI: 51.2–86.8). In this subgroup, no factor was found to be correlated
with an increase in the risk of death in both univariate and in multivariate analysis.

4. Discussion

The definition of the optimal therapeutic sequence in patients with advanced, unre-
sectable GEP-NENs remains challenging, considering the extreme heterogeneity of NETs
and the lack of solid evidence supporting the choice of the most effective treatment option
as first-line or beyond. We report on prospectively-collected data from a large multicenter
cohort of patients with well-differentiated pNETs who received at least two treatment
lines switched upon evidence of radiological progression. RLT was associated with both
prolonged PFS1 and PFS2 as compared to other therapeutic strategies, namely SSA and
chemotherapy, which is consistent with the findings of a recent, multicenter, large retro-
spective study of 508 patients with entero-pancreatic NENs and a network meta-analysis of
phase III trials of different treatment strategies in GEP-NET [14,15]. The RLT–other and the
SSA–other sequences were associated with an increased risk of death when compared to
SSA–RLT. This is because treatment with upfront RLT in patients who had experienced dis-
ease progression with SSA is associated with significantly improved survival outcomes com-
pared to upfront chemotherapy or targeted therapy, as demonstrated in a recent multicenter
retrospective study [14]. SSAs (i.e., octreotide and lanreotide) are widely recommended by
the current guidelines as first-line therapy in patients with well-differentiated, slowly pro-
gressive, G1, and G2 GEP-NENs [16–19]. Nevertheless, sequencing treatment after disease
progression on SSA has not been established. The available therapeutic options beyond first-
line SSA are limited, including everolimus, sunitinib, temozolomide-based chemotherapy,
and nonconventional-doses SSA and RLT with lutetium 177 (177Lu)-DOTATATE [5,20–22].
Everolimus was approved based on the RADIANT 3 study, which showed a significant
improvement of PFS among progressive metastatic pNET patients treated with everolimus
compared to placebo (mPFS of 11.0 months vs. 4.6 months, p < 0.001) [23]. Similarly,
sunitinib was approved based on a phase III trial showing a statistically significant im-
provement in PFS in progressive metastatic pNET patients treated with sunitinib compared
to placebo (mPFS of 11.4 months vs. 5.5 months, p < 0.001) [21]. The combination of
capecitabine plus temozolomide was recently compared with single-agent temozolomide
in a randomized phase II trial including patients with progressive pNETs [22]. The study
showed a significant improvement of PFS for the combination compared to single-agent
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(mPFS of 22.7 months vs. 14.4 months, p < 0.02), with a confirmed radiographic response
rate of 40%. Furthermore, the efficacy of RLT as second-line treatment has been investi-
gated in the NETTER-1 trial, an open-label, randomized, phase III trial, comparing RLT to
high-doses octreotide among 229 patients with advanced, well-differentiated, progressive
midgut NETs [5]. The primary endpoint of PFS was reached, with an estimated PFS at
20 months of 65.2% for RLT compared to 10.8% in the control arm. The final long-term
analysis of NETTER-1 has shown an 11.7-month prolongation in survival among patients
receiving RLT (mOS of 48 months in the experimental arm compared to 36.3 months in the
control arm), although a statistically significant benefit was not achieved, likely attenuated
by crossover to RLT in over a third of patients from the control arm. Although RLT is
worldwide approved for both small-intestine and pNETs, prospective randomized evidence
supporting its efficacy specifically in pNET is lacking. RLT use in patients with pNET
has been mostly supported by retrospective data [24], or non-randomized trials, which
reported that the efficacy of RLT in pNETs was similar to that reported in NETTER-1 [25].
Preliminary results from the OCLURANDOM study, a phase II randomized trial of RLT vs.
sunitinib in patients with pNETs, have recently been presented [26]. Despite being a phase
II trial, in contrast to the phase III NETTER-1 study, the OCLURANDOM study represents
the first prospective randomized evidence of RLT in patients with pNET. The trial enrolled
84 patients (n = 41 receiving RLT and n = 43 receiving sunitinib) and demonstrated an
almost double progression-free survival rate at 12 months, the primary endpoint, in the
RLT arm when compared to the sunitinib arm (80.5% vs. 42%, respectively). Although
definitive data are eagerly awaited, the preliminary report further supports the use of RLT
in patients with pNETs.

To date, there is no evidence supporting the superiority of RLT over chemotherapy
with capecitabine plus temozolomide. However, chemotherapy should be the preferred
option in patients with high tumor burden requiring rapid cytoreduction. In addition,
clinical trial to investigate the best sequence are challenging, as demonstrated by the
SEQTOR study, which aimed to establish the better treatment sequence between everolimus
followed by chemotherapy with streptozotocin-5fluoro-uracil (STZ/5-FU) and the opposite
sequence in patients with pNET [27]. Slow accrual rate made the comparison of the two
treatment sequences not possible, and the trial was amended to change the progression-free
survival rate to first-line treatment at 12 months (12-m PFS1) as the primary endpoint. Both
arms showed similar 12-m PFS1 (p = 0.425). STZ-5FU assigned as the first-line treatment
achieved a statistically significant higher ORR compared to everolimus (30% vs. 11%,
p = 0.014). Based on these data, STZ/5-FU should be considered as first-line treatment,
especially in patients with good performance status and grade 2, when tumor shrinkage
is needed.

Notably, primary tumor resection was significantly associated with longer survival.
Currently, the role of surgical treatment of metastatic NENs is still controversial, considering
the heterogeneous behavior of these tumors and the lack of definitive clinical evidence.
However, a retrospective analysis of data from the Surveillance, Epidemiology, and End
Results (SEER) database, including 897 patients with GEP-NENs and liver metastases who
underwent primary tumor resection, has shown that the surgery of the primary tumor is
an independent prognostic factor for survival [28]. Another retrospective analysis of data
from the National Cancer Database (NCDB) has shown that the resection of the primary
tumor is associated with prolonged survival among patients with G1–G2 advanced GEP-
NENs [29]. Because retrospective surgical studies are subjected to bias, prospective studies
are needed to clearly define the role of the surgery of the primary tumor in this setting,
which might be considered in selected patients with pNET. Despite being classified as G2
pNET, tumors with Ki67 ≤ 10% have a more indolent behavior than those with higher Ki67.
Since pNETs with Ki67 ≤ 10% represented the majority of our sample, we conducted a
separated analysis in this group. Interestingly, the OS of pNET patients with Ki67 ≤ 10%
treated with SSA–RLT was significantly longer compared to that of patients treated with
other therapeutic sequences (i.e., RLT–other, SSA–other), thus suggesting that in this more

77



J. Clin. Med. 2024, 13, 2074

indolent pNET population upfront SSA followed by RLT upon disease progression might
be the best treatment choice, as recommended by ENETS Guidelines [16]. On the other
hand, earlier use of RLT in the first-line setting might be more beneficial in pNETs with
Ki67 > 10%. To elucidate this topic, the randomized phase III NETTER-2 trial is currently
ongoing and evaluating the role of RLT as first-line treatment of patients with newly
diagnosed GEP-NET and high proliferation rate (i.e., G2 >10% and G3) compared to
treatment with high-dose long-acting octreotide (NCT03972488). The preliminary results
of the NETTER-2 trial were recently presented at the 2024 American Society of Clinical
Oncology (ASCO) Gastrointestinal Cancers Symposium [30]. The majority of tumors
originated from the pancreas (54.4%) or small intestine (29.2%), whereas G3 tumors were
reported in 35% of cases. Median PFS was significantly prolonged by 14.3 months, from 8.5
months in the control arm to 22.8 months in the RLT arm (p < 0.0001), thus reducing the risk
of disease progression or death by 72%. Moreover, the ORR was significantly improved in
the RLT arm (43.0%) compared to the control arm (9.3%). However, no data regarding OS
are still available. Regarding the role of nonconventional-dose SSA (either by increased
administered dose (dose intensity) or shortened interval between administrations (dose
density), conflicting results have been reported in NEN patients after failure of the standard
SSA dose. Indeed, earlier retrospective studies [31,32] reported better outcomes associated
with the use of nonconventional-dose SSA as second-line treatment compared to third- or
later-line treatment, which were not clearly confirmed by the recently published phase II
CLARINET FORTE study. This trial investigated the efficacy of doubled-dose lanreotide
(120 mg/2 weeks) among 99 patients with advanced G1 or G2 midgut NENs or pancreatic
NENs, after progressing on the standard dose (120 mg/4 weeks) [33]. The median PFS was
8.3 months in midgut NENs and 5.6 months in pancreatic NENs. Overall, the estimated
probability to achieve disease control rate (mostly obtained as disease stabilization) is 45%,
as reported by a recent systematic review and meta-analysis evaluating the pooled data on
the efficacy of increasing SSA dose in patients with progressive GEP-NENs after standard
dose SSA [32]. In general, the efficacy of targeted agents (i.e., everolimus and sunitinib) in
progressive GEP-NENs is well known, based on the findings reported more than ten years
ago by the regulatory phase III trials, which showed an 11–16 month advantage in terms of
PFS as compared to placebo [20,21,23]. However, solid data on a direct comparison between
RLT and targeted agents as second-line therapy in patients with progressive disease after
SSA are currently not available. A phase III, randomized trial (COMPETE trial) addressing
this question is currently ongoing by comparing the efficacy of RLT and everolimus in
progressive somatostatin receptor (SSTR)-positive GEP-NETs (NCT03049189). The study
has recently completed accrual and results are awaited.

5. Conclusions

To date, the optimal management of advanced pNETs is controversial, given the het-
erogeneity of these tumors and the near absence of randomized trials comparing available
treatment options. In patients with pNETs who received at least two treatment lines be-
cause of radiological disease progression, RLT is associated with better PFS in both first-
and second-line setting. Similarly, surgical resection of the primary tumor is associated
with improved survival. In the subgroup of patients with pNETs with Ki67 <10%, the
best treatment sequence is represented by first-line SSA followed by RLT upon disease
progression. Thus, the best treatment sequence should include upfront RLT in patients who
experienced disease progression after SSA and target therapies or chemotherapy in later
lines. Defining the management and treatment sequencing of advanced pancreatic NENs
could be challenging and requires discussion within a multidisciplinary team, including
medical and radiation oncologists, surgeons, radiologists, and nuclear medicine specialists,
at referring and high-volume centers. However, larger, prospective, phase III clinical trials
are needed to define the correct timing and the optimal treatment sequence of available
systemic treatments in these patients.
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33. Pavel, M.; Ćwikła, J.B.; Lombard-Bohas, C.; Borbath, I.; Shah, T.; Pape, U.F.; Capdevila, J.; Panzuto, F.; Truong Thanh, X.M.;
Houchard, A.; et al. Efficacy and safety of high-dose lanreotide autogel in patients with progressive pancreatic or midgut
neuroendocrine tumours: CLARINET FORTE phase 2 study results. Eur. J. Cancer 2021, 157, 403–414. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

81



Academic Editor: Antonio M.

Caballero-Mateos

Received: 23 January 2025

Revised: 1 February 2025

Accepted: 4 February 2025

Published: 5 February 2025

Citation: Lodato, F.; Landi, S.; Bassi,

M.; Ghersi, S.; Cennamo, V. Urgent

Endoscopic Biliary Procedures: “Run

Like the Wind”? J. Clin. Med. 2025, 14,

1017. https://doi.org/10.3390/

jcm14031017

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Review

Urgent Endoscopic Biliary Procedures: “Run Like the Wind”?

Francesca Lodato *, Stefano Landi, Marco Bassi, Stefania Ghersi and Vincenzo Cennamo

Department of Gastroenterology and Interventional Endoscopy, AUSL Bologna Bellaria, Maggiore Hospital,
40133 Bologna, Italy; stefano.landi@ausl.bo.it (S.L.); marco.bassi@ausl.bo.it (M.B.);
stefania.ghersi@ausl.bo.it (S.G.); vincenzo.cennamo@ausl.bo.it (V.C.)
* Correspondence: francesca.lodato@ausl.bo.it

Abstract: Emergency endoscopy is an activity that must be guaranteed 7 days a week and
24 h a day. The pathologies of endoscopic interest that require emergency intervention
are mainly hemorrhages of the upper digestive tract, the removal of foreign bodies, and
the ingestion of caustics. The emergency endoscopist must therefore be experienced in
the management of these pathologies. Nowadays, however, we know that even some
biliary tract pathologies must be managed within a variable period between 12 and 72 h,
in particular acute cholangitis (Ach), acute biliary pancreatitis (ABP), biliary duct leaks
(BDLs), and acute cholecystitis (AC). If, on one hand, there is little awareness among
doctors about which pathologies of the biliary tract really deserve urgent treatment, on the
other, the international guidelines, although not uniformly, have acquired the results of the
studies and have clarified that only severe Ach should be treated within 12 h; in other cases,
endoscopic treatment can be delayed up to 72 h according to the specific condition. This
obviously has a significant organizational implication, as not all endoscopists have training
in biliary tract endoscopy, and guaranteeing the availability of a biliary endoscopist 24/7
may be incompatible with respecting the working hours of individual professionals. This
review aims to evaluate which pathologies of the biliary tract really require an endoscopic
approach in emergency or urgency and the organizational consequences that this can
determine. Based on the guidelines, we can conclude that a daytime availability for urgent
biliary tract procedures 7 days a week should be provided for the management of severe
ACh. Patients with ABP, AC unfit for surgery, and not responsive to medical therapy or
BDLs can be treated over a longer period, allowing its scheduling on the first available day
of the week.

Keywords: biliary endoscopy; emergency; organization

1. Introduction

The organization of digestive endoscopy units provides for an on-call endoscopist
24 h a day. This figure is needed to manage urgent and emergent conditions such as
digestive hemorrhages, caustic ingestion, or the ingestion of foreign bodies. In these cases,
the promptness of the procedure plays a role in the patient’s prognosis depending on
the clinical situation [1–4]. Therefore, the emergency endoscopist must be trained in the
management of endoluminal urgencies.

Urgent endoscopic procedures are also often required for some biliopancreatic diseases.
Training in biliopancreatic endoscopy is specific, and not all endoscopists can perform such
procedures. In addition, indications for performing emergency or urgent procedures in
biliopancreatic diseases are uncertain, and it is unclear if promptness of the procedure has
a prognostic impact.
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This review focuses on biliopancreatic diseases that may benefit from performing
endoscopic procedures in emergency/urgent setting, namely acute cholangitis (ACh), acute
biliary pancreatitis (ABP), biliary duct leaks (BDLs), and acute cholecystitis (AC); moreover,
we discuss the practical–organizational impact that the proper management of biliary
emergencies can have.

2. Acute Cholangitis (Ach)

ACh is a common clinical complication of biliary obstruction associated with signifi-
cant morbidity and mortality. The mortality rate ranges from 10% to 40%, depending on
disease severity [5]. Thus, severity assessment is a cornerstone for ACh management.

The 2013 revision of the Tokyo Guidelines [6], confirmed in 2018 [7], divides ACh into
severe, moderate, and mild, considering severe ACh associated with other organ systemic
dysfunctions (Table 1).

Table 1. Severity classification of Ach according to TG18/TG13 Guidelines [6,8].

Grade III (Severe)

Ach associated with dysfunction at least in one of the following:

1. Cardiovascular: hypotension requiring dopamine ≥ 5 Lg/kg per min, or any dose of
norepinephrine;

2. Neurological: disturbance of consciousness;
3. Respiratory: PaO2/FiO2 ratio < 300;
4. Renal: oliguria, serum creatinine > 2.0 mg/dL;
5. Hepatic: PT-INR > 1.5;
6. Hematological: platelet count < 100,000/mm.

Grade II (Moderate)

Ach associated with any two of the following:

1. Abnormal WBC count (>12,000/mm3, <4000/mm3);
2. High fever (≥39 ◦C);
3. Age (≥75 years old);
4. Hyperbilirubinemia (total bilirubin ≥ 5 mg/dL);
5. Hypoalbuminemia (<STD × 0.7 a).

Grade I (Mild) Grade I Ach does not meet the criteria of “Grade III” or “Grade II” ACh at initial diagnosis
a STD: lower limit of normal value.

Most patients with ACh have mild-to-moderate disease responding to antibiotics
therapy, which is a cornerstone in these cases [9,10]; but in 15–30% of cases, ACh is severe,
requiring prompt biliary decompression; therefore, a correct classification of cholangitis
severity is fundamental to selecting the appropriate treatment.

Endoscopic retrograde cholangiopancreatography (ERCP) remains the procedure of
choice for biliary drainage, and its superiority over surgical procedures in terms of mortality
and morbidity has already been established in many studies [10].

A further advantage of ERCP is the possibility of performing a biliary culture; this may
be of particular importance given the increasing occurrence of resistance to third-generation
cephalosporins, the most used antibiotics in patients with acute cholangitis [11,12].

In case of ERCP failure or unfavourable anatomy, percutaneous transhepatic biliary
drainage (PTBD) or, more recently, endoscopic ultrasound-guided biliary drainage (EUS-
BD) is an alternative approach to ERCP recommended by international guidelines [5,13].

The questions are as follows: When should ERCP be performed? How urgent is the
procedure? In this topic, the literature is not in complete consensus.

The current Tokyo guidelines recommend biliary drainage in severe ACh “as soon
as possible after patients’ conditions allows”; in cases of mild and moderate ACh not
responding to medical treatment, early biliary drainage is recommended but no specific
timing for procedure is given [7].
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Most studies chose to compare procedures when performed before or after 48 h mostly
because they address the workforce and financial concerns of weekend procedures [14].

No randomized trials have compared ERCP before 48 h versus >48 h but a recent
systematic review and meta-analysis by Iqbal et al. [14] defined “emergent ERCP” as a
procedure performed within 48 h and found that in severe ACh, this procedural timeframe
was associated with significantly lower in-hospital mortality and a shorter duration of
hospital stay. Emergent ERCP was not only beneficial in patients with severe ACh but
it was associated with better outcomes in patients with mild to moderate ACh in terms
of 30-day mortality and organ failure. The meta-analysis included studies with patients
who underwent ERCP within 24 or 48 h, but it was impossible to evaluate any mortality
difference in patients with ACh who underwent ERCP within 24 h and patients who under-
went ERCP between 24 and 48 h, because the mortality data for patients who underwent
ERCP between 24 and 48 h was inconsistently reported in the studies [15–25]. Accordingly,
the American Society of Gastrointestinal Endoscopy (ASGE) guidelines on the manage-
ment of acute cholangitis recommend the performance of ERCP within 48 h for biliary
decompression [5].

Nevertheless, the opportunity of performing ERCP “as soon as possible” as sug-
gested by Tokyo Guidelines is also supported by a 2016 international study [26] including
260 patients with septic shock; the authors found that biliary drainage performed more
than 12 h after the onset of shock was associated with higher in-hospital mortality (OR 3.4,
95% CI 1.12–10.31).

As a result, the European Society of Gastrointestinal Endoscopy (ESGE) Guidelines [13]
are more detailed in the definition of timing for biliary drainage and recommends perform-
ing ERCP as soon as possible in severe ACh and within 12 h for patients with septic shock.
When ACh is moderate, it is suggested to be performed within 48–72 h. For mild cases, the
procedure could be elective.

Another important point is whether the timing of biliary drainage is equally important
in malignant diseases. Malignant biliary obstruction (MBO), such as pancreatic cancer,
cholangiocarcinoma, or metastatic cancer, is observed in 10–30% of cholangitis [22,23,27].

Neoplastic patients are certainly more complex than those suffering from lithiasis; their
performance status is compromised by malnutrition related to concomitant chemotherapies
and neoplastic cachexia [28–30]. Overall, they have a worse prognosis with a higher risk
of readmission within 30 days [31] and, when ACh is present, it is associated with higher
mortality and morbidity [32].

Moreover, when a biliary stricture is present, an additional endoscopic treatment is
required to achieve an effective biliary decompression, such as stent placement, which could
be more challenging in these patients due to anatomical alterations related to underlying
disease [33,34].

A retrospective study [35] including 421 patients with ACh and distal MBO evaluated
three time frames for ERCP: the authors chose to define “urgent” as the procedures per-
formed within 24 h from admission; “early” as the procedures performed between 24 and
48 h; and “late” as the procedures performed after 48 h. ERCP performed by 24 h was sig-
nificantly related to lower 30-day mortality (urgent 2.2%, early 4.3%, late 13.5%; p < 0.001)
and 180-day mortality (39.4%, 44.8%, 60.8%; p = 0.006); these results were confirmed in
subgroup analysis both for 30- and 180-day mortality, for patients with primary MBO and
with moderate-to-severe cholangitis.

These data should support increased attention and urgency in patients with MBO,
who may have a clinical presentation less conspicuous of ACh than patients with lithiasis.
Nevertheless, a retrospective study comparing the waiting time for ERCP in patients with
ACh and MBO compared to those with ACh and lithiasis showed that it is significantly
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longer in patients with MBO [36]. In this study, MBO-related ACh had a significantly higher
30-day mortality than lithiasis-related Ach, with time to ERCP, but not MBO itself, being
an independent factor associated with 30 d mortality in the multivariate analysis. Other
relevant findings were the significantly higher ICU admission and the 30-day readmission
rates in patients with MBO. Therefore, we can conclude that more attention should be paid
to neoplastic patients with MBO, offering these patients urgent procedures that guarantee
better outcomes.

3. Acute Biliary Pancreatitis (ABP)

Acute pancreatitis (AP) is a frequent condition that can have different presentations
with a benign outcome in most cases. In 20% of patients, however, the presentation is
severe and is associated with high mortality and morbidity because patients may develop
cholangitis, organ failure, and other severe complications [37].

The main etiology of AP is biliary, due to obstruction of the biliary tract by stones.
This may result in obstruction and bile reflux into the pancreatic duct, which can trigger the
processes of self-digestion by pancreatic enzymes. Clinical and experimental studies have
shown that the severity of pancreatitis depends on the duration of biliary obstruction [38,39],
with 80% of severe pancreatitis reported when an obstruction persists more than 48 h.
Therefore, the need to drain the biliary tract by endoscopic decompression, mainly using
ERCP with or without sphincterotomy, is mandatory.

The timing of the procedure, however, is debated; while it may be intuitive that the
sooner the cause is removed, the sooner the pancreatitis is resolved, this is not universally
true nor is it substantiated by clear evidence.

The first trial on the use of urgent ERCP in ABP was in 1988 [40]; the study evalu-
ated the outcome of patients hospitalized for ABP and showed a significant reduction in
complications (fluid collection rate and organ failure rate) and mortality in patients with
severe ABP treated by ERCP within 72 h from ABP onset, compared with those treated
conservatively. In 1993, Fan et al. [41] confirmed these results in a group of patients admit-
ted with AP with various etiologies, mainly biliary. In this study, patients were randomly
assigned to the early ERCP or conservative group even though gallstone diagnosis was not
confirmed. Early ERCP was established in 24 h.

Later, other studies confirmed these results, albeit with some differences especially on
the definition of the time of urgency (24 vs. 72 h) [42–47], as summarized in Table 2.

Regarding possible complications of the procedure, the advantage of biliary clearance
remains significant: the main post-procedural complication was represented by bleeding,
which, however, does not appear to increase mortality in a large cohort study comparing
mortality in patients that underwent early or late ERCP with ABP (1.1 vs. 0.57, OR 2.08) [48].

Table 2. Main studies comparing early ERCP (at different timepoints) with conservative treatment
for AP with cholangitis.

Author Year
Patients

(ERCP/Control)
Timing

(h)
Mortality

(%)
Morbidity

(%)

Pancreatic Fluid
Collection

(%)

Organ
Failure/Sepsis

(%)

Neoptolemos [40] 1988 59/62 <72 1.7/8.1 22/62.9 11.9/21.0 10.2/37.1

Fan [41] 1993 97/98 <24 5.2/9.4 20.6/38.8 10.3/12.2 10.3/26.5

Nowak [47] 1998 178/102 <24 2.2/12.8 16.9/38.2 - -

Zhou [46] 2002 20/25 <24 0/0 5/16 5.0/16.0 -

Acosta [45] 2006 30/31 <48 0/0 3.3/25.8 3.3/22.6 0/3.2

Chen [44] 2010 21/32 <72 0/6.3 4.8/18.8 4.8/18.8 -

Zhou [43] 2011 50/55 <72 0/1.8 12/30.6 2.0/0 6.0/18.2

Yang [42] 2012 60/60 <72 1.7/10 10/26.7 1.7713.3 1.7/13.3

Modified from Mukai et al. [49].
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Considering the above, it might seem clear, therefore, that ABP always needs a rapid
ERCP with biliary drainage, even considering the greater technical and procedural difficulty
observed in these patients [50].

On the other hand, if we think about the pathogenesis of pancreatitis, it is necessary to
remember that, after stones migrate into the main bile duct and trigger pancreatitis, the
same stone may pass spontaneously due to increased bile pressure in the duct, without
causing cholangitis.

All studies described above have in common that they mostly included patients with
cholangitis, jaundice, or cholestasis. ABP without cholangitis should be considered a
different condition compared to ABP with cholangitis, and the efficacy of ERCP in this
context has been evaluated in recent studies [51–53] and, as a result, no benefit has been
shown from performing urgent biliary clearance, neither in terms of mortality nor major
complications (Table 3).

Table 3. Main studies comparing early ERCP (at different timepoints) with conservative treatment
for AP without cholangitis.

Author Year
Patients

(ERCP/Control)
Timing

(h)
Mortality

(%)
Morbidity

(%)

Pancreatic Fluid
Collection

(%)

Organ
Failure/Sepsis

(%)

Folsch [53] 1997 126/112 <72 7.9/3.6 46/50.9 23/22.3 34.1/25.9

Oria [52] 2007 51/51 <72 5.9/2 37.3/29.4 11.8/9.8 25.5/19.6

Schepers [51] 2020 117/113 <24 6.8/8.8 28.5/44.2 14.5/15.9 18.8/15

Modified from Mukai et al. [49].

A recent multicentre randomized trial on this issue published by Shepers et al. [51],
which included only patients with predicted severe ABP without cholangitis, concluded
that urgent ERCP with sphincterotomy did not reduce the composite endpoint of major
complications or mortality, compared with conservative treatment. Their findings support
a conservative strategy in patients with predicted severe ABP with an ERCP indicated only
in patients with cholangitis or persistent cholestasis.

The same conclusions were proposed by an earlier Cochrane review in 2012 [54] that,
pooling together seven RCTs including patients with and without severe pancreatitis, failed
to show a significant benefit of early ERCP in terms of mortality (RR 0.74, 95% CI 0.18 to
3.03) and local and systemic complications as defined by the Atlanta Classification (RR 0.86,
95% CI 0.52 to 1.43; and RR 0.59, 95% CI 0.31 to 1.11, respectively), except for patients with
cholangitis and cholestasis in whom early routine ERCP significantly reduced mortality
(RR 0.20, 95% CI 0.06 to 0.68) and local and systemic complications as defined by the Atlanta
Classification (RR 0.45, 95% CI 0.20 to 0.99; and RR 0.37, 95% CI 0.18 to 0.78, respectively).

Based on this evidence, ESGE recommends urgent ERCP in patients with ABP only in
the presence of cholangitis or evidence of biliary obstruction [55].

As stated in ESGE guidelines, no study has been specifically designed to assess the
timing of ERCP in biliary acute pancreatitis. The 2012 Cochrane systematic review did
not show significant benefit when ERCP was performed as early as 24 h with respect to
procedures delayed up to 72 h.

Considering this, the ESGE suggests performing ERCP within 24 h in cases of ABP
with cholangitis, while delaying the procedure until 72 h in cases of biliary obstruction.

4. Biliary Duct Leak (BDL)

BDLs affects up to 1.5% of laparoscopic cholecystectomies [56–61]; it is moreover the
most common surgical complication of liver transplantation [62–64], partial hepatectomy,
and hepatic trauma [65].
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ERCP with stenting, sphincterotomy, or a combination thereof is the first-line treatment
for most BDLs, allowing the pressure gradient between the bile duct and the duodenum
to be decreased; this creates a preferential transpapillary bile flow and allows the leak
to heal [66,67]. The best approach to manage BDLs is not standardized, and current
international guidelines recommend biliary decompression by either sphincterotomy alone
or nasobiliary drain placement, with or without sphincterotomy (ASGE) [68] or biliary
stent placement, only without sphincterotomy to avoid both short- and long-term adverse
events (ESGEs) [69].

ERCP is effective in BDL treatment in up to 90% [70,71]; the remainder require addi-
tional treatment, with the location of the leak being reported as the main factor influencing
the success of ERCP therapy [71]. In these cases, a second attempt could be performed
with repeated stenting or the addition of a sphincterotomy if not previously performed. In
refractory leaks, percutaneous transhepatic biliary drainage (PTBD) or surgical intervention
should be proposed.

Some endoscopists and surgeons consider BDLs to be an emergency, whereas others
treat patients on an elective basis [72].

No RCTs are available to evaluate the best timing for endoscopic treatment of biliary
leaks. To the best of our knowledge, only three retrospective studies have studied the
clinical impact of timing on ERCP outcome for the treatment of post-surgical BDL [73–75].
These studies divided patients into those exhibiting ERCP within 1 day, 2–3 days, and after
3 days from the onset of BDL. Studies are difficult to compare because of many differences:
firstly, the BDL prevalence of post-cholecystectomy was 52%, 70.6%, and 100%, respectively;
the rate of percutaneous abdominal drainage placement was as follows: not reported, 45%,
and 9%, respectively. However, all three studies found that patients treated earlier have
worst outcomes than those treated later, with lower overall adverse events after 3 days [75]
and lower mortality when ERCP was performed between 48 and 72 h compared to those
performed within 24 or after 72 h. These results could be explained with selection bias
because it is likely that more severe patients underwent ERCP earlier while more stable
cases were treated later with expectable better outcomes.

Nevertheless, in view of these data, there is no basis for considering BDLs as a matter
of emergency and patients can mostly be managed within 3 days depending on the general
clinical picture.

5. Acute Cholecystitis (AC)

AC is the most common complication of gallstone disease and the first presentation in
up to 15% of cases [76,77].

