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Summary

Background It remains unclear whether urgent endoscopic retrograde cholangiopancreatography (ERCP) with biliary
sphincterotomy improves the outcome of patients with gallstone pancreatitis without concomitant cholangitis. We
did a randomised trial to compare urgent ERCP with sphincterotomy versus conservative treatment in patients with
predicted severe acute gallstone pancreatitis.
Methods In this multicentre, parallel-group, assessor-masked, randomised controlled superiority trial, patients with
predicted severe (Acute Physiology and Chronic Health Evaluation II score ≥8, Imrie score ≥3, or C-reactive protein
concentration >150 mg/L) gallstone pancreatitis without cholangitis were assessed for eligibility in 26 hospitals in the
Netherlands. Patients were randomly assigned (1:1) by a web-based randomisation module with randomly varying block
sizes to urgent ERCP with sphincterotomy (within 24 h after hospital presentation) or conservative treatment. The
primary endpoint was a composite of mortality or major complications (new-onset persistent organ failure, cholangitis,
bacteraemia, pneumonia, pancreatic necrosis, or pancreatic insufficiency) within 6 months of randomisation. Analysis
was by intention to treat. This trial is registered with the ISRCTN registry, ISRCTN97372133.
Findings Between Feb 28, 2013, and March 1, 2017, 232 patients were randomly assigned to urgent ERCP with
sphincterotomy (n=118) or conservative treatment (n=114). One patient from each group was excluded from the final
analysis because of cholangitis (urgent ERCP group) and chronic pancreatitis (conservative treatment group) at
admission. The primary endpoint occurred in 45 (38%) of 117 patients in the urgent ERCP group and in 50 (44%) of
113 patients in the conservative treatment group (risk ratio [RR] 0·87, 95% CI 0·64–1·18; p=0·37). No relevant
differences in the individual components of the primary endpoint were recorded between groups, apart from the
occurrence of cholangitis (two [2%] of 117 in the urgent ERCP group vs 11 [10%] of 113 in the conservative treatment
group; RR 0·18, 95% CI 0·04–0·78; p=0·010). Adverse events were reported in 87 (74%) of 118 patients in the urgent
ERCP group versus 91 (80%) of 114 patients in the conservative treatment group.
Interpretation In patients with predicted severe gallstone pancreatitis but without cholangitis, urgent ERCP
with sphincterotomy did not reduce the composite endpoint of major complications or mortality, compared with
conservative treatment. Our findings support a conservative strategy in patients with predicted severe acute gallstone
pancreatitis with an ERCP indicated only in patients with cholangitis or persistent cholestasis.
Funding The Netherlands Organization for Health Research and Development, Fonds NutsOhra, and the Dutch
Patient Organization for Pancreatic Diseases.
Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Acute pancreatitis is among the most common
gastrointestinal diagnoses for acute inpatient hospital
admission, and its incidence is increasing worldwide
because of increased rates of obesity and gallstones.1,2
Gallstones are the most common cause of acute

pancreatitis.3,4 The initiating event is impaction of
gallstone stones or sludge in the common bile duct and
ampulla.5,6 Patients with gallstone pancreatitis can develop
cholangitis, organ failure, and other life-threatening
complications.7–9 During endoscopic retro
grade chol
angio
pancreatography (ERCP), retained gall
stones are
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Research in context
Evidence before this study
Patients with gallstone pancreatitis frequently undergo
endoscopic retrograde cholangiopancreatography (ERCP) with
biliary sphincterotomy to remove obstructing gallstones with
the intention to ameliorate the disease course. Before initiation
of this trial, we searched PubMed, Embase, the Cochrane Library,
and the NHS Economic Evaluation Database for studies
published in English up to May 22, 2012, with the terms “ERCP”
and “gallstone” and “pancreatitis”. Six trials fulfilled the
inclusion criteria. Findings from this systematic review
suggested that ERCP did not reduce mortality but did reduce
complications in patients with gallstone pancreatitis at high risk
for developing complications. However, these trials had
substantial shortcomings, such as heterogeneous patient
populations, ERCPs performed late after hospital admission,
no routine sphincterotomy, no separate assessment of patients
with cholestasis, and use of various endpoint definitions.
More importantly, the pooled sample size of patients with
predicted severe gallstone pancreatitis without cholangitis was
too small to detect differences in endpoints such as major
complications or mortality between urgent ERCP and

