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Abstract

Background and Aims: Annular pancreas is a congenital anomaly where pancreatic tissue
encircles the duodenum. Current knowledge of endoscopic findings of annular pancreas is limited
to small case series. The aim of this study is to describe the endoscopic and pancreatographic
findings of patients with annular pancreas at a large tertiary care ERCP center.

Methods: This is a retrospective observational study. Our IRB approved, prospectively collected
ERCP database was queried for cases of annular pancreas. The electronic medical record was
searched for patient and procedure-related data.

Results: From 1/1/94 — 12/31/16, 46 patients with annular pancreas underwent ERCP at our
institution. Index ERCP was technically successful in 42 patients (91.3%) and technical success
was achieved in all 46 patients (100%) after two attempts, when required. A duodenal narrowing
or ring was found in the majority of patients (n=39, 84.8%), yet only 2 (4.3%) had retained gastric
contents. Pancreas divisum was found in 21 patients (45.7%), 18 of which were complete divisum.
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Pancreatobiliary neoplasia was the indication of ERCP in 7 patients (15.2%). Pancreatographic
findings consistent with chronic pancreatitis were noted in 15 patients (32.6%) at the index ERCP.

Conclusion: This is the largest series describing the endoscopic and pancreatographic findings
of patients with annular pancreas. We found that 45.7% of patients had concurrent pancreas
divisum. Endoscopic therapy was successful in the vast majority of patients at our institution after
one ERCP, and in all patients after a second ERCP. Nearly one-third of patients had findings
consistent with chronic pancreatitis at the time of index ERCP. It is unclear whether this may be a
feature of the natural history of annular pancreas.
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Introduction:

Methods:

Annular pancreas is a rare congenital anomaly, often occurring in children who present with
duodenal obstruction. Annular pancreas, however, has been diagnosed with nearly equal
frequency in pediatric and adult patients.! It is a pathological entity where pancreatic tissue
encircles the duodenum either completely or nearly completely (Figures 1, 2 and 3). The
embryological defect in development has been postulated to be from an abnormal fusion of
the ventral pancreatic bud tip to the duodenum. This results in abnormal rotation of the
ventral bud around the duodenum during early embryological development, and ultimately
the ringed or semi-ringed pancreatic tissue around the second portion of the duodenum that
is known as annular pancreas.! Concurrent pancreas divisum has been observed more
frequently in patients with annular pancreas compared to the normal population, with a
reported concurrence rate in adults of 29-36% in previous series and literature reviews.l 2

The incidence of annular pancreas has been difficult to determine precisely, but based on
autopsy and diagnostic population studies, the incidence is estimated to be between 1 in
1000 and 1 in 6,000 people.l: 3-5 The endoscopic findings of annular pancreas have not been
clearly defined. In a large series, Zyromski et al. compared the clinical findings of pediatric
to adult patients with annular pancreas, but significant endoscopic details were not included
in this report.1 Furthermore, a study by Sandrasegaran et al details the radiographic findings
in a large series of adult patients with annular pancreas.® There are, however, no large series
describing the endoscopic and pancreatographic findings of patients with annular pancreas.
The endoscopic literature to date has been limited to case reports.2: 718 The aim of this
study is to describe the endoscopic and pancreatographic findings of a large series of
patients with annular pancreas at a large tertiary care pancreatobiliary endoscopy center.

