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Pancreas divisum is a congenital anomaly in which
the ventral and dorsal pancreas drain separately into
the duodenum. It is the most common congenital variant
of pancreatic duetal fusion and drainage anomalies.
With widespread use of endoscopic retrograde cholan-
giopancreatography, pancreas divisum is being detected
with increasing frequency. Jen eases of pancreas div-
isum delected among 500 endoseopie retrograde cholan-
giopancreatography examinations performed between
1979 and 1985 at our institution were critically ana-
lyzed. Patients with symptomatic pancreas divisum
(group 1) were typically young (mean age 29 yr), usually
female, and had no history of significant alcohol abuse.
Those with incidental detection of pancreas divisum
(group 2) were older (mean age 62 yr), usually male
with hepatohiliary disease, and had a history of signif-
ieant alcohol ingestion. I he radiological feature of pan-
creas divisum is characterized by a short (1-6 em) and
thin (2 mm diameter) pancreatic duet (duct of VVirsung)
that hranches off into regular arborization and drains
only the posterior part ofthe head ofthe panereas. Ihis
appearance is quite typical; however, this may be sim-
ulated by otber conditions such as previous pancreatic
trauma, partial pancreatectomy, or pancreatitis with
irreiersihie damage to tbe duet, pseudocyst, and pan-
ereatic carcinoma. I be differentiation between true and
false panereas divisum is important because of its clin-
ical implieations.

INTRODUCTION

The pancreas develops early in cmbr\'onic life from
a single dorsal and iwo ventral endodermal buds along
the dislal foregul. The two ventral buds are closely
associated with the developing hepatic diverticulum.
One of the venlral buds, usually the left, typically
undergoes atrophy, with the remaining bud rotating
posteriorly behind ihe distal foregut to lie caudal to the
dorsal anlagc. I he dorsal aniage forms the superior
portion ofthe pancreatic head, as well as the body and
tail, and is initially drained via the duct of Santorini
through the minor papilla. The ventral aniage becomes
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the inferior portion of the head of the pancreas and
drains through the duct of Wirsung at the ampulla of
Vater. Usually the ductal systems fuse, and the body
and tail drain through ihe duct of Wirsung. The duct
of Santorini regresses to a diminutive size, playing a
minor accessory role in drainage, or it may even regress
entirely (I). In a small percentage of individuals the
ducial systems fail to fuse, resulting in a congenital
anomaly—pancreas divisum (Fig. I).

Several autops\ studies have repwrted frequencies of
pancreas divisum ranging from 4 to 14% (2-10). Its
existence is being recognized more frequently with in-
creased clinical use of endoscopic retrograde cholangio-
pancreatography {ERCP) (11-13). Various reports
place the prevalence of pancreas divisum, as diagnosed
by BRCP, in the range of 1.3-6.7% (6, 9-23). Famil-
iarity and recognition of pancreas divisum is important
for several reasons. First, the uninitiated may mistake
the radiographic appearance of pancreas divisum for
ductal obstruction due to pathologic processes such as
pancreatitis, pseudocyst, or carcinoma; second, pan-
creas divisum has been increasingly recognized as an
important cause of obscure abdominal pain and idi-
opathic pancreatitis (13-29).

The main objectives of this paper are to /) report
our experience with 10 patients among 5(H) BRCP
examinations, six of these with symptomatic pancreas
divisum and four with asymptomatic incidental pan-
creas divisum, and -) discuss diagnostic features of
pancreas divisum and to present conditions that may
simulate pancreas divisum.

MATERIALS AND METHODS

Between July 1979 and December 1983. 500 ERCP
examinations performed at the University of Michigan
hospitals were reviewed retrospectively, specifically to
identify cases with pancreas divisum. ERCPs were per-
formed in 212 palienls for evaluation of known or
suspected pancreas divisum and in 288 patients for
hepatobiliary ductal evaluation. Ten patients were
found to have pancreas divisum. The medical records,
radiographic studies (ERCP. ultrasound, and computed
tomography), and surgical pathological data of these 10
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PANCREAS DIVISUM
O

