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IMPORTANCE Pancreas divisum is implicated as an obstructive cause for acute pancreatitis.
Observational data suggest endoscopic retrograde cholangiopancreatography (ERCP) with
minor papillotomy reduces the risk of pancreatitis episodes. Even though this endoscopic
procedure is widely used in practice, clinical trials are lacking.

OBJECTIVE To determine whether ERCP with minor papillotomy reduces the risk of acute
pancreatitis among adults with unexplained acute recurrent pancreatitis and pancreas divisum.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, sham-controlled, double-blind
randomized clinical trial enrolled adults with 2 or more episodes of acute pancreatitis and
pancreas divisum. Adults with other etiologies for acute pancreatitis or concomitant chronic
calcific pancreatitis were excluded. The trial was conducted between September 1, 2018,
and August 30, 2024, at 21 referral centers in the US and Canada. Last follow-up occurred
on February 15, 2025.

INTERVENTION Participants were randomized in a 1:1 ratio to ERCP with minor papillotomy or
sham ERCP.

MAIN OUTCOMES AND MEASURES The primary outcome was development of acute
pancreatitis more than 30 days after randomization as a time-to-event outcome. The
secondary outcomes included acute pancreatitis episode frequency and development of
chronic calcific pancreatitis, diabetes, and exocrine pancreatic dysfunction.

RESULTS A total of 148 participants were randomized (mean age, 54 [SD, 19.5] years; 68.2%
female; 95.3% non-Hispanic or Latino and 87.2% White; mean lifetime acute pancreatitis
episodes, 3 [SD, 2]; mean duct diameter, 2.2 [SD, 1.3] mm) and followed up for a median of 34
months (IQR, 21.7-45.7 months). Of the 75 participants in the ERCP with minor papillotomy
group, 26 (34.7%) developed acute pancreatitis compared with 32 of 73 participants (43.8%)
in the sham ERCP group (adjusted hazard ratio, 0.83 [95% CI, 0.49 to 1.41]). The incidence
rate ratio for acute recurrent pancreatitis episode frequency was 0.25 (95% CI, 0.18 to 0.34)
in the ERCP with minor papillotomy group vs 0.30 (95% CI, 0.23 to 0.41) in the sham ERCP
group. There were no between-group differences in frequency and incidence of chronic
calcific pancreatitis (4.0% in the ERCP with minor papillotomy group vs 2.7% in the sham
ERCP group; risk difference [RD], 0.01 [95% CI, −0.05 to 0.07]), diabetes (15.8% vs 12.8%,
respectively; RD, 0.03 [95% CI, −0.13 to 0.19]), and exocrine pancreatic dysfunction (7.7% vs
17.2%; RD, −0.10 [95% CI, −0.27 to 0.08]). The adverse event of acute pancreatitis within 30
days of randomization occurred more frequently in the ERCP with minor papillotomy group
(14.7%) vs the sham ERCP group (8.2%) (RD, 0.06 [95% CI, −0.04 to 0.17]).

CONCLUSIONS AND RELEVANCE Among patients with unexplained acute recurrent pancreatitis
and pancreas divisum, ERCP with minor papillotomy does not reduce the risk of another
episode of acute pancreatitis or related sequelae.
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P ancreatic duct obstruction can cause acute pancreati-
tis, which is an acute inflammatory syndrome that leads
to more than 250 000 hospitalizations in the US annu-

ally and is increasing in incidence worldwide.1,2 Centuries ago,
anatomists observed pancreas divisum as a congenital variant
in which the dorsal and ventral pancreatic ducts have incom-
plete or nonexistent fusion during embryologic development.3

With the advent of endoscopic retrograde cholangiopancrea-
tography (ERCP) in the 1970s, pancreas divisum was promul-
gated as an obstructive phenotype and minor papilla endo-
scopic sphincterotomy (or minor papillotomy) was considered
the appropriate treatment.4 Expert consensus and cohort stud-
ies support this practice but are limited by their open-label and
often retrospective design, subjective end points, and the ab-
sence of a natural history comparator.5,6

Approximately 20% of patients who develop acute pancre-
atitis remain idiopathic after their initial workup and are at risk
for recurrence.7 There is a critical need for treatments because
acute recurrent pancreatitis significantly reduces quality of life
and increases the risk of chronic pancreatitis and its sequelae.8

When pancreas divisum (Figure 1) is identified by cross-
sectional imaging, many clinicians proceed to ERCP with mi-
nor papillotomy because of its suggested benefit in reducing fu-
ture episodes. This practice has been disputed because pancreas
divisum is present in 7% to 10% of asymptomatic individuals,
ERCP connotes a significant risk of causing acute pancreatitis or
other adverse events, and due to the paucity of comparative ef-
fectivenessstudies.9 Toaddressthiscontroversy,theprimaryaim
of the Sphincterotomy for Acute Recurrent Pancreatitis (SHARP)
trial was to determine if ERCP with minor papillotomy reduces
the risk of acute pancreatitis in patients with pancreas divisum
and otherwise unexplained acute recurrent pancreatitis.