visualised, biliary sphincterotomy is done, and gallstones
are extracted.
Guidelines recommend urgent ERCP in patients with
gallstone pancreatitis with concomitant cholangitis and
suggest that ERCP might be beneficial in patients with
cholestasis but without cholangitis.8,10–12 In patients with
gallstone pancreatitis without cholangitis and without
significant cholestasis, it is unclear whether urgent ERCP
is beneficial. Nevertheless, observational studies have
shown that in as much as half of such patients an ERCP
is performed.13,14 Unfortunately, previous randomised
trials on this subject have substantial shortcomings. First,
patients with concomitant cholangitis, patients with a
predicted mild disease course, and even patients with a
non-gallstone aetiology were included.15–19 Second, in
most trials ERCP was done up to 3 days after hospital
admission. Presumably, for biliary decompression to be
effective in preventing complications, ERCP needs to be
done as early as possible after onset of the disease—
ie, after onset of symptoms.15,17,20 Third, in previous
trials only a small proportion of patients had a biliary
sphincterotomy.16,17,19,21 Because microlithiasis can easily be
missed on cholangiogram during ERCP, and as small
gallstones in particular are known to cause pancreatitis,
this limita
tion is particularly relevant.22,23 Performing
sphincterotomy routinely during ERCP is also supported
by a previous study showing that sphincterotomy
reduced complications irrespective of the presence of
gallstones on cholangiogram.13 Furthermore, biliary
sphincterotomy decompresses the biliary tract, which
potentially ameliorates the disease course.5,24–27 In return,
ERCP with sphincterotomy is an invasive procedure that

conservative treatment. As widely agreed, it therefore remains
unclear whether ERCP truly improves outcome in these patients.
Added value of this study
This trial answers the question of whether urgent ERCP with
biliary sphincterotomy should be done in patients with
predicted severe acute gallstone pancreatitis, with or without
cholestasis, but without cholangitis. Our findings suggest that
urgent ERCP with biliary sphincterotomy did not reduce the
composite endpoint of major complications or mortality
compared with conservative treatment. Although cholangitis
occurred more often in patients treated conservatively, this had
no negative impact on overall outcome.
Implications of all the available evidence
Urgent ERCP with biliary sphincterotomy should not be done
routinely in patients with predicted severe acute gallstone
pancreatitis and is indicated only in patients with concomitant
cholangitis. With this strategy, around two-thirds of patients
are spared an invasive procedure from which they gain no
benefit but could have procedure-associated complications.

is associated with complications in up to 10% of
patients.28,29 Finally, the study populations of the individual
trials and of subsequent meta-analyses were too small to
detect an effect of ERCP in the group of patients with
gallstone pancreatitis with a predicted severe disease
course. It therefore remains unclear whether urgent
ERCP with biliary sphincterotomy is beneficial in patients
with predicted severe acute gallstone pancreatitis, with
and without cholestasis, but without cholangitis.
We did a multicentre randomised controlled trial to
investigate whether urgent ERCP with sphincterotomy
is superior to conservative treatment in patients with
predicted severe acute gallstone pancreatitis.

Methods

Study design and participants
The APEC (Acute biliary Pancreatitis: urgent ERCP with
sphincterotomy versus Conservative treatment) trial was a
multicentre, parallel-group, assessor-masked, randomised
controlled superiority trial done in 26 hospitals in
the Netherlands. The trial was done according to the
previously published trial protocol (appendix pp 27–40).30
All adult patients presenting to the emergency department
with acute gallstone pancreatitis were assessed for
eligibility by the local physician. Acute pancreatitis was
defined as the presence of at least two of the following
criteria: upper abdominal pain; serum amylase or lipase
concentration more than three times the upper serum
limit of normal; or features of acute pancreatitis on
imaging.12 Patients with a predicted severe disease course
were eligible for randomisation on the basis of an Acute
Physiology and Chronic Health Evaluation (APACHE-II)
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score of eight or more, Imrie (or modified Glasgow) score
of three or more, or serum C-reactive protein concentra
tion higher than 150 mg/L within 24 h of admission.31–35
Gallstone pancreatitis was defined by either biliary sludge
or gallstones on imaging, a dilated common bile duct on
imaging (>8 mm in patients aged ≤75 years or >10 mm in
patients aged >75 years), or an alanine aminotransferase
concentration of more than twice the upper limit
of normal.8,12,36–38 Exclusion criteria included cholangitis,
pancreatitis due to other causes, a previous sphincterotomy
or needle knife precut, or a history of chronic pancreatitis
(see appendix p 3 for additional inclusion and exclusion
criteria). Cholangitis was defined as fever in combination
with either common bile duct stones, a dilated common
bile duct, or (progressive) cholestasis (see appendix p 7
for detailed definition). Written informed consent was
obtained from each participant. The APEC trial was done
in accordance with the Declaration of Helsinki and
the Dutch law regarding research involving human
participants. The ethical committee of the Erasmus MC
University Medical Center in Rotterdam, Netherlands,
approved the trial protocol.

Randomisation and masking
Patients were randomly assigned (1:1) by the central study
coordinators to urgent ERCP with biliary sphinctero
tomy or conservative treatment with a web-based random
isation module with randomly varying block sizes. At
randomisation, patients were stratified according to the
presence of cholestasis and for the region of the hospital
(appendix p 3). Cholestasis was defined as a serum
bilirubin of more than 2·3 mg/dL (40 μmol/L) or a dilated
common bile duct (>8 mm in patients aged ≤75 years or
>10 mm in patients aged >75 years) at randomisation.
Because of the invasive nature of the intervention,
participants and physicians were not masked to treatment
assignment.