NORMAL
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FIG, 1. Embryological development of the pancreas (modified
from Reference 1). A. a 4-wk-old 5-mm embryonic stage: dorsal
pancreatic anlage {DP) arises from the posterior portion ofthe distal
foregut. Ventral pancreas anlage (VP) arises from the anterior portion
of the distal foregul in close proximity to the hepatic diverticulum
{HD). B. a 5-6-wk-old 10-mm embryonic stage: ventral pancreatic
anlage {VP) migrates behind the distal foregut (future duodenum)
and lies immediately caudal to the dorsal pancreatic anlage {DP).
Common bile duct {CBD) and duct ofthe ventral pancreas maintain
close proximity and drain into the duodenum via the major papilla
(MjP. ampulla of Vater). Dorsal pancreatic duct drains into the
duodenum via the minor papilla {{MnP), Persistence of this stage
characterizes the anomaly of pancreas divisum {GB, gallbladder). C
a 7-8-wk-old 13-mm embryonic stage: The duct of the dorsal and
ventral pancreatic anlagen (ducts of Santorini and Wirsung, respec-
tively) and Ihe ventral pancreatic duct becomes the main draining
pathway. The duct of the dorsal pancreas undergoes atrophy or
assumes a minor accessory role of drainage via the minor papilla.
This arrangement characterizes a normally developed pancreas. D. a
variation of pancreas divisum: the ventral pancreatic anlage under-
goes marked atrophy with only a small ductal remnant.

patients were studied. Pancreas divisum was diagnosed
on ERCP when the duct of Wirsung was short, tapered,
with rapid arborization into tiny side branches, and had
no communication with the duct draining the body
and tail ofthe pancreas (Figs. 2 and 3). It was assumed
in such instances that the remainder of the pancreatic
ductal system drained separately through the duct of
Santorini. Cannulation of the accessory papilla was
attempted in five patients who subsequently underwent
operation, at which time a transduodenal pancreato-
gram conflrmed the duct of Santorini as the main
draining duct.

FIG. 2. Pancreas divisum. .-1, an ERCP shows filling ofthe duct
of Wirsung {arrow) and the common bile duct (CBD) through a
common cannulation at the major papilla. B. the duct of Santorini
{arrows) opacified with contrast through the minor papilla intraoper-
atively before sphincteropiasty.

FIG. 3. Pancreas divisum. ERCP shows a short duct of Wirsung
{arrow) and a dilated common bile duct {CBD) with a stricture of
the distal end due to previous choiedocholithiasis.
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RESULTS

Ofthe 500 ERCPs performed, 410 patients had suc-
cessful cannulation of both common bile duct and
pancreatic duct. The success rate of cannulation in-
creased proportionately with experience compared wiih
earlier years experience during this study period. Thus
82% success rate of cannulation of both ducts repre-
sented an overall success rate of this study period. Of
the remaining 90 patients only one duct was cannulated
(pancreatic duct in 40 and common bile duct in 50
patients). Thus 10 patients with pancreas divisum
among 450 successfully cannulated main pancreatic
ducts constituted an incidence of 2.2% among our
referred patient population. Six patients among 212
with known or suspected pancreas disease constituted
an incidence of 2.8%, and four patients with incidental
detection ofthe pancreas divisum among 288 patients
with known or suspected hepatobiliary disease consti-
tuted an incidence of 1.4%. Thus it appears that the
incidence of pancreas divisum was twice as high among
patients with suspected pancreatic disease compared
with those with no known or suspected pancreatic
disease. Although the number of cases is small in our
study group and overall incidence of pancreas divisum
is less than previously reported series (15, 17, 20. 21).
il is simply a reflection of the patient population re-
ferred to our institution.

These 10 patients (six women, four men; ranging in
age from 26 to 66 yr) with pancreas divisum were
divided into two groups depending on the indications
for ERCPs. It was quite apparent that detection of
pancreas divisum in each group had diflerent clinical
significance.