Methods
Trial Design and Oversight
The current study was a sham-controlled, double-blind (both
the participants and outcome adjudicators), randomized clini-
cal trial conducted at 21 referral centers in the US and Canada.
The study protocol and rationale have been reported10 (the trial
protocol appears in Supplement 1). Recruitment occurred be-
tween September 1, 2018, and August 30, 2024; last follow-up
occurred on February 15, 2025. The statistical analysis plan ap-
pears in Supplement 2.

The study was monitored by an independent data and
safety monitoring board. Before commencement of recruit-
ment, the trial protocol and each site’s participation was ap-
proved by a central institutional review board at the Medical
University of South Carolina. The trial was conducted in ac-
cordance with Good Clinical Practice, adhered to the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline,11 and respected the ethical principles outlined in the
Declaration of Helsinki.12

Participants
We enrolled adults with 2 or more episodes of documented
acute pancreatitis, evidence of pancreas divisum assessed by

magnetic resonance cholangiopancreatography and con-
firmed by a site radiologist, and no other definitive etiology
for acute pancreatitis. Race and ethnicity were self-reported
by participants using fixed categories.

We excluded individuals with chronic calcific pancreati-
tis, main pancreatic duct stricture, and prior ERCP with minor
papillotomy (complete exclusionary and eligibility criteria
appear in the eMethods in Supplement 3). Individuals
were excluded if they reported opioid use on a regular basis for
the past 3 months or had a high probability (defined by a score
≥4 on the 5-item TWEAK [Tolerance, Worried, Eye-opener,
Amnesia, Kut down] screening tool13) of alcohol misuse.

Acute pancreatitis was defined by the revised Atlanta
classification14;eachparticipantwasrequiredtohavehad2docu-
mented episodes before enrollment and at least 1 episode within
2 years of randomization. Participants who declined random-
ization were enrolled in an observational cohort and followed
up in a similar manner (eResults in Supplement 3). All partici-
pants gave written informed consent before enrollment.

Randomization and Masking
Prior to randomization, all participants underwent endo-
scopic ultrasonography under anesthesia to rule out the pres-
ence of an occult pancreatic tumor or pancreatic duct calcifi-
cation. After a physician confirmed final eligibility, participants
were randomized using a centralized web-based system in a 1:1
ratio to ERCP with minor papillotomy or sham ERCP.

Based on our hypothesis that a higher number of acute pan-
creatitis episodes and a dilated main pancreatic duct may be
associated with the primary outcome, the randomization al-
gorithm was balanced on the number of acute pancreatitis epi-
sodes in the preceding 2 years, the pancreatic duct diameter
measured by endoscopic ultrasonography, and the study site.
Sealed and opaque envelopes were used in the procedure suite
to conceal allocation. To preserve masking, the procedure notes
in each patient’s electronic health record did not provide writ-
ten or photographic details of the ERCP procedure (if per-
formed). The randomization sequence was generated by the

Key Points
Question Does endoscopic retrograde cholangiopancreatography
(ERCP) with minor papillotomy reduce the risk of acute
pancreatitis in patients with unexplained acute recurrent
pancreatitis and pancreas divisum anatomy?

Findings In this randomized trial including 148 individuals with
unexplained acute recurrent pancreatitis and pancreas divisum
followed up for a median of 34 months, ERCP with minor
papillotomy did not significantly reduce the rate of acute
pancreatitis during follow-up (34.7% vs 43.8% for sham ERCP;
adjusted hazard ratio, 0.83 [95% CI, 0.49-1.41]). There was no
between-group difference in acute pancreatitis episode frequency
and development of chronic calcific pancreatitis, diabetes, or
exocrine pancreatic dysfunction.

Meaning Among patients with unexplained acute recurrent
pancreatitis and pancreas divisum, ERCP with minor papillotomy
does not reduce the risk of another episode of acute pancreatitis
or related sequelae.
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statistical principal investigator (V.D.M.) who was not other-
wise involved in the management of participants.

Procedures
For those randomized to the intervention group, ERCP with
cannulation and minor papillotomy was performed using stan-
dard techniques, including placement of a prophylactic pan-
creatic duct stent and use of rectal indomethacin to minimize
the risk of post-ERCP pancreatitis. In the sham ERCP group,
participants did not receive rectal indomethacin, the physi-
cian did not attempt cannulation but did photograph the mi-
nor papilla, and a pancreatic duct stent was deployed into the
duodenal lumen.