According to the Tokyo guidelines, AC should be classified in three grades accord-
ing to severity into mild, moderate, and severe [8], with grade 3 being associated with
systemic dysfunction.

The definitive treatment of AC is cholecystectomy to be performed as soon as possible
and within 7 days from admission, as stated by current guidelines [8,78], but in cases
of patients unfit for surgery with severe AC not responding to antibiotics, non-surgical
treatments (NSTs) should be proposed (Figure 1). The main factors predicting failure of
NST in patients with absolute contraindication for surgery after 24 h of follow-up are age
over 70 years, diabetes, tachycardia, and gallbladder empyema; after 48 h, predictors of
failure are leucocytosis (>15,000 cell/mm3), fever, and age over 70 years. Therefore, in
patients unfit for surgery, gallbladder drainage should be proposed and performed within
24–48 h [79] in case of non-response to medical treatment.
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Figure 1. Flowchart of AC management according to Tokio and World Society of Emergency Surgery
(WSES) Guidelines.

Among alternative approaches, AC could be treated by percutaneous transhepatic
ultrasound/CT-guided biliary drainage (PT-GBD), transpapillary drainage by ERCP (TP-
GBD), or EUS-guided transmural drainage (EUS-GBD).

PT-GBD is a feasible radiological procedure, with a rate of procedural success up to
86% [80,81]; however, mortality and morbidity is difficult to evaluate due to the significant
heterogeneity of patients’ inclusion in different studies, ranging, respectively, from 4 to
50% for mortality and from 8 to 62% for morbidity [82]. Moreover, it is not a definitive
treatment, since the gallbladder is not removed and possible recurrent biliary complications
may occur [83,84]. A recent RCT comparing laparoscopic cholecystectomy and PT-GBD
reported a significantly higher rate of major complications, reinterventions, and recurrent
biliary disease in the PT-GBD group compared to surgery, even in high-risk patients [85].

TP-GBD can be performed with two different methods: endoscopic naso-gallbladder
drainage and endoscopic gallbladder stenting. These transpapillary procedures are used to
place a drainage tube in the gallbladder via the cystic duct with ERCP [86,87]. This approach
is clinically effective but technically challenging as it needs selective cystic duct cannulation
and stent placement, in addition to the complexity of a standard ERCP; thus, it should be
reserved to patients with contraindications to other drainage approaches, like patients with
ascites, severe coagulopathy, thrombocytopenia, or an anatomically inaccessible location or
in patients undergoing ERCP for common bile duct obstruction [88]. This approach could
reasonably be performed in patients undergoing ERCP for biliary obstruction.

EUS-GBD is a relatively new technique; it is based on the creation of a fistula between
the stomach or the duodenal bulb and the gallbladder using a stent, fixing the gallbladder
wall directly to the intestinal lumen [89–91]. In the beginning, different devices were
adapted from ERCP or transmural drainage, like self-expanding metal stents (SEMSs) or
double pig-tail plastic stents (DPSs). Those devices have several problems when used
for EUS-GBD, being designed for other purposes. SEMSs with radial expansion may be
traumatic to visceral walls and might migrate due to the lack of anti-migratory systems;
DPSs have a higher risk of leakage due to the lack of sealing of the fistula [91]. More
recently, a novel technique for EUS-guided positioning of a lumen-apposing metal stent
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(LAMS) was implemented. LAMSs are self-expanding metal stents with a dedicated design
for transmural drainage; they have flanges to ensure lumen-to-lumen apposition, anti-
migratory properties, and sealing of the fresh transmural tract, minimizing the risk of
leakage [92].

The performance of EUS-GBD and PT-GBD has been evaluated in only one RCT [93];
both procedures had comparable technical and clinical success rates (97.4% vs. 100%, p = 0.494
and 92.3% vs. 92.5%, p = 1, respectively) with comparable 30-day mortality (7.7% vs. 10%,
p = 1). Nevertheless, EUS-GBD was associated with significantly lower (25.6% vs. 77.5%,
p < 0.001) 30-day adverse events (12.8% vs. 47.5%, p = 0.010), re-interventions after
30 days (2.6% vs. 30%, p = 0.001), readmissions (15.4% vs. 50%, p = 0.002), and recur-
rent cholecystitis (2.6% vs. 20%, p = 0.029). PT-GBD was also related to an increased risk of
cholecystitis recurrence (OR 5.63).

NST techniques in high-risk surgical patients with acute cholecystitis have been
compared by Mohan et al. in a large meta-analysis including 82 studies for a total of
15,131 patients (1223 treated with TP-GBD, 557 with EUS-GBD, and 13,351 with PGBD) [94].
The authors reported pooled technical and clinical successes for TP-GBD of 83% (95%
confidence interval [CI]: 80.1–85.5) and 88.1% (95% CI: 83.6–91.4), respectively; for EUS-
GBD, 95.3% (95% CI: 92.8–96.9) and 96.7% (95% CI: 94.0–98.2), respectively; and for PT-GBD,
98.7% (95% CI: 98.0–99.1) and 89.3% (95% CI: 86.6–91.5), respectively.

Current guidelines suggest, in centres experienced in the procedure, the use of EUS-
GBD as the first choice in the drainage of AC unfit for surgery [8,78,95,96]. As said, the
procedure should be performed within 24–48 h.

The endoscopic approach can indeed be considered a definitive treatment for patients
unfit for surgery. Conversely, percutaneous drainage is the procedure of choice when
expertise is not available for EUS-GBD in severely compromised patients with a surgical
perspective, as a bridge before cholecystectomy. Delayed laparoscopic cholecystectomy in
patients with PT-GBD is suggested in all those patients recovering from the conditions that
previously discouraged surgical intervention after at least 6 weeks from the gallbladder
drainage [97].

6. Conclusions

The endoscopic on-call system provides a trained endoscopist for urgent procedures,
available 24/7.

Endoscopic procedures of the biliopancreatic tract, however, require specialized train-
ing that not all endoscopists, even those with much experience, may have.

An analysis of the literature shows that some diseases of the biliary tract require endo-
scopic treatment in an emergency, raising a challenging organization of trained personnel
in the Gastroenterology Units.

Severe ACh is a disease of greater emergency, which, according to the ESGE guidelines,
should be treated with ERCP within 12 h; in the case of ABP associated with cholangitis, the
available studies show an extended operative window of up to 24 h. All other conditions
evaluated could be delayed between 24 and 72 h (Figure 2).

Thus, it can be assumed that a full weekend can be waited for most procedures,
whereas for severe cholangitis, with or without associated acute pancreatitis, a biliary
endoscopist, available at least during daytime hours 7 days a week, should be provided.

89



J. Clin. Med. 2025, 14, 1017

Figure 2. Performance time of procedures according to type and clinical condition.

The organization is more complex; in fact, it is not only necessary to consider the need
for a specifically trained gastroenterologist—ERCP requires a dedicated team made by nurs-
ing staff and, in some hospitals, radiology technologists to manage the fluoroscopy equip-
ment. Furthermore, most ECRPs are nowadays performed with anesthesia, thus requiring
an additional nurse and an anesthesiologist. In summary, it is a procedure that requires the
coordination of numerous professional figures and the use of advanced equipment.

Multiple studies have shown that ERCP performed after-hours or over the weekend
is as safe as those performed during standard weekday hours [98–100]; thus, considering
the guidelines and the clinical benefit of patients, the organization of the Gastroenterology
Units should be reviewed.

In conclusion, every Gastroenterology Unit should provide at least a daytime avail-
ability for urgent biliary tract procedures 7 days a week for the management of severe ACh.
Patients with ABP, AC unfit for surgery, and not responsive to medical therapy or BDLs
can be treated over a longer period, allowing its scheduling on the first available day of
the week.
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Abbreviations

The following abbreviations are used in this manuscript:
ABP Acute biliary pancreatitis
AP Acute pancreatitis
AC Acute cholecystitis
ACh Acute cholangitis
ASGE American Society of Gastrointestinal Endoscopy
BDL Biliary duct leak
DPS Double pig-tail stent
ESGE European Society of Gastrointestinal Endoscopy
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ERCP Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound
EUS-BD Endoscopic ultrasound-guided biliary drainage
EUS-GBD EUS-guided gallbladder drainage
LAMS Lumen-apposing metal stent
MBO Malignant biliary obstruction
PTBD Percutaneous transhepatic biliary drainage
PT-GBD Percutaneous transhepatic gallbladder drainage
TP-GBD Trans-papillary gallbladder drainage
SEMS Self-expanding metal stent
WSES World Society of Emergency Surgery

References

1. Gralnek, I.; Dumonceau, J.-M.; Kuipers, E.; Lanas, A.; Sanders, D.; Kurien, M.; Rotondano, G.; Hucl, T.; Dinis-Ribeiro, M.; Marmo,
R.; et al. Diagnosis and Management of Nonvariceal Upper Gastrointestinal Hemorrhage: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy 2015, 47, a1–a46. [CrossRef] [PubMed]

2. Birk, M.; Bauerfeind, P.; Deprez, P.; Häfner, M.; Hartmann, D.; Hassan, C.; Hucl, T.; Lesur, G.; Aabakken, L.; Meining, A. Removal
of Foreign Bodies in the Upper Gastrointestinal Tract in Adults: European Society of Gastrointestinal Endoscopy (ESGE) Clinical
Guideline. Endoscopy 2016, 48, 489–496. [CrossRef]

3. ASGE Standards of Practice Committee; Ikenberry, S.O.; Jue, T.L.; Anderson, M.A.; Appalaneni, V.; Banerjee, S.; Ben-Menachem,
T.; Decker, G.A.; Fanelli, R.D.; Fisher, L.R.; et al. Management of Ingested Foreign Bodies and Food Impactions. Gastrointest.
Endosc. 2011, 73, 1085–1091.

4. Lau, J.Y.W.; Yu, Y.; Tang, R.S.Y.; Chan, H.C.H.; Yip, H.-C.; Chan, S.M.; Luk, S.W.Y.; Wong, S.H.; Lau, L.H.S.; Lui, R.N.; et al. Timing
of Endoscopy for Acute Upper Gastrointestinal Bleeding. N. Engl. J. Med. 2020, 382, 1299–1308. [CrossRef]

5. Buxbaum, J.L.; Buitrago, C.; Lee, A.; Elmunzer, B.J.; Riaz, A.; Ceppa, E.P.; Al-Haddad, M.; Amateau, S.K.; Calderwood, A.H.;
Fishman, D.S.; et al. ASGE Guideline on the Management of Cholangitis. Gastrointest. Endosc. 2021, 94, 207–221.e14. [CrossRef]

6. Kiriyama, S.; Takada, T.; Strasberg, S.M.; Solomkin, J.S.; Mayumi, T.; Pitt, H.A.; Gouma, D.J.; Garden, O.J.; Büchler, M.W.; Yokoe,
M.; et al. TG13 Guidelines for Diagnosis and Severity Grading of Acute Cholangitis (with Videos). J. Hepato-Biliary-Pancreat. Sci.
2013, 20, 24–34. [CrossRef] [PubMed]

7. Kiriyama, S.; Kozaka, K.; Takada, T.; Strasberg, S.M.; Pitt, H.A.; Gabata, T.; Hata, J.; Liau, K.-H.; Miura, F.; Horiguchi, A.; et al.
Tokyo Guidelines 2018: Diagnostic Criteria and Severity Grading of Acute Cholangitis (with Videos). J. Hepato-Biliary-Pancreat.
Sci. 2018, 25, 17–30. [CrossRef] [PubMed]

8. Okamoto, K.; Suzuki, K.; Takada, T.; Strasberg, S.M.; Asbun, H.J.; Endo, I.; Iwashita, Y.; Hibi, T.; Pitt, H.A.; Umezawa, A.; et al.
Tokyo Guidelines 2018: Flowchart for the Management of Acute Cholecystitis. J. Hepato-Biliary-Pancreat. Sci. 2018, 25, 55–72.
[CrossRef] [PubMed]

9. Srinu, D.; Shah, J.; Jena, A.; Jearth, V.; Singh, A.K.; Mandavdhare, H.S.; Sharma, V.; Irrinki, S.; Sakaray, Y.R.; Gupta, R.; et al.
Conventional vs Short Duration of Antibiotics in Patients with Moderate or Severe Cholangitis: Noninferiority Randomized Trial.
Am. J. Gastroenterol. 2024, 119, 176–182. [CrossRef]

10. Lai, E.C.S.; Mok, F.P.T.; Tan, E.S.Y.; Lo, C.; Fan, S.; You, K.; Wong, J. Endoscopic Biliary Drainage for Severe Acute Cholangitis. N.
Engl. J. Med. 1992, 326, 1582–1586. [CrossRef]

11. Kruis, T.; Güse-Jaschuck, S.; Siegmund, B.; Adam, T.; Epple, H.-J. Use of Microbiological and Patient Data for Choice of Empirical
Antibiotic Therapy in Acute Cholangitis. BMC Gastroenterol. 2020, 20, 65. [CrossRef]

12. Cozma, M.-A.; Găman, M.-A.; Srichawla, B.S.; Dhali, A.; Manan, M.R.; Nahian, A.; Marsool, M.D.M.; Suteja, R.C.; Kutikuppala,
L.V.S.; Kipkorir, V.; et al. Acute Cholangitis: A State-of-the-Art Review. Ann. Med. Surg. 2024, 86, 4560–4574. [CrossRef] [PubMed]

13. Manes, G.; Paspatis, G.; Aabakken, L.; Anderloni, A.; Arvanitakis, M.; Ah-Soune, P.; Barthet, M.; Domagk, D.; Dumonceau, J.-M.;
Gigot, J.-F.; et al. Endoscopic Management of Common Bile Duct Stones: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline. Endoscopy 2019, 51, 472–491. [CrossRef]

14. Iqbal, U.; Khara, H.S.; Hu, Y.; Khan, M.A.; Ovalle, A.; Siddique, O.; Sun, H.; Shellenberger, M.J. Emergent versus Urgent ERCP in
Acute Cholangitis: A Systematic Review and Meta-Analysis. Gastrointest. Endosc. 2020, 91, 753–760.e4. [CrossRef] [PubMed]

15. Kiriyama, S.; Takada, T.; Hwang, T.; Akazawa, K.; Miura, F.; Gomi, H.; Mori, R.; Endo, I.; Itoi, T.; Yokoe, M.; et al. Clinical
Application and Verification of the TG13 Diagnostic and Severity Grading Criteria for Acute Cholangitis: An International
Multicenter Observational Study. J. Hepato-Biliary-Pancreat. Sci. 2017, 24, 329–337. [CrossRef] [PubMed]

91



J. Clin. Med. 2025, 14, 1017

16. Park, C.S.; Jeong, H.S.; Kim, K.B.; Han, J.-H.; Chae, H.B.; Youn, S.J.; Park, S.M. Urgent ERCP for Acute Cholangitis Reduces
Mortality and Hospital Stay in Elderly and Very Elderly Patients. Hepatobiliary Pancreat. Dis. Int. 2016, 15, 619–625. [CrossRef]
[PubMed]

17. Jang, S.E.; Park, S.W.; Lee, B.S.; Shin, C.M.; Lee, S.H.; Kim, J.-W.; Jeong, S.-H.; Kim, N.; Lee, D.H.; Park, J.K.; et al. Management
for CBD Stone-Related Mild to Moderate Acute Cholangitis: Urgent Versus Elective ERCP. Dig. Dis. Sci. 2013, 58, 2082–2087.
[CrossRef]

18. Mulki, R.; Shah, R.; Qayed, E. Early vs Late Endoscopic Retrograde Cholangiopancreatography in Patients with Acute Cholangitis:
A Nationwide Analysis. World J. Gastrointest. Endosc. 2019, 11, 41–53. [CrossRef]

19. Tan, M.; Schaffalitzky de Muckadell, O.B.; Laursen, S.B. Association between Early ERCP and Mortality in Patients with Acute
Cholangitis. Gastrointest. Endosc. 2018, 87, 185–192. [CrossRef]

20. Patel, H.K.; Gaduputi, V.; Chelimilla, H.; Makker, J.; Hashmi, H.R.T.; Irigela, M.; Dev, A.; Chilimuri, S. Acute Cholangitis: Does
the Timing of ERCP Alter Outcomes? J. Pancreas 2016, 17, 504–509.

21. Alper, E.; Unsal, B.; Buyraç, Z.; Baydar, B.; Aslan, F.; Akça, S.; Ustundag, Y. Sa1520 Early ERCP Is Safe and Cost-Effective in the
Treatment of Mild to Moderate Acute Cholangitis. Gastrointest. Endosc. 2011, 73, AB195. [CrossRef]

22. Lee, F.; Ohanian, E.; Rheem, J.; Laine, L.; Che, K.; Kim, J.J. Delayed Endoscopic Retrograde Cholangiopancreatography Is
Associated with Persistent Organ Failure in Hospitalised Patients with Acute Cholangitis. Aliment. Pharmacol. Ther. 2015, 42,
212–220. [CrossRef]

23. Hou, L.A.; Laine, L.; Motamedi, N.; Sahakian, A.; Lane, C.; Buxbaum, J. Optimal Timing of Endoscopic Retrograde Cholangiopan-
creatography in Acute Cholangitis. J. Clin. Gastroenterol. 2017, 51, 534–538. [CrossRef] [PubMed]

24. Aboelsoud, M.; Siddique, O.; Morales, A.; Seol, Y.; Al-Qadi, M. Early Biliary Drainage Is Associated with Favourable Outcomes in
Critically-Ill Patients with Acute Cholangitis. Gastroenterol. Rev. 2018, 13, 16–21. [CrossRef]

25. Parikh, M.P.; Wadhwa, V.; Thota, P.N.; Lopez, R.; Sanaka, M.R. Outcomes Associated With Timing of ERCP in Acute Cholangitis
Secondary to Choledocholithiasis. J. Clin. Gastroenterol. 2018, 52, e97–e102. [CrossRef]

26. Karvellas, C.J.; Abraldes, J.G.; Zepeda-Gomez, S.; Moffat, D.C.; Mirzanejad, Y.; Vazquez-Grande, G.; Esfahani, E.K.; Kumar, A.
The Impact of Delayed Biliary Decompression and Anti-microbial Therapy in 260 Patients with Cholangitis-associated Septic
Shock. Aliment. Pharmacol. Ther. 2016, 44, 755–766. [CrossRef] [PubMed]

27. Navaneethan, U.; Gutierrez, N.G.; Jegadeesan, R.; Venkatesh, P.G.K.; Butt, M.; Sanaka, M.R.; Vargo, J.J.; Parsi, M.A. Delay in
Performing ERCP and Adverse Events Increase the 30-Day Readmission Risk in Patients with Acute Cholangitis. Gastrointest.
Endosc. 2013, 78, 81–90. [CrossRef]

28. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P.; et al. Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. N. Engl. J. Med. 2010, 362, 1273–1281.
[CrossRef] [PubMed]

29. Von Hoff, D.D.; Ervin, T.; Arena, F.P.; Chiorean, E.G.; Infante, J.; Moore, M.; Seay, T.; Tjulandin, S.A.; Ma, W.W.; Saleh, M.N.; et al.
Increased Survival in Pancreatic Cancer with Nab-Paclitaxel plus Gemcitabine. N. Engl. J. Med. 2013, 369, 1691–1703. [CrossRef]

30. Conroy, T.; Hammel, P.; Hebbar, M.; Ben Abdelghani, M.; Wei, A.C.; Raoul, J.-L.; Choné, L.; Francois, E.; Artru, P.; Biagi, J.J.; et al.
FOLFIRINOX or Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. N. Engl. J. Med. 2018, 379, 2395–2406. [CrossRef]

31. Parikh, M.P.; Garg, R.; Chittajallu, V.; Gupta, N.; Sarvepalli, S.; Lopez, R.; Thota, P.N.; Siddiki, H.; Bhatt, A.; Chahal, P.; et al.
Trends and Risk Factors for 30-Day Readmissions in Patients with Acute Cholangitis: Analysis from the National Readmission
Database. Surg. Endosc. 2021, 35, 223–231. [CrossRef]

32. Singh, I.; Chou, J.F.; Capanu, M.; Park, J.; Yu, K.H.; Varghese, A.M.; Park, W.; Zervoudakis, A.; Keane, F.; Rolston, V.S.; et al.
Morbidity and Mortality in Patients with Stage IV Pancreatic Adenocarcinoma and Acute Cholangitis: Outcomes and Risk
Prognostication. Pancreatology 2024, 24, 608–615. [CrossRef] [PubMed]

33. Reddy Ginnaram, S. Comparative Efficacy of Endoscopic Ultrasound-Guided Biliary Drainage versus Endoscopic Retrograde
Cholangiopancreatography as First-Line Palliation in Malignant Distal Biliary Obstruction: A Systematic Review and Meta-
Analysis. Ann. Gastroenterol. 2024, 37, 1–8. [CrossRef]

34. Dhir, V.; Itoi, T.; Khashab, M.A.; Park, D.H.; Teoh, A.Y.B.; Attam, R.; Messallam, A.; Varadarajulu, S.; Maydeo, A. Multicenter
Comparative Evaluation of Endoscopic Placement of Expandable Metal Stents for Malignant Distal Common Bile Duct Obstruction
by ERCP or EUS-Guided Approach. Gastrointest. Endosc. 2015, 81, 913–923. [CrossRef] [PubMed]

35. Park, N.; Lee, S.H.; You, M.S.; Kim, J.S.; Huh, G.; Chun, J.W.; Cho, I.R.; Paik, W.H.; Ryu, J.K.; Kim, Y.-T. Optimal Timing of
Endoscopic Retrograde Cholangiopancreatography for Acute Cholangitis Associated with Distal Malignant Biliary Obstruction.
BMC Gastroenterol. 2021, 21, 175. [CrossRef]

36. Tsou, Y.-K.; Su, Y.-T.; Lin, C.-H.; Liu, N.-J. Acute Cholangitis: Does Malignant Biliary Obstruction vs Choledocholithiasis Etiology
Change the Clinical Presentation and Outcomes? World J. Clin. Cases 2023, 11, 6984–6994. [CrossRef] [PubMed]

92



J. Clin. Med. 2025, 14, 1017

37. Banks, P.A.; Bollen, T.L.; Dervenis, C.; Gooszen, H.G.; Johnson, C.D.; Sarr, M.G.; Tsiotos, G.G.; Vege, S.S. Classification of Acute
Pancreatitis—2012: Revision of the Atlanta Classification and Definitions by International Consensus. Gut 2013, 62, 102–111.
[CrossRef]

38. Senninger, N.; Moody, F.G.; Coelho, J.C.; Van Buren, D.H. The Role of Biliary Obstruction in the Pathogenesis of Acute Pancreatitis
in the Opossum. Surgery 1986, 99, 688–693. [PubMed]

39. Acosta, J.M.; Rubio Galli, O.M.; Rossi, R.; Chinellato, A.V.; Pellegrini, C.A. Effect of Duration of Ampullary Gallstone Obstruction
on Severity of Lesions of Acute Pancreatitis. J. Am. Coll. Surg. 1997, 184, 499–505. [PubMed]

40. Neoptolemos, J.P.; Carr-Locke, D.L.; London, N.J.; Bailey, I.A.; James, D.; Fossard, D.P. Controlled Trial of Urgent Endoscopic
Retrograde Cholangiopancreatography and Endoscopic Sphincterotomy versus Conservative Treatment for Acute Pancreatitis
Due to Gallstones. Lancet 1988, 2, 979–983. [CrossRef]

41. Fan, S.-T.; Lai, E.; Mok, F.; Lo, C.-M.; Zheng, S.-S.; Wong, J. Early Treatment of Acute Biliary Pancreatitis by Endoscopic
Papillotomy. N. Engl. J. Med. 1993, 328, 228–232. [CrossRef]

42. Yang, P.; Feng, K.-X.; Luo, H.; Wang, D.; Hu, Z.-H. Acute Biliary Pancreatitis Treated by Early Endoscopic Intervention. Panminerva
Med. 2012, 54, 65–69.

43. Zhou, W.-C.; Li, Y.-M.; Zhang, H.; Li, X.; Zhang, L.; Meng, W.-B.; Zhu, K.-X.; Zhang, Q.-B.; He, M.-Y. Therapeutic Effects of
Endoscopic Therapy Combined with Enteral Nutrition on Acute Severe Biliary Pancreatitis. Chin. Med. J. (Engl.) 2011, 124,
2993–2996. [PubMed]

44. Chen, P.; Hu, B.; Wang, C.; Kang, Y.; Jin, X.; Tang, C. Pilot Study of Urgent Endoscopic Intervention Without Fluoroscopy on
Patients With Severe Acute Biliary Pancreatitis in the Intensive Care Unit. Pancreas 2010, 39, 398–402. [CrossRef]

45. Acosta, J.M.; Katkhouda, N.; Debian, K.A.; Groshen, S.G.; Tsao-Wei, D.D.; Berne, T.V. Early Ductal Decompression Versus
Conservative Management for Gallstone Pancreatitis with Ampullary Obstruction. Ann. Surg. 2006, 243, 33–40. [CrossRef]
[PubMed]

46. Zhou, M.-Q.; Li, N.-P.; Lu, R.-D. Duodenoscopy in Treatment of Acute Gallstone Pancreatitis. Hepatobiliary Pancreat. Dis. Int. 2002,
1, 608–610. [PubMed]

47. Nowak, A.; Marek, T.A.; Nowakowska-Duława, E.; Rybicka, J.; Kaczor, R. Biliary Pancreatitis Needs Endoscopic Retrograde
Cholangiopancreatography with Endoscopic Sphincterotomy for Cure. Endoscopy 1998, 30, A256–A259. [CrossRef] [PubMed]

48. Malli, A.; Durkin, C.; Groce, J.R.; Hinton, A.; Conwell, D.L.; Krishna, S.G. Unavailability of Endoscopic Retrograde Cholangiogra-
phy Adversely Impacts Hospital Outcomes of Acute Biliary Pancreatitis. Pancreas 2020, 49, 39–45. [CrossRef]

49. Mukai, S.; Itoi, T.; Tsuchiya, T.; Ishii, K.; Tanaka, R.; Tonozuka, R.; Sofuni, A. Urgent and emergency endoscopic retrograde
cholangiopancreatography for gallstone-induced acute cholangitis and pancreatitis. Dig. Endosc. 2023, 35, 47–57. [CrossRef]
[PubMed]

50. Pécsi, D.; Gódi, S.; Hegyi, P.; Hanák, L.; Szentesi, A.; Altorjay, I.; Bakucz, T.; Czakó, L.; Kovács, G.; Orbán-Szilágyi, Á.; et al. ERCP
Is More Challenging in Cases of Acute Biliary Pancreatitis than in Acute Cholangitis—Analysis of the Hungarian ERCP Registry
Data. Pancreatology 2021, 21, 59–63. [CrossRef]

51. Schepers, N.J.; Hallensleben, N.D.L.; Besselink, M.G.; Anten, M.-P.G.F.; Bollen, T.L.; da Costa, D.W.; van Delft, F.; van Dijk, S.M.;
van Dullemen, H.M.; Dijkgraaf, M.G.W.; et al. Urgent Endoscopic Retrograde Cholangiopancreatography with Sphincterotomy
versus Conservative Treatment in Predicted Severe Acute Gallstone Pancreatitis (APEC): A Multicentre Randomised Controlled
Trial. Lancet 2020, 396, 167–176. [CrossRef]

52. Oría, A.; Cimmino, D.; Ocampo, C.; Silva, W.; Kohan, G.; Zandalazini, H.; Szelagowski, C.; Chiappetta, L. Early Endoscopic
Intervention versus Early Conservative Management in Patients with Acute Gallstone Pancreatitis and Biliopancreatic Obstruction:
A Randomized Clinical Trial. Ann. Surg. 2007, 245, 10–17. [CrossRef] [PubMed]

53. Fölsch, U.R.; Nitsche, R.; Lüdtke, R.; Hilgers, R.A.; Creutzfeldt, W. Early ERCP and Papillotomy Compared with Conservative
Treatment for Acute Biliary Pancreatitis. N. Engl. J. Med. 1997, 336, 237–242. [CrossRef]

54. Tse, F.; Yuan, Y. Early Routine Endoscopic Retrograde Cholangiopancreatography Strategy versus Early Conservative Manage-
ment Strategy in Acute Gallstone Pancreatitis. In Cochrane Database of Systematic Reviews; Tse, F., Ed.; John Wiley & Sons, Ltd.:
Chichester, UK, 2012.

