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Abstract

We review important new clinical observations in pancreas divisum (PD) made since 2007. PD is
common and has the same prevalence in the general population and idiopathic pancreatitis (IP).
Up to 53% of patients with PD and IP have underlying idiopathic chronic pancreatitis (CP), and in
rigorous prospective clinical follow-up and/or natural history studies, many with idiopathic
recurrent acute pancreatitis (IRAP) have idiopathic CP. According to retrospective studies, PD
does not modify the natural course of nonalcoholic or alcoholic CP. CFTR and/or SPINK1 gene
mutations associate with IP (idiopathic CP and IRAP) independently of the presence of PD. More
than one third of patients with pancreatitis or presumed pancreaticobiliary pain respond to placebo.
Authors of uncontrolled studies report a significant symptomatic response to surgery and
endotherapy in patients with IP and PD, but the response remains unproven and is largely limited
to those with IRAP and not idiopathic CP or chronic pain.
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Introduction

Pancreas divisum (PD) is the most common congenital variation of pancreatic duct anatomy,
arising when the embryological ventral and dorsal endodermal buds fail to fuse (“classic”
PD) or only partially fuse (“incomplete” PD). With this ductal variant, pancreatic drainage is
mainly through the accessory papilla. The possibility that PD has pathophysiological
consequences related to idiopathic pancreatitis (IP) emerged in the 1970s, when
endoscopists identified PD by endoscopic retrograde cholangiopancreatography (ERCP) in
patients. Currently, it remains controversial whether PD causes IP and whether surgical or
endoscopic drainage procedures of the duct of Santorini reduce pain and attacks of
pancreatitis [1e]. In this review, we discuss terminology for IP, the hypothesis that PD
causes IP, the prevalence of PD, alternative explanations for IP in patients with PD, and the
results of treatment and response to placebo.
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Terminology for Pancreatitis

Authors use different terminology to describe “recurrent pancreatitis.” The most commonly
used term is idiopathic recurrent acute pancreatitis (IRAP), which sidesteps the
consideration that IRAP patients have chronic pancreatitis (CP) from the initial presentation
of symptoms. The initial presentation of patients with early-onset idiopathic CP is pain,
followed by recurrent attacks of pain at variable intervals of months to years, and many
years later the hallmark features of CP (calcification, diabetes, and malabsorption) occur
[2,3]. Many patients with PD and IRAP have CP. DiMagno and DiMagno [1¢] analyzed data
from 41 endoscopic studies and reported that up to 53% of patients had evidence of CP. To
avoid confusion in this review article, we use the term IP and include within this term the
diagnoses of acute and chronic IP made by others. The term recurrent acute pancreatitis
(RAP) describes all patients with this condition, regardless of etiology, most of whom have
identifiable causes of RAP (eg, biliary lithiasis, hypertriglyceridemia, hypercalcemia). The
term idiopathic RAP (IRAP) indicates patients who have no identifiable cause of RAP, who,
in our opinion, have early idiopathic CP.

Hypothesis

The hypothesis that obstruction of the minor papilla causes pancreatitis serves as the basis
for performing drainage procedures of the duct of Santorini in patients with IP and PD [1e].
If the hypothesis is correct, we should expect:

1. The prevalence of PD should be greater in IP than the general population.

2. Adilatated dorsal duct system should be present if there is a functionally
significant obstruction of the dorsal duct.

3. Pathological changes should only develop in the dorsal duct.

4. The frequency or severity of recurrent attacks of IP should diminish with drainage
procedures of the duct of Santorini.

Prevalence of PD

For more than 150 years, anatomists and later clinicians used different methods to describe
PD, including autopsy, surgery, endoscopic retrograde pancreatography (ERCP), magnetic
resonance pancreatography (MRCP) and secretin-MRCP (S-MRCP). The aim of more than
90% of autopsy studies was to classify normal variations of human pancreatic ducts and
structures, whereas the aim of ERCP studies was to determine the relationship between PD
and IP.

Accumulating data indicate that the prevalence of PD is no greater in IP compared to the
general population. Initially, investigators using ERCP reported a greater prevalence of PD
in IP compared to the general population [4-6]. These data later were contradicted by other
ERCP studies [7-9]. Multiple factors might account for these differences; the early studies
[4-6] might have been biased by referral pattern, patient selection, and inclusion of subjects
with poorly characterized pancreatic disease (see “Terminology for Pancreatitis™).

