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ABSTRACT
Background and study aims: Patients with symptomatic cholelithiasis 

can be stratified according to the 2019 European Society for Gastro-

intestinal Endoscopy (ESGE) guideline into low-, intermediate- and 

high-likelihood groups for presence of choledocholithiasis. For the 

intermediate group, endoscopic ultrasound (EUS) or magnetic reso-

nance cholangiopancreatography (MRCP) is recommended to assess 

whether an endoscopic retrograde cholangiopancreatography (ERCP) 

is necessary prior to cholecystectomy. The aim of the study was to 

investigate adherence to the guideline for diagnostic and treatment 

strategy for cholelithiasis in daily clinical practice. 

Patients and methods: A multicenter, retrospective cross-sectional 

observational study of the diagnostic pathway of patients with sus-

picion of choledocholithiasis was conducted between 2019 and 2021. 

Patients were stratified according to the ESGE guideline “Endoscopic 

management of common bile duct stones”. 

Results: A total of 305 patients were included in the analysis and strat-

ified into low- (17%), intermediate- (40%) and high- (43%) likelihood 

of choledocholithiasis. In these three categories, 182 patients (60%) 

underwent ERCP. Adherence to the ESGE guideline recommendation 

was 59.7% overall and was the highest in the intermediate-likelihood 

group (83.6%), compared with 45.1% in the low- and 43.2% in the 

high-likelihood group, respectively ( P < 0.001). In the high-likelihood 

group, 49% underwent additional imaging. In 195 patients who under-

went additional imaging, 55 ERCPs (28.2%) could be avoided. 

Conclusions: This study shows that stratification according to the 

ESGE guideline is useful to reduce the number of unnecessary addi-

tional imaging procedures and ERCPs in patients with a suspicion 

of choledocholithiasis. It seems worthwhile to perform EUS prior to 

ERCP in the same session.
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INTRODUCTION
Cholelithiasis is frequently encountered in the general population, with a prevalence 
of 20%.1 In 10% to 15% of patients, symptoms are caused by an impacted stone in the 
common bile duct (CBD).2 Given the risk of adverse events (AEs), such as cholangi-
tis, pancreatitis,3 or post-cholecystectomy bile leakage,4 patients with choledocholi-
thiasis require endoscopic retrograde cholangiopancreatography (ERCP) to remove 
bile duct stones in the CBD prior to cholecystectomy.5

ERCP is associated with a considerable incidence of complications, with post-ER-
CP pancreatitis (PEP) being the most prevalent, exhibiting an incidence of 10.2% 
with a mortality rate of 0.2%.6 Therefore, only patients who have been definitively 
diagnosed with choledocholithiasis should undergo ERCP. To determine the appro-
priate treatment course, patients with symptomatic cholelithiasis can be stratified 
according to choledocholithiasis likelihood by either the 2019 American Society 
for Gastrointestinal Endoscopy (ASGE) or European Societies of Gastrointestinal 
Endoscopy (ESGE) guidelines.5,7

The initial diagnostic workup consists of bilirubin and liver function tests (LFTs) in 
blood and abdominal ultrasound (US). If both are unremarkable, the likelihood of 
choledocholithiasis is estimated to be less than 10% (low likelihood) and patients can 
proceed directly to cholecystectomy without the need for additional imaging. Con-
versely, if choledocholithiasis is detected on abdominal US or cholangitis is present, 
the ESGE classifies patients as high likelihood (> 50% risk of choledocholithiasis) and 
they can proceed directly to ERCP without additional imaging (Supplementary 
material 1).5



RISK PREDICTION & PREVENTION188

Additional imaging, with endoscopic US (EUS) or magnetic resonance cholan-
giopancreatography (MRCP), is indicated for patients in the intermediate-likeli-
hood group (who have a calculated risk of 10% to 50% of choledocholithiasis) to 
reduce risk of undetected choledocholithiasis during cholecystectomy or a futile 
ERCP procedure. This intermediate-likelihood group consists of patients with 
abnormal LFTs and/or dilated CBD on US and poses a treatment dilemma, given 
the lack of visible choledocholithiasis or clinical cholangitis.5