55. Arvanitakis, M.; Dumonceau, J.-M.; Albert, J.; Badaoui, A.; Bali, M.; Barthet, M.; Besselink, M.; Deviere, J.; Oliveira Ferreira, A.;
Gyökeres, T.; et al. Endoscopic Management of Acute Necrotizing Pancreatitis: European Society of Gastrointestinal Endoscopy
(ESGE) Evidence-Based Multidisciplinary Guidelines. Endoscopy 2018, 50, 524–546. [CrossRef] [PubMed]

56. Viste, A.; Horn, A.; Øvrebø, K.; Christensen, B.; Angelsen, J.-H.; Hoem, D. Bile Duct Injuries Following Laparoscopic Cholecystec-
tomy. Scand. J. Surg. 2015, 104, 233–237. [CrossRef] [PubMed]

57. Sanjay, P.; Weerakoon, R.; Shaikh, I.A.; Bird, T.; Paily, A.; Yalamarthi, S. A 5-Year Analysis of Readmissions Following Elective
Laparoscopic Cholecystectomy—Cohort Study. Int. J. Surg. 2011, 9, 52–54. [CrossRef]

58. Manguso, N.; Zuckerman, R. Identification and Management of Bile Duct Injuries. Surg. Clin. N. Am. 2024, 104, 1229–1236.
[CrossRef]

93



J. Clin. Med. 2025, 14, 1017

59. Khan, M.H.; Howard, T.J.; Fogel, E.L.; Sherman, S.; McHenry, L.; Watkins, J.L.; Canal, D.F.; Lehman, G.A. Frequency of Biliary
Complications after Laparoscopic Cholecystectomy Detected by ERCP: Experience at a Large Tertiary Referral Center. Gastrointest.
Endosc. 2007, 65, 247–252. [CrossRef]

60. Harboe, K.M.; Bardram, L. The Quality of Cholecystectomy in Denmark: Outcome and Risk Factors for 20,307 Patients from the
National Database. Surg. Endosc. 2011, 25, 1630–1641. [CrossRef]

61. Wu, Y.V.; Linehan, D.C. Bile Duct Injuries in the Era of Laparoscopic Cholecystectomies. Surg. Clin. N. Am. 2010, 90, 787–802.
[CrossRef] [PubMed]

62. Rerknimitr, R.; Sherman, S.; Fogel, E.L.; Kalayci, C.; Lumeng, L.; Chalasani, N.; Kwo, P.; Lehman, G.A. Biliary Tract Complications
after Orthotopic Liver Transplantation with Choledochocholedochostomy Anastomosis: Endoscopic Findings and Results of
Therapy. Gastrointest. Endosc. 2002, 55, 224–231. [CrossRef]

63. Morelli, J.; Mulcahy, H.E.; Willner, I.R.; Baliga, P.; Chavin, K.D.; Patel, R.; Payne, M.; Cotton, P.B.; Hawes, R.; Reuben, A.; et al.
Endoscopic Treatment of Post-Liver Transplantation Biliary Leaks with Stent Placement across the Leak Site. Gastrointest. Endosc.
2001, 54, 471–475. [CrossRef]

64. Oh, D.; Lee, S.K.; Song, T.J.; Park, D.H.; Lee, S.S.; Seo, D.-W.; Kim, M.-H. Endoscopic Management of Bile Leakage after Liver
Transplantation. Gut Liver 2015, 9, 417–423. [CrossRef] [PubMed]

65. Spinn, M.P.; Patel, M.K.; Cotton, B.A.; Lukens, F.J. Successful Endoscopic Therapy of Traumatic Bile Leaks. Case Rep. Gastroenterol.
2013, 7, 56–62. [CrossRef] [PubMed]

66. Canena, J.; Horta, D.; Coimbra, J.; Meireles, L.; Russo, P.; Marques, I.; Ricardo, L.; Rodrigues, C.; Capela, T.; Carvalho, D.; et al.
Outcomes of Endoscopic Management of Primary and Refractory Postcholecystectomy Biliary Leaks in a Multicentre Review of
178 Patients. BMC Gastroenterol. 2015, 15, 105. [CrossRef]

67. Kim, K.H.; Kim, T.N. Endoscopic Management of Bile Leakage after Cholecystectomy: A Single-Center Experience for 12 Years.
Clin. Endosc. 2014, 47, 248. [CrossRef]

68. Chathadi, K.V.; Chandrasekhara, V.; Acosta, R.D.; Decker, G.A.; Early, D.S.; Eloubeidi, M.A.; Evans, J.A.; Faulx, A.L.; Fanelli, R.D.;
Fisher, D.A.; et al. The Role of ERCP in Benign Diseases of the Biliary Tract. Gastrointest. Endosc. 2015, 81, 795–803. [CrossRef]
[PubMed]

69. Dumonceau, J.-M.; Tringali, A.; Blero, D.; Devière, J.; Laugiers, R.; Heresbach, D.; Costamagna, G. Biliary Stenting: Indications,
Choice of Stents and Results: European Society of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. Endoscopy 2012, 44,
277–298. [CrossRef] [PubMed]

70. Quintini, D.; Rizzo, G.E.M.; Tarantino, I.; Sarzo, G.; Fantin, A.; Miraglia, R.; Maruzzelli, L.; Ligresti, D.; Carrozza, L.; Rancatore,
G.; et al. Endoscopic or Combined Management of Post-Surgical Biliary Leaks: A Two-Center Recent Experience. Surg. Endosc.
2024, 38, 7233–7242. [CrossRef]

71. Tewani, S.K.; Turner, B.G.; Chuttani, R.; Pleskow, D.K.; Sawhney, M.S. Location of Bile Leak Predicts the Success of ERCP
Performed for Postoperative Bile Leaks. Gastrointest. Endosc. 2013, 77, 601–608. [CrossRef] [PubMed]

72. Bhattacharjya, S.; Puleston, J.; Davidson, B.R.; Dooley, J.S. Outcome of Early Endoscopic Biliary Drainage in the Management of
Bile Leaks after Hepatic Resection. Gastrointest. Endosc. 2003, 57, 526–530. [CrossRef] [PubMed]

73. Abbas, A.; Sethi, S.; Brady, P.; Taunk, P. Endoscopic Management of Postcholecystectomy Biliary Leak: When and How? A
Nationwide Study. Gastrointest. Endosc. 2019, 90, 233–241.e1. [CrossRef]

74. Adler, D.G.; Papachristou, G.I.; Taylor, L.J.; McVay, T.; Birch, M.; Francis, G.; Zabolotsky, A.; Laique, S.N.; Hayat, U.; Zhan, T.; et al.
Clinical Outcomes in Patients with Bile Leaks Treated via ERCP with Regard to the Timing of ERCP: A Large Multicenter Study.
Gastrointest. Endosc. 2017, 85, 766–772. [CrossRef] [PubMed]

75. Desai, A.; Twohig, P.; Trujillo, S.; Dalal, S.; Kochhar, G.S.; Sandhu, D.S. Clinical Efficacy, Timing, and Outcomes of ERCP for
Management of Bile Duct Leaks: A Nationwide Cohort Study. Endosc. Int. Open 2021, 09, E247–E252. [CrossRef]

76. Shaffer, E.A. Epidemiology and Risk Factors for Gallstone Disease: Has the Paradigm Changed in the 21st Century? Curr.
Gastroenterol. Rep. 2005, 7, 132–140. [CrossRef]

77. Kratzer, W.; Mason, R.A.; Kächele, V. Prevalence of Gallstones in Sonographic Surveys Worldwide. J. Clin. Ultrasound 1999,
27, 1–7. [CrossRef]

78. Pisano, M.; Allievi, N.; Gurusamy, K.; Borzellino, G.; Cimbanassi, S.; Boerna, D.; Coccolini, F.; Tufo, A.; Di Martino, M.; Leung,
J.; et al. 2020 World Society of Emergency Surgery Updated Guidelines for the Diagnosis and Treatment of Acute Calculus
Cholecystitis. World J. Emerg. Surg. 2020, 15, 61. [CrossRef]

79. Barak, O.; Elazary, R.; Appelbaum, L.; Rivkind, A.; Almogy, G. Conservative Treatment for Acute Cholecystitis: Clinical and
Radiographic Predictors of Failure. Isr. Med. Assoc. J. 2009, 11, 739–743.

80. Winbladh, A.; Gullstrand, P.; Svanvik, J.; Sandström, P. Systematic Review of Cholecystostomy as a Treatment Option in Acute
Cholecystitis. HPB 2009, 11, 183–193. [CrossRef]

81. Gurusamy, K.S.; Kumar, Y.; Farouk, M.; Davidson, B.R. Methods of Management of High-Risk Surgical Patients with Acute
Cholecystitis. In Cochrane Database of Systematic Reviews; Gurusamy, K.S., Ed.; John Wiley & Sons, Ltd.: Chichester, UK, 2008.

94



J. Clin. Med. 2025, 14, 1017

82. Campanile, F.C.; Pisano, M.; Coccolini, F.; Catena, F.; Agresta, F.; Ansaloni, L. Acute Cholecystitis: WSES Position Statement.
World J. Emerg. Surg. 2014, 9, 58. [CrossRef]

83. Jang, W.S.; Lim, J.U.; Joo, K.R.; Cha, J.M.; Shin, H.P.; Joo, S.H. Outcome of Conservative Percutaneous Cholecystostomy in
High-Risk Patients with Acute Cholecystitis and Risk Factors Leading to Surgery. Surg. Endosc. 2015, 29, 2359–2364. [CrossRef]
[PubMed]

84. Sanjay, P.; Mittapalli, D.; Marioud, A.; White, R.D.; Ram, R.; Alijani, A. Clinical Outcomes of a Percutaneous Cholecystostomy for
Acute Cholecystitis: A Multicentre Analysis. HPB 2013, 15, 511–516. [CrossRef] [PubMed]

85. Loozen, C.S.; van Santvoort, H.C.; van Duijvendijk, P.; Besselink, M.G.; Gouma, D.J.; Nieuwenhuijzen, G.A.; Kelder, J.C.;
Donkervoort, S.C.; van Geloven, A.A.; Kruyt, P.M.; et al. Laparoscopic Cholecystectomy versus Percutaneous Catheter Drainage
for Acute Cholecystitis in High Risk Patients (CHOCOLATE): Multicentre Randomised Clinical Trial. BMJ 2018, 363, k3965.
[CrossRef] [PubMed]

86. Kozarek, R.A. Selective Cannulation of the Cystic Duct at Time of ERCP. J. Clin. Gastroenterol. 1984, 6, 37–40. [PubMed]
87. Itoi, T.; Coelho-Prabhu, N.; Baron, T.H. Endoscopic Gallbladder Drainage for Management of Acute Cholecystitis. Gastrointest.

Endosc. 2010, 71, 1038–1045. [CrossRef]
88. Itoi, T.; Sofuni, A.; Itokawa, F.; Tsuchiya, T.; Kurihara, T.; Ishii, K.; Tsuji, S.; Ikeuchi, N.; Tsukamoto, S.; Takeuchi, M.; et al.

Endoscopic Transpapillary Gallbladder Drainage in Patients with Acute Cholecystitis in Whom Percutaneous Transhepatic
Approach Is Contraindicated or Anatomically Impossible (with Video). Gastrointest. Endosc. 2008, 68, 455–460. [CrossRef]
[PubMed]

89. James, T.; Baron, T. EUS-Guided Gallbladder Drainage: A Review of Current Practices and Procedures. Endosc. Ultrasound 2019,
8, 28. [CrossRef]

90. Choi, J.-H.; Lee, S.; Choi, J.; Park, D.; Seo, D.-W.; Lee, S.; Kim, M.-H. Long-Term Outcomes after Endoscopic Ultrasonography-
Guided Gallbladder Drainage for Acute Cholecystitis. Endoscopy 2014, 46, 656–661. [CrossRef] [PubMed]

91. Anderloni, A.; Buda, A.; Vieceli, F.; Khashab, M.A.; Hassan, C.; Repici, A. Endoscopic Ultrasound-Guided Transmural Stenting
for Gallbladder Drainage in High-Risk Patients with Acute Cholecystitis: A Systematic Review and Pooled Analysis. Surg. Endosc.
2016, 30, 5200–5208. [CrossRef]

92. Stefanovic, S.; Adler, D.G.; Arlt, A.; Baron, T.H.; Binmoeller, K.F.; Bronswijk, M.; Bruno, M.J.; Chevaux, J.-B.; Crinò, S.F.; Degroote,
H.; et al. International Consensus Recommendations for Safe Use of LAMS for On- and Off-Label Indications Using a Modified
Delphi Process. Am. J. Gastroenterol. 2023, 119, 671–681. [CrossRef] [PubMed]

93. Teoh, A.Y.B.; Kitano, M.; Itoi, T.; Pérez-Miranda, M.; Ogura, T.; Chan, S.M.; Serna-Higuera, C.; Omoto, S.; Torres-Yuste, R.;
Tsuichiya, T.; et al. Endosonography-Guided Gallbladder Drainage versus Percutaneous Cholecystostomy in Very High-Risk
Surgical Patients with Acute Cholecystitis: An International Randomised Multicentre Controlled Superiority Trial (DRAC 1). Gut
2020, 69, 1085–1091. [CrossRef] [PubMed]

94. Mohan, B.P.; Khan, S.R.; Trakroo, S.; Ponnada, S.; Jayaraj, M.; Asokkumar, R.; Adler, D.G. Endoscopic Ultrasound-Guided
Gallbladder Drainage, Transpapillary Drainage, or Percutaneous Drainage in High Risk Acute Cholecystitis Patients: A Systematic
Review and Comparative Meta-Analysis. Endoscopy 2020, 52, 96–106. [CrossRef] [PubMed]

95. Marya, N.B.; Pawa, S.; Thiruvengadam, N.R.; Ngamruengphong, S.; Baron, T.H.; Bun Teoh, A.Y.; Bent, C.K.; Abidi, W.; Alipour, O.;
Amateau, S.K.; et al. American Society for Gastrointestinal Endoscopy Guideline on the Role of Therapeutic EUS in the Management
of Biliary Tract Disorders: Methodology and Review of Evidence. Gastrointest. Endosc. 2024, 100, e79–e135. [CrossRef]

96. van der Merwe, S.W.; van Wanrooij, R.L.J.; Bronswijk, M.; Everett, S.; Lakhtakia, S.; Rimbas, M.; Hucl, T.; Kunda, R.; Badaoui, A.;
Law, R.; et al. Therapeutic Endoscopic Ultrasound: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2022, 54, 185–205. [CrossRef] [PubMed]

97. Coccolini, F.; Cucinotta, E.; Mingoli, A.; Zago, M.; Altieri, G.; Biloslavo, A.; Caronna, R.; Cengeli, I.; Cicuttin, E.; Cirocchi, R.; et al.
Acute Cholecystitis Management in High-Risk, Critically Ill, and Unfit-for-Surgery Patients: The Italian Society of Emergency
Surgery and Trauma (SICUT) Guidelines. Updates Surg. 2024, 76, 331–343. [CrossRef]

98. Hakuta, R.; Hamada, T.; Nakai, Y.; Kogure, H.; Uchino, R.; Takahara, N.; Mizuno, S.; Suzuki, T.; Sato, T.; Takeda, T.; et al. No
Association of Timing of Endoscopic Biliary Drainage with Clinical Outcomes in Patients with Non-Severe Acute Cholangitis.
Dig. Dis. Sci. 2018, 63, 1937–1945. [CrossRef]

99. Inamdar, S.; Sejpal, D.V.; Ullah, M.; Trindade, A.J. Weekend vs. Weekday Admissions for Cholangitis Requiring an ERCP:
Comparison of Outcomes in a National Cohort. Am. J. Gastroenterol. 2016, 111, 405–410. [CrossRef]

100. Tabibian, J.H.; Yang, J.D.; Baron, T.H.; Kane, S.V.; Enders, F.B.; Gostout, C.J. Weekend Admission for Acute Cholangitis Does Not
Adversely Impact Clinical or Endoscopic Outcomes. Dig. Dis. Sci. 2016, 61, 53–61. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

95



Academic Editor: Antonio

M. Caballero-Mateos

Received: 18 December 2024

Revised: 9 January 2025

Accepted: 11 January 2025

Published: 14 January 2025

Citation: Coluccio, C.; Cappetta, S.;

Romagnoli, G.; Di Giorgio, V.;

Giuffrida, P.; Fabbri, S.; Fabbri, C.;

Binda, C. Endoscopic-Ultrasound-

Guided Radiofrequency Ablation for

Pancreatic Tumors. J. Clin. Med. 2025,

14, 495. https://doi.org/10.3390/

jcm14020495

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Review

Endoscopic-Ultrasound-Guided Radiofrequency Ablation for
Pancreatic Tumors

Chiara Coluccio 1,*, Stefania Cappetta 2,3, Giovanna Romagnoli 1,3, Valentina Di Giorgio 2,3, Paolo Giuffrida 1,

Stefano Fabbri 1, Carlo Fabbri 1 and Cecilia Binda 1

1 Gastroenterology and Digestive Endoscopy Unit, Forlì-Cesena Hospitals, 47121 Romagna, Italy
2 IRCCS Azienda Ospedaliero-Universitaria di Bologna, Policlinico S. Orsola, 40138 Bologna, Italy
3 Department of Medical and Surgical Sciences, University of Bologna, 40138 Bologna, Italy
* Correspondence: chiara.coluccio@auslromagna.it

Abstract: Endoscopic ultrasound (EUS)-guided radiofrequency ablation (RFA) is a promis-
ing minimally invasive technique for the treatment of pancreatic lesions. This review first
focuses on the technical aspects in EUS-RFA: the procedure typically employs EUS probes
with integrated radiofrequency electrodes, enabling accurate targeting and ablation of
pancreatic lesions. Different types of RFA devices, monopolar and bipolar energy delivery
systems, are discussed, along with considerations for optimal ablation, including energy
settings, procedure time, and pre- and post-procedural management. This paper presents a
comprehensive literature review of EUS-RFA applied to both solid and cystic pancreatic
lesions, including functioning and non-functioning pancreatic neuroendocrine tumors
(pNETs), pancreatic cystic lesions (PCLs), pancreatic ductal adenocarcinoma (PDAC), and
pancreatic metastases (PMs), discussing current evidence on safety, efficacy, clinical out-
comes, and adverse events (AEs). EUS-RFA is an emerging technique with expanding
potential for the treatment of both benign and malignant conditions; however, further
studies are needed to better define patient selection criteria, assess long-term benefits, and
establish definitive indications for its use.

Keywords: endoscopic ultrasound; radiofrequency; ablation; locoregional therapy; pancreas

1. Introduction

The increase in diagnoses of solid and cystic lesions of the pancreas is substantial
worldwide, due to the improved diagnostic performance of cross-sectional imaging ma-
chines and the aging population.

At present, surgery is the treatment of choice for most pancreatic lesions, both for
malignant forms such as pancreatic ductal adenocarcinoma (PDAC) as well as for benign
forms with non-negligible evolutionary potential or for symptomatic benign lesions; this is
the case for neuroendocrine tumors (pNETs) and pancreatic cystic lesions (PCLs). Although
in high-volume centers, mortality associated with pancreatic surgery has been reduced over
the years, surgery-related complications are still very common (up to 50% of patients), with
the most frequent and feared being postoperative pancreatic fistula (POPF), which has an
incidence ranging from 3% to 45% in specialized centers [1,2]. In addition, many pancreatic
lesions with a low risk of malignancy often require long-term surveillance, leading to
increased healthcare costs.

In the last twenty years, the endoscopic ultrasound (EUS) technique has increasingly evolved
in an interventional and therapeutic sense, expanding its initial purely diagnostic purpose.
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EUS-guided radiofrequency ablation (EUS-RFA) is a novel minimally invasive tech-
nique for the treatment of pancreatic focal lesions, which produces a high-resolution,
real-time image of the target area and ablates lesions through the application of thermal
energy via radiofrequency. This results in irreversible cell injury, and simultaneous control
supports high accuracy, minimizing the effect on surrounding healthy tissue [3].

Among the thermoablative technologies, RFA is one of the most widely used in the
field of oncology (i.e., hepatocellular carcinoma); however, its application for the treatment
of focal lesions of the pancreas is relatively new and not yet fully understood. In summary,
a high-frequency alternating current generates high thermal energy (60–100 ◦C), and
thus cells undergo protein denaturation, leading to coagulative necrosis [4]. Through
a mechanism of indirect tissue damage, RFA also promotes the activation of antitumor
immunity by remodeling the cancer microenvironment, inflammatory cytokines’ release,
dendritic cells’ activation, and CD4+ and CD8+ T cells’ response [5].

The aim of this review was to collect literature data on the application of EUS-RFA,
to both clarify technical aspects of the procedure itself, by grasping the common points
and differences in the various published studies, and to gather information on all possible
indications for EUS-RFA and the expected results from its employment in clinical practice.

2. Focus on the Technique

In 1999, Nahum Goldberg S. et al. first published the results of applying EUS-RFA with
modified 19-gauge needle electrodes on healthy pancreatic tail tissue from 13 Yorkshire
pigs using a transgastric approach, demonstrating that the method was technically feasible
and safe [6].

Since then, the interest in this technique has gradually grown, leading to the production
of dedicated devices and the publication of studies in animal models and later in humans.
However, there is still no formal technical protocol accepted by scientific societies for EUS-
RFA, and thus the technical details must be gathered from experts’ opinions developed in
recent years.

The procedure is performed under deep sedation or general anesthesia with the patient
positioned in left lateral decubitus. A linear-array echoendoscope with a 3.8 mm operator
channel is advanced along the upper digestive tract to visualize the target lesion and, after
exclusion of vascular structures by color Doppler imaging, the device is inserted into the
lesion under EUS guidance with a transgastric or transduodenal approach (bulb or second
part of the duodenum). The generator is turned on and the wattage set, and immediately
afterwards, the endosonographer proceeds with ablation. Then, the tool can be repositioned
in another part of the lesion to perform further ablation and the procedure repeated until
the entire lesion is covered.

2.1. EUSRA™ Endoscopic UltraSound Guided Radiofrequency Ablation Electrode (TaeWoong
Medical, Goyang-si, Gyeonggi-do, Republic of Korea)
2.1.1. Description of Device

The EUSRA™ electrode is a modified 19 G needle for RFA consisting of a 140 cm
flexible metal wire coated with an insulating cover, except for the exposed end portion of
5 mm, 7 mm, or 10 mm in length, and ending with a tapered, sharp tip capable of releasing
energy in the form of heat (monopolar device).

The VIVA Combo™ RF Generator System (STARmed, TaeWoong Medical, Goyang-si,
Gyeonggi-do, Republic of Korea), consisting of two components, is also required to carry
out the procedure:

� VIVA Combo™ RF Generator, a current generator that operates at a frequency of
480 KHz, allowing the power setting to be varied from 0 to 200 watts, enables real-time
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monitoring of temperature (5–95 ◦C) and impendence (10–800 Ohms) of the tissue. It is
connected via a cable to the upper end of the EUSRA™. Two grounding pads must be
attached to the patient’s skin before the procedure.

� VIVA Pump is an internal cooling system that, through two tubes connected to the
handle of the needle, allows cold saline solution (0 ◦C) to be pumped into the needle
(inflow tube), which circulates inside and then is expelled warm through the second
tube (outflow tube) into an external container. Circulation of cold saline solution inside
the needle allows continuous cooling of the active needle tip, preventing tissue char-
ring [7,8]. Tissue carbonization is indeed associated with increasing tissue impedance
and reaching an ablation plateau with disruption of coagulative necrosis; hence, the
cooling system should improve performance by providing ablation of a larger volume
of tissue.

The ablated volume depends both on device and preset characteristics (wattage setting,
length of active tip, and application time) and on intrinsic characteristics of the tissue
(temperature and humidity). Barret et al. compared two ad hoc devices for EUS-RFA on
the pancreas in a porcine model; the data collected suggest using EUSRA™ at 30 W for 15 s
of application to achieve an ablation volume of 302 mm3, corresponding to an oval section
of about 7 mm in diameter [9].

2.1.2. Technical Features

EUSRA™ is positioned directly inside the target lesion, likewise a fine needle aspira-
tion (FNA) needle. After setting up the generator, the operator can control the start and
end of the ablation with a foot switch.

2.2. Habib™ EUS RFA Endoscopic Ultrasound Radiofrequency Ablation Catheter (EMcision Ltd.,
London, UK)
2.2.1. Description of Device

The Habib™ EUS RFA is a “through-the-needle” device no longer commercially
available since 2018; nonetheless, it deserves a mention as it has been used in several
pioneering papers for EUS-RFA. The Habib™ EUS RFA is a flexible catheter with a diameter
of 1 Fr (0.33 mm) and length of 220 cm; its distal end consists of an electrode with a length
of 10 or 20 mm, and can be inserted through a 19 G or 22 G FNA needle. The probe is
connected via an adapter cable to a regular electrosurgical generator with no cooling system.
As a monopolar device, the attachment of a grounding pad on the patient is necessary.

2.2.2. Technical Features

After proper visualization of the pancreatic gland, a 19 G or 22 G FNA needle is
advanced within the target lesion in a deep location. The stylet is removed, and the Habib
probe is cautiously advanced inside the needle until resistance is sensed. At this point, the
needle is slowly retracted a few centimeters to expose the active tip of the catheter, to avoid
contact between the electrode and the metal part of the needle, representing a delicate
phase for the endoscopist in seeking to maintain the position.

2.3. Hybrid-Therm® Probe HTP (ERBE, Tübingen, Germany)
Description of Device

Contrary to the description above, the HTP is a bipolar RF probe that combines
cryotechnology with conventional thermoablation. The probe is fully covered with a
protective tube 150 mm long; the stiff and pointed distal end is the electrically active
part, with a diameter of 1.8 mm and a length of 20 mm. Connector cables for the current
generator (VIO 300D, ERBE) and the internal carbon dioxide cooling system (ERBOKRYO
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CA System, ERBE) branch off from the proximal side of the handle. The wattage setting and
gas pressure can be controlled independently. Integration of cryotechnology is intended to
increase the effectiveness of RF by decreasing the power of the generator and thus reducing
the risk of damage to the tissue.

As already mentioned, there is currently no standardization of the procedure and the
setup of equipment. Therefore, many questions remain open in this regard.

2.4. Electrode Insertion and End of Ablation

Differences are reported in the literature regarding the criterion used for inserting the
electrode within the lesion; some echoendoscopists place it directly in the center of the
mass [10], while others position the echogenic tip at the far end of the lesion [11–13]. In
another technique, the echogenic tip is inserted first in the distal right portion of the lesion,
and then the process is repeated in the left portion [14]. To perform multiple applications,
the needle can be retracted slightly to repeat the procedure on the same trajectory, or a new
puncture can be made to insert the needle at a different angle [15,16].

In most early studies, the RFA procedure was considered complete when echogenic
bubbles began to appear around the needle tip and progressively covered the entire lesion
after one or more applications. It is currently assumed that to increase the accuracy of ther-
moablation, another useful element to evaluate at this stage is the bioimpedance, continuously
tracked by the generator, because a sudden rise in impedance may be an indicator of early
tissue charring. Scopelliti et al. [8] considered a value of 500 Ohms adequate to end the
ablation; concurrently, Barthet et al. [17] stopped the procedure when the impedance settled
in the range of 100–500 Ohms and white bubbles appeared on the screen.

2.5. Power Setting and Application Time

A variety of wattage settings have been used on the pancreas in recent studies, both
due to the technical specifications of the devices and the decisions of the operators.

The Habib™ EUS RFA has been described with a power range from 5 W to 25 W [11];
however, the most widely used is 10 W or ERBE SOFT COAG mode effect 4, with an
application time between 90 and 120 s.

Using an early prototype 19 G EUSRA™, Lakhtakia et al. [12] published the results of
three cases of patients with insulinoma (maximum diameter 22 mm) treated with EUS-RFA,
using a power setting of 50 W for an application time of 10–15 s and a mean number of
applications of 5. A similar technique was used in Song et al. on six patients with PDAC
with an average diameter of 38 mm [14]. Differently, Crinò et al. [7] proposed a technical
approach with EUSRA™, involving a wattage setting of 30 W for a mean application time
of 50 s (not determined in advance) and a mean number of applications of 1.5 in seven
cases of PDAC and one case of metastasis from clear-cell renal cell carcinoma. Reducing
the power and extending the application time allowed the ablated volume to be increased
as a result of slower thermal diffusion, thus reducing the number of applications and the
need to reinsert the electrode into the tissue.

A recent ex vivo study on RFA conducted on 15 fresh surgical samples of patients with
PDAC treated with neoadjuvant therapy failed to establish a correlation between power
setting group (10 W, 30 W, and 50 W) and the mean short-axis diameter of coagulative
necrosis, as determined by two blind expert pathologists [18].

In contrast, the Hybrid-Therm® Probe was set at 18 W power with a carbon dioxide
gas pressure of 650 psi and an application time in the range of 240 to 480 s on PDAC lesions
from 20 mm to more than 30 mm in diameter [19,20].
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3. Pre- and Post-Procedural Issues

3.1. Antibiotic Use and Acute Post-Ablation Pancreatitis Prophylaxis
3.1.1. Antibiotic Prophylaxis and Rectal Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Evidence on the usefulness of antibiotic prophylaxis in therapeutic EUS, particularly
in EUS-RFA, is limited. At this juncture, the lack of a clear protocol has left the choice up
to the operators; in most of the papers, the administration is reported of peri-procedural
antibiotic prophylaxis with broad-spectrum antibiotics (ceftriaxone, amoxicillin/clavulanic
acid). Barthet et al. [21] had not planned on using any prophylaxis; however, two moderate–
severe post-procedural adverse events (AEs) occurred in the first two patients treated:
an acute pancreatitis with early infected necrosis and a small bowel perforation with
retroperitoneal fluid collection requiring surgery. These two cases led to the modification
of the study protocol to include the administration of antibiotic prophylaxis and rectal
diclofenac, producing a significant decrease in adverse events (from 13.79% to 7.4%).

Another issue concerns the use of NSAIDs as a preventive measure for acute post-
ablation pancreatitis, following the recommendations for acute post-ERCP pancreatitis [22].
The largest multicenter retrospective analysis we have available [23], reporting data from
116 EUS-RFA sessions, showed that antibiotic prophylaxis was administered in 85.3% of
cases and that rectal NSAIDs were administered in 88.8%. This study attempted to identify
risk factors for EUS-RFA-related adverse events by univariate and multivariate analysis;
with the limitations and potential bias of a retrospective study, the analyses failed to identify
a potential protective action of antibiotic prophylaxis and rectal NSAIDs

3.1.2. Placement of Pancreatic Stent

The role of prophylactic placement of a pancreatic stent for lesions close to the main
pancreatic duct (MPD) to prevent post-ablation pancreatitis remains controversial due to
the procedure’s inherent risk of pancreatitis. In fact, although in most cases, post-ERCP
pancreatitis is mild, its overall incidence ranges from 3.5% to 9.7% and increases to about
15% in high-risk patients [24].

Therefore, there is debate about the minimum distance from the MPD for RFA to be
considered safe, beyond which the benefits of pancreatic stent placement outweigh the
risks. In this case, the French study showed a significant increase in the incidence of AEs
(OR, 4.1) in lesions in close proximity to the MPD (≤1 mm) [23]. Another large multicenter
retrospective analysis by Crinò et al. [25] showed that in eight of nine cases of post-RFA
acute pancreatitis, the distance between the lesion and the MPD was ≤2 mm, and although
it did not reach statistical significance in a univariate analysis of risk factors for AEs, it
remains an indispensable preprocedural parameter.

