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Abstract

Pancreas divisum, the most common congenital malformation of the pancreas, occurs due to a
failure of fusion of the ductal systems of the dorsal and ventral pancreatic buds in the seventh
week of intra-uterine life. This leads to a dominant dorsal pancreatic duct draining though the
minor papilla and a small ventral pancreatic duct draining through the major papilla. The
prevalence in western populations is about 10% and more than 95% of these patients are without
pancreatic symptoms, with the anomaly found incidentally on abdominal imaging for an unrelated
indication. The etiological role and clinical significance of pancreas divisum in relation to
pancreatic disease has not yet been clearly defined, but may predispose to pancreatic disease in co-
existence with other factors. Secretin-enhanced Magnetic Resonance Cholangiopancreatography is
the non-invasive imaging modality of choice to identify pancreas divisum. Patients may be offered
minor papilla therapy when they present with recurrent acute pancreatitis, severe acute pancreatitis
and can be considered for therapy in the setting of chronic pancreatitis and chronic abdominal pain
of pancreatic origin. Minor papilla endotherapy (sphincterotomy and/or stenting) via Endoscopic
Retrograde Cholangiopancreatography and minor papilla surgical therapy have comparable
outcomes with endotherapy typically considered first-line due to a favorable adverse event profile.
The response to therapy is variable with maximal benefit seen in patients with recurrent acute
pancreatitis and least with chronic pancreatic-type abdominal pain. Data supporting either therapy
are of low quality as they are predominantly retrospective with a sub-optimal follow up period.
Surgical options including a pancreatojejunostomy (Puestow or Frey procedure) or a total
pancreatectomy with auto-islet cell transplantation may be considered in a subset of patients.
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Introduction

Pancreas Divisum (PD) is a fusional abnormality from failure of fusion of the ductal systems
of the dorsal and ventral buds of the embryonic pancreas approximately in the seventh week
of intrauterine life[1] [Figure 1]. It is a proposed etiology for Idiopathic Recurrent Acute
Pancreatitis (I-RAP) and Chronic Pancreatitis (CP) but, thus far, the exact extent of its
clinical significance has not been quantifiable.

Epidemiology, Embryogenesis, Subtypes

PD is a the most common congenital pancreatic anatomic anomaly with a prevalence of
about 6-10% based on autopsy data[2, 3], imaging[4] and endoscopic studies[5, 6], with
most patients (more than 95%) being without pancreatic symptoms and found incidentally.
The frequency is lower in Asians[6, 7] and Africans[2] at about 1-2%. It has been postulated
that a small subset of patients with PD are predisposed to recurrent attacks of pancreatic-
type abdominal pain, acute pancreatitis (AP) and associated complications such as duct
disruption, duct disconnection, necrosis, pseudocysts, and eventually CP and its associated
morbidity due to exocrine and endocrine insufficiency, metabolic derangements and chronic
abdominal pain[8, 9, 10, 11]. Studies have shown that PD is prevalent in about 25-50% of
the patients being evaluated for I-RAP[5, 12].

The normal pancreas is formed by rotation of the ventral pancreatic bud (from which
originates the hepatobiliary system) and fusion with the dorsal pancreatic bud in the foregut
[Figure 1]. The ventral bud forms a majority of the head of the pancreas as well as the
uncinate process (<25% of pancreatic parenchyma), with the dorsal bud contributing a
minority to the head and all of the body and tail of the pancreas. The ductal system of the
ventral bud (duct of Wirsung) and the dorsal bud (duct of Santorini) fuse together to form
the main pancreatic duct of Wirsung that opens at the major papilla along with the common
bile duct. The accessory duct of Santorini often persists with varying patency and length,
draining from the main duct to the minor papilla[13, 14] [Figure 1]. The etiology for PD is
the failure of fusion of the two ductal systems to a varying degree leading to three known
variants/subtypes.