DiMagno and DiMagno [1¢] recently reported a comprehensive analysis of primary sources
from 23 autopsy studies, 41 ERCP studies, and 13 MRCP studies to determine the
prevalence of PD in IP compared to the general population and in idiopathic “acute
pancreatitis” compared to CP. Patients were categorized as having no pancreatitis, IP, and
acute pancreatitis and CP when sufficient detail supported this designation. In the autopsy
and MRCP studies, the prevalence of PD in the general population was about 8% (Fig. 1A).
In the ERCP studies, however, the prevalence of PD was about 4% in the general population
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and about 8% in patients with IP (Fig 1A). These data support the conclusion that in ERCP
studies, the prevalence of PD in the general population is because of under recognition and/
or referral bias, and that there is no association between PD and IP.

Controversy about this conclusion exists. For example, analysis of six of the 41 ERCP
studies and two of the seven S-MRCP studies that classified IP patients as acute pancreatitis
or CP shows a prevalence of PD that was significantly greater in acute pancreatitis
compared to CP in ERCP but not in S-MRCP studies (12.0 vs 6.8) [1¢]. The validity of this
finding is questionable, however, because the increased PD prevalence in acute pancreatitis
was directly attributable to two publications from the same investigators [5,10]. There was
no increased prevalence of PD in acute pancreatitis compared to autopsy in most studies,
and the authors of the largest ERCP study of 304 patients with PD reported a similar
prevalence of PD in acute pancreatitis and CP groups (7.5% vs 6.4%) [8]. To explain the
contrasting observations among studies, it is noteworthy that a dorsal duct pancreatogram
was performed 50% less frequently in studies reporting an increased prevalence of PD in
acute pancreatitis compared to the study by Delhaye et al. [8], indicating that a diligent
search for PD (by examining both ductal systems) was not always performed in patients
without a pancreatitis history. Hence, we interpret these data as indicating that PD is no
more prevalent in idiopathic acute pancreatitis compared to CP.

More recently, a systematic review of ERCP detection rates for PD [11¢] included 17
studies: six from Asia, three from Europe, and eight from the United States. Overall,
endoscopists detected PD in 2.9% of ERCPs (899 of 31413), but prevalence varied
significantly by geographic location: 1.5% (317 of 21636 ERCPs) in Asia, significantly
lower than 5.7% (395 of 6578; P < 0.001) in the United States and 6.0% (899 of 31413; P <
0.001%) for Europe. The US and European data approximate data of the 41 ERCP studies
analyzed by DiMagno and DiMagno [1¢], who reported a PD prevalence of 4.1% of 16,078
subjects without IP. Perhaps the most interesting observation by Liao et al. [11¢] is that the
prevalence of PD appears to vary by different geographic locations. These regional
differences, however, are likely attributable to the degree that endoscopists search for PD
(by examining both ductal systems) or to referral bias or other factors as discussed
previously.

Natural History

Although we do not subscribe to the hypothesis that PD underlies IRAP [4], if this
hypothesis were true, PD may also underlie CP. The rationale for the latter hypothesis is that
up to 53% of patients enrolled in studies with IRAP had evidence of CP [1¢] and that RAP
(particularly alcoholic) evolves into CP [12] by a series of necrotic and fibrotic events, as
originally proposed in 1946 by Comfort et al. [13]. The studies of Barthet et al. [14] and
Spicak et al. [15¢], however, do not support the hypothesis that PD is involved in the
pathogenesis of PD.

Barthet et al. [14] reported that the clinical course and morphological features of 40 patients
with calcifying CP associated with heavy alcohol use were not modified by PD. Twenty had
PD and 20 had a normally fused pancreas. The only significant difference in clinical
characteristics was that pancreatic calcifications were less common in the PD group (8 vs
14; P = 0.05). Cambridge classification was similar among groups, but the PD group had
minor differences of uncertain significance, including less frequent irregularity of the main
pancreatic duct and more frequent dilation of side branches. Further evidence that PD was
an incidental finding is that isolated dorsal segment disease occurred in only 45% of patients
with PD. The lower than expected frequency of isolated dorsal duct involvement was
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corroborated by Spicak et al. [15] (see below) and by the pooled analysis of DiMagno and
DiMagno [1¢].

Spicak et al. [15¢] recently reinvestigated whether PD associated with an altered natural
history of CP by evaluating 87 patients with CP, 30 with PD and 57 without PD. Similar to
the study by Barthet et al. [14], most patients in both groups had heavy alcohol use and there
were no significant differences among gender, age at onset of disease, clinical presentation,
course of the disease, and frequency of complications. Additional data that do not support
PD predisposing to pancreatitis by obstructing the dorsal duct are that most patients had
disease involving the ventral segment whether PD was present or not (75% vs 72%), and
that isolated dorsal segment disease was less frequent than expected and occurred nearly
equally in the alcohoalic versus nonalcoholic groups (25% vs 28%). These clinical and
anatomic data indicate that PD does not modify the natural course of chronic nonalcoholic
or alcoholic pancreatitis and that PD does not play a dominant role in the pathogenesis of
CP, if it plays a role at all.