3.2. Fluid Component Suction Before EUS-RFA on PCLs and Cystic pNETs

In PCLs undergoing EUS-RFA, operators frequently reported making the choice to
aspirate the liquid component using an FNA needle before the ablation, preserving only
a thin layer of fluid. The purpose would be to reduce the overall volume of the lesion
and avoid excessive application of current to the liquid component, thus reducing the risk
of thermal damage and post-procedural infection [26]. However, it remains a debated
practice due to the increased procedural time, number of passes and punctures, and also
the potential reduced visibility of mural nodules and enhanced septa.

3.3. Role of Contrast Harmonic EUS (CH-EUS) and Follow-Up

CH-EUS has emerged as an evidence-based auxiliary diagnostic tool to optimize the
characterization of solid lesions, improve the staging of malignancies, and target tissue
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acquisition. Recently, there has been a growing interest in the potential impact of CH-
EUS in interventional procedures, including EUS-guided tumor ablation. Choi et al. [27]
investigated its use to assist ablation, providing a delineated real-time visualization of the
vascular lesion pattern, as well as its application in post-procedural monitoring. Technical
success was achieved in all 19 patients (14 pNETs, 2 PCLs, 2 adrenal adenomas, and 1
adrenal metastasis from hepatocellular carcinoma); after approximately one week from
the first RFA session, all patients underwent CH-EUS to check the treatment response,
and 12 patients had residual tumor and therefore underwent further RFA sessions. At the
one-year follow-up, 68.4% (13 patients) had a complete radiological response (CR). Borrelli
de Andreis et al. [28] proposed CH-EUS-assisted RFA in 10 patients with insulinomas,
injecting a new contrast bolus at the end of the ablation to verify vascularity, so that further
RFA applications could be performed in the same session. At the 3-month follow-up, all
patients had CR, and up to the end of follow-up (average 19.5 months), complete regression
of symptoms was confirmed.

The timing of post-ablation surveillance with EUS or a CT scan or MRI is not supported
by evidence; it could be useful to perform a first close work-up, within 1–3 months, to
assess whether more RFA sessions are needed (see Figure 1).

(a) 

(b) 

Figure 1. CH-EUS six-month follow-up in an asymptomatic patient after EUS-RFA on an insulinoma
of the uncinate. (a) Time 0 corresponding to the injection of SonoVue®, (b) arterial phase with
suspicion of millimetric residual disease, hypervascular in the image.
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4. EUS-RFA in Pancreatic Tumors

EUS-RFA is rapidly emerging as a cutting-edge technique in the endoscopic commu-
nity, offering a minimally invasive solution applicable to a variety of pancreatic conditions.
The best indications for the technique are still being studied, as are the characteristics of the
ideal patient. The developing indications, characteristics of enrolled patients in the current
literature, and mean lesion sizes are summarized in Table 1.

The most encouraging results come from the small (maximum size 20 mm) pNETs,
particularly from the secerning variant. In contrast, the application of EUS-RFA in PCLs and
PDAC is still at an early stage of study. As the field is continuing to evolve, the following
section will delve into the different types of pancreatic lesions, solid and cystic, where
EUS-RFA is gaining increasing attention for its potential application.

Table 1. Summary of developing indications, patient’s characteristics (considering MDT discussion),
and mean lesion size reported in the available literature *.

Indications Characteristics of Patients
Mean Lesion Size

(mm)

pNETs

Treatment for F-pNETs (insulinoma) Elderly, unfit, or refusing surgery 13.8
Treatment for NF-pNETs (G1/G2 grading) Elderly, unfit, or refusing surgery/surveillance 15.2
Combined treatment (surgery + EUS-RFA) in
multifocal pNETs in MEN MDT discussion -

PCLs

Treatment for PCLs Elderly, unfit, or refusing surgery
34.2Ablation of mural nodules in IPMNs and MCNs Elderly, unfit, or refusing surgery

Cytovolumetric reduction in symptoms of
compression Elderly, unfit, or refusing surgery

PDAC
Local treatment for cytovolumetric reduction in
combination or not with CT

Locally advanced PDAC, unfit for surgery or with
local progression after the first line of CT, or unfit
for CT
Metastatic PDAC

39.5

PMs
Local treatment for oligometastatic disease with
PM

Stable oligometastatic disease, elderly, unfit, or
refusing surgery 17.5

* The average size values correspond to the weighted average of the values given in Tables 2–6. CT: chemotherapy;
IPMNs: intraductal papillary mucinous neoplasms; MCNs: mucinous cystic neoplasms; MDT: multidisciplinary
team; MEN: multiple endocrine neoplasia; PCLs: pancreatic cystic lesions; PDAC: pancreatic ductal adenocarci-
noma; PM: pancreatic metastasis; pNETs: pancreatic neuroendoscrine tumors.

4.1. EUS-RFA in pNETs

pNETs can be both functional and non-functional. Functional pNETs (F-pNETs) are marked
by a clinical syndrome related to abnormal levels of biologically activated hormones secreted by
the tumor mass. On the other hand, non-functional pNETs (NF-pNETs) secrete hormone variants
that are inactive or at low levels, and hence they are not associated with symptoms.

4.1.1. F-pNETs

The most common digestive functional NETs are insulinomas and gastrinomas; the
first is almost exclusively pancreatic, with an incidence of up to 32 cases 106 of inhabi-
tants/year and malignant in less than 10% of cases, while the latter is pancreatic in 25% of
the cases, with an overall incidence of up to 21 cases 106 of inhabitants/year and malignant
in 60–90% of cases [29,30].

Currently, the treatment of choice for localized pancreatic insulinomas and gastrinomas
is surgical resection. The knowledge of EUS-RFA on gastrinomas is limited to very few
reports and with questionable clinical success, so its use should be limited to a trial setting.
Otherwise, for insulinomas, the European Neuroendocrine Tumor Society (ENETS) has
recently published a paper in which EUS-RFA is indicated as a possible treatment for
insulinomas ≤2 cm in patients unfit for surgery in experienced centers, although with a
low grade of recommendation [31].

Most of the available literature (reported in Table 2) on EUS-RFA in F-pNETs is
related to case reports and case series with a small number of treated lesions. The first
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experience with EUSRA™ is that of Lakhtakia et al. [12], with a published case series of
three symptomatic insulinomas successfully treated in a single session of EUS-RFA (mean
size 17.3 mm) and with a mean number of applications of five. No post-procedural adverse
events occurred, and in all three cases, a rapid improvement of hypoglycemia was observed,
with glycemic values settling into a normal range within 24 h after the treatment.

In the same year, Waung et al. [32] also published a case report of an insulinoma (tumor
size 18 mm) successfully treated with Habib™ EUS RFA following three sessions of RFA.
Choi et al. in 2018 published a prospective study on EUS-RFA treatment of PCLs and pNETs,
where a 12 mm insulinoma of the pancreatic head was successfully treated at 13 months of
follow-up; however, in a 2020 study update, the same patient had experienced a recurrence
at month 19 of follow-up [13,27]. To our knowledge, the largest case series is that presented
by Crinò et al. [25] in a retrospective multicenter analysis collecting data from 89 patients
with insulinoma who underwent EUS-RFA. In this study, the EUS-guided technique was
feasible and safe, with a much lower rate of adverse events (AEs) compared to the control
group undergoing surgery (procedure-related AEs: 18% vs. 61.8%). Of 89 patients, 16.9%
experienced a recurrence of symptoms within one year after the procedure, and yet most of
them were effectively treated with a new session of thermoablation (see Figure 2).

 

Figure 2. Six-month follow-up in an asymptomatic patient after EUS-RFA on an insulinoma of the uncinate:
oval-shaped area with blurred margins and inhomogeneous hypo- and hyperechogenic structure.

When comparing the papers, we found that most of the adverse effects related to
EUS-RFA were mild to moderate (see Section 5). The only reported case of post-EUS-RFA
death was that of a 97-year-old patient with multiple comorbidities, who developed an
infected retrogastric collection; the patient refused further invasive interventions, so the
collection was not drained and the patient died despite the best supportive care [33].

EUS-RFA is feasible and safe; it could represent a breakthrough in the treatment of
F-pNETs, and promising data are reported in the literature. A recently published systematic
review and meta-analysis that analyzed the results of nineteen studies with 101 F-pNETs
showed a clinical success rate of 95.1%, with an overall AE rate of 17.8% [34]. Nevertheless,
prospective randomized controlled trials with longer follow-ups are needed to confirm
these records and to assess whether refinement of the endoscopic technique over the years
will result in a reduction in the number of recurrences.

103



J. Clin. Med. 2025, 14, 495

Table 2. Results from studies reporting EUS-RFA on F-pNETs *.

Author,
Year

Study
Design

N. of
Patients/N.
of F-pNET

Tumor Size
(Mean, mm)
and Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.

of
Applica-

tions
**

Technical
Success (%) **

Follow-Up
(Months) **

Clinical
Success
(%) **

Lesmana
[35], 2024

Case series 3/3
27.7

Head: 2
Body: 1

EUSRA™,
TaeWoong
(30–40 W)

NR 10–50/15 100 6–12 100

Biermann
[36], 2024

Case series 3/3
14

Head: 2
Tail: 1

EUSRA™,
TaeWoong

(20 W)
1 NR/6.7 100 12.7 100

Napoléon
[23], 2023

Retrospective,
multicenter 16/16 15

NR

EUSRA™,
TaeWoong

(50 W)
1.12 25/3 97 13 87.5

Crinò [25],
2023

Retrospective,
multicenter 89/89

13.4
Head: 34
Body: 39
Tail: 16

EUSRA™,
TaeWoong
(10–50 W)

1.12 NR/3.2 100 23 95.5

Borrelli de
Andreis [28],

2023

Retrospective,
monocenter 10/10

11.9
Head: 3
Body: 3
Tail: 4

EUSRA™,
TaeWoong
(25–50 W)

1.1 10/6.6 100 19.5 100

Gugger [37],
2023

Case report 1/1
(somatostatinoma)

9
Tail

EUSRA™,
TaeWoong

(10 W)
1 NR/3 100 10 100

Rizzatti [38],
2023

Prospective,
multicenter 30/30

12.1
Head: 15
Body: 10

Tail: 5

EUSRA™,
TaeWoong

(50 W)
1.16 NR 100 12 100

Figueiredo
Ferreira [39],

2022

Prospective,
multicenter 13/13 14.4

NR

EUSRA™,
TaeWoong

(50 W)
1 NR/3 100 12 100

Marx [33],
2022

Prospective,
multicenter 7/7

13.3
Head: 1
Body: 6

EUSRA™,
TaeWoong

(50 W)
1 NR/4 100 21 85.7

Chang [40],
2022

Case report 1/1 12
Head

EUSRA™,
TaeWoong

(50 W)
1 10/2 100 18 100

Rossi [41],
2022

Prospective,
monocenter 3/3

16
Head: 3
Body: 3
Tail: 4

EUSRA™,
TaeWoong

(30 W)
1 11.8/3.3 100 22 100

Younis [42],
2022

Prospective,
monocenter 1/1 8

Tail

EUSRA™,
TaeWoong

(50 W)
1 NR/6 100 7 100

Nabi [43],
2022

Retrospective,
monocenter 12/15

17
Head: 6
Body: 8
Tail: 1

EUSRA™,
TaeWoong NR NR 100 41 100

De Nucci
[44],
2020

Prospective,
monocenter 5/5

12.8
Body: 3
Tail: 2

EUSRA™,
TaeWoong

(20 W)
1 15–25/2.2 100 12 100

Lakhtakia
[45],
2020

Prospective,
monocenter 10/13 11.5

NR
EUSRA™,
TaeWoong NR NR 100 10–64 100

Kluz [46],
2020

Case report 1/1 9
Head

EUSRA™,
TaeWoong

(50 W)
1 10/3 100 NR NR

Furnica [47],
2020

Retrospective,
monocenter 4/4

12
Head: 2
Body: 1
Tail: 1

EUSRA™,
TaeWoong

(50 W)
1 NR/2 100 22 100

Jonica [48],
2020

Case report 1/1 22
Body

EUSRA™,
TaeWoong

(30 W)
1 20/5 100 6 100

Borwn [49],
2020

Case report 1/1 18
Head

EUSRA™,
TaeWoong

(20 W)
1 15/NR 100 8 100

Oleinikov
[50],
2019

Retrospective,
multicenter 7/9

14.8
Head: 7
Body: 2

EUSRA™,
TaeWoong
(10–50 W)

0.78 5–12/3–10 100 9.7 100
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Table 2. Cont.

Author,
Year

Study
Design

N. of
Patients/N.
of F-pNET

Tumor Size
(Mean, mm)
and Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.

of
Applica-

tions
**

Technical
Success (%) **

Follow-Up
(Months) **

Clinical
Success
(%) **

Kandula
[51],
2019

Case report 1/1 17
Head NR 1 NR 100 6 100

Choi [13],
2018

Prospective,
monocenter 1/1 12

Head

EUSRA™,
TaeWoong

(50 W)
1 NR/3 100 13 100

Gueneau de
Mussy [52],

2018
Case report 1/1 12

Body
EUSRA™,
TaeWoong 1 NR 100 2 100

Thosani [53],
2018

Retrospective,
multicenter

3/3
(including 1

VIPoma)

23
NR NR 1.6 NR/4.6 100 5 100

Goyal [54],
2017

Case series 1/1 7.5
Body

Habib™
EUS RFA

(10 W)
1 120/3–5 100 NR 100

Bas-Cutrina
[15],
2017

Case report 1/1 10
Body

Habib™
EUS RFA

(10 W)
1 120/3 100 10 100

Waung [32],
2016

Case report 1/1 18
Head

Habib™
EUS RFA

(10 W)
3 93.6/8.3 100 10 100

Lakhtakia
[12],
2016

Case series 3/3 17.3
Head: 3

EUSRA™,
TaeWoong

(50 W)
1 12.5/5 100 12 100

* Table legend: N. of RFA sessions/lesion expresses the ratio of the number of total procedures to the total number
of pancreatic lesions. If equal to 1, the number of procedures is equal to the number of lesions; if >1, it indicates
that some lesions are subjected to more than one session; if <1, it indicates that more lesions in the same patient are
treated in the same session. Mean time of application (s) indicates the mean time per single application, expressed
in seconds, to achieve the desired effect from ablation. Mean N. of applications indicates the mean number of
applications needed to obtain complete treatment of the mass. NR: not reported. ** In studies involving more
than one type of pancreatic lesion, the overall data were reported when it was not possible to extract the specific
data per lesion group.

4.1.2. NF-pNETs

The majority of pNETs, ranging from 60% to 90%, are non-functional [30]. Compared
to their functional counterparts, NF-pNETs locate more frequently at the level of the pancre-
atic head and appear larger at diagnosis, with a more aggressive histopathology and more
advanced stage of disease (like lymph node involvement or liver metastases) [55]. The gold
standard for treatment is once again surgery, but with a non-negligible complication rate.

Due to the technological advancement of imaging techniques, the incidental diagnosis
of pNETs is becoming increasingly frequent. These lesions are not biologically homoge-
neous; indeed, small and well differentiated ones often have an indolent behavior, with
a low risk of malignant progression. While for NF-pNETs ≥ 2 cm, surgery represents the
first-choice treatment [56], the best approach for NF-pNETs ≤ 2 cm remains controversial,
as it is increasingly challenging to justify the risks of major surgery in these cases, with
practitioners leaning towards active surveillance [57]. In this context, EUS-RFA could have
a role as an alternative treatment; however, studies in the literature are scarce, restricted
to a small number of patients, and not randomized. Another limitation is the difficult
comparability of the results, due to different interpretations of the concept of a ‘radiological
response’ among authors: univocally CR corresponds to 100% disappearance/necrosis of
the lesion, demonstrated by an imaging technique; however, the definitions of a ‘Partial
Response’ (PR) and ‘No Response’ (NoR) are variable. According to Barthet et al. [17,21],
Figueiredo Ferreira et al. [39], and Younis et al. [42], a reduction of between 50% and
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100% in the maximum diameter corresponds to a PR and a reduction <50% refers to NoR;
according to Napoléon et al. [23], a PR corresponds to a reduction in the lesion volume of
between 75% and 95% and NoR to a reduction <75%. Other authors, such as Marx et al. [58]
and Choi et al. [13,27], do not give a quantitative definition of the radiological response,
referring generally to the absence or persistence of enhancing tissue on the tumor site. This
limitation is also found in studies on PCLs and PDAC. Among the most relevant papers, the
multicenter prospective study by Marx et al. achieved a 92.6% CR in 27 NF-G1-pNETs at
15.7 months of follow-up, with two patients requiring more than one session to obtain this
result; four patients developed acute post-procedural pancreatitis, requiring endoscopic
or surgical maneuvers in three cases (see paragraph 8) [58]. Rizzatti et al. [38] published
data on 32 NF-pNETs (median size 16.8 mm) successfully treated with single or multiple
sessions of EUS-RFA with a 100% CR one year after the procedure and reported only mild
AEs. In the retrospective analysis by Napoléon et al. [23], a CR of 71.7% was reported for
48 NF-pNETs (mostly graded G1) at 13 months of follow-up.

The longest follow-up was reported by Barthet et al. (45.6 months on average), where
12 of 14 NF-pNETs went on to reach CR at the 1-year follow-up, although 1 of these had a
late recurrence at the 3-year follow-up. The other 2 of 14 experienced NoR at the 1-year
follow-up: one evolved into metastatic disease, while the other had disappeared on both a
CT scan and EUS at the 53-month follow-up. Thus, at 3 years, 85.6% achieved a CR (12 of
14 lesions) [17,21].

The literature data on EUS-RFA of NF-pNETs are summarized in Table 3.

Table 3. Results from studies reporting EUS-RFA on NF-pNETs *.

Author,
Year

Study
Design

N. of
Patients/N.

of NF-pNET

Tumor Size
(Mean, mm)

and
Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.

of
Applications **

Technical
Success (%) **

Follow-Up
(Months) **

Radiologic
Response

Napoléon
[23], 2023

Retrospective,
multicenter NR/48 15

NR

EUSRA™,
TaeWoong

(50 W)
1.12 25/3 97 13

CR: 33/48
(71.7%)

PR: 12/48
(26.1%)

NoR: 1/48
(2.2%)

Missing data
2

Rizzatti [38],
2023

Prospective,
multicenter 32/32

16.8
Head: 8
Body: 15

Tail: 9

EUSRA™,
TaeWoong

(50 W)
1.25 NR 100 12

CR: 24/24
(100%)

Missing data
8

Figueiredo
Ferreira [39],

2022

Prospective,
multicenter 9/10 14.4

NR

EUSRA™,
TaeWoong

(50 W)
0.86 NR/3 100 9.6

CR: 6/11
(54.6%)

PR: 3/11
(27.2%)

NoR 2/11
(18.2%)
Results

F-pNET+
NF-pNET

Marx [58],
2022

Prospective,
multicenter 27/27

14
Head: 8
Body: 8
Tail: 11

EUSRA™,
TaeWoong
(30–50 W)

1.15 10–12/1–5 100 15.7

CR: 25/27
(92.6%)

NoR: 2/27
(7.4%)

Younis [42],
2022

Prospective,
monocenter 6/6

8.9
Head: 2
Body: 4

EUSRA™,
TaeWoong

(50 W)
1 NR/2.7 100 7

CR: 4/6
(66.7%)

NoR: 2/6
(33.3%)

Lesmana
[59],

2022–2024
Case report 1/1 35

Head
EUSRA™,
TaeWoong 1 NR 100 36

CR of the
solid part,

non-
significant

shrinkage of
the cystic

part
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Table 3. Cont.

Author,
Year

Study
Design

N. of
Patients/N.

of NF-pNET

Tumor Size
(Mean, mm)

and
Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.

of
Applications **

Technical
Success (%) **

Follow-Up
(Months) **

Radiologic
Response

De Nucci
[44], 2020

Prospective,
monocenter 5/6

16
Head: 3
Body: 2
Tail: 2

EUSRA™,
TaeWoong

(20 W)
0.83 15–25/2.4 100 12 CR: 5/5

(100%)

Barthet
[17,21],

2019–2021

Prospective,
multicenter 12/14

13.4
Head: 3
Body: 6
Tail: 5

EUSRA™,
TaeWoong

(50 W)
NR 20–45/NR 100 45.6

CR: 12/14
(85.7%)

NoR: 2/14
(14.3%)

Including
1 late

recurrence

Oleinikov
[50],
2019

Retrospective,
multicenter 11/16

14.2
Head: 8
Body: 6
Tail: 2

EUSRA™,
TaeWoong
(10–50 W)

0.69 5–12/3–10 100 8.9

CR: 8/11
(72.7%)

PR: 1/11
(9.1%)

Missing data:
2

Choi [13,27],
2018 and

2020

Prospective,
monocenter 13/13

18.1
Head: 5
Body: 7
Tail: 1

EUSRA™,
TaeWoong

(50 W)
1.69 NR/4.77 100 28

CR: 9/13
(69.2%)

PR: 3/13
(23.1%)

NoR: 1/13
(7.7%)

Pai [11],
2015

Prospective,
multicenter 2/2

27.5
Head
Body

Habib™
EUS RFA
(5–25 W)

1.5 90–120/5 100 3–6
NR

Change in
vascularity

Armellini
[60], 2015

Case report 1/1 20
Tail

EUSRA™,
TaeWoong 1 NR 100 NR CR

Rossi [10],
2014

Prospective,
monocenter 1/1 9

Head

Habib™
EUS RFA
(10–15 W)

1 360/1 100 34 CR

* Table legend: N. of RFA sessions/lesion expresses the ratio of the number of total procedures to the total number
of pancreatic lesions. If equal to 1, the number of procedures is equal to the number of lesions; if >1, it indicates
that some lesions are subjected to more than one session; if <1, it indicates that more lesions in the same patient are
treated in the same session. Mean time of application (s) indicates the mean time per single application, expressed
in seconds, to achieve the desired effect from ablation. Mean N. of applications indicates the mean number of
applications needed to obtain complete treatment of the mass. CR: complete response; NoR: no response; NR: not
reported; PR: partial response. ** In studies involving more than one type of pancreatic lesion, the overall data
were reported when it was not possible to extract the specific data per lesion group.

4.2. EUS-RFA in PCLs

The detection of PCLs is increasingly common, mostly in completely asymptomatic
individuals, due to the spread of cross-sectional imaging techniques and the aging pop-
ulation [61]. PCLs are heterogeneous, with different biochemical and histopathological
features, and are classified as serous cystic neoplasms (SCNs), mucinous cystic neoplasms
(MCNs), intraductal papillary mucinous neoplasms (IPMNs), and solid pseudopapillary
tumors (SPTs). The risk of malignancy is widely variable in cystic panels: the evolutionary
potential is considered negligible in SCNs, while it becomes moderate–high for SPTs and
MCNs; namely, the probability of finding high-grade dysplasia (HGD) or invasive carci-
noma (IC) in mucinous masses is associated with cyst-related factors such as a large size,
presence of an enhanced solid component, duct dilatation, and patient-related factors such
as the presence of symptoms and CA19-9 elevation [62]. These hazard attributes are also
encountered in the risk stratification of IPMNs, classified as high-risk stigmata (HRS) and
worrisome features (WFs). IPMNs have the widest variability in malignant evolution, rang-
ing from the lowest risk of finding HGD/IC in brunch duct IPMNs (BD-IPMNs) without
HRS and WF, to the highest risk in main duct IPMNs (MD-IPMNs), as demonstrated by
histopathological samples [63].
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The dramatic increase in diagnoses in comparison to the relative low degree of ma-
lignant transformation highlights the importance of an accurate characterization of cystic
lesions to find a risk–benefit compromise between surveillance and treatment. In recent
years, efforts have been made to find alternatives to surgery, such as less invasive local
therapies for PCLs bearing a high risk potential for malignancy or that are symptomatic,
ranging from EUS-guided ethanol ablation to EUS-RFA and EUS-fine needle injection (FNI).
Despite its clinical relevance, only a few studies of EUS-RFA on PCLs are available, mainly
case reports and small case series (literature data reported in Table 4), with different criteria
for defining a radiological response, which limits the comparability of the results, as already
mentioned for non-functional pNETs. The experience of Barthet et al. [17,21] was reported
on 16 IPMNs and 1 MCN, with a total of 12 mural nodules undergoing RFA with EUSRA™:
40% and 26.7% of the subjects achieved CR and PR, respectively, with a mean follow-up
of 42.6 months and all 12 mural nodules having disappeared. The most severe AE was
perforation of a jejunal loop, which was managed surgically. Younis et al. and Napoléon
et al. reported similar results on 11 and 5 PCLs, with a CR in around 60% and average
follow-up of 13 months [23,42].

Conversely, none of the 13 SCNs reported by Oh et al. [26] reached a CR at the end
of the follow-up, and five patients had NoR (defined as a reduction of less than 30% in
longest diameter). An assumption is that the microcystic, honeycomb appearance of serous
neoplasms may have hampered heat diffusion during ablation, thus affecting the outcome.

Rigorous studies and longer follow-ups are needed to understand the best indication of
this minimally invasive technique in the context of pancreatic cystic lesions. For example, it
is at least debatable that some studies have included SCNs, given their negligible malignant
potential. Accordingly, so far, the only possible indication in this group of lesions is
obtaining a sufficient cytovolumetric reduction in large cystic masses causing compression,
with the aim of regressing symptoms and avoiding surgery, though existing studies have
not focused on clinical aspects. Furthermore, the role of EUS-RFA is still vague for lesions
with a higher risk of malignancy, such as MCNs, solid pseudopapillary tumors (SPTs), or
IPMNs with worrisome features and high-risk stigmata; despite encouraging results on the
ablation of mural nodules, solid data on late recurrences in CR and disease progression in
PR are lacking.

Table 4. Results from studies reporting EUS-RFA on PCLs *.

Author,
Year

Study
Design

N. of Patients and Types
of PCLs

Tumor
Size

(Mean,
mm) and

Location **

Device
N. of RFA
Sessions/
Lesion **

Mean
Time of
Applica-

tion
(s)/Mean
N. of Ap-
plications

**

Technical
Success
(%) **

Follow-
Up

(Months)
**

Radiologic
Response

Napoléon
[23], 2023

Retrospective,
multicenter

11
- 10 IPMNs with mural

nodules
- 1 SPT

29 (IPMN)
9 (SPT)

NR

EUSRA™,
TaeWoong

(50 W)
1.12 25/3 97 13

CR: 5/10
(62.5%)

PR: 3/10
(37.5%)
Missing
data: 1

Younis [42],
2022

Prospective,
monocenter

5
- 4 IPMNs with wor-

risome fea-
tures/mural nod-
ules

- 1 MCN

36
Head: 3
Body: 2

EUSRA™,
TaeWoong

(50 W)
1.6 NR/4 100 13

CR: 3/5
(60%)

PR: 1/5
(20%)

NoR: 1/5
(20%)
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Table 4. Cont.

Author,
Year

Study
Design

N. of Patients and Types
of PCLs

Tumor
Size

(Mean,
mm) and

Location **

Device
N. of RFA
Sessions/
Lesion **

Mean
Time of
Applica-

tion
(s)/Mean
N. of Ap-
plications

**

Technical
Success
(%) **

Follow-
Up

(Months)
**

Radiologic
Response

Oh [26],
2021

Retrospective,
monocenter

13
SCNs

50
Head: 5

Body
/Tail: 8

EUSRA™,
TaeWoong 1.5 NR 100 9.21

CR: 0/13
(0%)

PR: 8/13
(61.5%)

NoR: 5/13
(38.5%)

Barthet
[17,21],

2019–2021

Prospective,
multicenter

17
- 16 IPMNs
- 1 MCN

with 12 mural nodules

29.1
Head: 10
Body: 4
Tail: 3

EUSRA™,
TaeWoong

(50 W)
1.12 20–45/NR 100 42.6

CR: 6/15
(40%)

PR: 4/15
(26.7%)

NoR: 5/15
(33.3%)

100% disap-
pearance of

mural
nodules

Choi [13],
2018

Prospective,
monocenter

2
SPNs

21.5
Head: 1
Tail: 1

EUSRA™,
TaeWoong

(50 W)
1 NR/4 100 13 CR: 1 (50%)

PR: 1 (50%)

Feng [16],
2018

Case report 1
SCN

35
Tail

Habib™
EUS RFA
+ lauro-

macrogol
injection

after 2
months

1 120/3 100 3

NoR after 2
months,
CR with

combined
therapy

Thosani [53],
2018

Retrospective,
multicenter

1
SCN

23
NR

EUSRA™,
TaeWoong 1.6 NR/4.6 100 5 NR

Goyal [54],
2017

Case series 2
MCNs

20.5
Body: 1
Tail: 1

Habib™
EUS RFA

(10 W)
1 120/3–5 100 NR NR

Pai [11],
2015

Prospective,
multicenter

6
- 4 MCNs
- 1 IPMN
- 1 Microcystic SCN

36.5
NR

Habib™
EUS RFA
(5–25 W)

1 90–
120/4.2 100 3–6

CR: 2/6
(33.3%)
PR: 3/6
(50%)

NoR: 1/6
(16.7%)

* Table legend: N. of RFA sessions/lesion expresses the ratio of the number of total procedures to the total number
of pancreatic lesions. If equal to 1, the number of procedures is equal to the number of lesions; if >1, it indicates
that some lesions are subjected to more than one session; if <1, it indicates that more lesions in the same patient are
treated in the same session. Mean time of application (s) indicates the mean time per single application, expressed
in seconds, to achieve the desired effect from ablation. Mean N. of applications indicates the mean number of
applications needed to obtain complete treatment of the mass. CR: complete response; NoR: no response; NR: not
reported; PR: partial response. ** In studies involving more than one type of pancreatic lesion, the overall data
were reported when it was not possible to extract the specific data per lesion group.

4.3. EUS-RFA in PDAC

PDAC is the most frequent histotype of pancreatic cancer (over 80% of cases) and
statistics report an increasing incidence trend in both males and females. Moreover, PDAC
still holds primacy in terms of aggressiveness, with a 5-year relative survival rate of 13% [64].
The gold-standard treatment with curative intent is surgical resection plus perioperative
chemotherapy, but less than 20% of lesions are resectable at diagnosis [65].