Complete (Classic) PD

The ventral duct system is short and opens into the major papilla, while the longer dorsal
duct system opens into the minor papilla with no communication between the two ducts. It is
the major variant with an approximate prevalence of 70%[3, 15]. [Figure 2B, Figure 3]

Incomplete PD

A similar anatomy to the classic PD except for a small branch of communication between
the two systems. This can lead to opacification of the dorsal system during injection of
contrast in the ventral duct during Endoscopic Retrograde Pancreatography (ERP). The
prevalence of this variant is about 15%][16, 17, 18]. [Figure 2C, Figure 4]
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This is a rare variant wherein the accessory duct of Santorini does not communicate with the
main pancreatic duct, leading to a small isolated component of the dorsal pancreas. The
interruption in drainage system of the accessory duct in reverse PD can frequently be
interpreted as an obstruction by a malignant or a benign stricture. [Figure 2D]

The clinical behavior of complete and incomplete PD is similar except for the variation at
the time of ERP as noted [19, 20]. However, a reverse PD behaves more like a normal
pancreas wherein the severity of gallstone pancreatitis (from impaction of a gallstone at the
major papilla) can be much worse as a significant portion of the pancreas drains through the
major papilla unlike the preceding two variants where only a minority drains through the
major papilla.

Pseudo/False PD

An obstruction of the main pancreatic duct of Wirsung downstream to the origin of the
accessory duct of Santorini in a normal pancreas from injury due to acute pancreatitis, a
stricture due to chronic pancreatitis or a malignancy can give the appearance of true
pancreas divisum. This obstruction of the ventral duct in the head can lead to a decrease in
its size and compensatory increase in size of the accessory duct draining the body and tail
mimicking the anatomic findings of PD on imaging and ERP. It is important to recognize
this condition due to the possibility of malignancy.

Associated Pancreatic-Biliary Anomalies

PD has been found to be associated with other pancreatic and biliary anomalies. The most
frequent association is with annular pancreas where there is an abnormal rotation of the
ventral bud of the pancreas around the duodenum, leading to a ring or semi-ring of
pancreatic tissue around the second part of the duodenum([21]. Prior studies suggested that
there is about a 30-38% co-existence between the two conditions[21, 22, 23] but a recent
larger study suggested the prevalence is as high as 50%][24]. There have reports scattered in
the literature with PD co-existing with anomalous pancreatic-biliary junction (APBJ) and
choledochal cysts[25, 26, 27, 28, 29]. However, there have been no large-scale studies to
support any specific associations between these congenital anomalies. It has also been
reported recently that there is a higher prevalence of pancreatic and biliary tumors in patients
with PD than with a normal ductal system. (7.8% vs 3.5%)[30]. There have been reports of
partial agenesis of the dorsal pancreas with PD with some debate as to whether the agenesis
led to the PD or a consequence[14, 31].

Pathogenesis of Pancreatitis

The majority of patients with PD are without pancreas symptoms and therefore there is
considerable debate as to whether it is causally associated with pancreatitis or pancreatic-
type abdominal pain. It has been theorized that a larger and longer dominant dorsal duct
opening through a relatively smaller or stenotic minor papilla could lead to inadequate
drainage of pancreatic secretions with obstruction of flow. The resultant increase in
intraductal pressure and distention of the dorsal duct could then potentially lead to
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abdominal pain and even pancreatitis. As a consequence of this imbalance, the term
“dominant duct syndrome” has been coined in the literature[32, 33]. Manometry studies
have shown an increased pressure in the dorsal duct and minor papilla when compared to the
ventral duct and major papilla in PD suggestive of dorsal duct and minor papilla
hypertension[34]. It has been suggested that this obstruction is transient and could be related
to intermittent plugging of the minor papilla by proteinaceous material in the pancreatic
secretions[9]. However, the large majority of patients with a dilated dorsal duct in PD are
asymptomatic, suggestive of a poor correlation between obstruction and symptoms[35].

Some observational studies of patients with I-RAP and CP have shown that the frequency of
pancreatitis was similar in patients with PD when compared to patients with normal duct
variants[8, 36, 37]. However, other studies have shown an increased prevalence of PD
(complete and incomplete) in adults[12, 38, 39, 40] and children[41] being evaluated for I-
RAP and CP, again supporting PD as a potentially pathologic entity. Similar support for
pancreas divisum as a potential pathologic entity is provided by studies that have shown
pathological changes of pancreatitis limited to the dorsal pancreas (i.e normal ventral
pancreas) in patients with PD[40, 42]. Studies have shown inconsistent and variable
response to minor papilla and dorsal duct therapy in patients who present with pancreatic-
type pain, with suboptimal results in the majority of patients[43, 44, 45, 46, 47, 48, 49, 50].

