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Abstract

Background Endoscopic retrograde cholangiopancreatography (ERCP) is the procedure of choice to remove sludge/stones
from the common bile duct (CBD). In a small but clinically important proportion of patients with suspected choledocholithi-
asis ERCP is negative. This is undesirable because of ERCP associated morbidity. We aimed to map the diagnostic pathway
leading up to ERCP and evaluate ERCP outcome.

Methods We established a prospective multicenter cohort of patients with suspected CBD stones. We assessed the deter-
minants that were associated with CBD sludge or stone detection upon ERCP.

Results We established a cohort of 707 patients with suspected CBD sludge or stones (62% female, median age 59 years).
ERCP was negative for CBD sludge or stones in 155 patients (22%). Patients with positive ERCPs frequently had pre-proce-
dural endoscopic ultrasonography (EUS) or magnetic resonance cholangiopancreatography (MRCP) imaging (44% vs. 35%;
P=0.045). The likelihood of ERCP sludge and stones detection was higher when the time interval between EUS or MRCP
and ERCP was less than 2 days (odds ratio 2.35; 95% CI 1.25-4.44; P=0.008; number needed to harm 7.7).

Conclusions Even in the current era of society guidelines and use of advanced imaging CBD sludge or stones are absent in
one out of five ERCPs performed for suspected CBD stones. The proportion of unnecessary ERCPs is lower in case of pre-
procedural EUS or MRCP. A shorter time interval between EUS or MRCP increases the yield of ERCP for suspected CBD
stones and should, therefore, preferably be performed within 2 days before ERCP.
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Abbreviations

ASGE American society for gastrointestinal endoscopy
CBD Common bile duct

CI Confidence interval

CT Computed tomography

ERCP Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound

IQR Interquartile range

MRCP Magnetic resonance cholangiopancreatography
NNH  Number needed to harm

NPV Negative predictive value

PPV Positive predictive value

SD Standard deviation
ULN Upper limit of normal
US Ultrasound

LR Likelihood ratio

Common bile duct (CBD) stones are a commonly occur-
ring gastroenterological condition, with an estimated yearly

incidence of 45 per 100,000 in Western populations, increas-
ing with age [1-3]. CBD stones can lead to symptoms and
complications, such as abdominal pain, jaundice, infection,
and acute pancreatitis [4]. Guidelines recommend removal
of CBD stones with endoscopic retrograde cholangiopan-
creatography (ERCP) [4-6].

Although ERCP is considered the gold standard for the
treatment of CBD stones, the diagnostic role of this modal-
ity is limited by its invasive nature and safety issues, most
notably the risk of post-ERCP pancreatitis (3.5-9.7%),
cholangitis (0.5-3.0%), bleeding (0.3-9.6%), perforation
(0.08-0.6%), and anesthesia-related adverse events (0.02%)
[7, 8]. Therefore it is important to curtail ERCP use to
patients with the highest likelihood of CBD sludge or stones.
The recommended diagnostic work-up consists of liver bio-
chemistry and abdominal ultrasound (US) or cross-sectional
imaging [4, 6]. In order to avoid unnecessary ERCPs, guide-
lines stratify patients with suspected CBD stones into three
risk categories. Patients with a low likelihood (< 10%) of
CBD stones are recommended for a prompt cholecystectomy
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without prior ERCP. Patients with a persistent clinical sus-
picion of CBD stones, but insufficient evidence of stones
on abdominal US or cross-sectional imaging, are stratified
with an intermediate likelihood (10-50%) of CBD stones.
These patients are recommended to receive further imaging
with endoscopic ultrasound (EUS) or magnetic resonance
cholangiopancreatography (MRCP), representing less-
invasive and lower-risk alternatives for initial evaluation.
For patients with a high likelihood (>50%) it is advised
to proceed directly to an ERCP procedure for stone clear-
ance. However, even in patients with a high likelihood of
CBD stones established after appropriate diagnostic work-
up, 17-57% do not have stones or sludge on ERCP while
being exposed to the risk of developing potential harmful
complications [9-14].

We aimed to map the diagnostic pathway leading up to
ERCP in current clinical practice and evaluate the ERCP
outcome in a prospectively collected multicenter cohort of
patients with suspected CBD stones.