Procedures
Urgent ERCP with biliary sphincterotomy needed to be
done within 24 h after presentation at the emergency
department and within 72 h after symptom onset.
Biliary sphincterotomy was done irrespective of whether
common bile duct stones were confirmed. ERCP was
performed by, or under the direct supervision of, an
experienced endoscopist (defined as >400 ERCPs in his
or her lifetime and >50 ERCPs annually on average in the
previous 3 years). If the common bile duct could not be
cannulated, even after precut sphincterotomy, urgent
ERCP was abandoned and the patient was treated
conservatively.
In the conservative treatment group, patients were
managed according to a supportive treatment regimen
(appendix pp 3–4). On-demand ERCP with biliary
sphincterotomy was done when a patient developed
cholangitis. If the attending clinician doubted whether
ERCP should be done, the trial coordinator presented the

case to a multidisciplinary expert panel, which provided
treatment advice within 24 h. An elective ERCP was done
in the event of persistent cholestasis or retained bile duct
stones when the patient had recovered from the initial
pancreatitis episode. A CT scan was done 5–7 days after
hospital admission for assessment of pancreatic necrosis.
Data were collected by local physicians using a
standardised case record form. In-hospital use of health
care was registered as part of the data collection. Out-ofhospital use of health care was documented by selfadministered questionnaires. All CT scans were reassessed
by one experienced radiologist (TLB) masked to treatment
allocation. An independent monitor assessed the study
documents and compared these with the source docu
ments.

Outcomes
The primary endpoint was a composite of major
complications or mortality occurring within 6 months
after randomisation. Major complications were defined
as new-onset persistent organ failure, pancreatic paren
chymal necrosis, bacteraemia, cholangitis, pneumonia, or
pancreatic endocrine or exocrine insufficiency (for defini
tions, see appendix p 7). Secondary endpoints included
the need and length of intensive care admission, the
length of hospital stay, readmissions for gallstone-related
events, quality of life, and societal costs (including healthcare costs and out-of-pocket expenses by patients) in the
first 180 days after randomisation (see appendix p 31 for
full list of secondary endpoints).
A masked adjudication committee of gastroenterologists
and surgeons assessed all potential endpoints individually.
Disagreements were resolved in a consensus meeting.
An independent Data Safety Monitoring Committee
(DSMC) assessed protocol adherence, patient recruitment,
and patient safety. Adverse events were reported by
treating clinicians to the coordinating investigator, who
subsequently reported the events to the Dutch Central
Committee for Research Involving Human Subjects. All
events were reported unblinded to the DSMC per
consecutive group of 60 patients. A continuous sequential
safety analysis on death was also done to ensure patients’
safety throughout the trial (Pest software, version 4.4).39
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Statistical analysis
The sample size calculation was based on an expected
reduction of the primary endpoint from 46% in the
conservative treatment group to 32% in the urgent ERCP
with sphincterotomy group, as reported in a nationwide
observational study.13 A correction factor of 2% for both
percentages was used to account for the possibilities that
ERCP was not done within 24 h after presentation or
no sphincterotomy was performed. We calculated that
232 patients were required to detect a reduction of the
primary endpoint from 48% to 30%, with a power of 80%,
a two-sided significance level of 5%, and a 1% dropout
rate.
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Urgent ERCP with Conservative
treatment
sphincterotomy
(n=113)
(n=117)

1178 patients with acute gallstone pancreatitis assessed for eligibility

946 excluded
626 did not meet inclusion criteria
506 did not have a predicted severe
disease course
32 unable to have ERCP within 24 h
because of logistical reasons*
51 unable to give informed consent
(eg, fulminant organ failure,
language barrier)
37 other
218 met exclusion criteria
67 admitted to the hospital after 24 h
30 transferred from another hospital
>24 h after primary admission
42 concomitant cholangitis
4 previous sphincterotomy or precut
64 symptoms for >72 h before
admission
11 failure to correct international
normalised ratio
102 declined to participate

118 assigned to urgent ERCP with sphincterotomy

114 assigned to conservative treatment

113 patients received allocated treatment
5 patients did not receive allocated treatment
2 refused ERCP
1 severely deteriorated before ERCP
2 ERCP postponed for logistical reasons

114 patients received allocated treatment

117 included in analysis
1 excluded from analysis because of
concomitant cholangitis at randomisation

66 (56%)

60 (53%)

Women

51 (44%)

53 (47%)

69 (13)

71 (12)

Gallstones or sludge on imaging

88 (75%)

88 (78%)

Dilated common bile duct on
imaging

24 (21%)

32 (28%)

More than twice the upper limit
of normal ALT

103 (88%)

93 (82%)

More than twice the upper limit
of normal ALT in the absence of
meeting other gallstone criteria

24 (21%)

18 (16%)

Age (years)
Basis of gallstone aetiology

Cholestasis

63 (54%)

67 (59%)

Bilirubin >2·3 mg/dL
(>40 µmol/L)

50 (43%)

51 (45%)

Dilated common bile duct*

23 (20%)

31 (27%)

Healthy status

21 (18%)

16 (14%)

Mild systemic disease

55 (47%)

57 (50%)