As with other solid tumors, in recent years, interest has arisen in local PDAC therapy
in the context of a multimodal therapeutic strategy, with the aim of locally controlling the
disease, reducing symptoms, and increasing survival. EUS-RFA has been proposed as a
local ablative approach to decelerate tumor progression by promoting antitumor immunity
and facilitating the penetration of chemotherapeutic drugs.

The first evidence of the application of EUS-RFA on PDAC in vivo is the Italian–
German feasibility study [19] conducted on 22 individuals with locally advanced PDAC,
using a prototype of the Hybrid-Therm® Probe HTP (ERBE, Germany). The technical
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success of EUS-RFA was 72.8%, as stable probe insertion was not possible in six patients
due to the stiffness of the tumor tissue and an infiltrated gastrointestinal wall. No sur-
vival benefit was observed (see Table 5). A randomized controlled phase II trial [20]
compared the efficacy of ablative treatment with Hybrid-Therm® Probe in combination
with chemotherapy versus chemotherapy alone in the management of patients with locally
advanced and borderline resectable PDAC; however, both due to the restricted inclusion
criteria and the manufacturer’s withdrawal of the HTP probe, enrolment was difficult
and the trial had to be stopped early: an intention-to-treat analysis was performed on
17 patients for the study group and on 20 for the control group. Progression-free survival
(PFS) and volumetric reduction of the tumor mass at 6 months were slightly better for the
study group, although without statistical significance; no relevant differences emerged in
either surgical resection rate or OS. Oh et al. [66] reported the results of 22 patients with
locally advanced and metastatic PDAC who underwent EUS-RFA in combination with
gemcitabine-based chemotherapy before and after ablation: OS was 24.03 months with a
PFS of 16.37 months, and when analyzing the subgroup of metastatic patients, the OS was
reduced to 15.05 months. These results appear encouraging compared to what has been re-
ported in previous studies; this could be explained by the fact that the EUS-RFA procedure
was performed repeatedly if deemed unsatisfactory, for a total of 107 RFA sessions (a mean
of 5 per patient), and the number of sessions correlated with PFS.

Currently, the literature on EUS-RFA in pancreatic cancer is rather scarce, most of the
papers are small feasibility studies, data on the impact of this treatment on patient survival
are often lacking, and those collected so far are not encouraging, with rare exceptions.
Randomized controlled, multicenter trials are needed to establish whether EUS-RFA can
really play a role in the multimodal treatment of PDAC and which patient groups can really
benefit from it; currently, the involvement of patients with metastases is at least disputable.

Table 5. Results from studies reporting EUS-RFA on PDAC *.

Author,
Year

Study
Design

N. of
Patients

Tumor Size
(Mean, mm)

and
Location **

Device

N. of RFA
Ses-

sions/Lesion
**

Mean Time
of

Application
(s)/Mean N.
of Applica-

tions
**

Technical
Success (%)

**

Median
Post-RFA
Survival
(Months)

Follow-Up
(Months) **

Robles-
Medandra

[67], in press

Retrospective,
monocenter

26
locally

advanced
and

metastatic
PDAC

39.5
Head: 22
Body: 3
Tail: 1

EUSRA™,
TaeWoong

(50 W)
1.27 5–10/NR 100 7 16.5

Napoléon
[23], 2023

Retrospective,
multicenter

6
PDAC

27
NR

EUSRA™,
TaeWoong

(50 W)
1.12 25/3 97 NR 13

Kongkam
[68], 2023

Prospective,
monocenter

14
locally

advanced
and

metastatic
PDAC

59.7
NR

EUSRA™,
TaeWoong

(50 W)
2.5 NR/5.6 100 NR 6

Figueiredo
Ferreira [39],

2022

Prospective,
multicenter

1
PDAC

14.4
NR

EUSRA™,
TaeWoong

(50 W)
0.86 NR/3 100 NR 9.5

Oh [66],
2022

Retrospective,
monocenter

22
locally

advanced
and

metastatic
PDAC

38
Head: 14
Body: 4
Tail: 3

EUSRA™,
TaeWoong

(50 W)
5 NR 100

Overall
survival

24.03
21.23
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Table 5. Cont.

Author,
Year

Study
Design

N. of
Patients

Tumor Size
(Mean, mm)

and
Location **

Device

N. of RFA
Ses-

sions/Lesion
**

Mean Time
of

Application
(s)/Mean N.
of Applica-

tions
**

Technical
Success (%)

**

Median
Post-RFA
Survival
(Months)

Follow-Up
(Months) **

Thosani [69],
2022

Prospective,
monocenter

10
locally

advanced
and

metastatic
PDAC

39.2
Head: 4
Body: 4
Tail: 2

Habib™
EUS RFA
(10–15 W)

2.2 NR 100 13.4 >30

Testoni [70],
2022

Retrospective,
monocenter

13
locally

advanced
PDAC

42.3
Head: 8

Body/Tail: 5

HTP® Probe,
ERBE

(18 W, 650
psi)

>1 125/NR 100 7 NR

Lawerence
[71], 2022

Case series

2
locally

advanced
PDAC

NR
Habib™
EUS RFA

(10 W)
3 120/NR 100 NR NR

Testoni [20],
2021

Randomized
controlled

trial, Phase II

17
locally

advanced
and

borderline
resectable

PDAC

47.1
Head: 10

Body
/Tail: 7

HTP® Probe,
ERBE

(18 W, 650
psi)

1 NR 94.1 13 45.4

Jiang [72],
2021

Prospective,
monocenter

8
locally

advanced
PDAC

46.9
Head: 5
Body: 2
Tail: 1

Habib™
EUS RFA

(5 W)
1 95.3/2.4 100 10.7 NR

Wang [73],
2021

Retrospective,
monocenter

11
locally

advanced
and

metastatic
PDAC

28
Head: 4
Body: 6
Tail: 1

Habib™
EUS RFA
(5–10 W)

2.36 NR/3 100 5.2 12

Ligresti [74],
2019

Case report

1
resectable

PDAC (unfit
for surgery)

15
Body

EUSRA™,
TaeWoong

(20 W)
1 NR/2 100 NR 12

Crinò [7],
2018

Retrospective,
monocenter

7
locally

advanced
PDAC

36
Head: 4
Body: 3

EUSRA™,
TaeWoong

(30 W)
1 58/1.5 100 NR 4.3

Scopelliti
[8], 2018

Prospective,
monocenter

10
locally

advanced
PDAC

49.2
Head: 4
Body: 6

EUSRA™,
TaeWoong
(20–30 W)

1 270/1.4 100 NR 1

Thosani [53],
2018

Retrospective,
multicenter 10 23

NR NR 1.6 NR/4.6 100 NR 5

Goyal [54],
2017

Case series 2 26.5
Head: 2

Habib™
EUS RFA

(10 W)
1 120/3–5 100 NR NR

Song [14],
2016

Prospective,
monocenter

6
locally

advanced
and

metastatic
PDAC

38
Head: 4
Body: 2

EUSRA™,
TaeWoong
(20–50 W)

1.33 10 100 NR 4.2

Wang [75],
2013

Case series 3 37.3
Habib™
EUS RFA
(10–15 W)

1.67 120/NR 100 NR 1.6

Arcidiacono
[19], 2012

Prospective,
multicenter

22
locally

advanced
PDAC

35.7
Head: 13
Body: 9

HTP® Probe,
ERBE

(18 W, 650
psi)

1 107/NR 72.8 6 NR

* Table legend: N. of RFA sessions/lesion expresses the ratio of the number of total procedures to the total number
of pancreatic lesions. If equal to 1, the number of procedures is equal to the number of lesions; if >1, it indicates
that some lesions are subjected to more than one session; if <1, it indicates that more lesions in the same patient are
treated in the same session. Mean time of application (s) indicates the mean time per single application, expressed
in seconds, to achieve the desired effect from ablation. Mean N. of applications indicates the mean number of
applications needed to obtain complete treatment of the mass. NR: not reported. ** In studies involving more
than one type of pancreatic lesion, the overall data were reported when it was not possible to extract the specific
data per lesion group.
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4.4. EUS-RFA in Pancreatic Metastases from Renal Cell Carcinoma (mRCC) and Other Pancreatic
Metastases (PMs)

The pancreas is rarely the site of metastatic localization of primary tumors of other
origin. Clear-cell renal cell carcinoma is the neoplasm that most frequently metastasizes to
the pancreas; the most frequent sites of secondarism for RCC are the lungs, bones, lymph
nodes, and brain, although it may infrequently associate with glandular metastases (pan-
creas, breast, thyroid, and parathyroid). The literature suggests that glandular metastases,
especially pancreatic metastases, have a more favorable prognosis than other localization
sites [76,77]. Focal treatment is the treatment of choice in oligometastatic diseases, and
surgery is the gold standard for pancreatic metastases.

A number of studies have proposed the use of EUS-RFA in pancreatic metastases as an
alternative to surgery; however, data are still rather limited and the results are conflicting
(see Table 6). Biasutto et al. [78] published the results of four pancreatic metastases from
RCC undergoing EUS-RFA, showing that the procedure was feasible and safe in all three
patients involved. At imaging control, an area of necrosis was confirmed in the treated sites;
however, no clear data on the radiological response were given. Later, Chanez et al. [79]
published one of the most relevant reports of EUS-RFA applied to pancreatic metastases
from RCC: 21 lesions underwent 26 sessions of EUS-RFA. Two patients developed severe
adverse events, which were managed with hospitalization and intervention; at the end
of follow-up (mean follow-up of 27.7 months), all patients were alive. At radiological
follow-up at 12 months, a complete response and a partial response (defined as regression
of 30% or more of the tumor contrast uptake) were obtained in 40% and 33.3% of lesions,
respectively. Similar findings were also reported by Napoléon et al. [23] out of 23 pancreatic
metastases submitted to EUS-RFA. On the contrary, Figueiredo Ferreira et al. [39] showed
completely different results in nine mRCC lesions and one metastatic lesion from lung
cancer. In this case, there was failure in all renal metastases, and the only CR was seen
in the lesion of lung origin. The authors speculated that such different results may be
explained by both the different criteria used in defining the disease response and by the
different disease stages and uses of systemic therapy.

Table 6. Results from studies reporting EUS-RFA on PMs *.

Author,
Year

Study
Design

N. of
Patients/N.

of PMs

Tumor size
(Mean, mm)

and
Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.
of Applica-

tions
**

Technical
Success (%) **

Follow-Up
(Months) **

Radiological
Response

Vohra [80],
2023

Case report

1/1
mRCC

invading
duodenal

wall

34
Head

EUSRA™,
TaeWoong

(50 W)
3 NR 100 3 NR

Napoléon
[23], 2023

Retrospective,
multicenter

NR/23
mRCC and
other PM

17
NR

EUSRA™,
TaeWoong

(50 W)
1.12 25/3 97 13

CR: 7/23
(30.4%)

PR: 10/23
(43.5%)

NoR: 6/23
(26.1%)

Figueiredo
Ferreira [39],

2022

Prospective,
multicenter

NR/10
mRCC and
PM of lung

cancer

14.4
NR

EUSRA™,
TaeWoong

(50 W)
0.86 NR/3 100 9.5

CR: 1/9
(11.1%)

NoR: 8/9
(88.9%)
Missing
data: 1
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Table 6. Cont.

Author,
Year

Study
Design

N. of
Patients/N.

of PMs

Tumor size
(Mean, mm)

and
Location **

Device
N. of RFA
Sessions/
Lesion **

Mean Time
of

Application
(s)/Mean N.
of Applica-

tions
**

Technical
Success (%) **

Follow-Up
(Months) **

Radiological
Response

Chanez [79],
2021

Prospective,
monocenter

12/21
mRCC

17
Head: 11
Body: 6
Tail: 4

EUSRA™,
TaeWoong

(50 W)
1.24 30–60/1–3 100 27.7

CR: 6/15
(40%)

PR: 5/15
(33.3%)

NoR: 4/15
(26.7%)
Missing
data: 6

Biasutto
[78], 2020

Prospective,
monocenter

3/4
mRCC

26
Head: 3

Body
/Tail: 1

EUSRA™,
TaeWoong

(30 W)
NR NR 100 3 NR

Crinò [7],
2018

Retrospective,
monocenter

1/1
mRCC

22
Head

EUSRA™,
TaeWoong

(30 W)
1 55/1 100 3 PR

* Table legend: N. of RFA sessions/lesion expresses the ratio of the number of total procedures in relation to the
total number of pancreatic lesions. If equal to 1, the number of procedures is equal to the number of lesions; if
>1, it indicates that some lesions are subjected to more than one session; if <1, it indicates that more lesions in
the same patient are treated in the same session. Mean time of application (s) indicates the mean time per single
application, expressed in seconds, to achieve the desired effect from ablation. Mean N. of applications indicates
the mean number of applications needed to obtain complete treatment of the mass. CR: complete response; NoR:
no response; NR: not reported; PR: partial response. ** In studies involving more than one type of pancreatic
lesion, the overall data were reported when it was not possible to extract the specific data per lesion group.

5. AEs in EUS-RFA

The pancreas is a highly thermosensitive organ, and for many years, this has limited
the application of radiofrequency ablation techniques in pancreatic lesions due to the
risk of thermal damage of pancreatic tissue and nearby anatomical structures (wall of the
GI tract, common bile duct, blood vessels). The few available studies on intraoperative
radiofrequency ablation do not show reassuring results in terms of safety, with high rates
of complications and post-procedural mortality [81,82]. The advent of EUS has opened a
new door for radiofrequency ablation of pancreatic neoplasms, as real-time visualization of
the lesion potentially minimizes the risk of thermal damage to healthy pancreatic tissue
and adjacent structures.

After pooling the data from the studies presented above, the AEs were compiled
(Table 7) and divided into classes of severity according to the Classification for Adverse
Events GastRointEstinal Endoscopy (AGREE) [83]. AGREE classes I and II refer to mild–
moderate adverse events that result in a prolonged hospitalization of the patient with
conservative therapeutic management (e.g., administration of drugs such as antiemet-
ics, antipyretics, analgesics, antibiotics, and antithrombotics, blood transfusion or blood
products). AGREE classes III and IV refer to severe AEs requiring endoscopic or surgical
intervention or admission of the patient to the intensive care unit. Class V implies the
patient’s death.

We have data on post-treatment AEs, with EUS-RFA in 206 lesions of F-pNETs and
109 lesions of NF-pNETs, and with a mean number of sessions/lesion of 1.1 equal to
the weighted value (w.v.), for a total of 325.9 sessions of EUS-RFA in 315 pNETs. Data
from three papers [23,39,53] were excluded, as it is not possible to determine in which
patients the reported AEs occurred (in the table, shown as Not specified). In 325.9 EUS-RFA
sessions, 58 adverse events occurred, with a total AE rate of 17.8%; the most frequent
AEs were abdominal pain managed with analgesics and acute post-RFA pancreatitis,
which was managed conservatively in the majority of cases (22 out of 28 cases). The rate
of severe AEs was 3.1%, and there were six cases of severe acute pancreatitis managed
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pharmacologically and endoscopically (only in one case, the patient underwent distal
splenopancreasectomy for acute pancreatitis with pancreatic fistula, in which pancreatic
stent placement failed) [58], one case of MPD injury, and two cases of MPD stenosis treated
with pancreatic stent placement (and in one case, also biliary stent placement). Furthermore,
Marx et al. [33] reported a single case of death of a 97-year-old patient, who developed
fever and abdominal pain two weeks after the procedure and was subsequently diagnosed
with retrogastric collection; the patient refused to undergo interventional maneuvers and
died after two weeks despite supportive care.

Of 46 PCNs treated with EUS-RFA, the mean number of sessions/lesion was 1.03
(1.3 w.v.) for a total of 47.38 sessions (59.8 w.v.) (again, data from two studies were not
taken into account due to the above-mentioned limitations [23,53]). The total number of
AEs was 11 (total AE rate of 23.2%, 18.4% w.v.), with a single severe adverse event (2.1%, se
usi ponderata 1.7%), namely a perforation of a jejunal loop that was treated surgically. The
patient had been treated for an 18 mm IPMN of the uncinate process [17].

Of 153 PDAC lesions treated with EUS-RFA, the total number of sessions was 275.4
(306 w.v.), and the mean number of sessions/lesion was 1.8 (2.0 w.v.). The total number of
adverse events was forty-eight (total AEs rate of 17.4% or, 15.7% w.v.), with six severe adverse
events (2.2%, or 2.0% w.v.), namely, six cases of jaundice treated with endoscopic biliary pros-
thesis placement. In addition to the studies already mentioned, data from Testoni et al. [70]
and Jiang et al. [72] were also excluded as they did not report data on complications.

With regard to patients with PMs, in particular, from clear-cell renal cell carcinoma,
the available data are limited; Chanez et al. [79] reported two severe AEs in the only two
patients treated with tyrosine kinase inhibitors (TKIs) at the time as EUS-RFA. In the first
case, they reported the development of a duodenal abscess, and in the second case, in a
patient with a biliary stent, the development of a hepatic abscess.

Table 7. Pooled data on AEs in EUS-RFA.

AGREE I/II
% of AEs (n)

AGREE III/IV/V
% of AEs (n)

pNETs
325.9 EUS-RFA sessions *

5.8% abdominal pain (19)
6.8% acute pancreatitis (22)
0.6% post-procedural bleeding or upper GI ulcer (2)
0.6% spleen/gastric wall/peripancreatic hematoma (2)
0.3% diabetes (1)
0.6% other than GI AEs– fever (2)
Total mild-moderate AEs 14.7%

1.8% acute pancreatitis (6)
0.3% abdominal collections (1, death)
0.3% MPD injury (1)
0.6% MPD stenosis (2)
Total severe AEs 3.1%

PCLs
47.38 EUS-RFA sessions *

19.0% abdominal pain (9)
2.1% acute pancreatitis (1)
Total mild-moderate AEs 21.1%

2.1% small bowel perforation or stricture (1)
Total severe AEs 2.1%

PDAC
275.4 EUS-RFA sessions *

9.8% abdominal pain (27)
1.5% acute pancreatitis (4)
0.7% peripancreatic effusion (2)
0.7% ascites (2)
0.7% abdominal collections (2)
0.4% peritonitis (1)
0.4% spenoportal axis thrombosis (1)
0.4% post-procedural bleeding or upper GI ulcer (1)
0.4% small bowel perforation or stricture (1)
0.4% other than GI AEs– fever (1)
Total mild-moderate AEs 15.3%

2.2% jaundice (6)
Total severe AEs 2.2%

PMs
21.88 EUS-RFA sessions *

4.6% abdominal pain (1)
Total mild-moderate AEs 4.6%

9.1% abdominal abscess (2)
Total severe AEs 9.1%

Not Specified [23,39,53] ˆ
180 EUS-RFA sessions *

6.7% abdominal pain (12)
6.7% acute pancreatitis (12)
1.1% MPD injury (2)
2.2% MPD stenosis (4)
0.6% post-procedural bleeding or upper GI ulcer (1)
0.6% spleen/gastric wall/peripancreatic hematoma (1)
1.7% other than GI AEs—atrial fibrillation (1), fever (1),
acute urine retention post-anesthesia (1)
Total mild-moderate AEs 19.4%

1.1% acute pancreatitis (2)
0.6% MPD injury (1)
Total severe AEs 1.7%

* In studies not reporting the N. of RFA sessions/lesion (NR), it was considered as 1. ˆ Pooled data of three studies’
data in which AEs by lesion type cannot be derived.
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6. Conclusions

In conclusion, the advent of EUS has opened up new local therapeutic options for
pancreatic lesions, and among these, radiofrequency ablation is one of those on which
experts’ interest is focused. The EUS-RFA technique is feasible, repeatable, and safe, and
the adverse events reported are mild in most cases, or, in cases of severe complications, they
have almost always been successfully managed with endoscopic or surgical intervention.
A standardized protocol for the EUS-RFA technique is not yet defined in relation to the
device and the type of tissue and lesion to be treated. Furthermore, the literature data are
confined to studies with small sample sizes and short follow-ups; the most encouraging
data concern the application of EUS-RFA in pNETs, particularly in F-pNETs where it is
aimed to be curative. The role of EUS-RFA still remains nebulous in PCLs, PDAC, and PMs,
and prospective, randomized controlled studies are needed to answer the open questions
on this topic.
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Abstract: Endoscopic management of benign pancreaticobiliary disorders encompasses a
range of procedures designed to address complications in gallstone disease, choledocholithi-
asis, and pancreatic disorders. Acute cholecystitis is typically treated with cholecystectomy
or percutaneous drainage (PT-GBD), but for high-risk or future surgical candidates, alter-
native decompression methods, such as endoscopic transpapillary gallbladder drainage
(ETP-GBD), and endoscopic ultrasound (EUS)-guided gallbladder drainage (EUS-GBD),
are effective. PT-GBD is associated with significant discomfort as well as variable adverse
event rates. EUS-GBD leverages lumen-apposing metal stents (LAMS) for direct access to
the gallbladder, providing the ability to treat an inflamed GB internally. Choledocholithi-
asis is primarily managed with ERCP, utilizing techniques to include balloon extraction,
mechanical lithotripsy, or advanced methods such as electrohydraulic or laser lithotripsy
in cases of complex stones. Altered anatomy from bariatric procedures like Roux-en-Y
gastric bypass may necessitate specialized approaches, including balloon-assisted ERCP
or EUS-directed transgastric ERCP (EDGE). Post-operative complications, including bile
leaks and strictures, are managed endoscopically using sphincterotomy and stenting. Post-
liver transplant anastomotic and non-anastomotic strictures often require repeated stent
placements or advanced techniques like magnetic compression anastomosis in refractory
cases. In chronic pancreatitis (CP), endoscopic approaches aim to relieve pain and address
structural complications like pancreatic duct (PD) strictures and calculi. ERCP with sphinc-
terotomy and stenting, along with extracorporeal shock wave lithotripsy (ESWL), achieves
effective ductal clearance for PD stones. When traditional approaches are insufficient, di-
rect visualization with peroral pancreatoscopy-assisted lithotripsy is utilized. EUS-guided
interventions, such as cystgastrostomy, pancreaticogastrostomy, and celiac plexus blockade,
offer alternative therapeutic options for pain management and drainage of peripancreatic
fluid collections. EUS plays a diagnostic and therapeutic role in CP, with procedures tailored
for high-risk patients or those with complex anatomy. As techniques evolve, endoscopic
management provides minimally invasive alternatives for patients with complex benign
pancreaticobiliary conditions, offering high clinical success and fewer complications.

Keywords: endoscopy; management; gallstones; cholecystitis; cholangitis; bile; leak;
strictures; pancreatitis; necrosis; transplant; stents; calculi

1. Introduction

Benign pancreaticobiliary disorders, which include a variety of gallbladder, bile duct,
and pancreatic conditions, are a significant source of morbidity worldwide. For instance,
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gallstone disease and its complications, including cholecystitis, choledocholithiasis, and
acute pancreatitis account for a million emergency visits, 625,000 hospital discharges, and
2000 deaths annually [1]. Traditionally, these conditions have been managed with surgical
interventions; however, many now benefit from endoscopic techniques that provide com-
parable outcomes with reduced invasiveness and faster recovery. Advances in endoscopic
retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS)-guided inter-
ventions, and stent technologies have broadened the therapeutic options available. These
innovations are instrumental in addressing challenges ranging from acute cholecystitis to
complications related to the bile duct and pancreatic duct. They are especially valuable
for patients with complex or altered anatomy, as well as for those who cannot undergo
surgery [2]. This narrative review provides an overview of the endoscopic procedures
available for managing benign pancreaticobiliary diseases. It places particular emphasis
on the endoscopic management of acute cholecystitis, bile duct disorders in patients with
both normal and variant anatomy, and complications associated with acute and chronic
pancreatitis. While it offers a broad perspective for general practitioners, the manuscript
also aims to serve as a focused resource for gastroenterologists and surgeons looking to
integrate advanced endoscopic techniques into their practice.

2. Methods

This narrative review examines the literature on benign pancreaticobiliary disorders
treated with endoscopic therapies. We conducted searches on PubMed and Google Scholar
to identify relevant articles using titles or keywords such as “Cholecystitis”, “Choledo-
cholithiasis”, “Post-hepatobiliary surgery complications”, “Bile leak”, “Biliary stricture”,
“post-liver transplant biliary strictures”, “Recurrent acute pancreatitis”, “Pancreatic fluid
collections”, and “Endoscopic ultrasound directed therapies”. Articles in languages other
than English or those lacking full text availability were excluded. Systematic reviews,
meta-analyses, and randomized controlled trials were prioritized for inclusion. Ultimately,
a total of 80 articles were included in the final review.

3. Discussion

3.1. Gallstone Disease

Gallstones are the commonest cause of emergency room presentation in patients with
abdominal pain. Asymptomatic gallstones do not need treatment. In symptomatic patients,
they can result in complications as a consequence of cystic or common bile duct blockage.

3.2. Acute Cholecystitis

Acute cholecystitis is caused by the obstruction of the cystic duct, leading to inflamma-
tion of the gallbladder (GB). The diagnosis is typically made with US or CT, which shows
pericholecystic fluid collection, wall thickening, or distension. Cholecystectomy remains
the standard of care. In cases where surgery is deemed high risk, decompression should be
considered to prevent complications such as perforation, gangrene, or fistulization into the
bowel. The most common technique for decompression is percutaneous drainage (PT-GBD),
along with antibiotic therapy. PT-GBD can be cumbersome to manage due to the presence
of an external drain and a drainage bag. The availability of procedural expertise and
recommendations from extensive studies led to the rise in the use of PT-GBD. Multicenter
studies have shown that PT-GBD is associated with higher post-procedure pain scores and
high adverse events at 30 days and 1 year [3–5]. The external catheter must remain in place
until the tract matures and becomes potentially longer. There are two endoscopic treatment
options available for the management of acute cholecystitis, specifically in patients with
high co-morbidities or deemed unfit for surgery. Decompression can be performed in one

121



J. Clin. Med. 2025, 14, 494

of two ways: internal drainage can be performed by placing a transpapillary stent into the
gallbladder; or lumen through ERCP or transmurally by placement of a metal stent from
the stomach or the duodenum.

3.3. Transpapillary Gallbladder Drainage (ETP-GBD)

The technique was first described by Kozarek in 1984 [6]. This involves the following:
deep bile duct cannulation using ERCP techniques, visualization of the cystic duct by
cholangiography, the passage of a hydrophilic guidewire in the cystic duct to curl in the
gallbladder and insertion of a long 7 Fr double pigtail stent, leaving one pigtail in the
gallbladder and the other in the duodenum (refer to Figure 1). Endoscopic transpapillary
GB drainage is an effective procedure in patients with ascites, severe coagulopathy, and
inaccessible gallbladder with EUS. It can be technically challenging due to the tortuous
nature of the cyst duct and whether the cystic duct has inflammatory changes from the
extension of gallbladder inflammation. Cystic duct obstruction and the inability to identify
the cystic duct on cholangiography are additional challenges. Special designs of stents have
also been developed specifically for ETP-GBD. Glessing et al. described the use of a Johlin
pancreatic wedge stent compared to a standard pigtail [7]. Some case series have reported
the use of direct cholangioscopy to identify the cystic duct take-off and guide the placement
of a wire into the gallbladder. However, cannulating the cystic duct with ERCP can be
challenging, and there is a risk of perforation during attempts to pass the guidewire [8,9].
A sphincterotomy may be advanced deep into the bile duct and withdrawn slowly; the
tip may catch the cystic duct opening [10]. Transpapillary GB drainage is an important
option for patients with higher comorbidities. This technique can also lead to a potential
surgical option should the patient’s condition improve. The surgeon simply removes the
stent from the gallbladder at the time of cholecystectomy. In the series by Irani et al., most
transpapillary drainage cases proceeded to cholecystectomy. Patients with ascites have
difficulty with tract maturation. Some experts recommend performing a small-volume
paracentesis prior to the attempt. Significant ascites lead to inadequate apposition of
the GB to the luminal tract (EUS-GBD) or skin (PT-GBD) which could result in bile leak.
Hence, these patients should be considered for transpapillary drainage before attempts
at EUS-guided drainage. Kjaer et al. [11] showed that technical success improves with
experience, demonstrating an improvement from 50% to 89% after 4–5 years of adopting
the technique. An international multicenter study comparing transpapillary versus EUS
versus percutaneous (PCT) drainage found significantly lower technical and clinical success
rates in the ETP-GBD [12]. Reported adverse events of this technique include cystic duct
perforation, cholangitis, and sepsis, as well as the inherent risks of ERCP, such as post-
ERCP pancreatitis (PEP) and sphincterotomy-related bleeding (PSB). Refer to Table 1 for a
summary of outcomes associated with ETP-GBD.

Table 1. Selected studies on technical and clinical outcomes of transpapillary gallbladder drainage
(ETP-GBD).

Study No. of Patients
Technical
Success (%)

Clinical Success
(%)

Adverse Events
(%)

Need for
Recurrent
Intervention (%)

Oh et al. [12] 96 86.6 86 19.3 10.4

Higa et al. [13] 38 87.2 76.3 9.4 15.8

Siddiqui et al. [14] 124 87.9 79.8 7.3 11.4

Inoue et al. [15] 90 78.6 74.4 21.1 Not reported
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Figure 1. (A): CT scan demonstrating gallbladder wall thickening with pericholecystic fluid. The
patient was on anticoagulation at the time of presentation (Top). Arrow shows thickened gallbladder
wall with pericholecystic fluid. (B): ERCP with the placement of transpapillary double pigtail stent
for acute cholecystitis (Left). Arrows demonstrated the pigtail of the stent within the gallbladder
lumen. (C): Endoscopic view of transpapillary gallbladder stent placement (Right).