Although a randomized controlled trial comparing EUS with MRCP in patients 
with intermediate likelihood showed no significant di�erence in detecting choled-
ocholithiasis,8 a previously conducted meta-analysis demonstrated better pooled 
sensitivity and specificity (97% and 90%, respectively) for EUS in smaller and less 
rigorously selected populations.9 It has been hypothesized that performing EUS 
in combination with ERCP can o�er many benefits: reduced hospital stay length, 
decreased sedation procedures, and prevention of interim adverse biliary events.10 
Furthermore, performing a diagnostic EUS, with an overall complication rate of 
0.034%, can prevent an unnecessarily performed ERCP associated with a 12% com-
plication risk.11 Moreover, same-session EUS allows the endoscopist to examine 
luminal and duct anatomy, which can be helpful for successfully performing ERCP. 
Only a few studies have addressed timing of additional imaging prior to ERCP and 
the potential advantage of same-procedure EUS as opposed to MRCP in preventing 
treatment delay.12

The primary aim of this study was to assess how additional diagnostic imaging 
(EUS or MRCP) is applied in combination with ERCP for patients with suspected 
choledocholithiasis since publication of the 2019 ESGE guideline. Second, this study 
examined possible improvement measures for preventing AEs, treatment delay, and 
unnecessarily performed therapeutic ERCPs. 

PATIENTS AND METHODS 

STUDY DESIGN 

This study was designed as a multicenter, cross-sectional, observational cohort 
study. It was conducted according to the principles of the Declaration of Helsinki13 
and in accordance with the Medical Research Involving Human Subjects Act. A 
Strengthening the Reporting of Observational studies in Epidemiology (STROBE) 
checklist is included in the online supplements (Supplementary material 3).14 The 
study was approved by the medical ethical committee (#2022–15783) of the Rad-
boud university medical center, Nijmegen, The Netherlands. Written informed 
consent was waived for Radboud university medical center, Nijmegen patients who 
were treated in the institution. For patients from Maasziekenhuis Pantein, written 
informed consent was obtained.
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PARTICIPANTS

This study investigated implementation of the 2019 ESGE guideline in clinical prac-
tice. Therefore, the years 2019 to 2021 were chosen because they followed the most 
recent guideline publication.5 Sample size was determined by the available data. 
Patients with suspected choledocholithiasis or cholangitis who presented to Rad-
boud university medical center, Nijmegen (tertiary center) or Maasziekenhuis Pan-
tein, Beugen, The Netherlands (community hospital) between 2019 and 2021 were 
retrospectively reviewed. To be eligible to participate in this study, the following 
inclusion criteria applied: age ≥ 18 years and suspicion of choledocholithiasis during 
initial diagnostic workup (including LFTs and/or abdominal US). Patients with con-
current pancreaticobiliary malignancy or an indication other than choledocholithi-
asis or cholangitis for additional imaging/ERCP were excluded. Also, patients with 
a non-gallstone-related etiology of cholangitis (e.g., stricturing biliary disease or 
stent dysfunction) were excluded.

STUDY PROCEDURES AND DATA COLLECTION 

Data were extracted from the electronic patient record systems of both Radboud 
university medical center and Maasziekenhuis Pantein for all patients with a billing 
code of choledocholithiasis or extrahepatic bile duct pathology in the years 2019, 
2020, and 2021. After screening for inclusion and exclusion criteria, each patient 
was stratified into the low-, intermediate-, or high-likelihood category of choled-
ocholithiasis according to the 2019 ESGE guideline based on standard diagnostic 
workup. The electronic patient record system was used to collect the necessary 
data in the data management system CastorEDC (Castor Electronic Data Capture, 
Amsterdam, the Netherlands: Ciwit BV 2019). Clinical data about patient demo-
graphics, diagnostic workup, eventual treatment strategy, and gallstone- or treat-
ment-related complications during available follow-up were collected. 