This is a retrospective, observational study describing the endoscopic and pancreatographic
findings of patients with annular pancreas undergoing ERCP. The study was approved by the
institutional review board (IRB) at Indiana University Hospital. The single inclusion
criterion for study entry was presence of annular pancreas, identified either surgically,
radiographically or endoscopically, in a patient who underwent an ERCP at our institution
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from January 1994 to December 2016. The patients were identified from our IRB-approved,
prospectively maintained ERCP database and the electronic procedure reporting system
(ProVvation Medical, Minneapolis, MN). The databases were searched for findings of annular
pancreas. A retrospective review of clinical data was performed, including a query of the
electronic medical record and the electronic procedure reporting system. The following
clinical data and demographics were collected for the study patients: age at time of index
ERCP, gender, race, indication for ERCP, clinical presentation/symptoms, history or
presence of pancreatobiliary malignancy, endoscopic findings (including presence of
retained gastric contents, location of minor papilla, presence of annular ring),
pancreatographic findings (including presence of pancreas divisum [complete or
incomplete], visualization of annular ring, presence of pancreatographic findings of chronic
pancreatitis at time of index ERCP), and technical success. For this study, a diagnosis of
annular pancreas was made at the time of ERCP if there was pancreatographic evidence of a
pancreatic duct encircling the area of the duodenum. This was supported by the presence of
a narrowing or ring on endoscopic evaluation (although not necessary for diagnosis). A
diagnosis of annular pancreas from surgery or a radiographic study was determined if the
final radiographic (CT or MRI) report or operative report by the attending physician noted
findings consistent with annular pancreas (generally noted to be pancreatic tissue encircling
the duodenum). Technical success at ERCP was defined as cannulation of the desired duct
and completion of the desired therapeutic maneuver (when required) planned by the
endoscopist. Descriptive statistics were used to present the data.

From 01/01/94 — 12/31/16, 46 patients with annular pancreas underwent ERCP at our
institution. Patient characteristics are described in Table 1. The majority of patients were
female (n=33, 71.7%) and Caucasian (n=40, 87.0%). The mean age at index ERCP was 46.3
+ 17.2 years (range 4 — 76 years). Two patients were less than 18 years old. One of these
patients was 7 years old and had a prior duodenojejunostomy. Five total patients (10.9%)
had prior foregut surgery to address annular pancreas, including three patients with prior
duodenojejunostomy and two patients with prior duodenoduodenostomy. The indications for
ERCP are also summarized in Table 1. Many patients had more than one indication (e.g.,
idiopathic recurrent acute pancreatitis [IRAP] and suspected sphincter of Oddi dysfunction).
Of the 46 patients in this study, 40 patients had an indication with a potential pancreatic
pathology.

All patients included in the study had an ERCP performed and diagnosis of annular pancreas
made (either prior to ERCP or at ERCP). The initial diagnosis of annular pancreas was made
at ERCP in 31 patients (67.4%). The diagnosis of annular pancreas had previously been
made (prior to ERCP) by CT or MRI/MRCP in 8 patients (17.4%). Five patients had
previously been diagnosed with annular pancreas from a previous surgery (10.9%). The
method of index diagnosis could not be determined in two patients (4.3%) due to incomplete
outside medical records preceding index ERCP.
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Pancreatographic Findings and Technical Success

Endoscopic

A pancreatogram was performed in all 46 patients. A summary of the pancreatographic
findings are detailed in Table 2. Technical success was achieved on index ERCP in 42
patients (91.3%) and technical success was achieved in 46 patients (100%) after two
attempts, when required. The annular branch was visualized on pancreatogram in 34 patients
(73.9%), arising from the ventral pancreatic duct in 30 of 34 patients (88.2%, Figure 5).
Pancreas divisum was found in 21 patients (45.7%), 18 of which were complete divisum.
Three of the four patients who did not realize technical success on the index ERCP had
pancreas divisum and intended therapy at the minor papilla. Technical success was achieved
at index ERCP in 18 of 21 patients with concurrent pancreas divisum (85.7%), while
technical success was achieved in 24 of the remaining 25 patients without concurrent
pancreas divisum (96.0%). Findings consistent with chronic pancreatitis (based on the
Cambridge classification)1® were noted on the index pancreatogram in 15 patients (32.6%).
Pancreatographic findings consistent with chronic pancreatitis were found in 38% of annular
pancreas patients with pancreas divisum (8/21) and 28% of annular pancreas patients
without pancreas divisum (7/25). Of the 15 patients with pancreatographic changes of
chronic pancreatitis, chronic pancreatitis changes were found in the main duct in 12 (80%)
of patients, in the annular branch in 3 (20%) of patients. Furthermore, the changes were
specified to be located in 6 (40%) patients in the ventral duct and 5 (33.3%) patients in the
dorsal duct. An anomalous pancreatobiliary junction (APBJ) was identified in 1 patient
(2.2%).

Two of the 46 patients (4.3%) had a complication related to the procedure: one patient had
mild post-procedure pancreatitis and one patient had post-procedure Gl bleeding (post-
sphincterotomy).