The unblinded physician who performed the randomiza-
tion procedures managed the participants for the next 30 days,
including adjudication and treatment of adverse events. Par-
ticipants completed a 30-day follow-up visit with a blinded

study coordinator. Participants were followed up for a mini-
mum of 6 months (≤4 years) and there were semiannual re-
search-related telephone visits.

Blinded central study coordinators directed the sched-
uled follow-up visits. If participants developed signs or symp-
toms suspicious for acute pancreatitis, blinded central and lo-
cal study personnel (study coordinators and physicians)
provided guidance to participants regarding the need to ob-
tain further clinical evaluation from their local physician or hos-
pital (such as additional laboratory assessments and possible
cross-sectional imaging). After participants received care for
suspected acute pancreatitis, a blinded physician reviewed the
medical records to determine if the event met study criteria
for acute pancreatitis. The unblinded physician who per-
formed the randomization procedures did not participate in
the evaluation or treatment of participants for more than 30
days after randomization.

Figure 1. Anatomy and Physiology of Pancreas Divisum and Endoscopic Retrograde Cholangiopancreatography With Minor Papillotomy

A Anatomy and physiology of pancreas divisum

B ERCP and minor papilla endoscopic 
sphincterotomy (minor papillotomy)

Typical pancreatic duct anatomy Complete pancreas divisum

Incomplete pancreas divisum

Accessory duct 
(duct of Santorini)

Main dorsal pancreatic duct 
(duct of Wirsung)

During embryonic development, 
the pancreas develops from fusion 
of the dorsal and ventral pancreatic 
buds and their ductal systems. 
Pancreatic ducts drain exocrine 
secretions from the pancreas 
into the duodenum. 

This study demonstrated that papillotomy does not reduce incidence of acute recurrent pancreatitis in patients 
with pancreas divisum and carries a risk of post-ERCP complications, including acute pancreatitis. 

Pancreas divisum is the most common congenital pancreatic variant and was 
thought to represent an obstructive cause of acute pancreatitis. Prior to this study, 
endoscopic retrograde cholangiopancreatography (ERCP) with minor papillotomy 
was commonly recommended as treatment for pancreas divisum. 

An endoscope containing a sphincterotome and stent is 
inserted through the esophagus into the duodenum to 
visualize and access the papillae and pancreatic ducts.

A sphincterotome makes an incision to widen 
or enlarge the minor papilla opening.

A temporary prophylactic stent is placed to 
lower risk of acute pancreatitis from ERCP.

L I V E R S T O M A C H

Cross section view

Sphincterotome

Ventral pancreatic duct
(duct of Wirsung)

Ventral pancreatic duct
(duct of Wirsung)

D
U

O
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Minor
papilla

Major 
papilla

Main dorsal pancreatic duct 
(duct of Wirsung)Accessory duct 

of SantoriniCommon 
bile duct

Pancreas
(from embryonic 
ventral bud)

Pancreas
(from embryonic 
dorsal bud)

Nonexistent fusion

Incomplete fusion

Prophylactic 
stent

Pancreas divisum is caused by nonexistent or incomplete fusion 
of the dorsal and ventral pancreatic buds during embryonic development.
With complete divisum, there is no communication between the dorsal and 
ventral ducts, such that exocrine secretions primarily drain into the duodenum 
through the minor papilla.  

Exocrine secretions mostly drain into the 
duodenum through the minor papilla.

No communication between 
dorsal and ventral ducts

Vestigial communication between 
dorsal and ventral ducts
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Primary and Secondary Outcomes
The primary outcome was development of acute pancreatitis
more than 30 days after randomization as a time-to-event out-
come. We selected this time frame to avoid confounding from
post-ERCP pancreatitis, other postprocedure symptoms, and
the spontaneous or endoscopic removal of the prophylactic
pancreatic stent in the ERCP with minor papillotomy group.
We used the same definition of acute pancreatitis for eligibil-
ity and the primary outcome, requiring symptoms consistent
with acute pancreatitis and documentation of a serum lipase
level greater than 3 × the upper limit of normal, radiographic
changes consistent with acute pancreatitis, or both.14

A secondary outcome was the incidence rate ratio of acute
pancreatitis episodes that was estimated for each treatment
group based on the number of acute pancreatitis episodes over
total person-time after randomization and divided by the num-
ber of acute pancreatitis episodes over total time before ran-
domization, keeping person-time equal between periods.