Group 1
This group consisted of six patients with clinical

diagnosis of recurrent pancreatitis. There were flve
women and one man (mean age 29 yr) with history of
chronic recurrent abdominal pain and concurrent ele-
vation of serum amylase (more than 400 Somogyi units)
during episodes of pain. The average duration of symp-
toms was 2.5-3 yr. No patient had hyperamylasemia
due to nonpancreatic causes of macroamylasemia. Only
one patient had history of excessive alcohol intake; the
others had no history of alcoholism, cholecystolithiasis,
or choiedocholithiasis. The one patient with history of
alcoholism was a 29-yr-old man with 3-yr history of
alcoholism and low-grade recurrent abdominal pain.
The ERCP showed normal appearance of the ventral
pancreas in all six patients. The cannulation of acces-
sory pancreatic duct of flve patients by transduodenal
approach showed dilated duct of Santorini and ectasia
of its side branches consistent with chronic pancreatitis.
Two patients also had pseudocysts. Five patients under-

went sphincteropiasty of the accessory papilla with
improvement of symptoms in four. The two patients
with pseudocysts, in addition, underwent cystogastros-
tomy and cystojejunostomy for drainage of the pseu-
docysts. Transduodenal pancreatograms obtained dur-
ing operation revealed dilated accessory pancreatic duct
and side branches. One patient not included in the
treatment plan was a 28-yr-old woman with advanced
systemic lupus erythematosus with severe renal involve-
ment who died of uremia. Thus pancreas divisum was
conflrmed in flve patients surgically and at autopsy in
one patient. The surgical treatment relieved abdominal
pain of chronic pancreatitis and eliminated recurrent
attacks of acute pancreatitis in four ofthe five patients
confirmed with follow-up clinic visits of 16. 20, 24. and
26 months, respectively. One patient with no history of
alcoholism continued to have recurrent abdominal pain
at 1 -yr follow up. The patient with history of alcoholism
responded well to the sphincteropiasty therapy.

Group 2
This group consisted of four patients (three men. one

woman) with a mean age of 62 yr. All four patients had
hepatobiliary disease and history of alcoholism. There
was no clinical or biochemical evidence of pancreatitis.
The ERCP showed characteristic appearance of pan-
creas divisum as demonstrated by opacification of the
ventral pancreas ductal system in the head ofthe pan-
creas with no communication to the accessory duct. It
was assumed that the body and tail of the pancreas
were drained by the accessory duct, and it was felt that
cannulation ofthe minor papilla to outline the dorsal
pancreas was neither necessary nor indicated. In this
group of patients the pancreas divisum was an inciden-
tal finding of no clinical signiflcance.

DISCUSSION

Autopsy studies have reported that pancreas divisum
is the most common congenital anomaly ofthe human
pancreas with an incidence ranging from 4 to 14% (1-
8). With the widespread use of ERCP several investi-
gators have reported an incidence of 1.3-6.7% (overall
3.7%) of pancreas divisum detected at ERCP (15, 17,
20, 21). In this study we have found a 2.2% incidence
of pancreas divisum among 450 successfully cannulated
pancreatic ducts. The incidence was slightly higher
among patients with known or suspected pancreatic
disease than in those patients with no known or sus-
pected pancreatic disease (2.8 versus 1.4%). Since the
number of patients with pancreas divisum is small in
our study group, it is difficult to draw any conclusions
of statistical signiflcance.

Pancreas divisum was initially considered a clinically
insignificant congenital ductal anomaly and was often
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a confusing finding al pancreatography (17). Recently,
an association between pancreas divisum and pancrea-
titis has been reported by several investigators (15. 18.
19. 22. 25-29). Others have considered this to be an
incidental finding (16. 17. 30). The controversy regard-
ing clinical relevance of pancreas divisum and perhaps
its etiological linkage to pancreatitis in some patients
with chronic recurrent abdominal pain is still unre-
solved and perhaps requires a meticulously randomized
study with long-term follow-up (3. 13. 15. 18-20. 23.
24., 31-39). A recent report based on endoscopic ret-
rograde manometry of the duct of Wirsung and the
duct of Santorini of patients with normal pancreatic
ductal anatomy and patients with pancreas divisum
concluded that patients presenting with pancreas div-
isum and suffering from relapsing upper abdominal
pain accompanied by elevation of the pancreatic en-
zymes but without morphological evidence of pan-
creatic destruction had significantly higher pressure
readings after cannulation of the accessory papilla than
those obtained in the duct drained through the papilla
of Vater (39). This study concluded that patients with
pancreas divisum may develop chronic stasis of pan-
creatic fluid, and additional factors such as alcoholism
causing increased viscosity ofthe pancreatic saliver may
increase the risk of pancreatitis in patients with pan-
creas divisum (39).