Findings

Of the 41 patients without prior foregut surgery, a duodenal narrowing or ring (Figure 3) was
found in the majority of patients (n=36, 87.8%), yet only 2 (4.9%) had retained gastric
contents. Of the 21 patients with pancreas divisum, the location of the minor papilla was
reported in 16 patients. In six patients (37.5%), the minor papilla was located proximal to
the annular narrowing. In five patients (31.3%), the minor papilla was located on the annular
narrowing itself. One patient (6.3%) was noted to have the minor papilla distal to the annular
narrowing. Two patients (12.5%) were noted to have the minor papilla in the “usual” or
“normal” position. Two patients (12.5%) were noted to have the minor papilla at the
transition of the duodenal bulb and second portion of the duodenum, without mention of a
relation to the annular ring. Representative images of the location of the minor papilla with
relation to the annular narrowing in patients with concurrent annular pancreas and pancreas
divisum are shown in Figure 4.

Associated Findings

Pancreas sphincter manometry was performed in 9 patients (19.6%, all but one of these
patients did not have pancreas divisum). Of these patients, six (66.7%) had abnormal
pancreatic sphincter manometry, confirming a diagnosis of pancreatic SOD. Pancreatobiliary
neoplasia was identified in 7 patients (15.2%; pancreatic adenocarcinoma = 3, ampullary
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neoplasia = 2, gallbladder cancer = 1, main-duct intraductal papillary mucinous neoplasm =
1). Moreover, four other patients had non-pancreatobiliary malignancy (8.7%; colon cancer
=1, lymphoma = 1, breast cancer = 1, prostate cancer =1). Therefore, 23.9% of patients had
either pancreatobiliary neoplasia or other cancer. Of the 7 patients with pancreatobiliary
neoplasia, three patients had a concurrent second malignancy (one patient with gallbladder
cancer, ampullary adenoma and prostate cancer, one patient with pancreatic adenocarcinoma
and leukemia, and one patient with pancreatic adenocarcinoma and prostate cancer).

Discussion:

This study describes the endoscopic and pancreatographic findings of 46 patients with
annular pancreas who underwent ERCP over a period of 23 years at a single center in the
United States. Prior reports of endoscopic and pancreatographic findings of patients with
annular pancreas have been limited to case reports or reviews of the literature of previously
published cases. Given the rarity of this congenital condition, this is the largest series to date
describing the endoscopic and pancreatographic findings of patients with annular pancreas.

Procedural considerations

At our tertiary referral ERCP center, less than 2% of procedures are performed in children or
adolescents (age < 18). While children with annular pancreas may undergo surgery for upper
Gl obstructive symptoms, adults appear to present to medical attention with pancreatobiliary
pathology. Interestingly, despite the majority of patients (87.8%) in this series having a
duodenal ring noted on ERCP, less than 5% of patients had retained gastric contents noted
during endoscopic examination, and none severe enough to require the ERCP to be aborted.
This number is surprisingly low, given the potential for other factors which might have
contributed to retained gastric contents (e.g., opioid use, diabetic gastroparesis, etc). It may
be possible that there are two phenotypes of patients with annular pancreas — the first being a
phenotype where the annular ring constricts the duodenum causing gastric outlet
obstruction, and the second being a phenotype where the annular ring is relatively loose or
incomplete. The former most likely presents in childhood and is managed surgically.

Based on the indications for ERCP, it is not clear that the annular pancreas in itself is the
driving factor behind the need for ERCP in all patients in this study. Indeed, it may be an
innocent bystander, as in the case of a patient with biliary SOD. It is difficult to ascribe any
meaningful role of annular pancreas in the patient with right upper quadrant abdominal pain
and elevated liver function tests, and it almost certainly represents an incidental finding in
this situation. The study also demonstrated that, despite having features that traditionally
make diagnostic and therapeutic maneuvers at ERCP more difficult, including duodenal
deformity and frequent need for minor papilla access, ERCPs were able to be performed
with complete success in the majority of cases (91.3%) on the first attempt. Technical
success was achieved in all patients after a second ERCP in those who did not have technical
success after a first procedure. Given the large proportion of patients in this study with
pancreas divisum (45.7%), 11 patients (23.9%) underwent minor papilla cannulation for
intended therapy. Over half of the patients with pancreas divisum had the minor papilla
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located either proximal to or on the annular ring (Figure 6), which likely further increased
the technical difficulty of procedures in this cohort.