Severe systemic disease

40 (34%)

40 (35%)

Severe systemic disease with
constant threat to life
Body-mass index (kg/m²)

Imrie score‡
C-reactive protein (mg/L)
0 lost to follow-up

113 included in analysis
1 excluded from analysis because of chronic
pancreatitis at randomisation

An interim analysis of the primary endpoint was done
after 50% of patients were randomly assigned and
discharged from hospital. We used a Haybittle-Peto
approach to test for a beneficial effect (symmetric
stopping boundaries at p<0·001); there was no assess
ment of futility.40,41 The adjudication committee, masked
to treatment assignment, only excluded patients before
statistical analyses were done. Final analyses were based
on the intention-to-treat principle, with patients being
analysed according to allocated treatment group and
irrespective of whether sphincterotomy was successful.
Dichotomous data were compared with the Pearson’s
χ² test or Fisher’s exact test and continuous data with the
Mann-Whitney U test. Results are presented as risk ratios
(RRs) with corresponding 95% CI. A two-sided p value of

1 (1%)

0

28 (6)

29 (6)

11 (9–15)

10 (8–13)

Disease severity
APACHE-II score†

Figure: Trial profile
ERCP=endoscopic retrograde cholangiopancreatography. *Logistical reasons included insufficient staff capacity
(nurses, endoscopists, or anaesthetists), full (emergency) endoscopy schedule, inability to arrange ERCP within the
remaining hours of the first 24 h after presentation, and failure or maintenance of devices.
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Men

ASA class on admission

232 randomly assigned

0 lost to follow-up

Sex

2 (1–3)

2 (1–3)

60 (13–166)

38 (11–104)

SIRS§

76 (65%)

61 (54%)

Organ failure¶

29 (25%)

25 (22%)

Time from onset of symptoms to
presentation at emergency
department (h)

10 (5–22)

9 (5–18)

Time from presentation at
emergency department to
randomisation (h)

15 (7–20)

15 (8–20)

Data are n (%), mean (SD), or median (IQR). ERCP=endoscopic retrograde
cholangiopancreatography. ALT=alanine aminotransferase. ASA=American
Society of Anesthesiologists. APACHE-II=Acute Physiology and Chronic Health
Evaluation. SIRS=systemic inflammatory response syndrome. *A dilated common
bile duct was defined as more than 8 mm in patients 75 years or younger, or more
than 10 mm in patients older than 75 years on imaging. †APACHE-II score
ranges from 0 to 71, with higher scores indicating more severe disease. ‡Imrie
(or modified Glasgow) score ranges from 0 to 8, with higher scores indicating
more severe disease. §SIRS was defined according to the consensus conference
criteria of the American College of Chest Physicians and the Society of Critical Care
Medicine. ¶Organ failure was defined as a modified Marshall score of two or more
(on a scale of 0 to 12, with higher scores indicating more severe disease),
as proposed in the revised Atlanta classification.7

Table 1: Baseline characteristics

less than 0·05 was considered significant. Missing data
for the primary and other secondary endpoints were
categorised as no event. For other analyses, data were
considered to be missing completely at random. The
interim analysis and final analysis were done by an
independent statistician. A predefined exploratory
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subgroup analysis was done in patients with cholestasis
at randomisation. Logistic regression models were used
as formal tests for interaction to assess the potential size
of different treatment effects among these subgroups.
A post-hoc analysis was done to compare the incidence of
the primary endpoint in patients with common bile duct
stone extraction during ERCP versus patients in the
conservative treatment group.
Results for costs, quality-adjusted life-years (QALYs),
and differences between treatment groups are reported
with bias-corrected and accelerated 95% CIs to account
for sampling variability, based on bootstrapping of
5000 samples. The bootstrap results are reported with
quadrants of the incremental costs versus the numbers of
patients with poor outcome prevented or versus the
numbers of QALYs gained. For statistical analysis we
used IBM SPSS Statistics version 24, R version 3.6.1
(2019-07-05), and the packages epitools (version 0.5.10),
survival (version 2.44.1.1), and nlme (version 3.1.140).
This trial is registered with the ISRCTN registry,
ISRCTN97372133. Details of the statistical analysis and
the economic evaluation are provided in the appendix
(pp 4–5).

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results
Between Feb 28, 2013, and March 1, 2017, 1178 patients
with acute gallstone pancreatitis were assessed for eligi
bility (figure); however, most patients had a predicted
mild disease course. 232 patients with a predicted severe
disease course were randomly assigned to urgent ERCP
with sphincterotomy or conservative treatment. The
adjudication committee excluded two patients after
randomisation: one patient in the urgent ERCP group
with concomitant cholangitis and one patient in the
conservative treatment group with chronic pancreatitis.
117 patients in the urgent ERCP group and 113 patients
in the conservative treatment group were included in
the intention-to-treat analyses. Baseline characteristics of
the two groups are shown in table 1. Cholestasis was
present in 63 (54%) of 117 patients in the urgent ERCP
group and in 67 (59%) of 113 patients in the conservative
treatment group.
The primary composite endpoint of major complica
tions or mortality occurred in 45 (38%) of 117 patients
in the urgent ERCP group compared with 50 (44%) of
113 patients in the conservative treatment group
(RR 0·87, 95% CI 0·64 to 1·18; absolute risk difference
5·79 percentage points, 95% CI –6·93 to 18·50; p=0·37;
table 2). In a post-hoc analysis, the primary endpoint
occurred in 22 (41%) of 54 patients with common bile