3.4. Endoscopic Ultrasound-Guided Gallbladder Drainage (EUS-GBD)

The second technique of gallbladder decompression includes the use of endoscopic
ultrasound (EUS). Initial attempts with EUS drainage included the use of a 19G needle
to puncture the gastric or duodenal wall to enter the gallbladder lumen. A guidewire is
then coiled within. The tract is then serially dilated with a graded dilation catheter or a
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dilating balloon. The procedure was initially performed using 7 Fr pigtail stents or biliary
fully covered metal stents. These were prone to migration. The technique has evolved
since the advent of lumen-apposing metal stents (LAMS). Refer to Figure 2. LAMS are
available in different sizes and are fully covered. A 10 mm × 10 mm LAMS is usually the
preferred size for gallbladder drainage. A LAMS is dumbbell-shaped, deployed under
EUS guidance, and the flanges hold the layers of the gallbladder wall and gastrointestinal
lumen in apposition, thereby preventing bile leak. The procedure involves the insertion
of a LAMS between the gallbladder and the stomach or duodenum [16]. EUS-GBD has
very high technical and clinical success rates ranging from 90% to 98% and 89 to 98.4% in
expert hands. Non-surgical candidates can be treated endoscopically with EUS-guided
gallbladder drainage. This method avoids the risk of PEP. Secondly, it provides access
to the gallbladder lumen for treatment of gallstones using lithotripsy. This technique is
technically not feasible in patients with ascites due to the risk of bile leak and inability to
form a fistulous tract.

 

Figure 2. (A): Deployment of distal flange (yellow arrow of the lumen-apposing metal stent into the
gallbladder lumen). (B): View of the lumen-apposing metal stent from the duodenum. (C): Balloon
dilation of the lumen-apposing metal stent to allow drainage of bile.
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The creation of a cholecystoduodenal or cholecystogastric fistula may affect future
candidacy for surgery. A multicenter international study [17] showed a shorter surgical
procedure, shorter length of stay, and shorter time to cholecystectomy when compared to
PT-GBD. The operative adverse events were similar between the PT-GBD and EUS-GBD
groups. However, the rate of open conversion was higher in the EUS-GBD but failed to
reach statistical significance [18] and reported three cases of failed robotic or laparoscopic
cholecystectomy due to the presence of adhesions and fistula. See Figure 3 for a suggested
algorithm for endoscopic management of acute cholecystitis.

Figure 3. Suggested algorithm for endoscopic management of acute cholecystitis.

Compared to PCT, there is no inconvenience or discomfort in maintaining an external
drain. The LAMS will often allow complete stone clearance. Once the gallbladder is cleared,
exchanging the LAMS for plastic pigtail stents helps to maintain the cholecystointestinal
fistula and potentially reduce the risks of an indwelling LAMS. Percutaneous drainage
serves as a bridge to future cholecystectomy. However, in patients who were deemed fit for
surgery due to acute illnesses precluding surgical options, resulting in long-term external
GB drainage, conversion to internal EUS-GBD can be considered. A study by Law et al. [19]
suggests that internalization of PT-GBD catheters using EUS GBD and LAMS placement as
a conversion strategy is feasible and was performed successfully in seven patients without
adverse events. In transmural drainage with EUS-GBD, there is the risk of bile leak or
gallbladder perforation from stent misdeployment, bleeding, and occlusion of stents by
food material. However, adverse event rates are similar to percutaneous drains placed by
interventional Radiology. See Table 2 for procedural outcomes of EUS-GBD.
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Table 2. Technical success rates of endoscopic ultrasound-guided gallbladder drainage.

Study N Technical Success % Clinical Success % Adverse Events %
Need for
Recurrent

Interventions %

Tyberg et al. [20] 42 95.2 95.2 21.4 11.9

Irani et al. [3] 45 97.8 95.6 17.8 24.4

Teoh et al. [4] 39 97.4 92.3 12.8 2.6

Jang et al. [5] 30 96.7 96.7 6.7 -

Oh et al. [12] 76 99.3 99.3 7.1 3.9

Higa et al. [13] 40 97.5 95 17.9 17.9

Siddiqui et al. [14] 102 94.1 90.2 11.8 0

Inoue et al. [15] 90 96.7 88.9 12.2 -

3.5. Choledocholithiasis

Choledocholithiasis refers to the presence of stones within the extrahepatic biliary
system. It can be primary or secondary. Secondary stones originate within the gallbladder
and migrate into the CBD via the cystic duct. The diagnosis is based on abnormal bilirubin,
alkaline phosphatase, or GGT. The biochemical tests progressively increase with the dura-
tion and severity of biliary obstruction. Transabdominal US has a relatively poor sensitivity
(22–55%) for detecting CBD stones but a higher sensitivity for CBD dilation (77–87%) [21].
Helical CT has shown a sensitivity of 88% and specificity of 97%. MR has 85–92% sensitivity
and 93–97% specificity for choledocholithiasis detection. However, the sensitivity of MRCP
seems to diminish in the setting of small (<6 mm) stones, and sensitivity is reduced to
33–71% in this subset [22]. Intraoperative cholangiography [IOC] is performed in the set-
ting of cholecystectomy and can be successfully done in 88–100% of patients. A sensitivity
of 59–100% and specificity of 93–199% for choledocholithiasis has been reported. It requires
an additional 10–15 min during a laparoscopic cholecystectomy [23]. EUS is the most
sensitive test for the detection of choledocholithiasis, with a sensitivity greater than 95%
and 100% specificity [23,24].

3.6. Endoscopic Retrograde Cholangiopancreatography (ERCP)

The majority of patients with CBD stones are treated with biliary sphincterotomy
and an extraction balloon or a retrieval basket. This technique works for the majority of
stones smaller than 10 mm. With larger stones, dilation-assisted stone extraction can be
performed (DASE). The latter is the combination of two techniques: endoscopic papillary
large balloon dilation and a limited sphincterotomy. In some cases of large, irregularly
shaped, or boxcar stones, mechanical lithotripsy and cholangioscopy-guided techniques
such as electrohydraulic lithotripsy or laser lithotripsy can be performed (see Figure 4). A
meta-analysis concluded that biliary sphincterotomy plus balloon sphincteroplasty was
associated with fewer complications than biliary sphincterotomy alone [25]. Mechanical
lithotripsy involves the use of a cranking mechanism attached to a stone retrieval basket.
Single operator cholangioscopy with laser lithotripsy or EHL has been reported to have a
stone clearance of 88%, with some reports reaching 100% with repeated sessions. Because
of cost issues, many endoscopists employ DASE or mechanical lithotripsy prior to resorting
to SOC. However, in a network meta-analysis, SOC resulted in statistically significantly
higher rates of complete stone removal than mechanical lithotripsy. (RR of 1.5, p < 0.04).
EHL systems work through a bipolar probe and charge generator. The tip of the probe
generates a spark, leading to the expansion of surrounding fluid, creating an oscillating
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shock wave of pressure that fragments the stone [26]. LL works by focusing laser light
of a high-power density on the surface of a stone. The concentrated high power creates
a plasma composed of a gaseous collection of ions and free electrons that oscillates and
induces waves breaking the stone. EHL equipment is relatively inexpensive compared to
LL. However, the risk of perforation is higher in EHL than in LL [26].

 

Figure 4. (A): A large, impacted stone leading to multiple failed attempts with extraction balloon,
mechanical lithotripsy; stone was fragmented using a laser lithotripter (yellow arrow) and could be
removed with extraction balloon after fragmentation. (B): Shows the effect of laser lithotriptor on the
stone. A plastic double pigtail stent is placed in the bile duct to prevent cholangitis from impaction of
stone fragments.

In a systematic review and meta-analysis, LL had a higher rate of ductal clearance
(95%) than EHL (75.5%) and ESWL (89.3%). The post-procedure complication rates were
higher for patients treated with EHL (13%) compared to ESWL (8.4%) or LL (9.6%) [27].
Anecdotally, plastic biliary stent placement alone can fragment residual stones over time,
making subsequent stone extraction easier.

3.7. Altered Anatomy

Roux-en-Y gastric bypass (RYGB) is one of the most common bariatric procedures
worldwide. The altered anatomy requires traversing a significant length of the alimentary
and biliopancreatic limbs to reach the papilla. This led to the development of balloon-
assisted ERCP (BE-ERCP). The use of a single balloon or double balloon-assisted entero-
scope facilitates the ability to reach the papilla and perform biliary interventions. A
multicenter study of ERCPs performed using a short DBE in 39 RYGB patients noted an
82% success rate for reaching the papilla and a 90% cannulation rate. The complication rate
was 5%. However, BE ERCP can be challenging due to the following factors: the absence
of an elevator, using a forward viewing scope, and limited accessories. In failed cases, we
can resort to laparoscopic-assisted ERCP (LA ERCP). However, LA ERCP is associated
with longer hospital stays, an increase in costs, higher complications, and the need to
involve both surgery and interventional endoscopy teams. Endoscopic ultrasound-directed
transgastric ERCP (EDGE) was first described by Kedia et al. [28]. EDGE-ERCP uses a
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LAMS to create agastrogastrostomy or gastrojejunostomy connecting the gastric pouch
or the proximal jejunum to the excluded stomach. See Figure 5. This enables the usage
of a duodenoscope to perform the ERCP [29]. Based on a meta-analysis, the pooled rate
of technical success of EDGE in RYGB was similar to LA-ERCP and was superior to BE
ERCP. The most commonly reported adverse event is the failure of gastro-gastric fistula
closure, requiring the need for over-the-scope clips or endoscopic suturing. See Figure 6 for
a suggested algorithm in the management of choledocholithiasis in RYGB patients.

 

Figure 5. (A): Patient with RYGB gastric bypass, presents with choledocholithiasis, under-
goes EDGE procedure to enable ERCP through the excluded stomach. GG—gastrogastrostomy,
GJ—gastrojejunostomy. LAMS—lumen-apposing metal stent. (B): Shows the passage of duodeno-
scope through the LAMS into the descending duodenum to perform ERCP.

Figure 6. Suggested algorithm for endoscopic management of choledocholithiasis in Roux-en-Y
gastric bypass patients.
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3.8. Post-Operative Complications

Bile leaks most commonly occur in the setting of severe acute cholecystitis and often
are associated with incomplete cholecystectomy. Likewise, loss of tissue planes from severe
cholecystitis or an intrahepatic gall bladder may result in inadvertent and unrecognized
laceration, transection, or clip placement on the common bile duct, the latter sometimes
presenting months or even years later with jaundice, elevated liver functions, or stone
formation proximal to the clip.

3.9. Bile Leak and Strictures

Bile leaks continue to be a persistent challenge following liver and biliary tract surg-
eries. Post cholecystectomy, bile leaks occur in 0.3–2.7% of patients, and post-hepatectomy
leaks range from 3–20%. The risk factors for the probability of a bile leak after surgery
include choledocholithiasis, gangrenous cholecystitis, or severe inflammation, which makes
the surgery complex. Cystic duct stump leakage occurs from misplaced or displaced clip-
ping, electrosurgical injury to the cystic duct, or from excessive traction. More commonly,
the impaction of a stone in the ampulla leads to dehiscence of the cystic duct stump. Ducts
of Luschka can also be severed, leading to a bile leak. The first line for management of
biliary leaks has been the endoscopic approach using ERCP. Sandha et al. classified post-
lap-cholecystectomy (LC) bile leak into low-grade and high-grade. Low-grade leaks are
identified after intrahepatic opacification, and high-grade leaks occur before intrahepatic
opacification. The study reported a 91% success rate with biliary sphincterotomy alone
with low-grade leaks and 100% in high-grade leaks when stents were used. High-grade
bile leaks occur due to a tear in the CBD wall or one of the biliary branches that form
the main hepatic confluence. A stent placement benefits this in two ways: to reduce the
transpapillary pressure and bypass the leak, thereby diverting bile flow into the duodenum.
Stent placement also prevents secondary stricture formation at the site of injury. The stents
are left in place for a minimum of 4 weeks. The success rate of endoscopic therapy remains
high. The treatment aims to reduce ampullary resistance, thereby facilitating transpapillary
bile flow and reducing leakage. During ERCP, there are options for sphincterotomy with
or without stent placement. Sphincterotomy alone could be considered in the presence
of choledocholithiasis, which causes a small leak. Sphincterotomy, in addition to plastic
or fully covered metal stents, can be considered for high-grade or complex leaks. The
use of multiple plastic stents or fully covered metal stents can be considered in refractory
leaks [30–33].

Bergman et al. classified bile duct injuries into four categories [34]: A—cystic duct
leak from aberrant or hepatic radicles (minor lesions), B—major bile duct leaks with or
without concomitant strictures, C—bile duct strictures without leakage, and D—Complete
transection of the duct with or without excision of a portion of the biliary tree. Post-
operative bile duct strictures occur in 0.2–0.5% of patients following LC [35]. They are often
due to direct surgical trauma from partial or complete transection by clipping or ligation
of the bile duct. The stricture can also occur due to an ischemic insult to the biliary tree
during dissection or cauterization [36]. The outcome of endotherapy depends on factors
such as early identification and referral. Only 10% of post-operative strictures are identified
within the first week after LC, and nearly 70% within the first six months [37]. Occasionally,
the diagnosis can be delayed for several years. Such patients present with cholangitis or
choledocholithiasis. The endoscopic approach remains the first line for the management of
post-operative strictures.

Endotherapy, albeit requiring multiple sessions, is often successful except in cer-
tain cases of complete transection of the bile duct. Plastic stents of 10–12 Fr place-
ment/replacement every 3–4 months, along with balloon dilation for a period of 12 months,
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are associated with the disappearance of stricture [38] Costamagna et al. showed that
multiple stent placement resulted in stricture resolution in 97% of cases, with a recurrence
rate of 9.4% after a mean follow-up of 11.2 years. Patients who received more than four
plastic stents had a reduced recurrence rate, supporting the need for an aggressive ap-
proach. A randomized controlled trial with 31 patients compared multiple plastic stents
(MPS) (>4) versus partially covered SEMS (PCSEMS) (8–10 mm) to treat post-surgery biliary
strictures showed a higher adverse event in the MPS group compared with PCSEMS [39].
See Figure 7 for a case of high-grade bile leak treated with multiple plastic stents. Biliary
patency was higher in the PCSEMS group. In LC patients, the biliary strictures are closer
to the hepatic hilum [40]; hence, placement of SEMS is technically challenging due to the
risk of side branch occlusion. The use of an FCSEMS for post-cholecystectomy bile duct
strictures is currently off-label [41]. A recently published study by [42] Jang et al. showed
that magnetic compression devices can be used for complete biliary obstruction post LC.
The recent advances in endoscopic treatment with stents for the treatment of major bile duct
injuries and strictures are at least as effective as surgical treatment. However, endoscopic
management and surgical therapies are complementary and should be considered on a
case-by-case basis based on complexity.

 

Figure 7. (A): High-grade bile leak noted at the common hepatic duct, treated with multiple plastic
stents draining different segments, diverting bile from the site of leak. (B): High-grade bile leak treated
with multiple double pigtail plastic stents (C): Endoscopic view of the transpapillary plastic stents.
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3.10. Post-Liver Transplant (LT) Biliary Strictures

Post-transplant biliary strictures are classified as anastomotic and non-anastomotic.
Most centers perform a biliary duct-to-duct anastomosis at the time of liver transplant, as
it allows access for future endoscopic interventions and retains the sphincter functions.
Anastomotic biliary strictures are known to be more common in living donor LT than
in deceased donor LT, with rates similar to a Roux-en Y choledochojejunostomy. Bile
leaks post LT occur in the first month and mostly at the anastomotic site [43]. Bile leaks
post LT are treated similarly to post-LC leaks. Plastic biliary stents (10–11.5 Fr), with or
without biliary sphincterotomy placed across the leak, have a success rate of 90–95% [44].
However, the stents are left in place for 6–8 weeks due to the delayed healing that occurs as
a consequence of immunosuppression [45,46].

In a systematic review of 200 patients by Kao et al., structures associated with LT
resolved after placement of multiple plastic stents at 12 months (94–100%), comparable
to resolution rates of 80–95% for SEMS left in place for 3 months or longer. However,
the overall migration rate was 16% in the SEMS group [47]. Plastic stent distal migration
occurs in 5–10% of cases in single stent placement compared to multiple stent placement.
The steps involved in the management of an anastomotic stricture start by traversing the
stricture with a guidewire. This maneuver is more challenging in post-operative strictures
than malignant strictures. The narrow and often angulated lumen is cannulated with hy-
drophilic guidewires measuring 0.021 or 0.018 inches with a straight or angled tip. Secondly,
dilation of the stricture using a hydrostatic balloon facilitates stent placement. Lastly, stent
placement keeps the stricture open for an extended period, leading to remodeling. The
majority of anastomotic strictures occur within the first year after liver transplantation. A
thin narrowing occurs in the area of biliary anastomosis, which becomes apparent after
the resolution of post-operative edema and inflammation. Biliary strictures occurring at or
greater than 5 mm proximal to the anastomosis are considered non-anastomotic (NAS) bil-
iary strictures caused by ischemia secondary to hepatic artery stenosis or thrombosis. This
stricture mostly occurs at the hilum but can also involve the intrahepatic ducts. Endoscopic
therapy is not as effective for NAS, with an estimated success rate of 40–82% [48,49]. Such
strictures often require repeated dilations and prolonged stenting [50]

Newer devices, such as magnetic compression anastomosis, are available in certain
centers to treat anastomotic strictures refractory to conventional procedures. Two tracts
are required to deliver the magnets above and below the strictures. This can lead to new
fistula formation and is similar to a surgical anastomosis [51]. After 6 weeks, the magnets
are removed, and an FCSEMS is placed for 6 months. This technique, however, lacks long-
term study data and clinical trials to support routine use. Refer to Table 3 for procedural
outcomes of anastomotic strictures treated with plastic stents.

Table 3. Outcomes in liver transplant anastomotic strictures using plastic stents.

N Technical Success Stricture Resolution Stricture Recurrence Rate

Rerknimitr et al. [52] 43 100 100 0

J.Morelli et al. [53] 25 96 88 9

Alazmi et al. [54] 148 97 89 18

Pasha et al. [55] 25 100 72 22

Holt et al. [56] 53 92 64 3

G Morelli et al. [57] 38 100 89 15

Tabibian et al. [58] 69 100 94 3
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3.11. Benign Pancreatic Disorders

There are myriad benign pancreatic disorders for which EUS and ERCP are used, to
include defining the characteristics of pancreatic cysts and strictures to assure that they are
benign. Therapeutically these techniques have been integrated into endoscopic practice in
pancreaticobiliary referral centers. Although not an exhaustive list, the following are the
most common applications of endoscopic therapies currently used.

3.12. Recurrent Acute Pancreatitis

Recurrent acute pancreatitis (RAP) is defined as two or more episodes of acute pancre-
atitis (AP) with clinical and radiologic remission between episodes. The term idiopathic
RAP is used when the cause remains unidentified based on history, exam, biochemical tests,
and imaging. Common causes include biliary microlithiasis caused by rapid weight loss,
critical illness, and in organ transplant recipients. Stones < 3 mm that are not visible on
routine imaging impact at the ampulla of Vater leading to inflammation and fibrosis. This
results in ampullary stenosis thereby causing biliary pancreatitis. Historically, experts have
resorted to empiric cholecystectomy even if there is an insignificant stone burden or sludge.
ERCP with ES is an effective alternative treatment, as it allows crystals and small stones
to pass without causing pancreatic duct obstructions. Pancreatic divisum is the nonunion
of the ventral and dorsal ducts resulting in the majority of drainage occurring through
the minor papilla. This can be a cause of RAP. However, the decision to intervene should
be carefully assessed. Multiple observational studies have shown the benefit of minor
papillotomy or transpapillary dilation in reducing attacks of pancreatitis. The aim of this
therapy in symptomatic patients with pancreatic divisum is to relieve outflow obstruction
at the level of minor papilla. A randomized controlled clinical trial shows patients with
minor papilla stents had fewer episodes of pancreatitis and hospitalizations [59]. The cur-
rent practice is minor papilla sphincterotomy (miES) with stenting of the dorsal duct. This
practice remains to be validated by randomized studies. The SHARP trial is a randomized
controlled trial that will determine whether ERCP with minor papilla ES benefits patients
with idiopathic RAP and pancreas divisum [60].

3.13. Pancreatic Fluid Collection and Duct Leak

Pancreatic duct (PD) leaks occur in the setting of acute pancreatitis causing ductal
disruption. Low-grade leaks often are asymptomatic or can result in mild symptoms.
High-grade leaks are associated with peripancreatic fluid collections (PFC), abdominal
fluid collections such as pancreatic ascites, or high amylase pleural effusions. Endoscopic
therapy is warranted if large asymptomatic fluid collections persist despite conservative
management, as well as those that cause symptoms secondary to compression of contigu-
ous organs, sepsis, fistulization, or persistent pain. Pseudocysts are the most common
presentation of a PD leak. The acute collections tend to encapsulate after 4 weeks or more.
These collections persist in 30–50% of acute fluid collections. A mature collection can cause
gastric or duodenal outlet obstruction. Treatment entails the creation of a fistulous tract
between the PFC and the gastrointestinal lumen by the placement of stents. Drainage of
PFCs has historically been performed without EUS using a needle knife or cystotome to
access the cyst cavity, followed by dilation of the tract and placement of double pigtail
stents. A randomized prospective trial [61] showed higher technical success for EUS-
guided access (94% vs. 72%) and its utility in cases where there is a lack of bulging in the
gastric wall [62] performed a meta-analysis of randomized trials and prospective stud-
ies involving 229 patients and confirmed the higher technical success rate of pseudocyst
drainage. Since the development of lumen-apposing metal stents (LAMS) by Binmoeller in
2011 [63], their application has revolutionized the management of PFCs. Refer to Figure 8.
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The large diameter (10–20 mm) which ensures the apposition of two walls and delivery
of electrocautery to create a fistulous tract makes it an effective option for drainage of
various PFC including pseudocysts and walled-off necrosis (WON). A LAMS needs to
be removed in 4 weeks to minimize the risk of bleeding. In contrast, plastic stents can
be left indefinitely. Common practice is to replace the LAMS with pigtail stents before
the cavity collapses. It is hypothesized that the conformation of the intracavitary flange
of the Hot Axios with rigid spikes can lead to trauma of the back wall of the cavity as it
shrinks. The advent of another LAMS in 2016, the Spaxus stent which has rounded edges
and flanges that fold back, theoretically reduces this risk of bleeding. This prosthesis is not
available in the United States. A propensity-matched study showed that bleeding requiring
transfusion occurred more commonly in the Hot Axios group than in the Spaxus group.
(6.8% vs. 1.5%) [64]. The lumen of the LAMS is enlarged to allow the endoscope to perform
necrosectomy. A LAMS with a diameter of 15 or 20 mm is preferred for placement into
walled-off necroses. Repeat endoscopies are needed to debride the necrotic material within
the cavity. Accessories such as snares, forceps, and Roth nets have been traditionally used
for direct endoscopic necrosectomy [65]. A novel device known as EndoRotor (Microtech)
allows for non-thermal debridement, combining the functions of suction, irrigation, and
tissue dissection for symptomatic WON [66].

 

Figure 8. (A): Peripancreatic fluid collection treated with LAMS cystogastrostomy as well as ERCP
with transpapillary PD stent. Disrupted duct in the tail of the pancreas leading into the pseudo-
cyst cavity. (Green arrow—post cholecystectomy abdominal drain, blue arrow—extravasation of
contrast from the tail of PD into the cyst cavity, yellow arrow—Cystgastrostomy using LAMS).
(B): A tail leak and multiple side branches leaking on pancreatogram concerning disrupted duct (Blue
arrows—indicate leakage from multiple side branches).

3.14. Chronic Pancreatitis

Abdominal pain is the most common symptom experienced by patients with chronic
pancreatitis (CP). The causes of this pain are complex and often related to factors such
as strictures, gallstones, or fluid collections around the pancreas. The primary goal of
endotherapy is to manage pain and address complications associated with CP. Traditionally,
computed tomography (CT) and magnetic resonance imaging (MRI) have been used for
diagnosing CP, along with clinical evaluations. However, endoscopic ultrasound (EUS) is
increasingly utilized because it provides detailed structural information about pancreatic
tissue and helps evaluate ductal issues. Endoscopic management of chronic pancreatitis
involves decompressing the pancreatic duct by dilating strictures or performing lithotripsy

133



J. Clin. Med. 2025, 14, 494

to reduce the stone burden. Assessing both the stone burden and the location of the
calculi, whether they are intraductal or within the pancreatic tissue, can aid in selecting
the appropriate treatment approach. Endoscopic retrograde pancreatography (ERP) with
PD stenting may be offered for patients with pancreatic duct (PD) strictures. Removing
PD stones can alleviate pain in symptomatic patients and may potentially help to preserve
gland function in asymptomatic patients; however, the latter is not routinely recommended
due to insufficient clinical data. Patients with multifocal strictures or extensive parenchymal
calcifications may need to be referred for surgical management. Most patients with CP are
treated using an initial trial of endotherapy prior to referral for surgery. However, three
randomized trials from Europe showed greater improvement in pain in the early surgery
group compared to endoscopic management [67–69]. Despite the available evidence,
endotherapy remains the initial approach in most centers given its less invasive nature and
the perception of lower risk compared with surgery. It is a reasonable alternative to surgery
in candidates with significant comorbidities. An ideal candidate for endotherapy is those
with single dominant stricture or an obstructive calculus in the head.

3.15. Endoscopic Management of PD Calculi and Strictures

ERCP can be attempted to clear stones using an extraction balloon or stone basket.
The success of clearance depends on the size of the stone, the presence of strictures, and
the degree of impaction within the duct. A small pancreatic sphincterotomy is performed
to allow the removal of stones and to improve drainage. Various anatomical variations of
the main PD such as ansa pancreaticus or partial ansa loops can make passage of ERCP
accessories challenging. Extracorporeal shock wave lithotripsy (ESWL) is recommended
for stones larger than 5 mm to achieve fragmentation. ESWL can be used to fragment large
stones or those adjacent to a stricture, followed by ERCP to achieve ductal clearance. Refer
to Figure 9. ESWL monotherapy may provide pain relief for selected patients suffering
from painful chronic pancreatitis with main pancreatic duct (PD) obstruction [70]. A meta-
analysis of 22 studies found that complete ductal clearance was achieved in 70% of cases,
and pain relief was reported in 64%. Stone fragmentation occurred in 86% of the patients.
However, adverse events, including pancreatitis and cholangitis, were noted in 4% of the
cases [71].

ESWL is contraindicated for patients with coagulopathy or calcified blood vessels in
the path of the shock waves. An effective alternative treatment is peroral pancreatoscopy-
assisted electrohydrolithitripsy (POP EHL) or laser lithotripsy (LL). A study by Atwell et al.,
involving 46 patients with PD calculi, demonstrated complete ductal clearance in 70% of
participants [72]. Furthermore, a systematic review of 10 studies on POP with lithotripsy
indicated that the pooled technical success rate was 92%, with a fragmentation success rate
of 86% [73]. The potential advantages of POP-guided lithotripsy include direct visualization
and targeting of stones. Adverse events include PEP (7%), perforation, or hemorrhage
(3–4%) [74].

In cases with PD stricture, an EUS should be performed to exclude pancreatic ma-
lignancy. The views during EUS can be challenging due to the shadowing of calculi.
Additional imaging, such as pancreas protocol CT or MRCP, can also be performed. En-
doscopic treatment of PD strictures involves performing a pancreatic sphincterotomy and
dilation of the stricture using a balloon or a dilating catheter. One or more stents are
placed routinely and replaced every 4–6 months. Endotherapy should be performed every
12 months for stricture remodeling. Refractory strictures can be treated with multiple
plastic stents or FCSEMS [75,76]. Adverse events reported are worsening of pain, stent
migration, pancreatitis, or cholangitis. Pain is associated with the placement of larger stents
over 8 mm in diameter [77].
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Figure 9. (A): Extracorporeal shock wave lithotripsy, 5000 shock waves performed targeting the stone.
(B): Fragmentation of the radiopaque stone. (C): ERCP with stone retrieval. Arrow—fragmented stones.

Biliary strictures develop in 10–15% of patients with CP [78]. Similar to other strictures,
treatment with multiple plastic stents or SEMS should be considered. In a long-term follow-
up study, 62% of patients were stent-free after an FCSEMS after 5 years. However, severe
CP and a longer length of stricture are associated with stricture recurrence [79].

3.16. Role of EUS in the Management of CP

EUS is an important diagnostic and therapeutic tool in the management of CP. Peri-
pancreatic fluid collections occur in patients with CP. EUS-guided drainage is preferable
with or without concomitant transpapillary PD stent placement if an active ductal leak
can be bridged with the prosthesis. When drainage of the PD cannot be achieved by other
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methods, EUS-guided pancreaticogastrostomy can be performed in patients who are poor
candidates for surgery or with post-surgical anatomy [80]. Celiac plexus blockade can be
considered for pain management. The celiac ganglia are located anterolateral to the aorta,
with the right ganglion positioned 6 mm inferior and the left ganglion 9 mm inferior to
the origin of the celiac artery. It is important to note that the celiac ganglion may not be
visible as a distinct structure during EUS. Celiac plexus blockade involves the injection of a
local anesthetic and corticosteroids adjacent to and anterior to the lateral aspect of the aorta
under direct visualization. The most serious adverse event associated with this procedure
is the accidental injection into the spinal artery, which can lead to paraplegia. This risk
is primarily associated with classic or posterior approach block techniques performed
percutaneously [81]. Additionally, there is a risk of pneumothorax if there is a transverse
entry through the diaphragm, a situation that can occur with the posterior approach. It
is also worth noting that diarrhea has been reported as well as a mild decrease in mean
blood pressure.