Additional secondary outcomes included the develop-
ment of chronic pancreatitis (defined similarly to the eligibil-
ity criteria), diabetes (defined using American Diabetes Asso-
ciation criteria15), and exocrine pancreatic dysfunction (defined
by a stool sample fecal elastase level of <100 μg/g or clinical
history of steatorrhea16). Pancreas-related pain events were
defined by the need for medical evaluation (eg, emergency de-
partment or inpatient hospitalization) for abdominal pain simi-
lar to previous acute pancreatitis episodes but not meeting the
study definition for acute pancreatitis.

Statistical Analysis
At trial inception, we estimated a risk of 60% for recurrence
within 12 months of randomization in the sham ERCP group.
The chosen minimum effect size of clinical relevance was a rela-
tive risk reduction of 33% or an event rate of 40% in the ERCP
with minor papillotomy group (hazard ratio [HR], 0.56). Set-
ting the accrual period to 42 months, a minimum follow-up
period of 6 months and maximum of 4 years, a 2-sided α error
of .05, and power of 85%, the trial required a sample size of
150 randomized participants (105 outcome events).

The sample size was inflated to 234 to account for nonad-
herence to the study protocol. The trial plan included a pre-
specified, blinded sample size reestimation based on the
observed number of participants with acute pancreatitis re-
currence that was conducted after 50% of participants were
enrolled and prior to a planned interim analysis for futility using
conditional power. At the time of the blinded sample size re-
estimation, there were 117 randomized participants with a mini-
mum follow-up of 6 months and 45 outcome events. Based on
the overall event rate, the estimated sham ERCP event rate was
44%, which was lower than the anticipated rate of 60%. The
revised sample size was 195 (preinflation factor) at 85% power,
keeping the HR at 0.56 for detection. The data and safety moni-
toring board was also provided the reestimated sample size at
80% power, which was 162 (180 postinflation factor).

In October 2023, based on the lower than expected event
rate and a lower than anticipated nonadherence rate, the data
and safety monitoring board recommended that the study con-
tinue at a revised maximum sample size of 180 participants.

In August 2024, the trial was stopped due to financial con-
straints (trial was entering final year of funding) and was not
stopped early for futility.

The primary intent-to-treat population included all ran-
domized participants and the analysis used a Cox propor-
tional hazards model to assess time to first recurrence of acute
pancreatitis more than 30 days after randomization. Two vari-
ables included in the randomization scheme (duct diameter
and number of acute pancreatitis episodes within 2 years of
enrollment) were included as covariates in the primary analy-
sis. A sensitivity analysis was conducted in a per-protocol popu-
lation; this population excluded randomized participants who
did not receive the assigned study treatment, those who had
an identified eligibility violation, and those who withdrew their
consent within 30 days from randomization.

Figure 2. Recruitment, Randomization, and Follow-Up in the SHARP Trial

238 Patients with unexplained acute recurrent
pancreatitis and pancreas divisum anatomy
assessed for eligibility

181 Eligible for randomization

57 Excluded
38 Declined to participate
15 Did not meet inclusion

criteria
4 Other reasons

33 Declined to be randomized
and were included in an
observational cohorta

148 Randomized

75 Randomized to undergo ERCP
with minor papillotomy
75 Underwent attempted ERCP

69 Complete ERCP
6 Incomplete ERCP
4 Technical failure
2 Pancreas divisum was

not confirmed

73 Randomized to undergo
sham ERCP
73 Underwent sham ERCP

75 Included in intent-to-treat
analysis for primary outcome

69 Included in per-protocol analysis

73 Included in intent-to-treat
analysis for primary outcome

73 Included in per-protocol analysis

25 Discontinued

1 Withdrew consent
17 Other reasonsb

5 Lost to follow-up
2 Died

20 Discontinued

1 Lost to follow-up
15 Other reasonsc

3 Died
1 Withdrew consent

ERCP indicates endoscopic retrograde cholangiopancreatography; SHARP,
Sphincterotomy for Acute Recurrent Pancreatitis.
aThere were 20 patients who underwent minor papillotomy and 13 were
followed up conservatively. Additional information about this cohort appear in
eResults, eFigure 3, and eTables 1 and 2 in Supplement 3.
bFollow-up was terminated early due to site closure (n = 15), patient was unable
to participate in subsequent follow-up visits because of declining mental status
(n = 1), and patient had competing medical issues and was withdrawn from the
study after 2 years (n = 1).
cFollow-up was terminated early due to site closure (n = 15).
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Table 1. Baseline Characteristics of the Intention-to-Treat Population (N = 148)a

ERCP with minor papillotomy
(n = 75)

Sham ERCP
(n = 73)