Urgent ERCP with Conservative Risk ratio (95% CI) p value
treatment
sphincterotomy
(n=113)
(n=117)
Primary composite endpoint
Mortality or major complication*

45 (38%)

50 (44%)

0·87 (0·64–1·18)

0·37

8 (7%)

10 (9%)

0·77 (0·32–1·89)

0·57

Secondary endpoints
Mortality
Major complication
New-onset organ failure†

22 (19%)

17 (15%)

1·25 (0·70–2·23)

0·45

Single organ failure

17 (15%)

18 (16%)

0·91 (0·50–1·68)

0·77

Persistent single organ failure

14 (12%)

9 (8%)

1·50 (0·68–3·33)

0·31

Multiple organ failure

13 (11%)

13 (12%)

0·97 (0·47–1·99)

0·93

Persistent multiple organ
failure

10 (9%)

8 (7%)

1·21 (0·49–2·95)

0·68

Cholangitis

2 (2%)

11 (10%)

0·18 (0·04–0·78)

0·010

Bacteraemia

17 (15%)

25 (22%)

0·66 (0·38–1·15)

0·14

Pneumonia
Pancreatic parenchymal
necrosis‡
Pancreatic endocrine or exocrine
insufficiency§

9 (8%)

10 (9%)

0·87 (0·37–2·06)

0·75

17 (15%)

18 (16%)

0·91 (0·50–1·68)

0·77

9 (8%)

3 (3%)

2·90 (0·81–0·43)

0·086

Other outcomes
CT severity index score‡¶

3 (2–5)

3 (2–5)

NA

0·64

13 (9–24)

14 (10–26)

NA

0·67

Intensive care admission

24 (21%)

13 (12%)

1·78 (0·96–3·33)

0·063

Intensive care stay (days)

6 (4–17)

8 (4–35)

Readmission for gallstone-related 14 (12%)
complication

Hospital stay (days)

Recurrent gallstone
pancreatitis

0

NA

0·67

24 (21%)

0·56 (0·31–1·03)

0·058

10 (9%)

NA

0·0010
0·36

Cholangitis

1 (1%)

3 (3%)

0·32 (0·03–3·05)

Cholecystitis

10 (9%)

7 (6%)

1·38 (0·54–3·50)

0·50

Gallstone colic

4 (3%)

7 (6%)

0·55 (0·17–1·83)

0·37

Choledocholithiasis

1 (1%)

7 (6%)

0·14 (0·02–1·10)

0·033

Data are n (%) or median (IQR), unless otherwise stated. Risk ratios are for urgent ERCP with sphincterotomy compared
with conservative treatment. ERCP=endoscopic retrograde cholangiopancreatography. NA=not applicable. *The same
patient may have had multiple events; this was considered as one endpoint. †New-onset organ failure was defined as
organ failure that was not present at randomisation. Persistent organ failure was defined as organ failure that lasted
more than 48 h. Multiple organ failure was defined as failure of two or more organs at the same time. ‡A contrastenhanced CT scan was done 5–7 days after hospital admission for assessment of pancreatic necrosis. 11 (9%) of
117 patients in the urgent ERCP group and ten (9%) of 113 patients in the conservative treatment group did not have a
CT scan. §Pancreatic insufficiency (endocrine and exocrine) was assessed 6 months after randomisation. ¶CT severity
index scores range from 0 to 10, with higher scores indicating more extensive pancreatic parenchymal or
extrapancreatic necrosis.

Table 2: Primary and secondary endpoints

duct stone extraction during ERCP compared with
50 (44%) of 113 patients in the conservative treatment
group (RR 0·96, 95% CI 0·77 to 1·18; p=0·67). No relevant
differences in the individual components of the primary
endpoint were found between groups, apart from the
occurrence of cholangitis: two (2%) patients in the urgent
ERCP group developed cholangitis compared with
11 (10%) patients in the conservative treatment group
(RR 0·18, 95% CI 0·04 to 0·78; p=0·010; table 2).
Eight (7%) patients in the urgent ERCP group died,
compared with ten (9%) patients in the conservative
treatment group (RR 0·77, 95% CI 0·32 to 1·89; p=0·57).
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In the urgent ERCP group, 24 (21%) of 117 patients
were admitted to the intensive care unit, compared with
13 (12%) of 113 patients in the conservative treatment
group (RR 1·78, 95% CI 0·96–3·33; p=0·063; appendix
p 6). New-onset pulmonary organ failure developed in
20 (17%) patients in the urgent ERCP group, compared
with 13 (12%) patients in the conservative treat
ment group (RR 1·61, 95% CI 0·83–3·14; p=0·16).
14 (12%) patients in the urgent ERCP group were
readmitted for gallstone-related events, compared with
24 (21%) patients in the conservative treatment group
(RR 0·56, 95% CI 0·31–1·03; p=0·058). No patients
were readmitted for recurrent gallstone pancreatitis
in the urgent ERCP group, compared with ten (9%)
patients in the conservative treatment group (p=0·0010).
In four of ten patients admitted for recurrent gallstone
pancreatitis, cholecystectomy was performed before
their first pancreatitis episode. No cholecystectomy
was performed during the initial admission in six of
ten patients: four had a mild disease course but no
same-admission cholecystectomy, one patient had a
severe disease course of the pancreatitis, and in one
patient cholecystectomy was not performed because of
pancytopenia. There was no evidence for a difference
in quality of life between study groups (appendix
pp 9–12).
Urgent ERCP with
sphincterotomy (n=117)