Although prevalence data (Fig. 1B), natural history studies, and the results of endoscopic
treatment studies (see section on therapy) do not support a meaningful association between
PD and CP, it is important to recognize if a subset of IRAP patients with or without PD
present as, or evolve into, CP. In 10% to 20% of persons with a first attack of acute
pancreatitis, no cause is identified after completing a routine clinical evaluation, biochemical
tests, transabdominal ultrasound, and/or CT [16]. Of these with a first attack of IP, more
intensive evaluation with endoscopic ultrasound (EUS) may identify a cause in about 80%
[17]. Fewer than 15% of patients with a first attack of acute pancreatitis develop RAP [18],
and far fewer develop IRAP (no identifiable cause of RAP). Few studies combine complete
diagnostic testing with prospective follow-up, but available data indicate that most patients
labeled as having IRAP eventually will have an identifiable cause of RAP, including
idiopathic CP, genetic mutations (see “Association of IP with Genetic Mutations and PD”),
biliary disease (gallbladder microlithiasis, choledocholithiasis, biliary sludge), or unusual
lesions such as ampullary lesions or pancreatic cancer.

Three long-term studies followed patients with IRAP prospectively for about 18 to 36
months and showed that the majority had RAP due to an identifiable cause, more commonly
idiopathic CP (26%-50%) rather than a biliary cause [19-21]. An interesting finding in one
study was that pancreatic duct stenting compared to no stenting had no effect on pancreatic-
type pain (32% vs 40%) or the development of findings of idiopathic CP (27% vs 26%) [20].
Hence, idiopathic CP is a common etiology of RAP [19-21], it is likely that early- and late-
onset idiopathic CP develop as a consequence of RAP because of unrecognized etiologies
(eg, genetic abnormalities or environmental factors) and that pancreatic duct stenting does
not prevent the course of idiopathic CP [20].

Association of IP with Genetic Mutations and PD

IP associates with mutations in primarily three genes. Mutations in the cationic trypsinogen
(PRSS1) gene occur primarily in hereditary pancreatitis [22] and less commonly in IP [23].
More common gene mutations associated with IP involve the CFTR [24,25] and/or SPINK1
gene [26], the latter commonly occurring in tropical calcific CP [27]. Up to 50% of patients
with early-onset idiopathic CP have mutations of the CFTR and/or SPINK1 genes [28-30].
Also, patients with IRAP commonly have CFTR mutations (up to 38%) [30,31] or SPINK1
mutations (about 11%) [32]. As previously discussed (see “Terminology for Pancreatitis”),
these patients likely have idiopathic CP [33], a premise supported by findings that CFTR and
SPINK1 gene mutations are not associated with single episodes of human acute pancreatitis
[32,34].
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CFTR mutations may confer increased susceptibility to IP by at least two mechanisms:
pancreatic ductal plugging and obstruction by viscous, proteinaceous ductal secretions [35]
and by sensitizing the pancreas to an exuberant inflammatory response to injury [36,37].
SPINK1 mutations may predispose to IP by disrupting the capacity of pancreatic acinar cells
to limit trypsin activity when premature activation occurs intracellularly. It is tantalizing to
consider that other patients with IP have a less common gene mutation (eg,
chymotrypsinogen C gene [38] or calcium-sensing receptor gene [39,40]), a yet to be
discovered gene mutation, or a nongenetic alteration in protein function, a premise based on
findings that patients may have a variant CF phenotype without CFTR gene mutations
[41,42], including those with CP from known causes [43].

Patients with IP, with or without PD, have a similar prevalence of CFTR and/or SPINK1
gene mutations. Investigators from the University of Indiana [31], who used a limited
screening test, reported that in a Caucasian population, the frequency of CFTR mutations
was higher in patients with PD and IP compared to PD without IP (22% vs 0%). The true
prevalence of CFTR mutations in IP and PD is likely higher because the frequency of CFTR
mutations in IP is greater when investigators use an exhaustive genetic screening test
[24,25,30]. Furthermore, even when genetic testing identifies no CFTR mutations, CFTR
functional impairments are common in patients with IP and PD. Gelrud et al. [44] studied 12
patients with IP and PD and found that nasal potential difference, an indicator of CFTR ion
channel function, was intermediate between those observed for healthy controls and classic
CF patients. In addition, Gelrud’s study implies that IP with PD is uncommon (only 12
patients found at three institutions) and that in this uncontrolled study, patients who have
CFTR ion channel dysfunction generally do not respond to endoscopic therapy; only two of
12 patients who underwent endoscopic or surgical interventions had resolution of symptoms,
even though all had multiple ERCPs (range 2-5), 10 had either pancreatic stent and/or
sphincterotomy, and eight had cholecystectomy.