Materials and methods
Study design and setting

We created a prospective cohort of patients with suspected
CBD stones from a nationwide multicenter, parallel-group
open-label randomized controlled superiority trial [15].
Briefly, this trial investigated whether aggressive peripro-
cedural hydration with lactated Ringer’s solution addi-
tional to standard rectal non-steroidal anti-inflammatory
drugs (NSAIDs) could prevent post-ERCP pancreatitis in
moderate-to-high-risk patients. The study received permis-
sion from the Medical Research Ethics Committees United
(NL52341.100.15, April 14, 2015). Written informed con-
sent was obtained from all participants. The study included
826 adult patients (18-85 years), from 22 Dutch hospi-
tals, who underwent ERCP between June 2015 and June
2019. This study adheres to the Strengthening the Report-
ing of Observational studies in Epidemiology (STROBE)
guideline.

Participants

Patients with ongoing acute pancreatitis were not included
in the original trial. For the current study, patients were
excluded when no ERCP was performed, if suspected CBD
stones was not the indication for performing the ERCP,
or when the presence of CBD sludge/stones could not be
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assessed during ERCP due to technical failure. ERCPs were
performed in an outpatient and inpatient setting.

Data collection

During the trial, data were prospectively collected using
standardized case record forms. The study coordinator veri-
fied these through patient chart review. We collected the
following data for each patient: presence of fever (> 38 °C)
or/and chills before ERCP, biochemical test results within
1 month prior to ERCP, and results from abdominal imag-
ing (abdominal US, computed tomography (CT), EUS, or
MRCP) performed in the 3 months preceding ERCP. In case
abdominal US or CT was performed, this was scored as ini-
tial imaging according to the guidelines, while performance
of EUS or MRCP was considered additional imaging.

Outcomes and definitions

The primary endpoint was the proportion of ERCPs nega-
tive for sludge or stones in the CBD, irrespective of other
ERCP findings (e.g., cholangiocarcinoma, papillary steno-
sis). The ERCP was considered positive upon clear photo-
graphic documentation of filling defect on cholangiography
or when the endoscopist’s report documented stones or any
sludge. ERCP was considered negative in all other cases.
Work-up toward ERCP was left at the discretion of the treat-
ing clinician. For this reason, we were able to assess the
endpoint in a cohort of patients which reflects real-world
practice work-up (whole cohort) and a subgroup of patients
who have had a work-up as defined by the American Soci-
ety for Gastrointestinal Endoscopy (ASGE) 2019 guidelines.
This subgroup included patients stratified to intermediate
likelihood of CBD stones who underwent additional imaging
and patients stratified to high likelihood of CBD stones who
went straight to ERCP.

Each patient was retrospectively categorized in a low,
intermediate, or high likelihood of CBD stones, according
to the ASGE guideline for endoscopic management of CBD
stones of 2010 and 2019 [4, 5] and the European Society for
Gastrointestinal Endoscopy (ESGE) guideline of 2019 [6].
Patients were considered to have a high likelihood for CBD
stones according the ASGE 2019 guideline when they met
one of the following criteria: CBD stone on abdominal US/
cross-sectional imaging, clinical ascending cholangitis, or
combination of total bilirubin >4 mg/dL and dilated CBD on
abdominal US/cross-sectional imaging. Intermediate likeli-
hood for CBD stones when they met one of the following
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criteria: abnormal liver biochemical tests, age > 55 years
or dilated CBD on abdominal US/cross-sectional imaging.

All other patients were considered as having low likelihood
for CBD stones. Clinical ascending cholangitis was defined

according to the 2018 Tokyo Guideline [16]. See Appendix

Results

Table S1, for details of ASGE and ESGE guideline criteria.

Secondary endpoints included the effects of pre-ERCP

Cohort identification and characteristics

imaging on CBD sludge/stone visualization during ERCP,

the timing (in days) of pre-ERCP imaging, and the ERCP-
related complication rate in relation to presence of CBD
stones. We used the Cotton criteria to describe ERCP-related
complications (pancreatitis, cholangitis, bleeding, and per-

foration) [17].

Statistical analysis

Baseline variables were assessed by mean with standard
deviation (SD) or median with interquartile range (IQR).
Primary and secondary endpoints were assessed using
Mann—Whitney U test, Pearson )(2 test, or Fisher exact test
as appropriate. All statistical analyses were conducted using

IBM SPSS Statistics for Windows, version 24, with statisti-
cal significance set at a two-sided alpha level of 5%.

A total of 826 patients were enrolled in the original multi-
center randomized trial. We excluded 119 patients (Fig. 1),
because of an indication for ERCP other than (suspected)
stones in the CBD (n = 68), procedure failure of ERCP (e.g.,

failed cannulation, ampulla not reached) (n=46), and no
performance of ERCP (n=35). Finally, we included a total

of 707 patients in the current study.