Annular pancreas and pancreas divisum

In a review of 14 cases of annular pancreas published in the English literature in and before
1985, Lehman and O’Connor found that 5 of these cases (36%) had coexistent annular
pancreas and pancreas divisum.2 This suggested that pancreas divisum occurs more often in
the presence of annular pancreas than it does in the general population (5-10%).20:21 |n a
review of CT, MRI, and ERCP findings of annular pancreas in adults, Sandrasegaran et al.
reported a similar rate of pancreas divisum (37%).° In a series by Zyromski et al., 16 adults
(29%) were diagnosed with pancreas divisum, which was significantly more often than
children, in whom the condition was not observed.! This increased coexistent defect is not
surprising in as much as the rotational error resulting in annular pancreas changes the
orientation of the dorsal and ventral pancreatic ducts that normally fuse.22 In the current
study, pancreas divisum was found in 21 patients (45.7%). This is somewhat higher than the
previously reported rate of coexisting conditions, although earlier reports were limited by
small patient numbers.2 This may indicate that there is a larger proportion of adult patients
with coexistent annular pancreas and pancreas divisum among those referred to ERCP for
evaluation of pancreatobiliary pathology.

Annular pancreas and chronic pancreatitis

Nearly one-third of patients (32.6%) had findings on ERP suggestive of chronic pancreatitis
at the time of index ERCP in this series. It is unclear whether this may be a feature of the
natural history of annular pancreas. Given the presenting phenotype of the patient
(symptoms, risk factors, etc.) cannot be precisely determined in this retrospective study over
multiple decades, it is not possible to ascribe the pancreatographic findings alone to a
diagnosis of chronic pancreatitis. Obstructive pathology may play a role in the etiology of
pancreatographic findings suggestive of chronic pancreatitis, as 26 patients (56.5%) in this
study were found to have either pancreatic SOD or pancreas divisum at the time of ERCP.
Indeed, of the 15 patients found to have findings of chronic pancreatitis at index ERCP, 11
(73.3%) had either concurrent abnormal manometry or pancreas divisum. There was a
higher rate of pancreatographic findings of chronic pancreatitis in those who had concurrent
pancreas divisum (38%) compared to those without pancreas divisum (28%). Pancreas
divisum is a known risk factor for chronic pancreatitis.

Annular pancreas and malignancy

In a review of 14 cases of annular pancreas and concurrent pancreatobiliary malignancy
published in the English literature in and before 2007, the most commonly identified cancer
was ampullary carcinoma (6 cases), followed by pancreatic carcinoma (5 cases),
cholangiocarcinoma (2 cases), and insulinoma (1 case).?” This has previously been
attributed to chronic inflammatory changes in this area associated with pancreatitis. In their
series of 103 patients (48 children, 55 adults), Zyromski et al. detected neoplasia of some
type in 18 (32%) adults and none in children (p<0.01).1 In our current series, 23.9% of
patients had either pancreatobiliary neoplasia or other cancer. These rates of pancreatobiliary
neoplasia and malignancy are higher than expected in the general population. For many of
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the patients presenting for ERCP in this study, pancreatobiliary malignancy was the cause of
the indication of the ERCP procedure (e.g., jaundice or imaging abnormality), thus there is
likely a selection bias in this population of patients with concurrent annular pancreas and
malignancy. A causal relationship with annular pancreas cannot be determined from this
study.

Annular pancreas and APBJ

Limitations:

Twelve cases of concurrent annular pancreas and APBJ have been reported in the English
literature, of which 11 were pediatric cases.?8 Data from these reports show that most of
these patients underwent duodenoduodenostomy and flow-diversion surgery simultaneously
or metachronously. In our experience, APBJ was noted in one (2.2%) patient. This finding
may be explained by the fact that our patient population was adult-predominant.