This heterogeneity suggests that PD may not be a primary driving force of pancreatic
pathology but rather a co-factor which in association with other factors leads to pancreatic
disease[51]. The basis for this line of thought comes from studies that show the prevalence
of I-RAP and CP is as high as 50% in adults and children with PD when associated with
certain genetic mutations of serine protease inhibitor Kazal type 1 gene (SPINK1), cystic
fibrosis transmembrane conductance regulator gene (CFTR), chymotrypsin C gene (CTRC)
[36, 41, 52, 53, 54]. These gene mutations or polymorphisms have been reported to have an
independent but not proven causal association with pancreatic disease[55, 56, 57].
Additionally, it has also been postulated that the presence of PD reduces the threshold for
pancreatic disease from other known primary factors of pancreatitis such as alcohol,
medications and trauma[34].

Symptomatology and Diagnosis

The spectrum of symptoms in patients with PD is similar to what is encountered in patients
with normal pancreatic ductal anatomy, ranging from recurrent pancreatic-type abdominal
pain of varying frequency, chronic pancreatic-type abdominal pain, recurrent attacks of mild
to severe acute pancreatitis to chronic pancreatitis and their associated respective
complications.

PD is frequently identified incidentally on cross-sectional abdominal imaging for unrelated
indications and symptoms and further evaluation is usually not indicated or pursued.

Contrast-enhanced computed tomography (CT) may help identify variations in pancreatic
ductal anatomy but has a low sensitivity (50-60%)[58, 59] especially when the ductal
system can become obscured by pancreatic disease like pancreatitis and its complications.
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When the ducts are visualized, the sensitivity does increase to about 83% and the anatomy is
classically described as the dorsal duct crossing anteriorly and superiorly to the distal
common bile duct in the pancreatic head and opening separately into the minor papilla with
a small distinct ventral duct opening into the major papilla[60]. Dynamic CT with secretin
provocation (S-CT) can increase the visibility of the ducts when not visualized on initial
imaging with the sensitivity matching the previously described 83% with no immediate
complications[59].

Contrast-enhanced magnetic resonance cholangiopancreatography (MRCP) [Figure 5] is
reported to have sensitivity of about 50-70%[60, 61, 62, 63, 64, 65]. However, individual
studies have shown the sensitivity increases to up to 83-86% with a specificity of 97-99%
with secretin-enhanced MRCP (S-MRCP) [Figure 6][66, 67, 68, 69, 70, 71] with systematic
reviews and meta-analyses validating the results[64, 65, 72]. Secretin has also been shown to
be associated with minor side effects, but generally is well tolerated with no reported events
of exacerbating or precipitating pancreatic disease[71]. The description of the ductal
anatomy is similar to what is described on CT images[63]. Cystic dilation of the terminal
dorsal duct near the opening of the minor papilla described as a “Santorinicele” can also be
visualized on an S-MRCP[73, 74].

Endoscopic Ultrasound (EUS) has also been reported to have a high diagnostic accuracy for
PD with a sensitivity of 87%—-95%[60, 75, 76] with secretin enhancement (S-EUS) offering
marginal benefit[77]. The absence of a “stack sign” (distal common bile duct, ventral
pancreatic duct and portal vein can be seen to run on a parallel axis in a normal pancreas),
the presence of a “crossed duct sign” (dorsal pancreatic duct will appear to cross over the
bile duct anteriorly and superiorly) are indicative of PD[78].

Systematic reviews suggest S-MRCP has a superior accuracy to EUS and is the preferred
diagnostic modality of choice[65, 72] with one study suggesting no significant difference
between S-MRCP and S-EUS[79].

Secretin-Enhanced Ultrasound (S-US) has been used in the past with studies showing
significant heterogeneity in regards to dilation of the dorsal duct in response to secretin and
the ability to predict the anatomy and response to treatment[80, 81, 82]. Factors such as
body habitus and overlying bowel gas have also led to variable accuracy and, therefore, S-
US has fallen out of favor.

Endoscopic retrograde cholangiopancreatography (ERCP) is considered the gold-standard
for diagnosis of PD[83, 84] but is seldom used currently when therapy is not planned given
the radiation exposure, procedure- and anesthesia-related complications and the high
accuracy of S-MRCP.

Secretin augments the visualization of the pancreatic ductal system by stimulating the
production of bicarbonate and water from the exocrine pancreas and thereby increasing the
volume of pancreatic secretions[85]. While the accuracy of all secretin augmented studies is
lower in patients with chronic pancreatitis and pancreatic exocrine insufficiency, secretin-
enhanced images may still yield more information than non-secretin studies.
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Management

Endoscopic

Asymptomatic patients with PD found incidentally on imaging do not require any further
diagnostic evaluation or therapeutic management.