The median age of the patients was 59 years, and 436

Participants of the FLUYT trial
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(62%) patients were female (Table 1). The majority of the
patients (92%) had biochemical tests examined prior to
ERCP. Abdominal US was performed in 617 (87%) patients
and CT in 90 (13%) patients. 338 (48%) patients suffered
from acute cholangitis. According to the ASGE 2019
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Fig.1 Patient selection and risk stratification of included patients
with suspected common bile duct stones. ASGE American soci-
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Table 1 Patient characteristics

N (%) Median (IQR)
Age (years) 59 (46-71)
Female sex 436 (62%)
Body mass index 27 (24-30)
Previous cholecystectomy 187 (26%)
Cholangitis* 338 (48%)
Biochemical test values 644 (91%)
Days before ERCP 1(0-3)
Total bilirubin (umol/L)>ULN  470/632 (74%) 44 (16-84)
ALT (U/L)>ULN 586/635 (92%) 278 (116-446)
AST (U/L)>ULN 538/612 (88%) 141 (68-245)
ALP (U/L)>ULN 520/618 (84%) 218 (137-323)
GGT (U/L)>ULN 599/628 (95%) 430 (214-727)
Abdominal US 617 (87%)
CBD stone or sludge 191 (31%)
Dilated CBD 387 (63%)
Previous cholecystectomy 81
No previous cholecystectomy 306
CT-scan 90 (13%)
CBD stone or sludge 41
Dilated CBD 65
Imaging positive for choledocho- 296 (42%)
lithiasis prior to ERCP
MRCP 71/82 (87%)
EUS 216/225 (96%)

*According to Tokyo Guidelines 2018

AST Aspartate transaminase, ALT Alanine transaminase, ALP Alka-
line phosphatase, GGT Gamma-glutamyltransferase, US Ultrasound,
CT computed tomography, EUS endoscopic ultrasonography, MRCP
magnetic resonance cholangiopancreatography, ERCP endoscopic
retrograde cholangiopancreatography, IQR Interquartile range, ULN
Upper limit of normal, CBD common bile duct

guideline, 20 patients were considered as low likelihood,
290 patients as intermediate likelihood, and 397 patients as
high likelihood for choledocholithiasis. 485 patients (69%)
received work-up as recommended by the ASGE 2019
guideline. See Appendix Table S2, for risk stratification and
results of the ASGE 2010 and ESGE 2019.

CBD stones or sludge on ERCP

In 155 of the 707 patients, no CBD stones or sludge were
visualized during ERCP. This resulted in a negative ERCP
rate of 22%. In the 485 patients who underwent a strict work-
up according to the ASGE 2019 guidelines, the negative
ERCP rate was comparable (20%; n=88) (Fig. 1). 81 (12%)
patients developed ERCP-related adverse events: post-ERCP
pancreatitis (n=>54), bleeding (n=21), perforation (n=>5),
and cholangitis (n=6). The adverse events were evenly
distributed between those with a negative [n=21 (14%)]
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and positive ERCP (n=60 (11%); P=0.36, Table 2). Of the
155 patients with a negative ERCP, 132 patients (85%) still
received a sphincterotomy.

Pre-ERCP imaging

Almost all patients (n =689 (98%)) underwent imaging
leading to ERCP: abdominal US in 617 (87%), CT in 90
(13%), EUS in 225 (32%), MRCP in 82 (11%) patients
(Table 1). The majority (n=658 (93%)) had imaging
of the biliary system in the 31 days prior to the ERCP
(see Appendix Table S3 and S4, which demonstrates the
outcome of the additional imaging performed 0-31 days
before ERCP and its effect on ERCP outcome). Of all
patients who did not receive abdominal US (n=90), 80%
(72 cases) received other imaging types (CT/MRCP/EUS).
Patients with positive ERCP findings had undergone more
additional imaging (EUS/MRCP) before ERCP compared
to patients with negative ERCP findings (44% vs. 35%,
respectively; P=0.045) (Table 2). The ERCP in patients
stratified to the intermediate likelihood group was more
often positive when EUS/MRCP was performed (82% vs
69%; P=0.008). The negative predictive value for EUS
and MRCP was 22 and 30%, respectively. Positive predic-
tive value for EUS and MRCP was 81 and 85%, respec-
tively. See Appendix Figure S1 and Table S2, which dem-
onstrates the effect of prior additional imaging for ASGE
and ESGE.