If a computed tomography (CT) scan had been performed instead of an abdomi-
nal US, this CT scan was considered as first imaging modality, and the diagnostic 
workup was classified as adequate. EUS and/or MRCP were not considered appro-
priate first imaging modalities. Abnormal LFTs were counted as bilirubin or alka-
line phosphatase above the upper limit of normal (ULN). The number of patients 
with 2x > ULN were also listed in the baseline table because this value has been 
taken as cut-o� in other related studies.15 If either LFTs or US/CT were missing, 
patients were stratified solely according to the available diagnostic information.

Cholangitis was scored according to the Tokyo guideline.16 Accordingly, the defi-
nition of suspected cholangitis was systemic inflammation combined with either 
cholestasis ( jaundice or abnormal LFTs) or suspected abdominal US imaging (bil-
iary dilatation or evidence of the etiology on imaging). Definitive diagnosis was 
only selected when all three criteria were present: systemic inflammation in combi-
nation with both cholestasis and suspected imaging. Both suspected and definitive 
cholangitis were classified as high likelihood for presence of choledocholithiasis.
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ENDPOINTS 

The primary endpoint was adherence to the ESGE guideline regarding additional 
imaging in patients with suspected choledocholithiasis. We evaluated whether strat-
ification was performed according to guideline recommendations and whether the 
appropriate intervention was allocated after stratification (laparoscopic cholecys-
tectomy, EUS/MRCP or ERCP). Adherence was defined as performing additional 
imaging in the intermediate group and not performing it in the low- and high-like-
lihood groups. 

Second, we analyzed how many ERCPs were still performed after adequate neg-
ative workup in patients in the low- and intermediate-likelihood groups and how 
many futile ERCPs were performed in the high-likelihood group when additional 
imaging was not performed. In addition, we calculated the time interval between 
EUS/MRCP and ERCP. 

Intraprocedural complications were defined as bleeding or perforation recognized 
and treated during the procedure. Postprocedural complications for ERCP or EUS 
were defined as follows: 1) PEP according to the Atlanta criteria;17 2) cholangitis 
according to Tokyo guideline;16 3) bleeding as a hemoglobin decrease of > 2 mmol/L 
within 48 hours post-procedure; 4) perforation as an iatrogenic transmural duode-
nal, stomach, or CBD tear requiring surgical, radiologic or endoscopic intervention 
or prolonged admission.18 Severity of complications was scored according to Cla-
vien-Dindo classification.19 

STATISTICAL ANALYSIS

After final data collection, the database was locked and exported to IBM SPSS Sta-
tistics for Windows, version 27, for statistical analysis. Statistical analysis was per-
formed by the study coordinator with the help of an independent statistician. Cat-
egorical data were summarized in count and percentages. Continuous data were 
summarized by either mean and standard deviation (SD) or median and interquar-
tile range (IQR), depending on whether the data follow a normal distribution. P < 
0.05 was considered statistically significant. All results are presented in a descriptive 
manner. 

RESULTS
Between 2019–2021, 513 patients had a diagnostic workup with billing code cho-
ledocholithiasis or extrahepatic bile duct pathology. Of these patients, 208 (40.5%) 
were excluded, predominantly due to malignant biliary obstruction or benign 
obstruction, other than choledocholithiasis. This resulted in a final cohort of 305 
patients (Figure 1). After stratification according to the ESGE guideline, 51 patients 
(17%) fell into the low-likelihood group, 122 (40%) in the intermediate-likelihood 
group, and 132 (43%) patients were stratified as high likelihood for having choledo-
cholithiasis. (Figure 1).
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BASELINE CHARACTERISTICS

Median age of the 305 included patients was 69 years (IQR 53–77 years). Of the 
patients, 119 (39.0%) were male and the median body mass index (BMI) was 26.2 
(IQR 23.6–30.2) kg/m2. Patient age after likelihood stratification di�ered among 
groups, with the low-likelihood group comprising the youngest patients and the 
high-likelihood group the oldest. The exact di�erence is shown in Table 1. Prior 
to diagnostic workup, 77 patients had a history of cholecystectomy, which was pro-
portionally more frequent in the low-likelihood group compared with the interme-
diate- and high-likelihood groups (39.2% vs. 25.4% and 19.7%, respectively).