In symptomatic patients, the choice of therapy and degree of intervention depends on the
frequency, duration and intensity of symptoms and presence of complications. The approach
and options for therapy of pancreatic disease remain the same irrespective of the variations
in the pancreatic ductal system with a few exceptions/modifications for PD.

In patients with infrequent or mild symptoms of pancreatic-type abdominal pain and no
radiological features to suggest chronic pancreatitis, a conservative approach directed
towards symptom management would be preferred over an intervention of the minor papilla
or the dorsal pancreatic duct. Options include a low-fat diet (50gms/day), non-narcotic
analgesics, anti-spasmodic/anti-cholinergic medications and pancreatic enzyme
supplementation.

In patients with acute pancreatitis and its complications, chronic pancreatitis and its
complications leading to significant functional impairment, a comprehensive evaluation for
the underlying etiology should be undertaken. This should include a detailed social and
family history, medication history, genetic testing and evaluation of metabolic causes of
pancreatic disease and direct therapy towards mitigation of the inciting etiology.

Therapeutic intervention is reserved for patients with recurrent attacks of acute pancreatitis
regardless of severity and can be considered in patients with one attack of severe pancreatitis
with no other identifiable cause for the disease. Therapy is also offered in chronic
pancreatitis if a modifiable target such as a stone, stricture or dilated dorsal duct can be
identified. More commonly, in the setting of PD and chronic pancreatitis, the entire gland is
involved with changes of chronic pancreatitis and treatment should be recommended as it
would in patients with normal pancreatic duct anatomy.

The primary management when the dorsal duct is normal, near normal or just dilated is
directed towards relieving obstruction at the level of the minor papilla. Options for therapy
include endoscopy (i.e. ERCP) and surgery. The choice of therapy depends on patient profile
and preference as well as local institutional expertise. It is important not to ignore the
standard management principles of acute pancreatitis as well.

Therapy

Endoscopic therapy includes minor papilla endoscopic sphincterotomy(mPES), minor
papilla orifice balloon dilation (the term sphincteroplasty is present in the literature but
should not be used in this setting) and trans minor papilla dorsal duct stenting. Techniques
for cannulation of the minor papilla to achieve endotherapy have been well described[83, 84,
86, 87]. Cannulation is best achieved when the duodenoscope is pushed along the greater
curvature of the stomach into what is described as a long position (80-90cms from incisors)
[Figure 7]. Once deep minor papilla cannulation is achieved, the duodenoscope may be
returned to the short position off the greater curve of the stomach (55-60cms from incisors)
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to improve stability and manipulation of instruments [Figure 8]. The minor papilla is almost
always in the right upper quadrant of the visual field when facing the major papilla with a
variable distance between the two orifices (1L0mm-30mm cephalad and anterior) [Figure 9].
In the rare instances when a diagnostic dorsal pancreatogram is desired, a tapered 5Fr
catheter with a 23G-25G blunt needle tip protruding beyond the tip of the catheter is usually
preferred. In the majority of situations when deep dorsal pancreatic duct cannulation is
desired, a highly tapered 3—-4-5Fr catheter with a 0.018-0.021inch guidewire is employed
[Figure 10, Figure 11]. Once cannulation is achieved, the subsequent fluoroscopic and
interventional techniques are similar to those used in conventional ERP. The success rate of
minor papilla cannulation is variable with some studies suggesting 73-83% success[45, 88,
89] but this increases to 90-95% in the hands of an experienced interventionalist[37, 42].
Failures are usually related to an imperceptible or distorted minor papilla from inflammation
(pancreatitis, duodenal peptic ulcer disease), duodenal diverticula or malignancy, or inability
to achieve adequate angles of approach for cannulation.

In the instance that the minor papilla and/or orifice cannot be clearly visualized,
administration of secretin can stimulate pancreatic exocrine function and increase exit of
pancreatic secretions from the minor papilla, making it more prominent and identifiable,
enhancing the likelihood of cannulation [Figure 12, Figure 13]. The safety and efficacy of
secretin for cannulation of the dorsal pancreatic duct has been demonstrated in a randomized
double blinded study[90]. However, there is the potential of an increased risk of post-ERCP
pancreatitis (PEP) when performing a dorsal duct pancreatogram due to the vigorous flow of
pancreatic secretions and the need for high pressure contrast injection to visualize the
pancreatic tail. Therefore, the use of secretin should be limited to scenarios where the minor
papilla and/or orifice cannot be identified. Chromoendoscopy by spraying the duodenal
mucosa and/or minor papilla with diluted methylene blue (1:10), particularly when used in
conjunction with secretin, may also be helpful to identify the minor papilla orifice with clear
pancreatic secretions washing away the dye [Figure 12, Figure 13]. If there is a
communication between the dorsal and ventral pancreatic ducts (incomplete PD), injecting
diluted methylene blue into the ventral duct and observing the dye exiting out of the minor
papilla may also help identify the minor papilla orifice [91].