4. Conclusions

Endoscopic management has become a cornerstone in treating benign pancreaticobil-
iary disorders, offering minimally invasive alternatives for patients who are poor surgical
candidates or present with complex anatomical challenges. Techniques such as ERCP,
ETP-GBD, EUS-GBD, and advanced lithotripsy methods allow for effective intervention
in conditions like acute cholecystitis, choledocholithiasis, chronic pancreatitis, and post-
operative bile duct strictures and bile leaks. Innovations in stent technology, including
lumen-apposing metal stents (LAMS) and fully covered self-expanding metal stents (FC-
SEMS), have improved technical success and clinical outcomes while minimizing risks.
Additionally, EUS plays a pivotal role in diagnostics and therapeutic interventions. The
minimally invasive nature of these endoscopic techniques provides patients with reduced
recovery times and lower complication rates compared to surgery. However, these ap-
proaches demand procedural expertise and individualized assessment. As technology
and techniques advance, endoscopic management continues to expand the range of safe,
effective treatment options which may include magnetic compression anastomoses, the
integration of artificial intelligence, and robotic-assisted endoscopy, further underscoring
its value as an essential therapeutic approach in benign pancreaticobiliary diseases.
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Abstract: Background: Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal malig-
nancy with a five-year survival rate of approximately 13% for advanced stages. While the
majority of PDAC cases are sporadic, a significant subset is attributable to hereditary and
familial predispositions, accounting for approximately 25% of cases. This article synthesizes
recent advancements in the understanding, detection, and management of hereditary pan-
creatic cancer (PC). Results: Our review highlights the critical role of genetic testing (GT) in
identifying high-risk individuals (HRIs), with germline pathogenic variants (PVs) found in
up to 20% of hereditary PDAC cases. Since the implementation of next-generation sequenc-
ing (NGS) panels in 2014, detection capabilities have been significantly enhanced. HRIs
can be included in screening programs that facilitate the early detection of PDAC. Early
detection strategies, including the use of microribonucleic acid (miRNAs) signatures and
novel imaging techniques like hyperpolarized 13C-magnetic resonance spectroscopy (MRS)
have shown promising results. The identification of germline pathogenic variants (PVs) or
mutations in homologous recombination (HR) genes plays a predictive role in the response
to various treatments, prolonging patient survival. Discussion: Universal germline testing
for PDAC, as recommended by the National Comprehensive Cancer Network (NCCN), is
now a standard practice, facilitating the identification of at-risk individuals and enabling
targeted surveillance and intervention. Multidisciplinary management, integrating genetic
counseling, imaging, and gastrointestinal services, is essential for optimizing outcomes.
Conclusions: Advances in genetic testing and biomarker research are transforming the
landscape of hereditary PC management. Early detection and personalized treatment strate-
gies are pivotal in improving survival rates. Ongoing multi-institutional research efforts are
crucial for validating biomarkers and developing preventive measures, ultimately aiming
to reduce the burden of this aggressive cancer.

Keywords: pancreatic ductal adenocarcinoma; hereditary cancer; genetic testing; biomarkers;
early detection; miRNA; hyperpolarized 13C-MRS; multidisciplinary management

1. Introduction

PDAC is a significant health burden. Its incidence is projected to increase, making it
the second leading cause of cancer-related deaths by 2030 [1]. Early detection is crucial,
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as surgery represents the only curative treatment option, while the prognosis of patients
diagnosed at stage IV remains poor [1,2]. However, most PDAC tumors are diagnosed at
an advanced or locally advanced stage [2].

Given that typical risk factors, such as age or personal and familial history of cancer,
are not reliable predictors of hereditary PC, GT has been recommended for all patients
diagnosed with PDAC since 2019 [3]. Despite these recommendations, GT remains under-
utilized [1]. As a result, various strategies are being explored to increase the number of
patients undergoing GT.

Identifying families carrying germline mutations in genes predisposing to PDAC and
families meeting the criteria for familial pancreatic cancer (FPC) enables the identification of
HRIs predisposed to developing PDAC. FPC criteria are defined as at least two first-degree
relatives affected by PDAC without an identifiable hereditary syndrome [4–6]. Identifying
these HRIs provides an opportunity to enroll them in screening programs. However, the
selection of HRIs who may benefit from screening programs and surveillance strategies
remains a challenge.

This review aims to summarize the evidence on mutations associated with hereditary
PC and FPC, the current recommendations for GT in PDAC, the available evidence on PC
screening in hereditary PC and methods to enhance its efficacy, as well as the prognostic
and predictive implications of homologous recombination deficiency (HRD) mutations.
Herein, for the purpose of this review, we will focus specifically on PDAC, which accounts
for 95% of PC [6]. Other rarer pancreatic malignancies, such as squamous carcinoma,
neuroendocrine tumors, and colloid carcinoma, are beyond the scope of this review.

2. Results

2.1. Risk Factors for PDAC

Risk factors can be divided into modifiable and non-modifiable risk factors.

2.1.1. Non-Modifiable Risk Factors

• Non-hereditary risk factors

PDAC incidence increases significantly with age and is frequently diagnosed in pa-
tients between 60 and 80 years of age. This age-related increase may be explained by
mitochondrial electron transport chain dysfunction, which leads to the accumulation of
oxygen radicals that damage cellular components [7].

The influence of sex on PDAC risk is also notable. The incidence of PDAC is higher in
men, potentially due to a greater prevalence of exposure to modifiable risk factors [7].

Emerging evidence suggests that height and blood group may also influence PDAC
risk; however, the exact mechanisms remain unclear [7].

• Genetic Mutations Linked to Hereditary PDAC

In patients diagnosed with “sporadic” PDAC, the incidence of germline mutations
ranges from 3.9% to 19.8%, according to various studies [8–13]. Notably, higher incidences
of germline PVs have been observed in certain ethnic groups. For example, Ashkenazi
Jewish individuals show a BRCA1/2 mutation prevalence of up to 15%, while African
Americans exhibit a slightly lower, yet still significant, incidence of BRCA mutations,
ranging from 7% to 13% [8].

Younger patients appear to harbor more germline mutations. Among those diag-
nosed before the age of 60, germline PVs are found in 21.2% of cases [9], emphasizing the
importance of GT in this population, regardless of family history.
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Genes identified in hereditary PDAC play a crucial role in the development of the
disease. These genes may serve as prognostic factors of disease progression and help
identify patients who are candidates for specific oncological treatments [10].

A wide variety of genes have been implicated in hereditary PDAC. In this section, we
will review the most common genetic mutations associated with hereditary PDAC.

a. BRCA1/2

These tumor suppressor genes are associated with a variety of carcinomas, including
breast, ovarian, prostate, and PDAC [11]. The incidence of PVs in these genes in the
germline ranges from 5% to 9% [12]. Carriers of these mutations have an increased relative
risk of developing PDAC, with a relative risk of 2.26 for BRCA1 mutation carriers and
3.5–10 for BRCA2 mutation carriers [10].

Patients with BRCA1/2 PVs differ from patients with sporadic forms of PDAC [13].
The median age of diagnosis is 62.9 years, which is a decade younger than the median age
of diagnosis in the general population, as reported in the Surveillance, Epidemiology, and
End Results database [14]. There is conflicting evidence regarding whether the presence of
germline BRCA1/2 mutations has an impact on prognosis [13].

A cohort study that included 71 BRCA-positive PDAC patients found that BRCA-
mutant patients had a better prognosis than the general PDAC population [14]. The
authors suggested that this improvement may be related to the younger age of patients
with PDAC carrying a germline mutation [14]. Therefore, the detection of PDAC at earlier
stages is crucial, and new treatment strategies targeting this specific population need to be
considered, as discussed further in this article [15,16].

b. Lynch Syndrome-associated Genes

Lynch Syndrome (LS) is an autosomal dominant disease produced by germline mu-
tations in mismatch repair (MMR) genes (such as MLH1, PMS2, MSH2, and MSH6) or
germline mutations in epithelial cell adhesion molecules (EPCAM) [17]. All these alter-
ations cause microsatellite instability (MSI) due to a reduced capacity to produce MMR
proteins and an inability of cells to correct nucleotide mismatches during deoxyribonucleic
acid (DNA) replication [18].

Clinically, PDAC occurs in patients with LS type II. The incidence of PDAC in LS
patients ranges from 1.3% to 4% [18]. The age of presentation does not significantly differ
from sporadic PDAC, but it does vary from other tumors associated with LS. The reason
for this finding is not well understood [18–20]. The majority of LS patients have a medical
history of multiple cancers [19].

In general, MSI is a better prognostic factor for PDAC, potentially due to the stronger
anti-tumoral response of the immune system in these patients [20]. Increased lymphocyte
infiltration and PD-1 and PD-L1 expression are observed in PDAC tumors with MSI
compared to those without MSI [21]. The implications of this finding for treatment selection
will be discussed in more detail later in this article. Patients with MSI-PDAC tend to
be less responsive to fluorouracil and gemcitabine but show greater responsiveness to
FOLFIRINOX [20,21].

c. Other germline PVs: CDKN2A, APC, STK11, TP53, ATM, PALB2, PRSS1, and CFTR

Other less frequent germline mutations (<1–5%) are associated with an increased
risk of PDAC, including CDKN2A, APC, STK11, TP53, ATM, PALB2, PRSS1, and CFTR.
Each of these mutations causes a clinical hereditary syndrome that is associated with other
clinical characteristics. A summary of these characteristics is provided in Table 1. Figure 1
presents the incidence of germline mutations in PDAC patients and the lifetime risk (%) of
developing PDAC in individuals carrying these genetic mutations.

143



J. Clin. Med. 2025, 14, 367

Table 1. Less frequent germline mutations associated with familial PDAC.

PV Clinical Syndrome Pattern of Inheritance Risk of PDAC Other Characteristics References

CDKN2A
Familial atypical

multiple melanoma
syndrome FAMMM)

Autosomal dominant
Cumulative risk of
17% and relative

risk of 13–39

Increased risk of
melanoma in 70% [10,22–24]

APC Adenomatous
polyposis syndrome Autosomal dominant

Relative risk
of 4.46; cumulative

risk of 2%

Hundreds to thousands
of adenomatous

polyps,
increased risk of
colorectal cancer

in 100% of carriers.

[10,24,25]

STK11 Peutz–Jeghers
syndrome Autosomal dominant

Cumulative risk of
11–36%, relative

risk of 76.3

Mucocutaneous
pigment macules

and hamartomatous
GI polyps,

mean age of onset of
PDAC is 40.8 years

[10,22]

TP53 Li–Fraumeni syndrome Autosomal dominant

Cumulative risk of
1.1–9.5%,

relative risk
2.41–6.5.

Ataxia, telangiectasias,
immunosuppression,

and an increased risk for
leukemia and lymphoma,
breast, ovarian, prostate,

and other cancers

[10,22–24,26]

PALB2 Autosomal recessive
Cumulative risk of
2–3%, relative risk

of 2.37

Monoallelic mutations
predispose to breast,

ovarian, and pancreatic
familial cancers;

increased sensitivity to
platinum agents.

[10,22,23]

ATM Ataxia–telangiectasia Autosomal recessive Relative risk of 2.41

Increased risk of breast,
ovarian, and

prostate cancer;
reduced sensitivity

to gemcitabine

[10,22,24,27,28]

PRSS1/SPINK1/CFTR Hereditary pancreatitis Autosomal dominant

PRSS1 and SPINK1:
lifetime risk ranged

between 18.8%
and 53.3%

CFTR: relative risk
of 2.9–4.5

Linked to acute and
chronic pancreatitis [10,22,29,30]

Less frequent gene PVs and their different characteristics, including risk of PDAC, pattern of inheritance, and
other clinical characteristics, are presented. GI: gastro-intestinal.

• Familial pancreatic cancer

FPC is defined as a familial cluster of PDAC with at least two first-degree relatives
without a known hereditary syndrome [10]. Among patients who meet the criteria for
FPC, germline PVs are found in only 10–20% of cases [32], suggesting that there are still
undiscovered genes related to hereditary predisposition to PDAC.

Individuals who meet the criteria of FPC have a 9.0-fold higher (95% CI, 4.5–16.1)
risk of developing PDAC [33]. The risk is especially high in those with three or more
first-degree relatives affected, with a 32.0-fold increase in risk (95% CI, 10.4–74.7) [32].
Smoking significantly increases the risk of PDAC in families with FPC [33]. In addition,
having a relative diagnosed with PDAC at an early age (<50 years) further increases the
risk of developing PDAC [34]. The cumulative risk of developing PDAC by the age of
80 years is 15.7% in individuals with one or two relatives diagnosed at age 40 and 38.5% in
those with three relatives diagnosed at age 40 [34].
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Figure 1. Prevalence and lifetime risk of pancreatic cancer by gene [4,28–31]. The figure summarizes
the prevalence (%) of germline mutations in patients diagnosed with PDAC and the lifetime risk (%)
of developing PDAC in individuals carrying germline mutations in specific predisposing genes.
Data were collected from various studies referenced in the figure. When multiple data points were
reported, the median of the published ranges was used.

2.1.2. Modifiable Risk Factors

Tobacco use doubles the risk of PDAC compared to nonusers in the general
population [6]. Smoking is associated with increased inflammatory responses in the pan-
creas, driven by carcinogenic compounds such as N-nitrosamines and aromatic hydrocar-
bons. These carcinogens can mutate both proto-oncogenes and tumor suppressor genes [7].

Excessive alcohol intake (≥3 drinks/day) modestly increases PDAC risk, with
RRs ranging from 1.16 to 1.19, driven by alcohol-induced inflammation and chronic
pancreatitis [6]. Obesity also elevates PDAC risk, with an RR of 1.72 for individuals with
a body mass index (BMI) ≥ 30 kg/m2 compared to those with a BMI < 23 kg/m2 [6].
Other dietary factors, such as high intake of red or processed meats, further contribute to
PDAC risk, whereas regular physical activity and a diet rich in fruits and vegetables are
protective [4].

PDAC risk factors significantly alter the baseline risk in individuals with hereditary
predispositions. For example, in FPC kindreds, smoking increases the relative risk to 19.2
compared to 6.25 in non-smokers [33]. Similarly, individuals with CDKN2A mutations
experience increased sensitivity to carcinogens with tobacco exposure [4]. These interactions
highlight the amplified impact of modifiable risks on an already high genetic predisposition.

2.2. Advances in Genetic Testing
2.2.1. Universal Germline Testing

• Recommendations by the National Comprehensive Cancer Network
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The NCCN first recommended universal GT for all patients diagnosed with PDAC
in 2019 [35]. This groundbreaking recommendation was based on the considerable rate
of predisposing PVs in patients with PDAC and the accumulating evidence indicating
that typical clinical factors (such as young onset and family history of cancer) are not
effective predictors for identifying patients with a PV [36]. For example, a prospective
study revealed that 41.8% of patients with PV variants did not meet the classical criteria for
GT and were potentially misdiagnosed using these criteria [36].

The NCCN guidelines indicate that germline PVs should be analyzed using a multi-
gene panel that includes BRCA 1, BRCA2, CDKN2A, MMR genes associated with LS
(MSH2, MLH1, MSH6, and EPCAM), ATM, PALB2, STK11, and TP53. PRSS1 and SPINK1
are associated with hereditary pancreatitis as well as PDAC and should be included in
panels based on clinical features [37].

• Universal Germline Testing: implementation and outcomes of universal testing

Traditionally, clinicians referred selected patients to genetic counseling, where ge-
netic counselors ordered a GT if a hereditary cancer was suspected [38,39]. Based on the
recommendations of universal testing, this traditional approach must overcome several
challenges, including delays in the first consultation, the increased demand for testing, and
the need for a faster turnaround time. These factors are important because these tests have
therapeutic implications and due to the poor prognosis of this malignancy [38,40].

Despite recent guideline updates, GT remains significantly underutilized. A study
found that only 36% of the patients had a documented discussion about GT, and 78% of
those proceeded with the testing [1].

There are different strategies to overcome these challenges. The most commonly used
approach for obtaining consent for GT by the treating clinician involves the use of a video
educational tool or verbal education. When a PV is identified, the patient or the family is
referred to a genetic counselor [40].

The incorporation of videos as an educational tool for patients with PDAC is a key
strategy to facilitate pretest education before ordering GT at the point of care. These
videos are designed to provide pretest education, covering the role of DNA in genetics, the
potential risks and benefits of GT, and its implications for surveillance and treatment. This
approach aims to prepare patients before their oncology consultations, enhancing their
understanding and engagement in the GT process [41].

The implementation of this video-based education, combined with electronic health
record tools and behavioral nudges, led to a high GT acceptance and completion rate, with
over 85–100% of eligible patients undergoing testing [41–44]. This strategy also helped
to mitigate disparities in testing uptake among different demographic groups [41,42,44].
Genetic counselors review the results of GT and provide post-test genetic counseling to
patients with a significant family history despite negative results, those with PVs, and those
with variants of uncertain significance (VUS) who seek clarification [43]. This model avoids
overwhelming the genetic counseling services [42].

However, this pathway must overcome challenges to ensure consistency and quality
across different cancer types and settings [40,42,44–46].

2.2.2. Next-Generation Sequence Panels

NGS technology has revolutionized the genetic evaluation of patients with hereditary
PDAC. Historically, GT for these patients followed a stepwise or “cascade” approach,
where individual genes were analyzed based on personal and family cancer history. This
method, although effective, was time-consuming and limited in scope, as it allowed for
the analysis of only one gene at a time [45–47]. Studies have demonstrated that multigene
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panel testing not only saves time but is also more cost-effective compared to the older,
gene-by-gene approach [33,47–49].

As previously mentioned, the NCCN guidelines currently recommend the use of a
multigene panel that includes at least 11 key genes for GT in patients with PDAC [37].

While the standard 11-gene panel has been widely accepted, several studies have
investigated the value of expanding the panel. For instance, Gardiner et al. found that
using a more comprehensive multigene panel, which included genes like CHEK2, RAD51C,
and BRIP1, identified PVs in an additional 11.1% of PDAC patients [50]. Similarly, in a
large cohort study by Hu et al., multigene panel testing revealed that 20.73% of patients
with PDAC harbored germline PVs in genes such as ATM, BRCA2, CHEK2, PALB2, and
CDKN2A. This study demonstrated the importance of considering a broader gene panel,
especially in patients with a family history of cancers such as breast, ovarian, or colorectal
cancer, where mutations in these genes are more prevalent [46]. Using broader panels that
analyze 133 genes, the rate of PV detection was 33% [47].

However, one major concern with expanded gene panels is the increased detection
of VUS [51,52]. Although identified during testing, these variants lack sufficient evidence
to determine their impact on cancer risk. As a result, VUS findings can complicate clin-
ical decision-making and increase anxiety for patients, as their implications for cancer
susceptibility remain unclear [53].

2.3. Early Detection Strategies
2.3.1. Screening for Hereditary PC: Methods and Evidence

Cascade testing of relatives of germline PV carriers identifies individuals at in-
creased risk of developing PDAC, facilitating their enrollment in targeted screening pro-
grams and eligibility for risk-reducing procedures, such as salpingo-oophorectomy and
mastectomy [54,55].

An HRI is defined as someone with either a lifetime risk of developing PDAC greater
than 5% or a fivefold increased relative risk compared to the general population [56,57].
HRIs are classified as those who meet the criteria for FPC or as carriers of a genetic
variant linked to a hereditary cancer syndrome, and the two groups have varying PDAC
risks. PVs associated with the highest risk of PDAC include STK11/LKB1, CDKN2A, and
PRSS1/SPINK1 [57,58]. Additionally, carriers of PVs in BRCA1/2, ATM, PALB2, CDKN2A,
MLH1, and APC also present an elevated risk for PDAC, although to varying degrees.
Studies emphasize the need for vigilant surveillance in these populations to improve early
detection and intervention [59].

The multicenter Cancer of Pancreas Screening-5 (CAPS5) enrolled 1461 HRIs to evalu-
ate the stage at diagnosis and outcome of individuals diagnosed with PDAC and high-grade
dysplasia. These individuals underwent annual endoscopic ultrasound (EUS) and/or mag-
netic resonance imaging (MRI). The detection rate results revealed that one individual was
diagnosed with PDAC per year for every 194 screened [60]. Of note, survival outcomes for
resectable PDAC were exceptional [60–62], with a 3-year survival rate of 85% reported in a
screening study involving 366 HRIs [60]. Although the impact of screening on mortality
has not yet been studied in clinical trials, these data suggest a potential benefit.

This approach allows the early detection of PDAC, potentially improving prognosis.
Given the complexity of PDAC and premalignant lesion management, a multidisciplinary
approach is essential, integrating clinical care, genetic counseling, radiology, endoscopy,
surgery, and other key specialties to optimize patient outcomes.

The NCCN recommends PC screening for individuals who meet the criteria for FPC
or carriers of high-risk germline PVs. The criteria for initiating screening include the
following [37]:
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• Individuals with two or more first-degree relatives with PC;
• Individuals with a PV in STK11 or CDKN2A, for whom screening should begin at age

35–40 years;
• For carriers of BRCA1/2, ATM, PALB2, MLH1/MSH2/MSH6, EPCAM, or TP3 mu-

tations, screening is not recommended unless they have at least one first- or second-
degree relative diagnosed with PDAC. Screening is recommended starting at age 50 or
10 years prior to the youngest age of diagnosis of PDAC in the family.

Currently, no standard screening protocols exist for HRIs, but guidelines recommend
an annual EUS and MRI [37,56,57]. A systematic review of 13 studies revealed no serious
physical or psychosocial harms associated with PC screening [62]. Despite advances in
imaging techniques like MRI or EUS, neither modality is 100% sensitive or specific for
PDAC screening [63].

Recently, early screening strategies for HRIs have expanded beyond FPC or carriers of
germline mutations. They now also include other high-risk groups, such as individuals
with a history of pancreatitis, those with cystic pancreatic lesions (e.g., intraductal papillary
mucinous neoplasm or mucinous cystic neoplasm), and adults with new-onset diabetes [64],
although this is beyond the scope of this review.

2.3.2. Biomarker Research: Liquid Biopsy

Liquid biopsy, a minimally invasive approach for analyzing circulating tumor
biomarkers in body fluids like blood, has emerged as a promising tool for early cancer
detection [65,66]. Currently, CA19-9 is a commonly used biomarker for PDAC. However, it
is important to note that not all patients show elevated levels of CA19-9, especially those
with the Lewis-negative phenotype [67,68]. Additionally, CA19-9 does not have enough
sensitivity and specificity to detect early-stage PDAC reliably [65]. Its levels can also be
elevated in other conditions, such as pancreatitis and other gastrointestinal malignancies,
making its diagnostic accuracy more challenging [68].

Liquid biopsy analyzes circulating tumor cells, circulating tumor DNA (ctDNA),
circulating free DNA (cfDNA), miRNAs, proteins, and extracellular vesicles (EVs).

ctDNA is a type of cfDNA released into the bloodstream by tumor cells as a result
of apoptosis, necrosis, or active transport by tumor cells [69]. Its main limitation for early
detection is its low sensitivity in identifying PDAC during early-stage disease due to
the minimal amount of ctDNA present in circulation [69]. Proteins play a key role in
tumor progression and have been explored as potential biomarkers for PDAC. However,
most single proteins, like TIMP-1, show lower sensitivity and specificity compared to
CA19-9 [70].

miRNAs are small non-coding RNAs that are typically 18–25 nucleotides long and play
crucial roles in gene regulation at the post-transcriptional level [67,71,72]. Their function is
mediated through binding to the 3′ untranslated region of target messenger RNAs, resulting
in translational repression or mRNA degradation [71]. They are implicated in different
cellular processes, like cancer development and progression [73]. Circulating miRNAs
are altered in PDAC patients compared to controls, making them promising diagnostic
tools [71,73].

EVs are lipid-bound particles secreted by various cell types, including neurons, ep-
ithelial cells, fibroblasts, and cancer cells [74]. EVs encapsulate many molecules, including
lipids, nucleic acids (e.g., miRNAs), metabolites, and proteins [65]. EV-derived biomarkers,
including RNAs such as miR-21 and proteins like GPC1, demonstrate high diagnostic
potential for PDAC, especially in early stages, with sensitivity and specificity reaching 90%
(95% CI: 87–93%) and 94% (95% CI: 92–95%), respectively [75].
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Panels combining multiple biomarkers outperform single-biomarker assays in sensi-
tivity and specificity, and the different panels have been reviewed elsewhere [65].

One promising approach is the IMMray PanCan-d test, which combines a signature
of eight biomarkers with CA19-9 to improve the detection of PDAC in blood samples. In
a study involving HRIs, this biomarker panel demonstrated a sensitivity of 85% and a
specificity of 98% for detecting PDAC at early stages (I and II) [52]. When patients with
normal CA19-9 levels were excluded, the test’s sensitivity and specificity increased to 89%
and 99%, respectively, underscoring its potential to outperform CA19-9 alone in early-stage
detection [52].

Similarly, the CancerSEEK blood test has emerged as another promising tool for
the early detection of various cancers, including PDAC. This test evaluates cfDNA for
16 mutations and combines these findings with the levels of eight circulating proteins.
In a cohort of patients with PDAC, CancerSEEK demonstrated a sensitivity of 72% and
a specificity of 99% [66]. The sensitivity was lower for patients in stage I and the study
lacked the statistical power to provide a detailed sensitivity analysis across different tumor
stages [66].

A study led by Nakamura validated a transcriptomic signature based on 13 miRNAs
for the detection of PDAC. In the validation cohort, this miRNA signature achieved an AUC
of 0.93 for detecting PDAC in early stages (I and II), significantly improving sensitivity and
specificity compared to CA19-9 [76]. The use of miRNAs in blood and other bodily fluids
represents a non-invasive and highly promising approach for the early detection of PDAC.

The use of liquid biopsy biomarkers for the early detection of PDAC faces several
limitations that must be addressed to ensure their clinical applicability. One major chal-
lenge is the variability in biomarker expression among patients and tumor subtypes, which
affects the consistency and reliability of results across studies [64]. Biomarkers like ctDNA
also have a short half-life of 16–114 min, requiring rapid sample processing to prevent
degradation and ensure reliable analysis [65,74]. Additionally, clonal hematopoiesis of
indeterminate potential or germline mutations in cfDNA might cause false-positive re-
sults [65]. Many studies lack validation in independent cohorts, raising concerns about
the generalizability of findings [73]. Finally, the high cost and technical complexity of
advanced detection techniques and multimarker panels limit their adoption in routine
clinical practice [75].

2.3.3. Novel Imaging Techniques: Hyperpolarized 13C Pyruvate-MRS

Studies have evaluated the safety, tolerability, and utility of hyperpolarized 13C
pyruvate injection as a diagnostic agent for PDAC and other types of cancers [77,78].
This compound is used in combination with MRS imaging techniques to visualize the
metabolism of pyruvate and its metabolites in different tissues, allowing differentia-
tion between areas with normal and abnormal metabolism, particularly in malignant
tissues [79,80].

Hyperpolarized 13C-MRS is being investigated for its potential use in diagnosing
PDAC and assessing therapeutic responses to chemotherapy. An ongoing phase I study
is analyzing the efficacy of hyperpolarized 13C-pyruvate MRS imaging in distinguishing
between benign and malignant pancreatic cysts [81]. By analyzing metabolic activity prior
to surgical resection, the study aims to correlate these imaging findings with pathological
outcomes to improve the detection of invasive carcinoma [81].
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2.4. Personalized Treatment Strategies
2.4.1. Prevalence of Mutations in Homologous Recombination Genes

Germline mutations in the BRCA1, BRCA2, and PALB2 genes are associated with HRD,
which follows DNA damage and increases vulnerability to agents that cause such damage,
including platinum-based agents [82]. In the next section, we will discuss studies involving
patients with HRD. Therefore, we will first review the prevalence and characteristics of this
subgroup of patients.

The prevalence of mutations in HR genes is approximately 15.4% (95% CI, 13–18)
as assessed using NGS [83]. However, when evaluated using whole genome sequencing
or whole exome sequencing, the prevalence increases to 24–44% [84–86]. HR-related
alterations are more frequently found in the germline than in somatic cells [87–89]. For
example, one study reported that 15% of HR mutations were identified through germline
testing, compared to 4% using somatic analysis [87].

Core HR genes, including BRCA1/2 and PALB2, are the most frequently mutated
(around 15%) and the most extensively studied [88]. Non-core genes also play a role in
HR, although they are less studied. In addition, there are ongoing debates regarding the
therapeutic implications of many of these mutations [89–91]. The prevalence of non-core
mutations ranges between 4% and 7%, depending on the specific genes included in the
study. Some of these non-core genes include ARID1A, ATM, RAD51, CHEK2, and the
Fanconi anemia genes [92–94].

Functional inactivation of both copies of an HR gene (biallelic inactivation) may play
a crucial role in determining the treatment response [95]. Studies indicate that 89% of
germline BRCA mutations in PDAC are associated with biallelic inactivation, compared
to approximately 60% for somatic mutations [87]. Biallelic inactivation results in a more
profound defect in DNA repair mechanisms, leading to increased sensitivity to platinum-
based therapies and poly ADP-ribose polymerase (PARP) inhibitors [92].

2.4.2. Importance of Personalized Approaches

The treatment of patients with susceptibility gene mutations for hereditary pancreatic
cancer is primarily based on the use of platinum-based agents, PARP inhibitors, and
immune checkpoint inhibitors (ICI). Below, each of these treatments is described.

• Platinum-Based Agents

In breast and ovarian cancers, the sensitivity of patients with germline HRR defi-
ciency to platinum-based agents has been demonstrated [96]. In a retrospective study of
71 patients with PDAC associated with BRCA1/2, it was observed that those with
unresectable pancreatic cancer treated with platinum-based agents had significantly
longer overall survival (OS) compared to those who received non-platinum agents
(22 vs. 9 months, p = 0.039) [14]. Additionally, a meta-analysis of six studies compar-
ing platinum-based agents with non-platinum agents in patients with germline BRCA
mutations and unresectable pancreatic cancer showed that patients treated with platinum
had significantly longer OS (23.7 vs. 12.2 months, mean difference of 10.2 months; 95% CI
5.07–15.37; p < 0.001) [97].

Another study of 262 patients who underwent both germline and somatic analyses
using the MSK-IMPACT platform revealed that those with HRD experienced significantly
better progression-free survival (PFS) following first-line treatment with platinum-based
agents compared to those treated with non-platinum agents (12.6 vs. 4.4 months) [87].

• PARP inhibitors

PARP inhibitors have been investigated in cancers with germline BRCA mutations as
second-line or later treatments. These agents inhibit PARP’s role in base excision repair,
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which leads to double-strand breaks in DNA that, due to BRCA1/2 deficiency, cannot be
repaired, resulting in cell death [93,94].