ADHERENCE TO ESGE GUIDELINE

As shown in Table 2, 182 of 305 included patients (59.7%) underwent the recom-
mended diagnostic and treatment strategy according to the ESGE guideline. Adher-
ence was best in the intermediate-likelihood group, at 83.6% compared with 45.1% 
and 43.2% in the low- and high-likelihood groups, respectively ( P < 0.001). Given 
that sex, BMI, and prior cholecystectomy could a�ect the a priori chance of CBD 
stones and subsequent deviation from the guideline, additional analyzes for these 
variables were performed. No statistically significant di�erence in guideline adher-
ence for these variables was found.

DIAGNOSTIC WORKUP BY LFTS AND US

The initial diagnostic workup composed of LFTs and/or US. LFTs fell outside the 
normal range in 203 of 297 patients (68.4%) and were above 2x ULN in 155 of 297 
patients (52.2%), with data missing for eight patients (Supplemental material 2). 
Of all patients, 266 (87.2%) underwent an abdominal US or CT scan in the initial 
workup, with no abnormalities in 42% of the imaging procedures. An impacted 
CBD stone was found in 18.4% of patients. Altogether, a complete initial diagnos-
tic workup was performed in 261 of 297 patients (85.6%). After initial diagnostic 
workup, no additional imaging or ERCP was performed in 48 patients (23 patients 
in the low-likelihood group, 15 in the intermediate-likelihood group, and 10 in the 
high-likelihood group). Of the 10 patients in the high-likelihood group who under-
went neither additional imaging nor ERCP, six were terminally ill and died shortly 
after diagnostic workup. The other four showed improvement in LFTs, suggesting 
spontaneous stone passage.

ADDITIONAL IMAGING

In patients who underwent additional imaging (n = 195), the median interval 
between EUS and ERCP was 0 days (IQR 0–0); the median interval between 
MRCP and ERCP was longer, up to 10 days (IQR 3–37). CBD stones and/or sludge 
were found in 58.5% of the performed additional imaging. MRCP alone was the 
most used modality (42.1%) (Table 3). For the low- and high-likelihood groups, 
54.9% and 49.2% of patients (28 of 51 and 65 of 132, respectively) underwent addi-
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tional imaging not recommended by the guideline (Figure 1). In total, performing 
additional imaging in 195 patients resulted in prevention of 55 ERCPs (Figure 2). 
In the high-likelihood group, no abnormalities were detected on additional imaging 
in 11 of 65 instances (16.9%), resulting in prevention of an ERCP in these patients. 
Cholangitis was diagnosed in 92 patients, divided into 44.6% suspected and 55.4% 
definitive cases. Forty-six patients (50.0%) underwent additional imaging before 
ERCP despite the guideline recommending immediate ERCP in the presence of 
cholangitis. On the other hand, 11 patients with cholangitis did not undergo ERCP, 
given the absence of abnormalities on additional imaging (9 suspected and 2 defini-
tive, respectively).

ERCP

As shown in Table 3, ERCPs were performed most frequently in the high-likeli-
hood group (81.8% vs 50.0% and 25.5% in the intermediate- and low-likelihood 
group, respectively). In total, 182 ERCPs were performed, of which 88.5% were 
successful. A trend was found toward higher procedure failure rates when ERCP 
was performed without prior imaging by EUS and/or MRCP compared with when 
additional imaging was performed (16.5% vs 7.8% unsuccessful ERCPs, respective-
ly). The overall intraprocedural complication rate was 10.5%.

CBD stones were detected in 136 ERCP procedures (84.5%). In the low-likelihood 
group, relatively more ERCP procedures were performed with no abnormalities 
(30.8%), whereas in the high-likelihood group, no CBD stones were found in only 
6.5% of the procedures.

Only 44 of 182 ERCPs (24.2%) were performed after an EUS in the same session, 
whereas 62 (34.1%) procedures were performed directly without any prior addition-
al imaging. Four of 57 (7%) and two of five (40%) directly performed ERCPs in the 
high-likelihood group and intermediate-likelihood group respectively, showed no 
abnormalities.