Minor papilla endoscopic sphincterotomy (mPES) has been studied and found to be an
effective modality of minor papilla treatment in symptomatic patients with PD[44, 46, 48,
49, 92]. Techniques for mPES have also been described.

The wire-guided pull-type sphincterotomy maneuver [Figure 14] involves cannulation with a
highly tapered catheter which does dilate the minor papilla orifice to 5 Fr. This allows for
passage of either a mini-sphincterotome or a standard sphincterotome to make a 4-6 mm
incision approximately in the 10-12 o’clock direction[84, 93].

The needle-knife technique over a pancreatic stent involves placement of a plastic stent (3—
4Fr, 4-8 cm long) in the dorsal pancreatic duct followed by a 4-6 mm incision
approximately in the 10-12 o’clock direction by a needle-knife sphincterotome[84, 93, 94].
The depth and height of the incision has not been standardized except in the case of a
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Santorinicele where the extent of incision is modified to achieve the goal of unroofing the
dilated distal cystic segment of the dorsal duct[95].

Though it has been shown that the needle-knife technique is safer than the pull-type
sphincterotome technique when performing a major papilla pancreatic sphincterotomy (PES)
in high-risk patients[96], both techniques have been found to be safe and efficacious when
employed at the minor papilla, with similar complication rates[97, 98, 99]. The complication
profile of mPES is also similar to PES with the same traditional risk profile for PEP
(younger age, female gender, prior PEP, absence of chronic pancreatitis)[100, 101].

A modification of the needle-knife technique is a wire-assisted access sphincterotomy. This
involves deep dorsal duct cannulation with a guidewire, passing a needle-knife
sphincterotome alongside the wire and incising the minor papilla by cutting away from the
wire in the 10-12 o’clock direction. It has been shown to be equally efficacious as the other
techniques and can be used when the orifice is stenotic and does not allow the passage of
catheters and sphincterotomes.[102].

In situations described above where there is a failure of cannulation of the minor papilla, a
free-hand pre-cut needle-knife [Figure 15] maneuver may be helpful in cannulating the
minor papilla and gaining access to the dorsal duct to complete planned therapy. This
technique involves inserting a needle-knife sphincterotome 1-2 mm into the minor papilla
and making a 2-4 mm incision in the 10-12 o’clock direction. It has been shown to be
efficacious and safe in a small series of patients[103]. However, this technique should be
pursued with caution, as failed dorsal duct cannulation despite precut sphincterotomy may
significantly increase the risk of PEP.

Given the high risk of PEP in mPES (similar to high risk patients undergoing PES)[104], a
prophylactic temporary pancreatic stent can be placed after mPES to reduce the risk of PEP
[Figure 16], based on data extrapolated from studies related to PES[98, 105, 106, 107].
These temporary stents typically migrate out of the pancreatic duct spontaneously, usually
within 2 weeks[94, 108]. Migration can be confirmed on an upright abdominal X-ray (AXR/
KUB) and if the stent remains intraductal, it can be removed by performing an upper
endoscopy. On occasion, an urgent ERP may need to done to place a pancreatic stent or
replace a migrated stent in an attempt to modify the course of an evolving PEP and hasten
recovery[109]. Peri-procedure rectal indomethacin 100 mg[110, 111, 112, 113] and post
procedure intravenous lactated Ringer’s solution[114] have also been shown to reduce the
risk of PEP.

Minor papilla endoscopic orifice balloon dilation [Figure 17] has also been studied and
involves dilation of the minor papilla with comparable outcomes to mPES[115, 116]. As
with balloon dilation of the major papilla, it carries a higher risk of PEP and therefore almost
always is performed with placement of a protective pancreatic stent.