Age, median (IQR), y 56 (44-65) 52 (46-64)

Acute pancreatitis

Age at first episode, median (IQR), y 55 (34-61) 50 (43-58)

No. of documented episodes during lifetime,
median (IQR)

3 (2-4) 3 (2-4)

Had 1-2 episodes within 2 y of randomization,
No. (%)

53 (70.7) 46 (63.0)

Sex at birth, No. (%)

Female 49 (65.3) 52 (71.2)

Male 26 (34.7) 21 (28.8)

Race, No. (%)

American Indian or Alaska Native 1 (1.3) 0

Asian 1 (1.3) 1 (1.4)

Black or African American 5 (6.7) 6 (8.2)

White 64 (85.3) 65 (89.0)

Unknown 4 (5.3) 1 (1.4)

Hispanic or Latino ethnicity, No./total (%) 3/74 (4.1) 4/70 (5.7)

Charlson Comorbidity Index, median (IQR)b 2 (1-3) 2 (1-3)

Tobacco exposure, No. (%)

Never 42 (56.0) 32 (43.8)

Past 24 (32.0) 22 (30.1)

Current 9 (12.0) 17 (23.3)

Unknown 0 2 (2.7)

Alcohol exposure, No. (%)c

Never 18 (24.0) 17 (23.3)

Past 34 (45.3) 38 (52.1)

Current 23 (30.7) 16 (21.9)

Unknown 0 2 (2.7)

Self-reported or based on laboratory test,
No./total (%)

Diabetes 12/62 (19.4) 12/56 (21.4)

Exocrine pancreatic dysfunction 10/52 (19.2) 6/55 (10.9)

Largest pancreatic duct diameter,
median (IQR), mm

2.2 (1.7-2.7) 2.3 (1.9-3.1)

PROMIS Global Health t test score,
median (IQR)d

Physical 47.7 (37.4-54.1) 44.9 (39.8-50.8)

Mental 50.8 (43.5-6.0) 47.1 (41.1-54.7)

Presence of abdominal pain in the past 7 d

No. (%) 53 (70.7) 61 (83.6)

Pain level, median (IQR)e 3 (0-6) 3 (1-6)

Current medication use, No. (%)

Opioids 16 (21.3) 14 (19.2)

Pancreatic enzyme replacement therapy 11 (14.7) 7 (9.6)

Nonsteroidal anti-inflammatory drugs 9 (12.0) 8 (11.0)

Insulin 4 (5.3) 5 (6.9)

Neuromodulators 3 (4.0) 5 (6.9)

Length of follow-up, median (IQR), mo 33.4 (19.4-45.6) 34.0 (22.8-45.8)

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography;
PROMIS, Patient-Reported Outcomes Measurement Information System.
a Includes all randomized patients.
b Range, 0 to 15; higher scores indicate greater comorbidity burden and higher

expected 1-year mortality.

c Excluded from study if had a history of at-risk alcohol consumption.
d The mean score is 50 (SD, 10); higher scores reflect better health. A difference

of 2 to 3 points is generally considered the minimal clinically important
difference.

e Range, 0 to 10; higher scores indicate higher levels of pain.
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The summary measures (with 95% CIs) were calculated for
the secondary outcomes and the safety outcomes. All analy-
ses were 2-sided with an α level of .05 and were performed
using SAS version 9.4 (SAS Institute Inc).

Results
Participant Characteristics
Between September 1, 2018, and August 30, 2024, there were
238 individuals screened for eligibility and 148 randomized to
ERCP with minor papillotomy (n = 75) or sham ERCP (n = 73)
(Figure 2). Most participants were assigned female at birth
(68.2%) and had a mean of 3 (SD, 2) documented acute pan-
creatitis episodes before enrollment; 49 of 148 participants
(33.1%) had 3 or more episodes within 2 years of randomiza-
tion (Table 1).

The baseline prevalence of diabetes (22 of 146 participants
[14.9%] determined with testing) approximated the US na-
tional average.17 Exocrine pancreatic dysfunction was present
in 13 of 105 participants (8.8%) who completed fecal elastase test-
ing prior to randomization. The current, self-reported use of

tobacco and alcohol was similar between groups; we excluded
individuals with at-risk drinking (TWEAK score ≥4).13 Alcohol
consumption was low: 141 of 148 participants (95.3%) had a
TWEAK score of 0; 4 of 148 participants (2.7%) had a TWEAK
score of 2; and 0 participants had a TWEAK score of 3.