FOLLOW-UP

Median duration of hospital stay was 1 day (IQR 1–3) (Table 4). PEP was the most 
common reason for prolongation of hospital stay. PEP occurred in 13 patients with 
an incidence of 7.1%. Therefore, PEP was responsible for more than half of the 
total of 25 complications. Number and severity of complications were comparable 
between likelihood groups. 

DISCUSSION 
ERCP is the gold standard in treatment for CBD obstructions, most frequently 
caused by gallstones.5 A disadvantage of performing ERCP is the post-procedural 
complication risk of approximately 12%.11 Therefore, the ESGE guideline for gall-
stone management stratifies patients into three groups based on likelihood of CBD 
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stones, with direct ERCP only recommended in the high-likelihood group.5 This 
multicenter observational study analyzed adherence to the ESGE guideline recom-
mendations regarding stratification of patients with suspected choledocholithiasis 
in low-, intermediate-, and high-likelihood groups. Overall adherence was 59.7%, 
with the highest adherence observed in the intermediate-likelihood group for cho-
ledocholithiasis (83.6%) and the lowest in the high-likelihood group (43.2%). The 
low-likelihood group had an adherence rate of 45.1%. 

Diagnostic uncertainty among physicians may contribute to an increase in addition-
al imaging not indicated by the guideline. This caution could be driven by the high 
incidence of complications after ERCP. Conversely, overall guideline adherence 
across medical practice is only 77%20 and in our study only 59.7%. Achieving 100% 
guideline adherence is not feasible due to patient preferences or situations in which 
adherence to the general recommendation is not desirable or possible for specific 
patients. 

In comparison with other studies published after 2019, in which patients were also 
stratified according to the ESGE guideline, our study included a larger cohort of 
patients with a low-likelihood for cholelithiasis within a multicenter setting, achiev-
ing a higher level of generalizability.12,21 Tunruttanakul et al. included only patients 
in a tertiary center, while EUS was not available during the study period.21 Sperna 
Weiland et al. included only patients who underwent ERCP, accounting for their 
low inclusion of low-likelihood patients.12 There is a possibility that the low-likeli-
hood patients were also undercounted in our study due to the inherent selection bias 
of using billing code data. 

By conducting a complete diagnostic workup, 23 ERCPs and/or additional imaging 
procedures were avoided. Diagnostic tests and treatment strategies for those who had 
already undergone cholecystectomy revealed a high percentage of incomplete diag-
nostic assessments (26/77, 33.8%). Confirmation bias could have played a role in this 
di�erence, with physicians possibly relating a higher a priori chance of gallstone eti-
ology to non-specific symptoms. Previous studies suggest that not each patient with 
suspicion of symptomatic cholelithiasis after cholecystectomy requires an ERCP, jus-
tifying the workup recommended by the guideline.22,23 

Similarly, patients diagnosed with cholangitis caused by choledocholithiasis, who are 
categorized as high-likelihood for requiring ERCP, do not always need an ERCP 
because of the possibility of spontaneous passage of the CBD stone. The guideline does 
not specify if suspicion of cholangitis, according to the Tokyo guideline,16 is enough to 
determine whether a patient has a high likelihood of choledocholithiasis, or if biliary 
dilatation must preferably be present on the first imaging modality (e.g. transabdom-
inal US).5 Our findings illustrate that ERCP was no longer indicated in 11 of the 46 
patients with a (suspicion of) cholangitis after undergoing additional imaging. 
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An argument for increased use of additional imaging is lower echogenicity in 
patients presenting with suspected cholelithiasis and being overweight or obese.24,25 
This phenomenon also leads to increased risk of having cholelithiasis.26 Due to addi-
tional imaging, a reduction of 28.2% (55 of 195) of performed ERCPs was found, 
which was less than the 40.4% described in the study by Maruta et al.27 It is worth 
noting that additional imaging was performed in an unselected (e.g. not stratified) 
population in their study. Furthermore, the Japanese population in their study is dif-
ferent than our predominantly White population, because incidence of choledocho-
lithiasis is reported to be lower in Japan.1,28 In our opinion, the benefit of preventing 
complications during and after ERCP makes it a worthwhile strategy to perform 
additional imaging prior to ERCP. 