Recently, investigators from New Delhi, India, found the frequency of SPINK1 mutations
was increased but similar in three pancreatitis groups: 41.6% of IP with PD (5 of 12), 43.3%
of CP (13 of 30), and 35.7% of RAP without PD (5 of 14) compared to 2% of healthy
controls (1 of 50) [45]. No patients had CFTR mutations but frequencies of CFTR
polymorphisms were increased and similar in the two pancreatitis groups: 25% of IP and PD
(3 of 12) and 33.3% of CP (10 of 30) compared to 0% of healthy controls (0 of 50). The
authors claim that relative obstruction at the minor papilla owing to PD plays a definite role
in the pathogenesis of pancreatitis because endoscopic therapy in eight of 12 patients with
PD had a 50% reduction per year in the frequency of attacks of pancreatitis, including three
of five with SPINK1 mutations. This response contrasts with the negative endoscopic
outcomes reported by Gelrud et al. [44], but may be explained by the short duration of
follow-up, lack of treatment controls, and possibly the involvement of different gene
mutations.

Findings that CFTR and/or SPINK1 gene mutations have a similar prevalence in IP with and
without PD indicates that the gene mutation is the common underlying factor for causing
pancreatic inflammation and that PD is likely an incidental finding in the setting of IP.
CFTR and SPINK1 mutations likely have synergistic effects on the susceptibility to IP in
patients with PD, similar to that observed in IP [28], possibly because different molecular
mechanisms are affected. Data are insufficient, however, to completely exclude the
possibility that in some patients PD participates with CFTR and/or SPINK1 mutations as a
“two-hit” phenomenon that increases the susceptibility to IP.
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Placebo Response Rate

When either interventional or medical treatment is tested against placebo, patients with
pancreatitis or presumed pancreaticobiliary pain have a high placebo response rate. For
example, in patients with type 2 and 3 sphincter of Oddi dysfunction, Wilcox [46] reported a
38% endoscopic placebo response rate. In patients with abdominal pain and CP, others
reported a similar 35% to 36% placebo response rate in trials of octreotide versus placebo
[47] or the cholecystokinin-A receptor antagonist loxiglumide versus placebo [48]. Also,
patients with CP have a dramatic, but less quantifiable, placebo response in a trial of
antioxidants versus placebo [49]. These 35% to 38% placebo response rates are strikingly
similar to the 32% “therapeutic response” of endoscopic drainage of the pancreatic duct in a
randomized controlled trial of patients with large-duct CP [50]. Recognition of the placebo
response led Cooperman et al. [51] to comment that it remains unclear whether a perceived
therapeutic response to dorsal duct drainage procedures in patients with PD represents “...a
satisfactory result, stabilization of the disease, symbiosis between patient and symptoms, or
fear of admitting persistent symptoms....” Hence, only properly randomized and controlled
trials of treatment versus no treatment will determine whether endoscopic therapy is
effective for reducing pain in patients with PD.

Endoscopic and Surgical Therapy for IP and PD

A two-part clinical controversy published in 2007 [1¢] outlined major limitations of studies
of endoscopic and/or surgical therapy of patients with IP and PD. Specifically, studies were
small, largely retrospective, lacked a control group (to assess a placebo response rate), and
had limited long-term follow-up. Therefore, the indications for and the true response to
minor papillotomy remain unclear in clinical practice. Two new studies [11,52¢], an
editorial [53], and a recent review article [54] highlight these issues.

In a recent, retrospective study, Chacko et al. [52¢] reported that the minor papilla
endotherapy (MPE) response rate or clinical improvement was 76% for IRAP but much
lower for CP (42%) and chronic abdominal pain (33%). The authors defined improvement
as a = 50% reduction in any endpoint for IRAP, CP or chronic abdominal pain. Specific
endpoints for IRAP included annual episodes of acute pancreatitis, emergency department
visits or hospitalizations. Endpoints for CP and chronic abdominal pain were pain scores,
use of narcotic analgesics, annual emergency department visits or hospitalizations. The
authors concluded that MPE is a reasonable first step in the absence of chronic pain. An
important limitation acknowledged by the authors is that short-term follow-up may be
inadequate to assess response in some patients with IRAP, who have long, pain-free
intervals. A further challenge in assessing the response rate in patients with IRAP is that
some develop chronic pain. Multiple additional factors limit the generalizability of this
study: the investigators included patients with incomplete PD and previous endotherapy,
some patients classified as having IRAP had evidence of CP, follow-up was short, endpoints
were heterogeneous, and there was no intention-to-treat analysis. An editorial [53]
concluded that patients with IRAP represent the subset of patients most likely to have
clinical benefit from MPE, but that further studies are needed to evaluate the long-term
benefit from MPE, preferably designed as randomized, controlled studies in which details of
disease presentation and pre-procedural natural history are documented.