“Long-term” dorsal pancreatic duct stent placement either independently or in conjunction
with mPES or minor papilla orifice dilation has been shown to be an effective technique in
offering relief of symptoms related to PD[44, 45, 47, 50, 88, 92]. However it is associated

with complications such as occlusion, migration, ductal perforation, acute pancreatitis with
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pseudocyst formation [117, 118], ductal and parenchyma changes indicating chronic
pancreatitis[119, 120, 121, 122].

The response and outcome to all pancreatic endotherapy from multiple studies over the years
has been found to be highly variable and primarily determined by clinical presentation.
Among them, the only randomized control trial by Lans et al [45] comparing endotherapy
(dorsal pancreatic duct stenting with stent changes every 3 months for one year) to sham in
19 patients with idiopathic recurrent acute pancreatitis showed 90% of the patients in the
intervention group reported >50% symptomatic improvement as compared to 11% in the
placebo. The mean follow-up times in the stent and control groups were 28.6 and 31.5
months respectively. There was a lower incidence of recurrent pancreatitis in the stent group
(1/20 vs 7/9), with 44% in the control group required stent placement due to uncontrolled
symptoms. The patients in the control group who underwent stenting were subsequently
followed up from 6 to 53 months and did not suffer from further episodes of pancreatitis or
require hospitalization. This study demonstrated significant objective and subjective clinical
improvement of symptoms with endotherapy compared with controls on short-term follow-
up. Four systematic reviews and meta-analyses of these studies[6, 123, 124, 125] reporting a
pooled response rate of 62—70%. The maximal improvement of symptoms was seen in
patients with recurrent acute pancreatitis (76-80%), with a lower response rate in chronic
pancreatitis (42-69%), and the least with chronic pancreatic-type abdominal pain (33-54%).
The incidence of PEP was reported to be at 10% with the rate of minor papilla stenosis
requiring re-intervention at 19%. The follow up period was between 14 to 64 months with
most studies reporting a period of 36 months. In an effort to identify if endotherapy therapy
is beneficial in PD, a sham-controlled, single blinded with a blinded outcome assessment,
multi-center, international, randomized clinical trial (SHARP) of ERP with mPES for the
treatment of RAP with PD is currently underway with planned total sample size of 234
subjects, and a planned maximum follow-up of 48 months (ClinicalTrials.gov Identifier: ).

Surgery

Surgical minor papilla sphincterotomy[48] and surgical minor papilla sphincteroplasty[33,
126] have both been described to provide comparable effective and durable relief of
symptoms with maximal efficacy noted in patients with recurrent acute pancreatitis (RAP).

The response to all surgical minor papilla therapy has also been variable with one systematic
review and meta-analysis[6] reporting a pooled response rate of 75%. Similar to
endotherapy, maximal symptomatic improvement was seen in patients with RAP (83%),
with a lower response rate in chronic pancreatitis (67%), and the least with chronic
pancreatic-type abdominal pain (52%). The follow up period was between 6 to 120 months
with most studies greater than 50 months.

The clinical presentation and response rates to endotherapy and surgery within the three
types of pancreas divisum were not significantly different[6, 89].

Given the comparable outcomes between endotherapy and surgery of minor papilla in
alleviating symptoms but with endotherapy having a favorable complication and mortality
rate, endoscopy (i.e. ERCP) is usually considered the first line treatment, with surgery
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reserved for patients who fail minor papilla cannulation, endotherapy or have altered
anatomy (e.g., gastric bypass).

In patients with RAP who unfortunately fail minor papilla therapy or have progressed to
chronic pancreatitis, further therapeutic options are limited. These may include management
of symptoms related to chronic pancreatitis, including periods of pancreas rest with small
bowel nutrition, celiac plexus block, somatostatin analogues, and an intrathecal pain
pump[127]. Patients with significantly dilated dorsal pancreatic ducts may benefit from a
lateral pancreatojejunostomy (Puestow or Frey procedure)[128, 129]. Total dorsal
pancreatectomy has been proposed for benign or low grade malignant pancreatic tumors
limited to the dorsal pancreas as an alternative to total pancreatectomy and may be
extrapolated to patients with changes of chronic pancreatitis limited to the dorsal
pancreas[130]. Total pancreatectomy with auto-islet cell transplantation (TPAIT) is an
emerging option for patients with disease refractory to endotherapy. Reports of outcomes of
TPAIT data performed in patients with a normal anatomy suggest favorable outcomes and
potentially can be extrapolated to patients with PD[131, 132, 133, 134].