Opioid use was reported by 30 of 148 participants (20.3%)
at the time of enrollment compared with approximately 12%
of the overall US adult population, but was lower than an es-
timated 29% of US adults with chronic pain disorders.18 Indi-
viduals who reported regular use of opioids for abdominal pain
within the past 90 days were excluded from the trial. During
the prerandomization endoscopic ultrasonography, 21 of 148
individuals (14.2%) had a dilated pancreatic duct measuring
4 mm or greater. The baseline characteristics were balanced
between treatment groups.

Technical Outcomes
All participants completed endoscopic ultrasonography fol-
lowed immediately by randomization. Of the 75 participants
randomized to ERCP with minor papillotomy, 2 (2.7%) did
not have pancreas divisum and a technical failure occurred
during cannulation of the minor papilla in 4 (5.3%). These 6

Table 2. Primary, Secondary, and Safety Outcomes

Intention-to-treat population (N = 148)a

ERCP with minor papillotomy
(n = 75)

Sham ERCP
(n = 73)

Treatment effect
(95% CI)

Primary outcome

Development of acute pancreatitis >30 d
after randomization, No. (%) [95% CI]

26 (34.7) [24.0 to 45.6] 32 (43.8) [32.2 to 55.9] Adjusted HR, 0.83 (0.49 to 1.41)b;
RD, −9.2 (−24.8 to 6.5)

Time to the first episode, mean (SD), mo 6 (7.0) 6 (7.5)

Secondary outcomes

Incident rate ratio for acute recurrent
pancreatitis episode frequency (95% CI)c

0.25 (0.18 to 0.34) 0.30 (0.23 to 0.41)

Chronic calcific pancreatitis, No. (%) 3 (4.0) 2 (2.7) RD, 0.01 (−0.05 to 0.07)

Diabetes, No./total (%) 6/38 (15.8) 5/39 (12.8) RD, 0.03 (−0.13 to 0.19)

Exocrine pancreatic dysfunction,
No./total (%)

2/26 (7.7) 5/29 (17.2) RD, −0.10 (−0.27 to 0.08)

Safety outcomes

Within 30 d of randomization, No. (%)

Acute pancreatitis 11 (14.7) 6 (8.2) RD, 0.06 (−0.04 to 0.17)

Gastrointestinal bleeding 1 (1.3) 0 RD, 0.01 (−0.04 to 0.07)

Bowel perforation 0 1 (1.4) RD, −0.01 (−0.07 to 0.04)

More than 30 d after randomization
or at a follow-up ERCP

Severe acute pancreatitis, No. (%) 2 (2.7) 4 (5.5) RD, −0.03 (−0.09 to 0.04)

Hospitalized adverse event, No. (%) 37 (49.3) 39 (53.4) RD, −0.04 (−0.20 to 0.12)

Adverse events requiring
hospitalization/patient, mean (SD)

0 (2) 1 (2)

Pancreas-related pain events

Within 30 d of randomization, No. (%) 10 (13.3) 10 (13.7) RD, 0 (−0.11 to 0.11)

Within 30 d of follow-up ERCP,
No./total (%)

4/15 (26.7) 3/20 (15) RD, 0.12 (−0.16 to 0.39)

More than 30 d after randomization
or at a follow-up ERCP, No. (%)

25 (33.3) 23 (31.5) RD, 0.02 (−0.13 to 0.17)

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; HR,
hazard ratio; RD, risk difference.
a Includes all randomized patients.
b From a Cox proportional hazards model adjusting for the number of acute

pancreatitis episodes and pancreatic duct size.

c Estimated from the number of acute pancreatitis episodes over total
person-time after randomization (excludes any events occurring within 30
days of randomization) divided by the number of acute pancreatitis episodes
over total time before randomization, keeping person-time equal between
periods.
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participants were excluded from the per-protocol analysis.
Minor papilla cannulation and placement of a prophylactic pan-
creatic duct stent were completed in 69 of 75 participants
(92.0%) in the ERCP with minor papillotomy group. Acute pan-
creatitis developed within 30 days of randomization in 11 of
75 participants (14.7%) in the ERCP with minor papillotomy
group (in 10 participants within 4 days of randomization; 13.3%)
at a median of 2 days (IQR, 1-22 days) compared with 6 of 73
participants (8.2%) in the sham ERCP group (in 0 participants
within 4 days of randomization; 0%) at a median of 16 days
(IQR, 5-18 days).

There were no episodes of severe acute pancreatitis within
30 days of randomization and 1 episode within 30 days of a
follow-up ERCP that was performed for a participant in the
sham ERCP group (eResults in Supplement 3). There was 1 epi-
sode of gastrointestinal bleeding in the ERCP with minor pa-
pillotomy group and 1 episode of bowel perforation in the sham
ERCP group.