We recognize several limitations to our study, including selection bias. We used our internal
ERCP database to identify subjects eligible for the study. In other words, we used ERCP as
the reference standard for determining the presence of annular pancreas. This was the
methodology selected, as the goal of this study was to describe endoscopic findings and
pancreatographic features of patients that undergo ERCP for annular pancreas. Patients
found to have annular pancreas by other imaging techniques who did not subsequently
undergo ERCP were not evaluated. Furthermore, the procedures in this study were
performed by endoscopists with expertise in pancreatic endotherapy and in a very busy
pancreatobiliary referral center (tertiary center referral bias), thus the outcomes may not be
generalizable to facilities with less experience. The majority of patients were Caucasian and
female — this may be explained by the large number of patients undergoing ERCP for
suspicion of SOD, which predominates in Caucasian females.

In summary, this study describes the endoscopic and pancreatographic findings of 46
patients with annular pancreas who underwent ERCP at a single center over a period of 23
years. This is a finding found rarely at the time of ERCP. Despite the potential for altered
duodenal and pancreatic anatomy, endoscopic success rates remain high by experienced
ERCP endoscopists.
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Figure 1:
T1 weighted fat-saturated post-contrast MR image demonstrating complete encircling of

duodenum with pancreatic tissue (arrow) in a patient with annular pancreas.
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Figure 2:
Coronal thick-slab MRCP image demonstrating ventral annular ring (arrows).
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Figure 3:
Double-contrast fluoroscopic image of an upper GI examination showing circumferential

narrowing (arrows) of the second portion of the duodenum in a patient with annular
pancreas.
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Figure 4.
A.) Endoscopic image of circumferential narrowing of duodenum in a patient with annular

pancreas, with minor papilla noted (yellow arrow) on rim of annulus. B.) Minor papilla
sphincterotomy in a patient with annular pancreas and pancreas divisum.
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Figure5.
A.) Ventral pancreatogram demonstrating annular duct (yellow arrows), with otherwise

normal ductal anatomy (i.e. no pancreas divisum). B and C.) Ventral pancreatogram
demonstrating annular duct (yellow arrows), with pancreatic divisum anatomy (no
communication with main pancreatic duct). D.) Ventral pancreatogram demonstrating
incomplete annular duct (yellow arrows) and findings of main duct suspicious for chronic
pancreatitis including dilated main duct and prominent and irregular side branches.
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Figure6:
Fluoroscopic image demonstrating paucity of air at the level of annular pancreas ring

(arrow), with minor papilla cannulation and pancreatogram. The minor papilla is located at
the rim of the annular pancreas (demonstrated by cannulation at level of paucity of air),
which can increase difficulty.
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Table 1.

Characteristics of Patients with Annular Pancreas Undergoing ERCP

Characteristic n %

Sex

Female 33 71.7
Male 13 28.3
Ethnicity

White 40 87.0
African-American 3 6.5
Hispanic 2 43
Other 1 2.2
Age (mean a SD) 46.3+17.2

Prior foregut surgery 5 10.9

Indication for ERCP *

Pain / Suspicion of SOD 20 435
Idiopathic acute or recurrent acute pancreatitis 17 37.0
Abnormal Imaging” 12 26.1
Elevated liver tests 10 217
Chronic pancreatitis 7 15.2
Ampullary mass 2 43

SD, standard deviation; SOD, Sphincter of Oddi Dysfunction.

*
many patients have more than one indication for the ERCP, thus the % adds up to >100%.

fAbnormaI imaging consists of the following: annular pancreas (n=5), dilated common bile duct (n=3), pancreas cyst/pseudocyst (n=2), pancreas
stricture / pancreas duct dilation (n=1), choledocholithiasis (n=1).
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Table 2.

Pancreatographic Findings at ERCP for Patients with Annular Pancreas

Finding n %

Annular pancreas branch identified 34 739

Annular branch arising from ventral duct or ventral stump in divisum 30 gg2™

Pancreas divisum 21 457
Pancreatographic findings consistent with chronic pancreatitis 15 326
Anomalous pancreatobiliary junction 1 2.2

*
percentage based off of the 34 patients in which annular pancreas was identified.

fbased on the Cambridge classification of pancreatographic changes.
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