Timing of pre-ERCP imaging

EUS was performed in a significantly shorter time inter-
val before the ERCP compared to the MRCP (median of 1
vs. 8.5 days; P <0.001). The median time interval between
EUS and ERCP was longer in those with a negative ERCP
for CBD stones (3 days) compared to patients with a posi-
tive ERCP (1 day) (P=0.001). Also, the proportion of CBD
stone negative ERCPs increases when the time interval
between EUS/MRCP and the ERCP became longer (Fig. 2).
By performing pre-ERCP imaging by EUS/MRCP within
2 days more CBD stones were visualized during ERCP
(87%; n=139/160) compared with more distant imaging
(74%; n="76/103) (3-31 days) [odds ratio 2.35; 95% CI
1.25-4.44; P=0.008, number needed to harm (NNH) 7.7].

Discussion

In 22% of the 707 patients who underwent an ERCP for
suspected CBD stones in our prospective multicenter cohort,
no CBD sludge or stones was present. When additional pre-
ERCP imaging was performed (EUS/MRCP), the chance of
CBD sludge or stones during ERCP increased. Timing is of
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Table2 Imagingand Negative ERCP N=155  Positive ERCP N=552 P value
complications in patients with
negative and positive ERCP Abdominal US 136 (88%) 481 (87%) 0.84°
Additional imaging (EUS/MRCP/CT) 49/136 (36%) 225/481 (47%) 0.039*
No abdominal US 19 (12%) 71 (13%) 0.84%
Additional imaging (EUS/MRCP/CT) 13/19 (68%) 59/71 (83%) 0.40°
Abdominal US 136 (88) 481 (87) 0.84*
Days before ERCP 2 (1-6) 2 (1-8) 0.68°
CT-scan 20 (13%) 70 (13%) 0.94*
Days before ERCP 7 (4-27) 5(2-15) 0.22°
EUS 42 (27) 183 (33) 0.15*
Days before ERCP 3(1-7) 1(0-4) 0.001°
MRCP 14 9%) 68 (12%) 0.26*
Days before ERCP 7 (2-22) 9 (2-28) 0.88°
EUS and/or MRCP 54 (35%) 242 (44%) 0.045
Adverse events of ERCP 21 (14%) 60 (11%) 0.36%
Pancreatitis 14 (9%) 40 (7%) 0.46%
Bleeding 5 (3%) 16 (3%) 1.0¢
Perforation 2 (1%) 3(<1%) 0.58¢
Cholangitis 0 (0%) 6 (1%) 0.30°

Bold indicates P < 0.05 as significant
Data are n (%) or median (IQR). *Pearson’s Chi-Square test; bMamn—Whitney U test; “Fisher’s Exact test

IQOR interquartile range, US Ultrasound, EUS endoscopic ultrasonography, MRCP magnetic resonance
cholangiopancreatography, CT computed tomography, ERCP endoscopic retrograde cholangiopancreatog-

raphy
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Days between EUS/MRCP and ERCP

importance: a delay of more than two days between diag-
nostic imaging (EUS/ MRCP) and ERCP reduces the chance
of a positive ERCP. We advocate that additional imaging
by EUS or MRCP should be repeated if the time interval
exceeds 2 days.

In this study, we demonstrated that EUS or MRCP
prior to ERCP increases the proportion of positive ERCPs
(P=0.045), which is in line with previous studies [18-21].
We did not find this association for the individual imaging
modalities. For MRCPs, this might be as result of the low

number of performed MRCPs (82 cases, 12%) and the long
time interval between MRCP and ERCP (median of 7 days
(positive) and 9 days (negative)). There might be room for
improvement since approximately one third (36%) of the
patients categorized to the intermediate likelihood group
according to ASGE 2019 did not receive an EUS or MRCP.
Hence, we would like to emphasize the importance of addi-
tional imaging in patients categorized in the intermediate
likelihood group for CBD stones when implementing ASGE
and ESGE 2019 guidelines (see Appendix Table S2).
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In addition, timing of pre-ERCP imaging plays an impor-
tant role with regard to the probability of CBD stone/sludge
at ERCP. A shorter interval between EUS and ERCP (median
of 1 vs. 3 days) and immediate prior imaging by EUS or
MRCP (<2 days vs. 3-31 days) resulted in more positive
ERCPs. However this last finding was mainly due to the
contribution of the EUS procedure within 2 days. This time
interval should be short because obstructing CBD stones
may migrate spontaneously to the duodenum over time [22,
23]. Size of the stone might also be a factor of influence to
the probability of spontaneous migration of CBD stones.
However, in the case of MRCP/EUS-proven CBD stones,
waiting for spontaneously stone migration might not be the
best option. Importantly, when ERCP or cholecystectomy
is postponed, patients are at risk for gallstone-related com-
plications [24, 25]. In our cohort, 2/29 patients had a CBD
stone on abdominal imaging in 1-3 months before ERCP
and developed a cholangitis in the time before ERCP (see
Appendix Table S5, which demonstrates the outcome of
imaging 32-93 days before ERCP). These biliary events
could have been prevented by earlier ERCP. Furthermore, it
might be beneficial to perform an EUS and ERCP in a single
session as opposed to two separate endoscopic procedures
with two sedation schemes and two hospital visits. However,
the endoscopist has to be trained to perform both EUS and
ERCP, which could be a point of attention in the training of
future endoscopists. In addition, cost-effectiveness studies
show that the costs of routine use of EUS/MRCP and the
potential logistical inefficiency of a combined EUS with
optional ERCP endoscopy program (in which time has to be
reserved for ERCPs that may not be necessary after negative
EUS) could be compensated by the reduction in health care
expenditure because of avoidance of (unnecessary) ERCPs
and ERCP-related complications [26-30].