Primary Outcome
Of the 75 participants in the ERCP with minor papillotomy
group, 26 (34.7%) developed acute pancreatitis compared
with 32 of 73 participants (43.8%) in the sham ERCP group
(risk difference [RD], −9.2% [95% CI, –24.8% to 6.5%]; HR,
0.75 [95% CI, 0.45 to 1.26]; adjusted HR, 0.83 [95% CI, 0.49
to 1.41]; P = .27 using the log-rank test) (Table 2 and Figure 3).
This finding was unchanged in a sensitivity analysis limited
to the per-protocol population (eFigure 1 in Supplement 3)
and in a post hoc analysis including cases of acute pancreati-
tis occurring at any time after randomization (Figure 3). An
exploratory subgroup analysis did not identify factors associ-
ated with response to ERCP with minor papillotomy
(Figure 4).

Secondary Outcomes
There were 187 acute pancreatitis episodes reported before ran-
domization in the ERCP with minor papillotomy group and 46
episodes reported after randomization (total person-time follow-
up, 1600.6 months; estimated incidence rate ratio, 0.25 [95% CI,
0.18 to 0.34]) compared with 184 acute pancreatitis episodes
reported before randomization in the sham ERCP group and
56 episodes reported after randomization (total person-time
follow-up, 1497.2 months; estimated incidence rate ratio, 0.30
[95% CI, 0.23 to 0.41]). There were no between-group differ-
ences in frequency and incidence of chronic calcific pancreati-
tis (3 [4.0%] in the ERCP with minor papillotomy group vs 2
[2.7%] in the sham ERCP group; RD, 0.01 [95% CI, −0.05 to
0.07]), diabetes (6 [15.8%] vs 5 [12.8%], respectively; RD, 0.03
[95% CI, −0.13 to 0.19]), and exocrine pancreatic dysfunction
(2 [7.7%] vs 5 [17.2%]; RD, 0.10 [95% CI, −0.27 to 0.08]).

There were no between-group differences in the develop-
ment of a pancreas-related pain event within 30 days of ran-
domization (10 of 75 participants [13.3%] in the ERCP with mi-
nor papillotomy group vs 10 of 73 participants [13.7%] in the
sham ERCP group; RD, 0 [95% CI, −0.11 to 0.11]) or in the de-
velopment of a pain event more than 30 days from random-
ization or at any follow-up ERCP (25 [33.3%] vs 23 [31.5%], re-
spectively; RD, 0.02 [95% CI, −0.13 to 0.17]). Other severe
adverse events reported within 30 days of randomization,
within 30 days of a follow-up ERCP, or at any other time are
reported in eFigures 2A-2C in Supplement 3.

Post-ERCP pancreatitis occurred in 13% (10/75) of partici-
pants in the ERCP with minor papillotomy group vs 0% (0/73)
of participants in the sham ERCP group. Development of acute
pancreatitis at any time after randomization occurred in 49.3%
(37/75) of participants in the ERCP with minor papillotomy
group vs 52.1% (38/73) of participants in the sham ERCP group.

Figure 3. Primary Outcome and Post Hoc Outcome of Development of Acute Pancreatitis After Randomization
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A and B, Kaplan-Meier estimates for primary outcome and post hoc outcome.
ERCP indicates endoscopic retrograde cholangiopancreatography; HR, hazard
ratio. The median follow-up duration was 33.4 months (IQR, 19.4-45.6 months)

after ERCP with minor papillotomy and was 34.0 months (IQR, 22.8-45.8
months) after the sham ERCP.
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Observational Cohort
An additional 33 participants were enrolled in an observa-
tional cohort (eResults in Supplement 3). The baseline char-

acteristics of participants in the observational cohort appear
in eTable 1 in Supplement 3 and the outcomes appear in
eTable 2 and eFigure 3 in Supplement 3.

Figure 4. Subgroup Analysis of Factors Potentially Associated With Response to Minor Papillotomy
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ERCP indicates endoscopic retrograde cholangiopancreatography. The forest
plot evaluates the relationship between baseline patient factors (age, sex,
diabetes, exocrine pancreatic dysfunction, alcohol or tobacco use), disease
characteristics (pain frequency, pain severity, and episode frequency), and
morphological features (presence of a focal, cystic dilatation of the duct of

Santorini at its insertion into the duodenum [santorinicele])19,20 on magnetic
resonance cholangiopancreatography or ERCP, duct diameter, and endoscopic
ultrasound findings of at least indeterminate for chronic pancreatitis by
Rosemont criteria.21,22 No factor was associated significantly with ERCP with
minor papillotomy.
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Discussion