Another potential advantage of performing additional imaging prior to ERCP is 
the apparently lower ERCP failure rate in the group who underwent additional 
imaging. Because our study was not powered for this outcome, this needs to be con-
firmed in subsequent studies. 

We observed a PEP rate of 7.1%. Based on a PEP risk of approximately 10%, as 
described in the meta-analysis by Akshintala et al.,6 the 55 ERCP procedures that 
were prevented by additional imaging theoretically could have prevented five cases 
of PEP. 

LIMITATIONS 

Unfortunately, due to the retrospective design of this study, missing data are 
unavoidable. Another limitation of the study is that EUS was only available in one 
of the two participating centers; therefore, proportionately more MRCPs were per-
formed in our cohort. MRCPs, transabdominal US, and laparoscopic cholecystec-
tomies could be performed in both hospitals. The proportionally higher number of 
MRCPs is comparable to the study by Jagtap et al.8 Their study showed that MRCP 
and EUS exhibit comparable sensitivities. In our opinion, EUS is the preferred 
modality, owing to its capacity to be conducted concurrent with ERCP because the 
interval between additional imaging and ERCP procedure is minimized, which 
a�ects the likelihood of confirming presence of choledocholithiasis during ERCP.12 
Conducting an EUS in the same session also reduces risk of sedation-related compli-
cations.29 

In an ideal setting, all endoscopists who perform ERCP are also skilled at perform-
ing EUS and this should be part of the training curriculum for advanced endoscopy 
training or fellowships.30 If an interval between EUS and ERCP of several days is 
unavoidable, and the interval between MRCP and ERCP is shorter, MRCP would 
be the preferred additional imaging modality. 
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CONCLUSIONS
Stratification according to the ESGE guideline is useful to reduce the number of 
unnecessary additional imaging studies or futile ERCPs. For high-likelihood 
patients, it is worthwhile to perform a same-session EUS prior to ERCP instead of 
directly performing an ERCP to decrease the number of negative ERCPs, conse-
quently preventing ERCP-related complications.
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Total 

(N = 305)

Low 

(N = 51)

Intermediate 

(N = 122)

High

(N = 132)

Age at EUS/ERCP – median (IQR) 69 (53–77) 51 (37–70) 66 (53–76) 74 (63–82)

Male - % 119 (39.0) 13 (25.5) 47 (38.5) 59 (44.7)

BMI – median (IQR) (N=286) 26.2 (23.6–30.2) 26.1 (22.7–30.9) 27.2 (24.4–30.5) 25.6 (23.1–29.3)

Pre-workup cholecystectomy - % 77 (25.2) 20 (39.2) 31 (25.4) 26 (19.7)

Complete diagnostic workup - % 261 (85.6) 36 (70.6) 112 (91.8) 113 (85.6)

Cholangitis - %

No 213 (69.8) 51 (100%) 122 (100) 40 (30.3)

• Suspected 41 (13.4) 0 (0) 0 (0) 41 (31.1)

• De½nitive 51 (16.7) 0 (0) 0 (0) 51 (38.6)

LFTs (N = 297) - %

• Normal 94 (31.6) 42 (89.4) 33 (27.3) 19 (14.7)

• ULN 48 (16.2) 4 (8.5)* 28 (23.1) 16 (12.4)

• 2xULN 155 (52.2) 1 (2.1)* 60 (49.6) 94 (72.9)

Transabdominal US or CT - %

• No abnormalities 128 (42.0) 39 (76.5) 53 (43.4) 36 (27.3)

• Dilated CBD 74 (24.3) 0 (0) 51 (41.8) 23 (17.4)

• Impacted CBD stone 56 (18.4) 0 (0) 0 (0.0) 56 (42.4)

• Other ½ndings 8 (2.6) 0 (0) 8 (6.6) 0 (0)

• Both not performed 39 (12.8) 12 (23.5) 10 (8.2) 17 (12.9)

Table 1. Baseline characteristics and diagnostic workup.

*Persistent elevation of LFTs by steatosis, autoimmune hepatitis or other chronic liver disease.
BMI, body mass index; CBD, common bile duct; CT, computed tomography; ERCP, endoscopic retrograde 
cholangiopancreatography; EUS, endoscopic ultrasound; LFT, liver function test; ULN, upper limit of
normal; US, (abdominal) ultrasound.