Expert Commentary

5-year review/Speculation

Pancreas divisum is the most common congenital pancreatic anomaly and has been reported
on autopsy, imaging and endoscopy for many years. As the majority of patients lack
pancreatic symptoms, its association with pancreatic disease is debatable. However, there
have been several studies that show a substantial association with pancreatic disease in the
background of other factors that predispose to pancreatic pathology. Over the past few
decades, several attempts have been made to understand the pathology of pancreatic disease
in relation to pancreas divisum and to prove a definite association but none have been
definitively successful. Numerous studies have been undertaken in an attempt to demonstrate
a therapeutic benefit with various modalities of minor papilla therapy but, thus far, the
results have been heterogenous and not definitive. Most of the data suggest a role for
endoscopic intervention in the setting of acute recurrent pancreatitis. However, most studies
have been of low quality, small patient sample, predominantly retrospective and without
long-term follow up. Surgical and endoscopic modalities have also not been directly
compared. With the current data available, it would not be prudent to routinely advise a
definitive line of management for pancreatic disease associated with pancreas divisum. This
should involve a comprehensive discussion with the individual patient to define expectations
before embarking on any medical and/or interventional therapy.
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Summary/Key-Issues

. Pancreas divisum is the most common congenital malformation of the
pancreas and occurs due to a failure of fusion of the ductal systems of the
dorsal and ventral pancreatic buds in the seventh week of intra-uterine life.
This leads to a dominant dorsal pancreatic duct draining through the minor
papilla and a small ventral pancreatic duct draining through the major papilla.
The prevalence in the western population is about 10% with a lower
frequency of 1-2% in Asians and Africans.

. More than 95% of patients with pancreas divisum lack pancreatic symptoms,
with the anomaly found incidentally on abdominal imaging (e.g.,
Computerized Tomography, Magnetic Resonance Cholangiopancreatography)
performed for unrelated symptoms and indications.

. The etiological role and clinical significance of pancreas divisum in
pancreatic disease such as pancreatic-type abdominal pain (intermittent or
chronic), acute pancreatitis or chronic pancreatitis has been suggested based
on its increased incidence in the IRAP population, pathologic studies
suggesting pancreatic disease limited to the dorsal pancreas and improvement
in outcome following minor papilla interventions. However, this remains
debatable with no clear causality identified.

. It has been demonstrated to predispose to pancreatic disease in association
with other factors such has genetic mutations of SPINK-1, CFTR, CTRC and
therefore should be checked in pertinent clinical situations. It has also been
shown to decrease the threshold for other known causes of pancreatic disease
such as alcohol, medications, toxins, trauma.

. Secretin augmented Magnetic Resonance Cholangiopancreatography is the
non-invasive imaging modality of choice for diagnosing pancreas divisum.

. The pathogenesis of pancreatic disease in pancreas divisum is not clearly
defined but is believed to be due to an imbalance between the drainage of a
larger and longer dominant dorsal pancreatic duct opening through a
relatively smaller or stenotic minor papilla, causing inadequate drainage of
pancreatic secretions and transient obstruction of flow. The resultant increase
in intraductal pressure and distention of the dorsal duct may then lead to
abdominal pain and pancreatitis.

. No further pancreatic evaluation or therapy is needed or recommended in
patients with asymptomatic pancreas divisum. In patients deemed to be
symptomatic from pancreas divisum, after a comprehensive evaluation for
causes of pancreatic disease is completed, therapy is offered for patients
suffering from recurrent attacks of acute pancreatitis and can be considered
for a severe attack of acute pancreatitis and its complications, chronic
pancreatitis and its associated complications and chronic pancreatic-type
abdominal pain causing significant functional impairment and debility. It is
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important not to ignore the standard management principles of acute and
chronic pancreatitis.

In patients with mild or infrequent symptoms of pancreatic-type abdominal
pain, conservative management is pursued and directed towards symptom
control.

Endoscopic Retrograde Cholangiopancreatography with minor papilla
endotherapy is the current first line of therapy. Minor papilla sphincterotomy
is the predominant intervention due to the adverse event profile of balloon
dilation of the minor papilla and long-term pancreatic stents. The procedure-
related risk profile is similar to that of major papilla pancreatic
sphincterotomy in high-risk patients.

Minor papilla surgical therapy has a comparable outcome with endotherapy
but due to a less favorable adverse event profile is currently reserved for
patients who fail endoscopic intervention. The choice of endoscopic or
surgical therapy also depends on patient profile and preference as well as
local institutional expertise.