In a cohort of patients with unexplained acute recurrent pan-
creatitis and pancreas divisum, the current trial showed that pa-
tients who underwent ERCP with minor papillotomy did not
have a lower risk of developing another episode compared with
those managed conservatively (sham ERCP). The added risk of
post-ERCP pancreatitis (occurred in 13.3% of ERCP with minor
papillotomy group vs 0% with sham ERCP) furthers the argu-
ment to avoid minor papillotomy for pancreas divisum alone
and controverts years of teaching that had been grounded in data
from cohort studies suggesting a benefit. We observed a recur-
rence rate of acute pancreatitis in the ERCP with minor papil-
lotomy group that was similar to the recurrence rates reported
in previous cohorts5 for 20% to 40% of patients, indicating the
current study population represents a comparable population.
However, the recurrence rate in the sham ERCP group in the cur-
rent study negated the implied benefit. The fundamental prob-
lem of the earlier studies5 was lack of a natural history com-
parator and rigorous long-term follow-up.

In the current study, participants had high-intensity dis-
ease. The eligibility criteria intentionally limited enrollment
because patients with very low–frequency episodes (eg, 1 prior
episode) would have been less likely to develop acute pancre-
atitis during the study’s follow-up period and thus increase the
chance of type II statistical error.23 Despite focusing on a popu-
lation with high-intensity disease, the current study failed to
demonstrate a significant benefit with the use of ERCP with
minor papillotomy. This lack of significance was also seen in
the observational cohort.

We hypothesized that independent of its effect on inci-
dent acute pancreatitis, a meaningful benefit of ERCP with mi-
nor papillotomy would be a reduction in the frequency of acute
pancreatitis episodes during follow-up. Both groups experi-
enced similar and substantial reductions in the frequency of
acute pancreatitis episodes after randomization. Similar to the
patients enrolled in the current study, the patients seen in prac-
tice with acute recurrent pancreatitis are often found to have
pancreas divisum shortly after a crescendo in episodes of acute
pancreatitis and they are promptly referred for ERCP with mi-
nor papillotomy. Like episode frequency, ERCP with minor pa-
pillotomy did not seem to reduce the risk of declining exo-
crine or endocrine pancreatic function and incident chronic
pancreatitis.

Limitations
There were study limitations. First, only 82% of the targeted
sample size (n = 180) was reached due to funding constraints

and a lower enrollment rate during the COVID-19 pandemic.24

Although the target sample size was not met, the RD of 9.2%
for the primary outcome was well below the hypothesized RD
of 20%. Assuming the observed treatment effect, the likeli-
hood that statistical significance would be detected after reach-
ing a sample size of 180 was 4%. The hypothesized RD was also
the least acceptable risk reduction for the steering committee
at the time of study planning because ERCP with minor papil-
lotomy incurs a risk of post-ERCP pancreatitis. When includ-
ing acute pancreatitis at any time after randomization (post hoc
outcome), the RD was only 2.5%.

In addition, similar patterns of recurrence were detected
in an observational cohort that included patients followed up
and managed conservatively (no minor papillotomy). An of-
fer of ERCP with minor papillotomy may introduce a clinical
dilemma because patients who develop acute pancreatitis or
pancreas-related pain after the intervention may be at risk to
undergo repeated ERCPs. The benefit of these repeat proce-
dures to examine the minor papillary orifice for postpapil-
lotomy stenosis is unclear, potentially leading to a cycle of in-
tervention, symptoms, and further interventions.25

Second, the screening to enrollment ratio was high be-
cause individuals who previously received interventions, those
with other causes of acute pancreatitis found during workup,
and those with pancreas divisum ruled out by imaging re-
views were excluded. Third, few participants had a dilated pan-
creatic duct that was 4 mm or larger (n = 21) or a santorinicele19

(n = 18), which are morphological characteristics suggestive of
a stenotic papillary orifice but are also observed in asymptom-
atic individuals. A subgroup analysis did not show a statisti-
cally significant difference for ERCP with minor papillotomy,
but the study lacked power for these comparisons.

Fourth, the reported incidence of chronic pancreatitis (3%-
4%) is lower than previous studies,23,26-28 but this may be due
to our more stringent definition of new pancreatic duct calci-
fications or strictures to match the study’s enrollment crite-
ria. Fifth, the study population predominantly included White,
non-Hispanic individuals, which is consistent with prior stud-
ies and suggests a higher prevalence of pancreas divisum in
White individuals. These results are most generalizable to
White, non-Hispanic individuals.29

Conclusions
Among patients with unexplained acute recurrent pancreati-
tis and pancreas divisum, ERCP with minor papillotomy does
not reduce the risk of another episode of acute pancreatitis or
related sequelae.
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