In the phase III POLO trial, 154 patients with metastatic PDAC and germline BRCA1/2
mutations who responded to platinum therapy were randomly assigned to receive olaparib
or placebo as maintenance therapy. PFS was significantly longer in the olaparib group
(7.4 vs. 3.8 months, p = 0.004), as was the objective response rate (ORR) (23% vs. 12%) [98].
A phase II study evaluated maintenance rucaparib in patients with PDAC responsive to
platinum and a germline or somatic PV in BRCA1, BRCA2, or PALB2. The results were
promising, with an ORR of 37% in patients with these mutations [99].

PARP inhibitors were also evaluated as monotherapy. Olaparib and rucaparib were
tested in phase II trials involving approximately 20 patients with germline BRCA1/2
mutations and PDAC. The ORRs were 21.1% and 21.7%, respectively [100,101]. Veliparib
monotherapy showed disappointing results, with a 0% ORR and median PFS and OS of
1.7 and 3.1 months, respectively. Veliparib’s PARP-trapping activity is lower than that of
olaparib and rucaparib [102]. Talazoparib, a next-generation selective PARP inhibitor with
the strongest PARP-trapping activity, was also evaluated in a phase I study [103].

PARP inhibitors have also been studied in combination with chemotherapy. Although
veliparib has the lowest PARP-trapping activity among PARP inhibitors, it was evaluated
in first-line treatment in combination with chemotherapy. In a phase II trial, the addition
of veliparib to gemcitabine plus cisplatin did not improve the outcomes. However, the
impressive mOS of 15.5–16.4 months supports the use of platinum therapy as a standard
approach in this subgroup [104].

Tumor mutational burden and inflammatory activity are associated with DNA damage
response (DDR) deficiency. Following the promising results in breast and ovarian cancer,
PARP inhibitors are being investigated in combination with ICI for PDAC with germline
BRCA1/2 mutations [105]. However, the efficacy of PARP inhibitor treatments in patients
with BRCAness (ATM, BAP1, BARD1, BLM, BRIP1, CHEK2, FAM175A, FANCA, FANCC,
NBN, PALB2, RAD50, RAD51, RAD51C, and RTEL1), or in HRD PDAC patients, remains
unclear [106]. Further studies are needed in this population.

• Immune Checkpoint Inhibitors

In the field of immunotherapy, pembrolizumab has been approved to treat solid
tumors with high MSI-H or MMR deficiency [107]. However, response rates to ICI in
PDAC are modest and inferior to those observed in other gastrointestinal tumors with
MSI-H [108,109].

In a series of 12 patients with refractory PDAC or cholangiocarcinoma with germline
HRD treated with a combination of ipilimumab and nivolumab, a 42% ORR was observed,
suggesting the potential of HRD as a biomarker of ICI response in PDAC patients [110].

Additionally, the use of niraparib and ipilimumab for maintenance treatment after a
response to first-line platinum therapy has demonstrated potential efficacy. Among the
seven patients with BRCA or PALB2 variants, the mPFS was 10.4 months (95% CI, 1.5–19.2),
and the mOS was 38 months (95% CI not estimable) [111].

3. Discussion

The benefits of universal GT in PDAC have been previously demonstrated. When
implementing point-of-care GT, various challenges emerge. One of these challenges is
ensuring that clinicians are adequately trained to perform high-quality pre-test counseling.
Adequate training ensures that patients are fully informed about the implications of GT,
potential outcomes, and the process itself. Additionally, the interpretation and management
of VUS represent another major challenge. It is crucial that GT results are reviewed by
genetic services to provide accurate interpretations and follow-up recommendations.
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Furthermore, although oncologists are capable of delivering negative results, thereby
alleviating the burden on genetic counseling services, there remains debate about who
should provide post-test counseling for VUS. Some argue that clinicians can handle these
consultations, while others believe that geneticists should manage these discussions due to
their complexity. Continued research into VUS and their classification is essential, as this
will advance our understanding and ultimately improve patient care.

The question of which genes should be included in GT remains a controversial topic.
It is well established that increasing the number of genes analyzed enhances the detection
rate. However, there is ongoing uncertainty regarding the therapeutic implications of
these alterations and the risk of PDAC development in families carrying low-to-moderate
penetrance genes. Further research is needed to elucidate how these findings should
influence clinical decision-making.

Additionally, somatic mutation testing in patients with PDAC is also recommended
based on current guidelines. Contrary to what might be assumed, both germline and
somatic testing have proven to be complementary, providing essential and often distinct
information critical for the appropriate management of these patients [112].

Although PDAC screening has shown potential in improving early detection rates
and outcomes, several controversies remain. One of the major controversies is determining
who should undergo screening. Current evidence suggests that individuals with familial
aggregation, even in the absence of a known pathogenic mutation, should be included in
screening programs. Carriers of CDKN2A mutations often present with more aggressive
tumors, and their resectability rates remain lower despite undergoing annual screening.
This has raised the question of whether the frequency of screening should be increased to
biannual intervals for this subgroup [113–115]. Additionally, there is ongoing debate about
whether individuals with moderate risk for PDAC, such as BRCA2 or ATM mutation carriers
without a family history of the disease, should be considered candidates for screening.

The management of indeterminate findings, such as subcentimeter lesions, pancreatic
duct dilatation, or parenchymal atrophy, remains unclear. These findings can lead to unnec-
essary surgical resections, adding complexity to the decision-making process. Therefore,
screening programs should ideally be conducted within the framework of clinical trials
with multidisciplinary collaboration or in specialized centers.

The future of PDAC screening lies in refining risk stratification models by integrating
genetic, clinical, and environmental factors to better identify HRIs. Advances in biomarkers,
such as ctDNA, miRNA, or EVs, along with improvements in imaging technologies, hold
promise for earlier detection. Personalized surveillance protocols based on individual
risk factors and biomarker profiles may improve screening accuracy, balancing early de-
tection with the risk of overdiagnosis, ultimately leading to more effective and targeted
screening strategies.

Patients with HRD who receive platinum-based chemotherapy exhibit significantly
improved outcomes. However, up to 25% of patients with HRD do not receive such
treatment [90]. This is likely due to the deterioration of the patient’s condition by the
time HRD status is identified [90]. This underscores the critical need for early germline
and somatic testing, ensuring that HRD-positive patients are identified and treated before
clinical progression limits therapeutic options. Interestingly, clinical benefit appears to be
comparable in patients with either germline or somatic mutations [82].

There are numerous genes involved in the DDR pathway, and several studies suggest
that platinum therapy may benefit patients with mutations in genes such as ATM and ATR,
those within the MRN complex (e.g., RAD50), and Fanconi anemia core genes. However,
further investigation is required. Additionally, evidence suggests that patients with biallelic
loss exhibit greater genomic instability and are more likely to benefit from platinum-based
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therapy compared to those with monoallelic loss [91]. This genomic instability may also
influence responses to PARP inhibitors and immunotherapy. Efforts to standardize the
definition of HRD in PDAC include studying the utility of genomic scarring as a surrogate
marker, which could be employed in clinical trials to better stratify patients.

Maintenance therapy with olaparib in patients with germline BRCA1/2 mutations
has demonstrated improved PFS in platinum-sensitive patients [98]. However, emerging
strategies aim to enhance these outcomes. For instance, the phase II POLAR trial reported a
promising 35% ORR for the combination of olaparib with pembrolizumab in patients with
either germline or somatic mutations in BRCA1/2 and PALB2 [116]. Although the results
of immunotherapy in PDAC have generally been disappointing, recent data on the use
of ipilimumab–nivolumab in HRD mutant PDAC and the combination of niraparib with
ipilimumab in platinum-responsive patients show promise for identifying subgroups that
may benefit from these treatments. Lastly, there is growing interest in novel therapeutic
strategies targeting DDR-related pathways, such as ATM, ATR, and WEE1 inhibitors, which
could further expand treatment options for HRD-positive patients.

4. Conclusions

The implementation of GT in PDAC is of vital importance. However, the timely
and effective application of this approach requires the modification of genetic counseling
services. PDAC screening has shown promising results, particularly regarding its potential
for early diagnosis. Nevertheless, further research is needed to improve early detection
methods. The treatment of patients with HRD mutations opens a window of opportunity
to improve the prognosis of PDAC patients.
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Abstract: This review aims to focus on what we know about the management of biliary
strictures of unknown etiology, especially exploring our diagnostic armamentarium in the
setting of indeterminate biliary strictures. Presently, this is a current issue that has a relevant
impact both on patient prognosis, often delaying diagnosis, and on overall costs associated
with repeating diagnostic procedures, sometimes performed with very expensive devices.
We also focus on current biliary drainage approaches, providing an overview of therapeutic
options, endoscopic or not.

Keywords: strictures; ERCP; EUS; cholangioscopy; cholangiocarcinoma

1. Introduction

Indeterminate biliary strictures still represent a diagnostic and therapeutic challenge
mainly because of the lack of a clear, shared definition. This original subject often generates
ambiguity in the interpretation of literature studies and hampers a universal approach.
Currently, there is not a clear agreement in indeterminate biliary stricture management,
even from two of the major gastroenterological societies’ guidelines. The European Society
of Gastrointestinal Endoscopy (ESGE) guidelines [1] actually still focus on a single tech-
nique to obtain a diagnosis, depending on stricture position, whereas the latest American
Society for Gastrointestinal Endoscopy (ASGE) ones [2] more so stress the concept that, if
we have a stricture of uncertain etiology, all the available tools have to be used as soon as
possible to procure a diagnosis. Today, one of the most common definitions of indetermi-
nate stricture is a stenosis in which a diagnosis of nature is still lacking after the results of
laboratory tests, cross-sectional imaging (such as ultrasonography, computed tomography
(CT), magnetic resonance imaging with cholangiopancreatography (MRI/MRCP)) and en-
doscopic procedures, such as retrograde cholangiopancreatography (ERCP) or endoscopic
ultrasonography (EUS) with standard diagnostic tools (cytology, biopsies or FNB/FNA).

Most indeterminate biliary strictures are malignant, due to cholangiocarcinoma (CCA)
or pancreatic adenocarcinoma, but they also could be benign ones (iatrogenic injury, in-
flammatory or infectious causes, etc.) (Table 1). A quick diagnosis can lead to a better
prognosis and less morbidity/mortality in both cases, one side providing an earlier curative
or palliative treatment and the other avoiding useless overtreatment.
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Table 1. Main causes of malignant and benign biliary strictures.

Malignant Benign

Pancreatic cancer
Inflammatory: chronic pancreatitis, PSC, IgG4-related

cholangitis/pancreatitis

Cholangiocarcinoma
Iatrogenic: cholecystectomy, liver transplant,

chemotherapy, radiation

Gallbladder malignancy
Vascular: ischemic biliary injury, portal hypertensive

biliopathy, vasculitis

Hepatocellular carcinoma
Infectious: recurrent pyogenic cholangitis, HIV

cholangiopathy, parasitic infections

Ampullary cancer Traumatic

Lymphoma Mirizzi syndrome

Metastasis
Other: sarcoidosis, eosinophilic cholangitis,

mastocytosis

In this setting, obtaining a histological diagnosis is the key to assessing appropriate,
subsequent, and patient-tailored management.

This review will focus on the many possible causes of indeterminate biliary strictures.
We performed a comprehensive literature review researching the most relevant studies
about this topic on the PubMed and Scopus databases using the keywords “biliary stric-
tures”, “cholangiocarcinoma”, “ERCP-guided drainage”, “EUS-guided drainage”, and
“cholangioscopy”. Starting from the different diagnostic tools, we also focus on the best
therapeutic approaches to manage them.

2. Indeterminate Biliary Stricture Characteristics

Biliary stricture signs and symptoms are heterogeneous. Sometimes, diagnosis is
accidental in patients undergoing cross-sectional imaging for other reasons. Other times,
there are signs such as jaundice and fever or symptoms like abdominal pain or nausea.
Clearly, a patient’s personal history plays a key role. If we have asymptomatic jaundice
or weight loss, we can suspect malignancy. Conversely, if we have a history of chronic
pancreatitis or of previous hepatobiliary surgery, we can suspect a benign stricture. Biliary
strictures can be classified according to their location (proximal or distal to the hepatic
hilum), to their growth pattern (extrinsic or intrinsic, as to say from an external compression
or an intraductal growth), and to their etiology (benign or malignant). In most cases, biliary
strictures are malignant: in a retrospective analysis of 342 patients with obstructive jaundice
and a biliary stricture who underwent EUS/EUS + FNA, 72.5% of cases were diagnosed
as malignant ones [3]. Another retrospective study evaluating EUS + FNA specifically in
proximal biliary strictures identified the same proportions between benign and malignant
lesions: in 71% of patients, there were findings showing adenocarcinoma [4]. Among
malignant causes, we can have cholangiocarcinoma (CCA), pancreatic adenocarcinoma,
hepatocellular carcinoma (HCC), gallbladder cancer, lymphomas, and metastasis.

Among the benign causes, we can have previous hepatobiliary surgery (such as
cholecystectomy or liver transplant), chronic pancreatitis, chronic diseases such as primary
sclerosing cholangitis (PSC) or autoimmune cholangiopathies, and infectious or ischemic
causes. Despite that, today, indeterminate lesions still account for up to 20% of cases [5]
after the use of first-line diagnostic tools, and so we often need further investigations.
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3. Main Diagnostic Tools

If a biliary stricture is suspected or recognized through ultrasonography, CT, or
MRI/MRCP, we need a histological sampling to define its nature. Many tests are available
to reach a diagnosis, considering that none of them is always conclusive and often the final
diagnosis is made by a combination of them.

3.1. ERCP

ERCP has both a diagnostic and therapeutic role in this setting. During ERCP, after a
successful cannulation, we perform a cholangiography that shows us the site and suggests to
us a stricture nature: an abrupt narrowing is mostly typical of malignancy (Figures 1 and 2)
as compared to a smooth or a progressive one. ERCP is still the first-line approach technique
to obtain cytological and histological samples in biliary strictures, but it is also essential
in the subsequent therapeutic approach because of its palliative role. Traditionally, brush
cytology, inexpensive and routinely performed, has high specificity but low sensitivity in
detecting malignant biliary strictures. Intraductal biopsies, which require sphincterotomy, do
not have a clear advantage over the brushing technique. A 2015 meta-analysis comparing
the effectiveness of brush cytology and intraductal biopsies in biliary strictures showed that
the pooled sensitivity of the brushing technique and intraductal biopsies were, respectively,
45% and 48.1%. Combining both modalities, the sensitivity modestly increased (59.4%) [6].
Brushing also allows us to obtain material for FISH (fluorescence in situ hybridization). FISH is
a cytogenic technique that permits abnormality identification in a specific DNA sequence, and
it was demonstrated that adding it to standard cytology analysis improves diagnostic chances.
A single-center retrospective study showed that the dual-modality sampling (transductal
biopsies + brushing cytology or brushing cytology + FISH) or the trimodality one (transductal
biopsies + brushing cytology + FISH) performed better than brushing cytology alone in
detecting malignancy, respectively, by 58.7% and 40.4% in the dual-modality samplings and
by 68.3% in the trimodality one versus by 17.3% in brushing cytology alone [7]. Furthermore,
another retrospective study including 168 patients with suspicious malignant biliary strictures
who underwent double-tissue sampling (DTS) or triple-tissue sampling (TTS) via ERCP,
showed a diagnostic sensitivity for cancer significantly higher in the TTS group than the DTS
group (85.0% vs. 64.9%, respectively). Remarkably, regarding cancer type (cholangiocarcinoma
vs. non-cholangiocarcinoma), the diagnostic sensitivity was higher for cholangiocarcinoma
in the TTS group than in the DTS group (100% vs. 69.4%, respectively; p < 0.001) but not
for the non-cholangiocarcinoma patients (57.1% vs. 57.1%, respectively). Thus, triple-tissue
sampling can offer relevant diagnostic accuracy in suspicious biliary strictures, especially due
to cholangiocarcinoma [8].

 

Figure 1. Double biliary stricture in pancreatic cancer with liver perihilar metastasis.
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Figure 2. Hilar cholangiocarcinoma stricture.

3.2. EUS

EUS’s role in defining biliopancreatic neoplasms and bile duct strictures has constantly
increased over the last few years. EUS can provide a high-quality real-time image of the
biliopancreatic system and allows for the obtention samples for cytology and histology
through fine-needle aspiration (FNA) and fine-needle biopsy (FNB, Figure 3). Some studies
demonstrated EUS’s better sensitivity in detecting distal strictures over proximal ones,
which is the reason why ERCP remains the preferred initial approach in patients with
proximal strictures. A single-center observational study showed that in a population of
patients affected by CCA, EUS detected it in all distal tumors (100%) and in 83% of proximal
tumors, with better performance of EUS over CT scans in tumor detection (94% vs. 30%,
respectively) [9]. In particular, the yield of EUS with FNA in distal biliary strictures is
excellent, with a reported sensitivity of 84% to 91% and specificity of 71% to 100%. The
diagnostic yield of EUS with FNA in proximal biliary strictures is more variable. The
reported sensitivity and specificity in this setting range from 45% to 89% and 79% to
100%, respectively [10]. Another interesting point is that combining EUS + ERCP further
increases diagnostic chances: a multicenter study including 263 patients with suspected
malignant biliary obstruction who underwent same-session EUS and ERCP concluded that
overall diagnostic sensitivity and accuracy were 73.6% and 76.1% for EUS-FNA, 56.5%
and 60.5% for ERCP, and 85.8% and 87.1% for the EUS/ERCP combination [11]. A recent
meta-analysis involving 497 patients focused on same-session EUS and ERCP for tissue
diagnosis compared to each method alone: the sensitivity, specificity, and accuracy for
EUS-FNA alone were, respectively, 76%, 100%, and 94.5%; for ERCP-based tissue sampling,
these variables were 58%, 98%, and 78.1%. For the same-session combined techniques,
the sensitivity, specificity, and accuracy increased to 86%, 98%, and 96.5%, respectively.
Interestingly, the analysis of each method in detecting pancreatic and biliary etiologies
showed that EUS-FNA was superior to ERCP-based tissue sampling for pancreatic lesions,
whereas for biliary ones, both methods had similar sensitivities [12]. A controversial
consideration is the risk of needle tract seeding leading to metastases. Heimbach et al. [13]
have demonstrated peritoneal metastases in 83% (5/6) of patients who underwent the FNA
of unresectable hilar cholangiocarcinoma. Unfortunately, they did not distinguish between
the percutaneous and EUS approaches. A few studies have examined the risk of seeding
among distal common bile duct malignant strictures but with conflicting results [14–19].
Overall, based on the evidence to date, EUS with FNA/FNB is not recommended for
proximal biliary strictures (in this case, lymphadenopathies can be a good FNA/FNB target
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to improve diagnostic chances), whereas the risk associated with distal biliary strictures
remains unclear [20].

 

Figure 3. FNB of a suspicious extrahepatic cholangiocarcinoma (white arrow) with cystic duct
involvement (arrowhead).

3.3. Intraductal Ultrasound (Miniprobe Endoscopic Ultrasound)

Intraductal ultrasound (IDUS) is performed during ERCP by inserting a small (2.4 mm
in diameter), high-frequency (usually 20 MHz) catheter probe over a wire via a monorail
design into the bile duct. The transducer rotates at the end of the probe and generates 360◦

images in a plane perpendicular to the catheter axis (similar to the radial echoendoscope).
Malignant strictures tend to disrupt the normal three-layer appearance of the bile duct,
have an asymmetric echo-poor mass with irregular margins, and infiltrate the surrounding
tissue. Benign strictures often show the preservation of the bile duct wall layers and have
a symmetric echo-rich mass with smooth margins [21]. The yield of IDUS in predicting
malignant biliary stricture is good, with a sensitivity of 83% to 91% and a specificity of 80%
to 93%. IDUS may be the most clinically useful tool when no mass is seen on cross-sectional
or EUS imaging, or when EUS with FNA is negative and there is a suspicion of malignancy,
thus increasing ERCP with brush sensitivity [10].

3.4. Cholangioscopy

Cholangioscopy is an endoscopic technique that allows direct bile duct lesions vi-
sualization with the opportunity to take samples with specific miniature biopsy forceps
(Figure 4). During cholangioscopy, the visual impression of the bile ducts constitutes an
integral part of the study (Figure 5). Signs of malignancy are, for example, tortuous dilated
vessels, infiltrative strictures, polypoid or vegetative lesions, and easily bleeding ones
(Figure 6). Benign features are villous or polypoid patterns without vascularity, fibrous
or congestive patterns with inflammation signs, or a smooth epithelium [22]. In a recent
meta-analysis including 283 procedures, the overall pooled sensitivity and specificity of
direct single-operator cholangioscopy in the visual interpretation of biliary malignancies
was 94% and 95%, respectively [23]. Direct biopsy collection through cholangioscopy is
another advantage of this procedure: a meta-analysis revealed a pooled sensitivity of 71.9%
of cholangioscopy-directed biopsies in diagnosing malignancy and a pooled specificity of
99.1% [24]. Despite these advantages, cholangioscopy has some limitations: it is not univer-
sally accessible and is an operator-dependent technique, with high costs and associations
with serious and frequent adverse events due to bile duct direct access (such as cholangitis,
pancreatitis, and bleeding). We summarize below the diagnostic tools available in biliary
stricture settings (Scheme 1).
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Figure 4. Spyglass device with spybite forceps during cholangioscopy.

 
Figure 5. Regular hepatic confluence appearance during cholangioscopy.

 
Figure 6. Hilar cholangiocarcinoma stricture appearance during cholangioscopy.
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Scheme 1. Schematic diagnostic approaches available to manage indeterminate biliary strictures.

3.5. Confocal Laser Endomicroscopy

Probe-based confocal laser endomicroscopy (CLE) can provide in vivo imaging of
biliary lesions during ERCP and additional diagnostic information [25,26]. A contrast
agent is typically injected intravenously, and the biliary tissue is imaged with a CLE
probe. This technique results in specific patterns that correlate with histology and help
differentiate between malignant and normal biliary mucosa [27]. Miami classification is
used to differentiate probe-based CLE visual findings as benign or malignant strictures. The
presence of thick dark bands (>40 m), thick white bands (>20 m), dark clumps, epithelial
strictures, villous glands, and contrast leakage can distinguish the nature of strictures [28].
Paris classification is a newer classification that includes additional features like vascular
congestion, dark glandular patterns, interglandular spaces, and a thickened reticular
structure [25]. CLE can be a promising tool but currently, its use is limited due to its cost
and the lack of interobserver agreement [29].

3.6. Other Diagnostic Approaches

Vascular endothelial growth factor level in bile, fluorescence in situ hybridization
for brush cytology, and methionyl-tRNA synthetase 1 staining for brush cytology are
reported to be promising in pilot studies, but we need stronger evidence about their clinical
value [29–31].

4. Management and Therapeutic Approach

When we suspect a biliary stricture, whatever its etiology, it is crucial to re-establish
regular biliary flow into the duodenum. Restoring lower or normal bilirubin levels relieves
patient symptoms such as itching due to jaundice and, in oncological patients, allows
for the starting of chemotherapies. Indeterminate biliary strictures should be considered
malignant unless proven otherwise. In patients with an extrahepatic or hilar indeterminate
stricture, with high-serum bilirubin levels or with cholangitis or intractable itching, we
need appropriate biliary drainage. Endoscopic treatment, particularly ERCP with stent
placement, remains the first-line treatment in this setting. EUS-guided biliary drainage
could be a good option in cases of failed ERCP. The percutaneous approach could still be
an acceptable alternative in all cases of endoscopic approach failure or ineffectiveness.

4.1. ERCP in Distal Strictures

In extrahepatic strictures amenable to surgical approach, generally, the current guide-
lines recommend against routine preoperative biliary drainage (PBD), which should be
reserved for symptomatic patients (cholangitis, itching, etc.) or for those who will undergo
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delayed surgery or neoadjuvant chemotherapy. Many meta-analyses and literature reviews
have focused on the benefits and adverse events of preoperative biliary drainage: one of
them [32] showed that preoperative biliary drainage increases wound and bile infection
rates, but without affecting mortality and morbidity. A 2016 meta-analysis comparing
mortality and adverse events in patients treated with PBD vs. direct surgery (DS) showed
that in patients with malignant biliary jaundice requiring surgery, the PBD group had
significantly fewer major adverse effects than the DS group [33]. Conversely, another
study evaluating the incidence of overall complications and wound infection in these
two groups found that there was a greater increase in overall complications and wound
infections in the PBD group than in the DS group [34]. However, when the choice of biliary
drainage in a preoperative setting is made, the current guidelines [35,36] recommend a
self-expandable metal stent (SEMS) placement over a plastic one. It has been demonstrated
by many meta-analyses that placing SEMS over plastic stents reduces the risk of stent dys-
function/cholangitis, requires fewer reinterventions, and ensures better patency periods
and longer patient survival [37–39]. Then, when we have to choose between covered or
uncovered SEMS, we must consider that the current guidelines [35] recommend against
uncovered SEMSs (uSEMSs) in strictures of unconfirmed etiology. uSEMSs indeed have
a poor long-term patency in obstructions that eventually turn out to be benign, because
even in these ones, there could be tissue hyperplasia and ingrowth or sludge formation:
complete stent embedding could lead to recurrent occlusion or cholangitis. Moreover, they
are difficult to remove even with a “stent-in-stent” technique, which could be related to
adverse events.

4.2. ERCP in Perihilar Strictures

Perihilar obstruction management is more difficult than distal ones and often requires
a multidisciplinary approach in a referral center. Even in these kinds of strictures, the role
of preoperative drainage in surgical candidates is debated due to increased postoperative
morbidities, such as a greater infection rate or more adverse events. For these reasons, also
in this setting, PBD is reserved for selected cases (delayed surgery, high serum bilirubin,
and itching) and is not a routine suggested technique. When performed in the preoperative
setting, the first choice is PBD by means of plastic stents with a side-by-side (SBS) bilateral
stenting technique. Conversely, in palliative cases, many meta-analyses have indicated
that SEMSs are superior to plastic ones in terms of prolonged overall survival, a lower
rate of cholangitis, higher clinical success, and longer stent patency [40–42]. Particularly,
the current guidelines [35] suggest uSEMSs in these cases. In uncertain-etiology strictures,
multiple plastic stents are the best choice. Under fluoroscopic guidance, we can obtain
appropriate liver drainage by a SBS stenting approach. In these cases, especially if the
stricture is tight, it is often easier to place two 7 Fr stents initially to gradually dilate the
bile duct and then replace them later with 10 Fr stents [43]. It is crucial to remember that
the technical goal in hilar drainage has to be evaluated in volumetric sectorial terms and
not in bilateral or unilateral terms: the final target is to promote the drainage of as much of
the remaining liver as possible.

4.3. EUS-Guided Biliary Drainage (EUS-BD)

In the case of failed ERCP (papillary or duodenal infiltration, for example) an EUS-
guided approach could be the solution. EUS could be helpful in obtaining anterograde
access to the bile duct when papilla cannulation is not possible through a rendezvous
technique, which consists of puncturing a bile duct with an access needle and introducing
from there a guidewire through the papilla. In other cases, EUS is used to create a biliary–
enteric fistula through a LAMS (lumen-apposing metal stent) that could provide a drainage
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proximal to the stricture. Examples of biliary–enteric EUS-guided fistulas are choledo-
choduodenostomy or hepaticogastrostomy, which are selected depending on several factors
(such as stricture position or vascular interposition). Many meta-analyses have investigated
EUS-BD’s role and its technical success. In 2017, Moole et al. [44] compared EUS-BD to
the percutaneous transhepatic approach (PTBD), describing a successful biliary drainage
with EUS in 90.91% of the pooled patient population with a pooled odds ratio of 3.06 for
successful biliary drainage in the EUS-PD versus PTBD groups. Another meta-analysis
evaluating the intrahepatic and extrahepatic approaches in EUS-BD showed a weighted
pooled rate of 94% for technical success. Notably, in the meta-regression model, distal CBD
strictures and transpapillary drainage were associated with higher technical success while
the intrahepatic access route was linked to a higher adverse event rate [45]. Finally, another
comprehensive literature review about the overall efficacy and safety of EUS-BD reported a
pooled technical success rate of 91.5% and a clinical success rate of 87%, respectively [46].

4.4. Percutaneous Transhepatic Biliary Drainage (PTBD)

Percutaneous transhepatic biliary drainage consists of puncturing a bile duct under
fluoroscopic or ultrasound guidance and obtaining a cholangiography by injecting contrast.
Then, a guidewire is inserted through the needle to gain access to the biliary tree. To
establish biliary drainage, we need to insert a catheter over the guidewire across the
obstruction, providing an external drainage route transcutaneously. Today, this approach
is not the first choice, especially if we have other options and if the stricture’s nature
is not established. However, it may be a mandatory choice if endoscopic treatment is
contraindicated, is not feasible, or has failed. Some recent meta-analyses [47,48], comparing
endoscopic biliary drainage and percutaneous transhepatic biliary drainage, showed no
difference in terms of technical success. One study, comparing specifically EUS-BD to
PTBD, interestingly indicated that EUS-BD was associated with lower reintervention rates
and lower odds of adverse events. Even the total treatment costs and the hospital stay
were significantly lower in the EUS-BD group than in the PTBD group [49]. Thus, PTBD is
reserved exclusively for endoscopic approach failure or non-feasibility.

5. Conclusions and Future Directions

Indeterminate biliary strictures still represent a diagnostic and therapeutic challenge
for endoscopists. What we know is that the approach must be a multidisciplinary one,
tailored to a single patient, and based on his or her personal history, preferably in a referral
center. Often, a single diagnostic technique is not adequate to secure a proper diagnosis.
What is determined is, therefore, that the key is to integrate different techniques in order to
increase diagnostic chances and that a single-tissue sampling method is not always quite
enough. Our future goal is to improve our diagnostic skills to minimize the total number
of uncertain-etiology strictures to “determinate the indeterminate”.
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