Conservative treatment
(n=113)

Patients who had ERCP

112 (96%)

35 (31%)

Total number of ERCPs performed

128

44

ERCPs per patient

1 (1–1)

0 (0–1)

Time from onset of symptoms to first ERCP (h)

29 (22–44)

Time from presentation to first ERCP (h)

20 (12–23)

211 (75–815)

3 (1–5)

187 (67–807)

25 (15–40)

25 (17–50)

Time from randomisation to first ERCP (h)
Duration of first ERCP procedure (min)*

216 (99–832)

Indication for first ERCP
Trial-related

112

0

Persistent cholestasis

0

21

Cholangitis according to treating physician

0

5

Cholangitis according to trial criteria

0

8

Endoprosthesis placement
Main bile duct stones or sludge†

0

1

48 (43%)

23 (66%)

Common bile duct cannulation†

91 (81%)

32 (91%)

Pancreatic duct cannulation (unintentional)†

40 (36%)

12 (34%)

Precut sphincterotomy†

24 (21%)

6 (17%)

Sphincterotomy†

91 (81%)

30 (86%)

Stone extraction†

54 (48%)

25 (71%)

Incomplete†
ERCP-related complications †‡

0

1 (3%)

3 (3%)

1 (3%)

Data are n (%) or median (IQR), unless otherwise stated. ERCP=endoscopic retrograde cholangiopancreatography.
*Data on the duration of the ERCP procedure was missing in one patient in the urgent ERCP group and in 13 patients in
the conservative treatment group. †Denominators are the number of patients who had ERCP (ie, 112 in the urgent
ERCP group and 35 in the conservative treatment group). ‡ERCP-related complications included bleeding, perforation,
respiratory insufficiency, and cardiovascular complications. Definitions are provided in the appendix p 8.

Table 3: ERCP characteristics
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In the urgent ERCP group, 112 (96%) of 117 patients
underwent ERCP a median of 3 h (IQR 1–5) after random
isation, a median of 20 h (12–23) after presentation at the
emergency department, and a median of 29 h (22–44)
after onset of symptoms (table 3). Five (4%) patients did
not undergo urgent ERCP (details are provided in the
appendix p 5). Successful biliary cannulation was achieved
in 91 (81%) of 112 patients, all of whom had biliary
sphincterotomy. In three of 21 patients, biliary cannulation
was not possible because the papilla was situated in a
diverticula, and seven of 21 patients had complications of
the pancreatitis during urgent ERCP, such as papillary
oedema and respiratory insufficiency.
In the conservative treatment group, ERCP was done
in 35 (31%) of 113 patients a median of 8 days (IQR 3–34)
after randomisation. Biliary sphincterotomy was done in
30 (86%) of 35 patients. The indication for ERCP was
cholangitis in 13 patients and persistent cholestasis in
21 patients.
A total of 128 ERCPs were done in the urgent ERCP
group compared with 44 in the conservative treatment
group (absolute reduction 66%). An ERCP-related compli
cation (see appendix p 8 for definitions) occurred in
three (3%) of 112 patients in the urgent ERCP group
compared with one (3%) of 35 patients in the conservative
treatment group.
In 130 patients with cholestasis at randomisation, the
primary composite endpoint occurred in 20 (32%) of
63 patients in the urgent ERCP group, compared with
29 (43%) of 67 patients in the conservative treatment
group (RR 0·73, 95% CI 0·47–1·16; p=0·18; table 4).
Logistic regression showed no evidence of an interaction
between the subgroups with and without cholestasis at
baseline and the effect of urgent ERCP on the primary
endpoint (odds ratio 0·594, 95% CI 0·20–1·72; p=0·34).
Adverse events were reported in 87 (74%) of 118 patients
in the urgent ERCP group versus 91 (80%) of 114 patients
in the conservative treatment group (see appendix
pp 20–26 for full list of adverse events).
Utilisation of health-care resources did not differ
between treatment groups, apart from the mean number
of ERCPs, which were done more than twice as often in
the urgent ERCP group compared with the conservative
treatment group (mean difference 0·62; bias-corrected
accelerated [BCa] 95% CI 0·36 to 0·81; appendix p 14).
The mean societal care costs per patient were €24 627
(US$27 892) in the urgent ERCP group compared with
€24 595 ($27 856) in the conservative treatment group; a
mean difference of €32 ($36) in favour of the conservative
treatment group (BCa 95% CI –13 030 to 10 845; p=0·994;
appendix pp 13–15). Although there was a mean difference
of €112 ($127) in favour of the urgent ERCP group from a
health-care perspective (€23 746 [$26 894] in the urgent
ERCP group vs €23 859 [$27 022] in the conservative
treatment group), higher out-of-pocket expenses for the
urgent ERCP group did not result in a notable overall cost
difference from a societal perspective. Details regarding
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Patients with cholestasis (n=130)