Our study found that a post-ERCP pancreatitis occurred
in 14 (9%) of the 155 patients with a negative ERCP. Bet-
ter selection would have avoided these complications. More
accurate patient selection can be achieved by performing
pre-ERCP EUS or MRCP in case of suspected CBD stones
irrespective of guideline stratification. The associated
NNH for performing pre-ERCP EUS/MRCP to reduce the
incidence of post-ERCP pancreatitis from 9 to 0% is 11.1
patients. To prevent all ERCP-related complications in this
group (14%) the NNH is even lower (7.1 patients). There is
limited data available on the rate of negative ERCPs consid-
ered acceptable to ERCPists. A survey among gastroenter-
ologist performed in 2012 determined that a negative ERCP
rate of 25% was considered acceptable [31]. Since that time
there is a more wide-spread availability of EUS (and MRCP)
and, therefore, we believe 25% negative ERCP rate is not
acceptable these days [32].

A major aim of the revised ASGE guideline was to reduce
CBD stone negative ERCPs by enlarging the intermediate

@ Springer

likelihood group through excluding patients from the former
high likelihood group [5]. In our cohort, we observed similar
rates of stratification to the high likelihood groups (62 and
56% in the ASGE 2010 and 2019, respectively), compared
to other studies who did not [13, 14]. A reason might be
that we stratified patients later in their disease course and,
therefore, they reach the higher threshold for the bilirubin
levels as established in 2019 criteria [4, 5]. Nevertheless, our
proportion of negative ERCPs for high likelihood patients
(21%) is in line with previous studies (17-34%) [10, 13, 14,
33, 34]. It is possible that the relatively large proportion of
our cohort (42%, 296 cases) who underwent pre-ERCP EUS/
MRCP imaging accounts for the observation that our over-
all negative ERCP rate of 22% is relatively low compared
to previous studies with overall rates between 11 and 62%
[10-14, 33, 35].

For any diagnostic study to potentially impact future clin-
ical practice, results should be obtained in a representative
population and setting. This multicenter study closely mim-
ics daily practice and contains a large number of patients
of both university and large teaching hospitals. We believe
that our results are generalizable to daily practice and are
relevant to clinicians managing patients with suspected CBD
stones.

We acknowledge several potential limitations of this
analysis. First, in the original multicenter randomized trial,
patients who underwent pre-ERCP imaging and had no pre-
sumptive evidence of sludge or stones in the CBD, did not
proceed to ERCP were not included in the current study.
This might have introduced selection bias in the patients
stratified, especially to the intermediate likelihood group.
Second, there was no uniform timing for risk classification,
because the study protocol did not include a recommended
work-up for a patient. Standardized work-up was not fea-
sible due to the diversity within the population of in- and
outpatient performed ERCP and the related decision-making
toward ERCP. This may have influenced the distribution of
patients among the risk categories, but reflects the heteroge-
neity of the general population in which ERCP is considered.
Ideally, a prospective cohort of all patients with suspected
sludge or stones in the CBD, referred for ERCP, needs to be
considered, in which all patients should undergo work-up
according to the guideline.

In conclusion, even in the current era CBD sludge or
stones are absent in one out of five ERCPs performed for
suspected CBD stones despite previous imaging or work-up
according to ASGE 2019 guideline. EUS or MRCP before
ERCP should be considered in all patients to allow optimal
patient selection and avoiding potential overutilization of
diagnostic ERCP. When time interval between EUS/MRCP
exceeds 2 days imaging should be repeated to increase the
yield of ERCP for suspected CBD stones.
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