PEDIATRIC RADIOLOGICAL CASE

Pancreatic Divisum in Children
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Case Summary

Ateenager presented with chronic
abdominal pain and severe nau-
sea. The patient previously under-
wentsurgery for median arcuate
ligamentsyndrome, with persistent
chronic abdominal pain, nausea,
and vomiting aswell asand pro-
gressive weightloss. One month
priorto presentation, the patient
was diagnosed with pancreatitis and
dilated intra- and extrahepatic bile
ducts witha common bile duct
(CBD) stone on magnetic resonance
cholangiopancreatography (MRCP).
Additionally, pancreas divisum was
noted onthe MRCP.

Diagnosis

Pancreatic divisum (PD).

The differential diagnosis for
PDincludes gallstones, microlithia-
sis, medication-induced pancreatitis,
autoimmune metabolic disorders,
and otheranomaliessuchas
annular pancreas.'

Imaging Findings

Coronal MRCP sequence images
(Figure 1A-C) show that the ventral
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(Wirsung) duct joins the CBD and
drains into the duodenum via the
major papilla. There is dilatation
of the intra- and extrahepatic bile
ducts as well as a stricture of the
CBD. The distal dorsal pancreatic
duct (Santorini) is shown emptying
into the duodenum via the minor
papilla, dorsal pancreatic duct. PD
is diagnosed when the ducts of
Wirsung and Santorini fail to fuse.

Discussion

PD is a congenital malformation of
the pancreatic ducts, with a reported
prevalence of approximately 10% in
the general population. The anomaly
is usually identified at autopsy with
MRCP or with endoscopic retrograde
cholangiopancreatography (ERCP)
studies.” The clinical significance of
PD has not been clearly defined,
with more than 95% of these
patients found to have PD inciden-
tally, lacking pancreatic symptoms.®
However, in the INSPPIRE (INter-
national Study Group of Pediatric
Pancreatitis) cohort of children
with acute recurrent or chronic
pancreatitis, 14.6% were found to
have PD, which is more than the
general population.*

The embryological development of
the pancreasstarts around the fifth
weekwhenthe pancreasstartsas
ventraland dorsal pancreatic buds.
The ventral pancreatic bud originates
inthehepatobiliary system, rotates,
and fuses with the dorsal pancreatic

bud originating inthe foregut. The
ventral bud contains the duct of
Wirsung, and the dorsal bud, the duct
of Santorini. Asthe CBD rotates, the
2 components fuse to form the main
pancreatic duct of Wirsung, opening
intothe major papillainthe CBD.
Anaccessory duct of Santorini from
the dorsal bud can either atrophy or
persistasanaccessory duct.’
PDariseswhen the 2 ductsfail
to fuse. The degree of this failure
canresultinseveral subtypes: (1)
In classic PD (major variant), there
isnocommunication betweenthe 2
ducts; the ventral duct opensintothe
major papillaand thelonger dorsal
ductopensinto the minor papilla. (2)
Whenthereisincomplete PD (minor
variant), the anatomy is similar to the
classic PD butwith a small commu-
nication betweenthe 2 ducts. (3) In
reverse PD (rare variant), the duct of
Santorini does notcommunicate with
the main duct or the minor papilla.’
Due to most patients with PD
being asymptomatic in the absence
of additional risk factors such
as cholelithiasis, cystic fibrosis,
medications (most notably valproic
acid and asparaginase), or muta-
tions in genes encoding pancreatic
enzymes, screening asymptomatic
children is not recommended except
for children with cystic fibrosis
identified with an abnormal sweat
chloride test.! Young children with
pancreatitis, especially infants and
toddlers, present with generalized
abdominal pain and irritability
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Figure 1. Posterior to anterior images. All images are a coronal MRCP sequence. The ventral (Wirsung) duct (A, yellow arrow) joins the CBD and drains
into the duodenum via the major papilla. There is dilatation of the intra- and extrahepatic bile ducts as well as a stricture of the CBD (red arrow).