Patients without cholestasis (n=100)

Urgent ERCP with
Conservative
Risk ratio (95% CI)
sphincterotomy (n=63) treatment (n=67)
Primary endpoint: mortality 20 (32%)
or major complication

29 (43%)

0·73 (0·47–1·16)

p value

Urgent ERCP with
sphincterotomy (n=54)

Conservative
Risk ratio (95% CI)
treatment (n=46)

p value

0·18

25 (46%)

21 (46%)

1·01 (0·66–1·55)

0·95
0·50

Mortality

2 (3%)

7 (10%)

0·30 (0·07–1·41)

0·17

6 (11%)

3 (7%)

1·70 (0·45–6·44)

New-onset organ failure

9 (14%)

9 (13%)

1·06 (0·45–2·51)

0·89

13 (24%)

8 (17%)

1·38 (0·63–3·04)

0·41

Pancreatic parenchymal
necrosis

7 (11%)

14 (21%)

0·53 (0·23–1·23)

0·13

10 (19%)

4 (9%)

2·13 (0·72–6·34)

0·16

Bacteraemia

8 (13%)

14 (21%)

0·61 (0·27–1·35)

0·21

9 (17%)

11 (24%)

0·70 (0·32–1·53)

0·37

Cholangitis

1 (2%)

6 (9%)

0·18 (0·02–1·43)

0·12

1 (2%)

5 (11%)

0·17 (0·02–1·41)

0·092

Pneumonia

4 (6%)

6 (9%)

0·71 (0·21–2·40)

0·75

5 (9%)

4 (9%)

1·07 (0·30–3·73)

1·00

Pancreatic endocrine or
exocrine insufficiency

2 (3%)

1 (2%)

2·13 (0·20–22·88)

0·61

7 (13%)

2 (4%)

2·98 (0·65–13·65)

0·17

Data are n (%), unless otherwise stated. ERCP=endoscopic retrograde cholangiopancreatography.

Table 4: Outcome according to cholestasis subgroup

QALYs and the incremental cost-effectiveness analysis are
shown in the appendix (pp 5–6 and pp 16–19, respectively).

Discussion
This multicentre randomised trial in patients with
predicted severe acute gallstone pancreatitis found no
evidence that urgent ERCP with biliary sphincterotomy
reduces the composite endpoint of major complications or
mortality, compared with conservative treatment. Although
cholangitis occurred more often in patients treated conser
vatively, this had no measurable negative impact on the
overall outcome. We did not observe a notable overall cost
difference between treatment groups from a societal
perspective. With a conservative strategy and use of ERCP
with sphincterotomy only in patients with cholangitis or
persistent cholestasis, about two-thirds of patients did not
need to undergo ERCP. Our results showed a benefit of
urgent ERCP in the number of readmissions for recurrent
gallstone pancreatitis or choledocholithiasis. Recurrent
gallstone pancreatitis occurred in ten patients treated
conservatively, of whom four had a mild pancreatitis
initially but no cholecystectomy during the initial admis
sion. Cholecystectomy within the same admission might
have prevented recurrent gallstone pancreatitis in these
patients.42
With 232 enrolled patients, this is the largest trial on
ERCP in patients with predicted severe acute gallstone
pancreatitis without cholangitis. Our trial differs from
previous trials studying ERCP in gallstone pancreatitis
for several reasons.
First, in previous trials only a proportion of patients
(19%,19 37%,20 44%,17 and 46%16) had a predicted severe
disease course at admission. In patients at low risk for
complications, urgent ERCP with sphincterotomy is not
beneficial.43 In the current trial, we only included patients
with a predicted severe disease course, which is reflected
by the high prevalence of organ failure (23%) at
randomisation. Nonetheless, we did not find a benefit of
urgent ERCP with sphincterotomy.