Liao et al. [11¢] reported in a systematic review that response to endotherapy and surgery in
patients with PD depends on whether patients have IRAP, CP, or chronic abdominal pain.
The greatest response rates, defined broadly as the percentage of patients with complete,
partial, or overall pain relief at follow-up, occurred in IRAP (79.2%-83.2%) but
significantly less in CP (69.0%-66.7%) and chronic abdominal pain (54.4%-51.6%). This
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analysis of uncontrolled studies supports the findings of multiple previous studies that either
the endoscopic or surgical papillary therapy is “effective.” Unfortunately, as described
above, these studies lack proper controls and randomization, outcome measures remain too
broadly defined, and follow-up is limited. These limitations apply mostly to IRAP patients,
who are purported to benefit greatest from minor papillary therapy.

Finally, Delhaye et al. [54] stressed that the diagnosis of PD can readily be made
noninvasively with secretin MRCP imaging. Further, they state that PD as a cause of IP
remains controversial for several reasons, including the inability to demonstrate an increased
incidence of PD in IP compared with control patients, and that recruitment bias may have
led to an overestimation of the prevalence of PD in other ERCP studies examining IRAP and
PD. They suggest, however, that there may be a subset of patients with PD who may benefit
from minor papillotomy, based on S-MRCP imaging results of delayed duodenal drainage,
even though secretin-induced duct dilatation detected by US/MRCP is abnormal in 50% of
normal controls [55]. Whether this result, suggesting obstruction at the minor papilla, may
allow for proper selection for minor papillary therapy, awaits prospective studies
demonstrating a beneficial outcome.

Conclusions

Is PD “...an unrecognized cause of many cases of recurrent acute pancreatitis”? [56]. No!
PD is as common in the general population as in IP. Rigorous prospective clinical follow-up
and/or natural history studies indicate that many with IRAP have idiopathic CP. Indeed, up
to 53% of patients with PD and IP included in studies have underlying idiopathic CP. In
retrospective studies, PD does not modify the natural course of nonalcoholic or alcoholic
CP. CFTR and/or SPINK1 gene mutations associate with IP (idiopathic CP and IRAP), and
the association is unrelated to the presence of PD, indicating that PD is likely an incidental
finding in IP and that gene mutations are common underlying factors responsible for
pancreatic inflammation. Data are insufficient, however, to completely exclude the
possibility that, in some patients, PD combines with CFTR mutations as a “two-hit”
phenomenon that increases the susceptibility to IP. More than one third of patients with
pancreatitis or presumed pancreaticobiliary pain respond to placebo. Predicting endoscopic
or surgical response is not standardized. In uncontrolled studies, authors report a significant
symptomatic response to surgery and endotherapy in IP patients with PD, but the response is
largely limited to IRAP and not idiopathic CP or chronic pain. Endoscopic therapy of
patients with IP and PD without evidence of CP remains unproven. This controversy can be
settled by randomized controlled trials of endoscopic therapy versus sham intervention with
long-term follow-up.

Abbreviations
AP Acute pancreatitis
PRSS1 cationic trypsinogen
CCK cholecystokinin
CP chronic pancreatitis
Cl confidence interval
CFTR cystic fibrosis transmembrane conductance regulator
EUS endoscopic ultrasonography
ERCP endoscopic retrograde cholangiopancreatography
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main pancreatic duct
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pancreatic function test
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Figure 1.

(A) The prevalence of pancreas divisum (PD) without or with pancreatitis reported in
autopsy, endoscopic retrograde cholangiopancreatography (ERCP), magnetic resonance
cholangiopancreatography (MRCP), and secretin-MRCP (S-MRCP) studies. (B) The
prevalence of PD with acute and chronic pancreatitis reported in ERCP and S-MRCP
studies. Bars represent mean PD as percent of total cases (n) and error bars are 95%
confidence intervals.

Figure adapted from ref [1¢]. Permission from Lippincott Williams & Wilkins.
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