TABLES
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Adherence to additional ESGE-recommended 

imaging

Yes No P value

Total adherence 182 (59.7) 123 (40.3)

Primary outcome measure

Likelihood groups < 0.001

Low (N = 51) 23 (45.1) 28 (54.9)

Intermediate (N = 122) 102 (83.6) 20 (16.4)

High (N = 132) 57 (43.2) 75 (56.8)

Potential confounders

Sex 0.476

Female 114 (61.3) 72 (38.7)

Male 68 (57.1) 51 (42.9)

BMI 0.661

< 25 69 (62.7) 41 (37.3)

25–30 60 (58.3) 43 (41.7)

> 30 41 (56.2) 32 (43.8)

Prior cholecystectomy 0.433

Yes 45 (58.4) 32 (41.6)

No 63 (64.9) 34 (35.1)

BMI, body mass index; ESGE, European Society for Gastrointestinal Endoscopy.

Table 2. Primary outcome: adherence to ESGE recommendation for additional imaging.
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Total (N = 305) Low (N = 51) Intermediate 

(N = 122)

High (N = 132)

Additional imaging 
performed -%

195 (59.3) 28 (54.9) 102 (83.6) 65 (49.2)

• MRCP 82 (42.1) 7 (25.0) 46 (45.1) 29 (44.6)

• EUS 47 (24.1) 8 (28.6) 21 (20.6) 18 (27.7)

• CT 24 (12.3) 2 (7.1) 13 (12.7) 9 (13.8)

• MRCP + EUS 32 (16.4) 10 (35.7) 17 (16.7) 5 (7.7)

• MRCP + CT 6 (3.1) 0 (0.0) 3 (2.9) 3 (4.6)

• EUS + CT 2 (1.0) 0 (0.0) 1 (1.0) 1 (1.5)

• MRCP + EUS + CT 2 (1.0) 1 (3.6) 1 (1.0) 0 (0.0)

Additional imaging results - %*

• No abnormalities 55 (28.5) 12 (42.9) 32 (31.4) 11 (17.5)

• CBD stones and/or 
sludge

113 (58.5) 12 (42.9) 53 (52.0) 48 (76.2)

• Other ½ndings 25 (13.0) 4 (14.3) 17 (16.7) 4 (6.3)

ERCP performed - % 182 (59.7) 13 (25.5) 61 (50.0) 108 (81.8)

• ERCP successful 161 (88.5) 13 (100) 56 (91.8) 92 (85.2)

ERCP ½ndings† - %

• No abnormalities 21 (13.0) 4 (30.8) 11 (19.6) 6 (6.5)

• Yes, CBD stones and/
or sludge

136 (84.5) 8 (61.5) 43 (76.8) 85 (92.4)

• Other ½ndings 4 (2.5) 1 (7.7) 2 (3.6) 1 (1.1)

Intraprocedural 
complications‡ - %

19 (10.5) 3 (23.1) 7 (11.7) 9 (8.3)

ERCP after same session 
EUS - %

44 (24.2) 7 (53.8) 21 (34.4) 16 (14.8)

Table 3 Additional imaging and ERCP procedure.

*Two patients in the high-likelihood group underwent additional imaging without results.
One EUS could not pass the esophagus due to a stricture and one MRCP failed due to
claustrophobia.
†ERCP ½ndings are a percentage of successful ERCP.
‡Intraprocedural complications percentage of ERCPs performed.
CBD, common bile duct; CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; EUS, 
endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography.
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Figure 1. Inclusion and exclusion, likelihood groups, and treatment allocation. EUS, endoscopic ultrasound; ERCP, 
endoscopic retrograde cholangiopancreatography.

FIGURES
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Figure 2. Likelihood groups with additional imaging + ERCP results. CBD, common bile duct; ERCP, endoscopic 
retrograde cholangiopancreatography.
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Supplemental material 1. Flowchart of ESGE stratification as adapted from the guideline

SUPPLEMENTAL MATERIALS
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Supplemental material 2. Management strategy stratified by LFT results