Second, gallstones or biliary sludge are thought to
initiate and aggravate pancreatitis, hence the hypothesis
that urgent biliary decompression ameliorates the disease
course. In previous trials, ERCP was done between 24 h
and 72 h after admission.15–17,20 In our trial, ERCP was done
very early, after a median of 3 h after randomisation, 20 h
after presentation to the emergency department, and
29 h after the start of symptoms. Furthermore, when
ERCP is done later in the disease course, successful
biliary cannulation might be hampered even further by
more mucosal and papillary oedema due to the ongoing
pancreatic inflammation.
Third, small gallstones and sludge can be easily missed
on cholangiography during ERCP and microscopic
examination is required to rule out microlithiasis.23,44,45
This issue is particularly relevant because small gallstones
cause acute gallstone pancreatitis.22 In a post-hoc analysis
of our trial, comparing only patients with common bile
duct stone extraction during ERCP (n=54) and patients
treated conservatively (n=113), we found no difference in
the primary endpoint. In previous trials, sphincterotomy
was done in only 38–74% of all patients.16,20 By comparison,
in our trial sphincterotomy was done in all patients in
the urgent ERCP group in whom biliary cannulation
succeeded (81%). Biliary cannulation was unsuccessful in
21 (19%) patients, of whom seven had complications of
the pancreatitis during ERCP, such as papillary oedema.
Fourth, a previous trial suggested that ERCP was asso
ciated with increased respiratory complications.19 In
severely ill patients these respiratory complications might
be triggered by conscious sedation and potential aspiration
or by temporarily reduced oxygenation associated with
sedation. We observed more intensive care admissions in
the urgent ERCP group than in the conservative treatment
group, but no difference in new-onset respiratory failure
or duration of intensive care stay.
Fifth, patients with concomitant cholangitis were
included in previous studies.15–17 Because cholangitis is an
already established indication for urgent ERCP in acute
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gallstone pancreatitis, this leads to an overestimation of
the beneficial effects of ERCP. In our trial, we excluded
patients with acute cholangitis at admission.
Finally, our trial included a predefined subgroup
analysis of 130 patients with acute pancreatitis and
cholestasis. These patients may theoretically benefit
most from urgent ERCP with sphincterotomy.13,43 Previous
studies included only a small number of patients at high
risk for complications with concurrent cholestasis.
Moreover, various diagnostic criteria for biliary obstruction
were used and no separate analyses of patients with biliary
obstruction were provided.15–18,20 We did not observe a
significant effect of urgent ERCP in the 130 patients with
cholestasis, although a type II error in this subgroup
cannot be ruled out.
A possible explanation why urgent ERCP with
sphincterotomy within 24 h did not show an advantage
over conservative treatment could be that the opportunity
to positively influence the disease course had already
passed at the time of the ERCP despite the fact that it was
performed early. Animal models have shown that
trypsinogen activation within the pancreas occurs within
10 min after chemically inducing pancreatitis.46 It is well
known that most bile duct stones in patients with
gallstone pancreatitis cause only temporary obstruction
and pass spontaneously into the duodenum.47,48 This
temporary obstruction already initiates pancreatitis and
data from animal models show that this includes
intrapancreatic trypsin activation, rupturing of vacuoles
releasing active trypsin, and pancreatic autodigestion.49
In the current trial, urgent ERCP was done after a median
29 h after onset of symptoms and common bile duct
stones were found in 43% of patients. Even this narrow
time window might already be too long to prevent
pancreatitis from deteriorating by performing an urgent
ERCP with sphincterotomy.
The results of this trial should be interpreted in view of
some limitations. First, diagnosis of concomitant cholan
gitis can be challenging because gallstone pancreatitis by
itself can cause fever. We therefore applied more stringent
diagnostic criteria for the diagnosis of cholangitis than
the international diagnostic criteria for cholangitis.50
Consequently, we might have included patients with
cholangitis and gallstone pancreatitis. Nevertheless, such
bias, if present, would be in favour of the urgent ERCP
group because of the clear therapeutic effect of ERCP in
patients with cholangitis. Because we did not find any
difference between groups, the effect of ERCP is not
overestimated by this potential bias. Second, a well known
limitation of trials involving patients with acute pancreatitis
is the moderate positive predictive value of clinical scoring
systems for disease severity.51 Current scoring systems
inevitably lead to the inclusion of patients who at
presentation are classified as high risk for developing
complications, but who eventually develop a mild pancrea
titis. Nonetheless, at the time of randomisation, 60% of
patients in our trial had systemic inflammatory response
174

syndrome and 23% of patients had organ failure. Third,
we used biochemical and radiological tests for diagnosis
of common bile duct stones or sludge rather than
endoscopic ultrasound, which has the highest diagnostic
accuracy.52 Endoscopic ultrasound might have identified a
subgroup of patients without common bile duct stones or
sludge. These patients would potentially not have profited
from urgent ERCP with sphincterotomy. Therefore, a
promising approach might be to perform urgent ERCP
only in those patients in whom gallstones or sludge
are confirmed by endoscopic ultrasound. However, endo
scopic ultrasound is not uniformly available worldwide
(especially not during out-of-office hours) and therefore at
the time of initiation of this trial, we chose not to include
endoscopic ultrasound.
In conclusion, urgent ERCP with sphincterotomy did
not reduce the composite endpoint of major complications
or mortality in patients with predicted severe gallstone
pancreatitis, compared with conservative treatment. These
findings support a conservative strategy with an ERCP
indicated only in patients with cholangitis or persis
tent cholestasis. With this conservative strategy, about
two-thirds of patients did not need to undergo ERCP.
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