The response to either endoscopic or surgical therapy is variable with
maximal benefit seen in patients with recurrent acute pancreatitis, less with
chronic pancreatitis and least with chronic pancreatic-type abdominal pain.

Data supporting either endoscopic or surgical therapy are of low quality as the
studies are predominantly retrospective with a relatively short follow-up
period.

In patients who fail minor papilla therapy, management is directed towards
symptom control, with options including periods of pancreas rest with post-
ligament of Treitz enteral feeding, celiac plexus block, somatostatin
analogues and placement of an intrathecal pain pump.

Additional surgical options including a pancreatojejunostomy (Puestow or
Frey procedure) or a total pancreatectomy with auto- islet cell transplantation
may be an option for a subset of patients.
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Figure 1:
Rotation of the ventral pancreatic bud/anlage (from which originates the hepatobiliary

system) and fusion with the dorsal pancreatic bud/anlage in the foregut. The failure of fusion
of the ductal systems of the dorsal and ventral anlage results in pancreas divisum with the
majority of the pancreas draining via the dorsal duct of Santorini through the minor papilla.
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Figure 2:
A - Normal Pancreas; B - Classic Pancreas Divisum; C — Incomplete Pancreas Divisum

(magnified image demonstrates the small communication between the dorsal and ventral
pancreatic ductal systems); D — Reverse Pancreas Divisum
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Figure 3:
The dorsal pancreatic duct (yellow arrow) crosses the bile duct (blue arrow) and empties at a

separate orifice/minor papilla (green arrow).
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Figure 4:
Incomplete Pancreas Divisum - Dorsal pancreatic duct (yellow arrow) is cannulated and

opacified from the minor papilla with contrast passing into the ventral pancreatic duct (blue
arrow) through a small communication between the two systems (green arrow).
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Figure 5:
This non-secretin stimulated MRCP shows an irregular dorsal main pancreatic duct (yellow

arrow).
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Figure 6:
This secretin-stimulated MRCP shows a dilated and irregular dorsal pancreatic duct (yellow

arrow) crossing the bile duct and opening separately at the minor papilla (blue arrow).
Irregular side branches are also seen and are more prominent than the non-secretin enhanced
image (Figure 5).
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Figure 7:
Placing the duodenoscope in the long position, along the greater curvature of the stomach

(yellow arrow), provides the optimum angle for minor papilla cannulation and opacification
of the dorsal pancreatic duct (blue arrow).
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Figure 8:
Duodenoscope can be reduced to a short position along the lesser curvature of the stomach

(yellow arrow) once deep minor papilla cannulation is achieved to allow for improved
stability to interrogate and instrument the dorsal pancreatic duct (blue arrow).

Expert Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2019 November 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Gutta et al.

Figure 9:
Minor papilla (yellow arrow) anterior and to the right of the major papilla (blue arrow)
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Figure 10:
Minor papilla (green arrow) identified with assistance of methylene blue and subsequently

cannulated by a guide-wire (blue arrow) and a highly tapered catheter (yellow arrow). Deep
cannulation of the minor papilla (grey arrow).
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Figure 11:
Minor papilla (green arrow) cannulated by a guide-wire (blue arrow) and a highly tapered

catheter (yellow arrow).
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Figure 12:
Minor papilla (arrow) clearly identified after spraying duodenal mucosa with methylene blue

and administration of secretin to enhance pancreatic secretion.
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Figure 13:
The minor papilla (yellow arrow) is easily identified after spraying the duodenal mucosa

with methylene blue and administration of intravenous secretin. The pancreatic juice flow
results in a zone of central clearing (white arrow).
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Figure 14:
Minor papilla pull-type sphincterotomy.
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Figure 15:
Free hand needle-knife (blue arrow) sphincterotomy (yellow arrow) of minor papilla (green

arrow) followed by placement of a plastic stent (grey arrow) in the dorsal pancreatic duct.
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Figure 16:
Plastic stent (yellow arrow) placed in dorsal pancreatic duct after minor papilla endoscopic

sphincterotomy (blue arrow). Stent in the dorsal pancreatic duct seen on fluoroscopy (green
arrow)
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Figure 17:
Wire-guided (yellow arrow) cannulation of the minor papilla (blue arrow) with a highly

tapered cannula (red arrow) followed by pull-type minor papilla sphincterotomy (green
arrow) and a minor papilla endoscopic orifice dilation (white arrow). Widely open minor
papilla orifice after endoscopic dilation (grey arrow).
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