Pancreas divisum has also been recognized in chil-
dren with idiopathic pancreatitis (40). Additionally,
pancreas divisum has been reported in coexistence with
annular pancreas (41) and hereditary pancreatitis (42).

The reason for the association of recurrent pancrea-
titis with pancreas divisum is unknown. It has been
suggested that the duct of Santorini and the accessorv'
papilla are too small in some patients to transmit the
volume of pancreatic juice. Thus a relative stenosis may
be present at the accessor} papilla in some patients,
causing "retention pancreatitis" (15).

In the anomaly of pancreas divisum the persistent
unfused ventral pancreas is a complete drainage system.
The main duct and its branches are small with charac-
teristic arborization. Since this is a small volume sys-
tem, there is an increased likelihood of significant aci-
narization with minimal injection of contrast medium
during ERCP. Therefore, it is important to recognize
pancreas divisum lest injection of excess contrast me-
dium result in marked acinarization and a bizarre
appearance simulating a pseudocyst. Furthermore, in-
creased acinarization is known to cause unnecessary
pain and chemical pancreatitis (43).

Radiologically true pancreas divisum must be dilTer-
entiated from false pancreas divisum (44). The pancreas
divisum appearance may be simulated by acquired
lesions such as previous partial surgical resection ofthe
pancreas (Fig. 4), previous traumatic pancreatic tran-

Fui. 4. Pancreas resection simulating pancreas divjsum. ERCP
shows a radiographic appearance indistinguishable from pancreas
divisum. This 35-yr-old man underwent pancreas resection at age 6
tor an unknown cause (arrow, duct of Wirsung; CBD. common bile
duct). The dorsal duct was not cannulated in this patient.

FIG. ft. Traumaticpancreatic transection simulating pancreas div-
isum. ERCP shows a short duct of Wirsung with an abrupt "cut oil"
(arrow). This 25-yr-old man had traumatic pancreatic transcclion 2
yr earlier. (CBD. common bile duct; GB, gallbladder). A normal
caliber pancreatic duct with abrupt "cutofT and clinical history of
upper abdominal trauma are diagnostic.

section (Fig. 5). obstruction of the duct of Wirsung
resulting from irreversible damage by recurrent pan-
creatitis, pseudocyst. or calculi obstructing the duct
(Fig. 6). and. most importantly, carcinoma ofthe pan-
creas (Fig. 7). History of previous trauma or pancreas
resection is very helpful for proper interpretation. In
patients with chronic recurrent pancreatitis and pseu-
docyst formation, correlation with ultrasound and com-
puted tomography usually resolves the confusing ap-
pearance seen at ERCP. The most important difTeren-
tiation is from a pancreatic carcinoma (45-47) (Fig. 7).
Careful study and analysis ofthe duct terminus, as well
as correlation with other imaging modalities, can usu-
ally resolve this problem. Differentiation between true
and false pancreas divisum is important for appropriate
selection of therapy.
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FIG. 6. Recurrent obstructing pancreatitis. ERCP shows marked
ectasia of the pancreatic duct and its side branches in the region of
the head. The main duct of Wirsung shows tapered appearance
{arrow) and is obstructed. The side branches are ectatic {arrowheads).
The common bile duct {CBD) is slightly dilated with normal intra-
hepatic ducts.

I. 7. Carcinoma of pancreas simulating pancreas divisum.
ERCP in a patient with pancreatic carcinoma shows a tapered irreg-
ular terminus of the duct of Wirsung with complete obstruction
(arrows). The prominent appearance ofthe distal main pancreatic
duct is a feature suggesting that it is a normal-sized duct rather tban
duct of pancreas divisum.

Although the number of patients in our study is
small, it shows, however, distinctive clinical differences
in two groups of patients with pancreas divisum. For

this information to be statistically significant, further
studies with a larger number of patients are necessary.
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