The distal dorsal pancreatic duct (B, Santorini) empties into the duodenum via the minor papilla (blue arrow), dorsal pancreatic duct (C, blue arrows).
Pancreatic divisum is diagnosed when the ducts of Wirsung and Santorini fail to fuse.

whereas adolescents and adults
present with severe epigastric pain
radiating to the back." According
to the INSPPIRE criteria, a diagno-
sis of acute pancreatitis in pediatric
patients must meet 2 of 3 criteria:
(1) abdominal pain, (2) serum lipase
or serum amylase level 3 times
the normal level, and (3) charac-
teristic findings of acute pancreati-
tis on imaging.®” Of note, serum
lipase is a more reliable laboratory
marker since amylase production is
physiologically low in infants.'
Patients with asymptomatic PD
require no further workup and
treatment. Those with minor or
infrequent symptoms are treated
conservatively with a low-fat diet,
analgesics, anticholinergics and,
if necessary, pancreatic enzyme
supplementation. Children with
recurrent or severe symptoms
warrant MRCP for evaluation and
possible treatment of a stenotic
minor papilla orifice or obstruc-
tive causes. Treatment of PD can
include an endoscopic sphincter-
otomy, which is less invasive
than a surgical sphincteroplasty.®’
Therapy should be based on
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Abbreviations: CBD = dilated proximal common bile duct, GB = gallbladder, IHD = dilated intrahepatic ducts. *Minimally dilated distal CBD.

morbidity, patient preference, and
local institutional expertise.’®
If a patient with PD presents
with pancreatitis, oral feeding is
recommended as soon as tolerated.
If oral feeds are not tolerated or the
required calories cannot be achieved
in 72 hours, enteral tube feeding
is recommended.® Aggressive fluid
replacement therapy is recommen-
ded in children for the first 24
hours.® Analgesia should be provided
when indicated, with an empha-
sis on nonopioid medications.™*
Endoscopic therapy for PD includes
minor papilla endoscopic sphincter-
otomy, minor papilla orifice balloon
dilation, and trans minor papilla
duct stenting. Total pancreatectomy
and islet auto transplantation is
a surgical option to reduce the
recurrence of chronic pancreatitis
refractory to other therapies.*®
Endoscopic US can diagnose PD,
with a sensitivity of 87% to 95%
with secretin enhancement to better
visualize the ducts by stimulat-
ing pancreatic secretions.® Findings
suggestive of pancreatic anomalies
include the absence of the “stack
sign” in which the distal CBD, ventral

pancreatic duct, and portal vein
run on a parallel axis in a normal
pancreas. The presence of a “crossed
duct sign,” in which the dorsal
pancreatic duct crosses over the
bile duct anteriorly and superiorly,
indicates the presence of PD.?
Contrast-enhanced abdominal CT
isrecommended onlyin pediatric
patientswho are clinically deterio-
rating. CT will visualize acute and
chronic changessuch as pancre-
aticatrophy and fatreplacement
butwill not detect subtle parenchy-
mal changes.' On contrast-enhanced
CT, the findingsare described as
dorsal ductcrossing anteriorlyand
superiorlytothe distal CBDin the
pancreatic head openinginto minor
papillawith asmall ventral duct
openinginto the major papilla. CT
sensitivity can be aslow as 50% to 60%
whenthereis pancreaticinflamma-
tionandisnotdesirablein childhood
dueto the radiation exposure."?
ERCPis considered the gold
standard for diagnosing PD and can
beusedinthistherapeutic setting but
isnotrecommended for diagnos-
tic purposesalone due toitsinva-
sive nature.** MRCPis comparable
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to ERCP, and noninvasive MRCP
isrecommended forasuspected
pancreatic ductalleakinjuryor

suspected biliary tractabnormalities.®

Sensitivity and specificity increase
with secretin-enhanced MRCPto
839% to 86% and 97% to 99%, respec-
tively. MRCP findings caninclude a
Santorinicele, described asacystic
dilation of the dorsal duct near

the opening of the minor papilla.’
Inaddition toitslack of radia-

tion exposure, MRCPis significantly
more sensitive than CT for detect-
ingchronic changesandirregular-
ities of the pancreatic ducts and
side branches.’

Conclusion

Although PD is a congenital
malformation of the pancreas,
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pancreatitis is unlikely; however,
there may be an increased risk.
Imaging findings, including the
crossed duct sign can diagnose PD.
Patients should be treated for PD
when they have associated severe or
chronic pancreatitis.
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