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Abstract
Annular pancreas (AP) is a rare congenital anomaly. 
Coexisting malignancy has been reported only in a few 
cases. We report what is, to the best of our knowledge, 
the first case in the English literature of duodenal adeno-
carcinoma in a patient with AP. In a 55-year old woman 
with duodenal outlet stenosis magnetic resonance chol-
angiopancreatography showed an aberrant pancreatic 
duct encircling the duodenum. Duodenojejunostomy 
was performed. Eight weeks later she presented with 
painless jaundice. Duodenopancreatectomy revealed a 
duodenal adenocarcinoma, surrounded by an incomplete 
AP. Thus, co-existent malignancy with AP can be present 
without obstructive jaundice and without being visible 
through preoperative diagnostics. 
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INTRODUCTION
Annular pancreas is a rare congenital anomaly, which 
consists of  a ring of  pancreatic tissue, confluent with 
the head of  the pancreas, and partially or completely 
encircling the second segment of  the duodenum. It was 
first described by Tiedemann in 1818[1] and first named 
“pancreas anulare “ by Ecker in 1862[2].

Studies based on cases where the diagnosis was made 
on autopsy or during surgery estimate the incidence of  
annular pancreas of  3 in 20 000[3,4]. When the diagnosis 
is based on modern imaging methods, such as multislice 
computed tomography (MSCT), magnetic resonance 
imaging (MRI), magnetic resonance cholangiopancrea-
tography (MRCP) or endoscopic retrograde cholangio-
pancreatography (ERCP), the incidence seems to be 
higher; up to 1 in 250[5,6]. About 700 cases of  annular 
pancreas have been reported in the literature[7]. During 
normal organogenesis, the pancreas is formed by merg-
ing the ventral with the dorsal pancreatic bud during the 
first four to nine weeks of  gestation. Two main theories, 
sustained by Lecco[8] and Badwin[9] respectively, describe 
the pathogenesis of  annular pancreas. Lecco[8] explained 
the development of  the anomaly as an adherence of  the 
ventral pancreatic bud to the duodenum, which leads to 
an improper rotation of  the ventral bud, resulting in the 
encirclement of  the duodenum. Badwin[9] contends that 
the persistence and enlargement of  the left ventral bud 
causes the pancreatic obstructing ring. Although the pan-
creatic band usually adheres to the muscularis of  the du-
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odenum, it may also be loosely applied to the serosa of  
the duodenum[10]. The annular pancreas has been associ-
ated with other congenital anomalies, such as trisomy 21, 
tracheoesophageal fistula, cardiac anomalies, and intesti-
nal malrotation[7]. Association of  annular pancreas with 
malignancy is rare. It has been described only 14 times 
in the English literature (five pancreatic carcinomas, six 
ampullary carcinomas, two cholangiocarcinomas, and 
one Insulinoma)[11-22]. A review of  151 cases of  annular 
pancreas in Japan by Ogawa et al[11]  revealed an associa-
tion with malignant tumors of  the duodenopancreato-
biliary system in 15 patients (five cholangiocarcinomas, 
four gallbladder carcinomas, four duodenal, and two 
pancreatic carcinomas). Primary carcinoma of  the duo-
denum is rare, representing about 0.3% of  all malignant 
neoplasms of  the gastrointestinal tract and 25%-45% of  
malignant neoplasms of  the small intestine[23]. 

We report what is, to the best of  our knowledge, the 
first case in the English literature of  duodenal adenocar-
cinoma in a patient with annular pancreas.

CASE REPORT
A 55-year-old Caucasian woman was admitted to our 
hospital with a six-week history of  persistent postpran-
dial nausea and vomiting, associated with a weight loss 
of  7 kg compared to a total weight of  70 kg. There was 
no associated pain, hematemesis, fever, diarrhoea, or 
jaundice. Domperidone therapy was ineffectual. Four 
years prior to the diagnosis, the patient had intermittent 
occasional mild epigastric pain. She also reported occa-
sional vomiting during the previous 15 years, which was 
not medically investigated.

On clinical examination, the patient appeared weak 
and dehydrated. Her abdomen was soft, without tender-
ness or palpable masses. Laboratory results revealed a 
hypokalemia of  1.9 mmol/L, which was substituted, and 
a metabolic alkalosis with an initial pH of  7.65. Serum 
amylase, bilirubin, and C-reactive protein (CRP) levels 
were not elevated. 

Gastroscopy showed a reflux esophagitis, a massive 
distension of  the stomach and the first part of  the duo-
denum, respectively, and a stenosis of  the second part of  
the duodenum, which could not be passed with the thin 
gastroscope. 

Abdominal MSCT depicted a fluid filled stomach 
and second segment of  the duodenum (Figure 1). The 
pancreatic head was enlarged, surrounding the second 
segment of  the duodenum; no dilation of  the main 
pancreatic duct and common bile duct was noticed. For 
further evaluation, an MRCP was done. This showed an 
aberrant pancreatic duct encircling the duodenum, linked 
to the main pancreatic duct (Figure 2). No dilation of  
the common hepatic bile duct or the main pancreatic 
duct was evident. Due to the annular pancreas, there 
was an obstruction at the level of  the second segment 
of  the duodenum. During surgery, we found a massively 
distended and elongated first segment with a conic ste-

nosis of  the second segment of  the duodenum due to 
the annular pancreas (Figure 3). A duodenojejunostomy 
was performed. There was no visible prestenotic tumor 
in the duodenum and the duodenal mucosa appeared to 
be normal. No tumor mass was palpated. The patient 
had an uneventful recovery and was discharged home 
with no complaints nine days later. After eight weeks, the 
patient was readmitted presenting with painless jaundice. 
She had no other complaints. No further weight loss 
was reported. Laboratory investigations showed elevated 
total bilirubin (112 µmol/L; reference range: 5-18) and 
alkaline phosphatases (178 U/L; reference range: < 104). 
An MRCP demonstrated dilatation of  the common bile 
duct (Figure 4). On explorative laparotomy, a hard mass 
was palpated in the pancreatic head region. The frozen 
section of  one of  several suspicious superior pancreatic 
lymph nodes revealed adenocarcinoma cells. A duodeno-
pancreatectomy was performed. The tumor was clearly 
located in the duodenum, with infiltration of  the sur-
rounding structures (Figure 5). No tumor was observed 
in the head of  the pancreas. Pathological examination 
showed a poorly differentiated, infiltrating adenocarci-
noma of  the duodenum, surrounded by the incomplete 
annular pancreas (Figure 5). The tumor stage was pT4, 
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Figure 1  Multislice computed tomography. A fluid filled stomach and en-
largement of the pancreatic head (arrow) are detected, which encircles the 
second segment of the duodenum (dotted arrow).

Figure 2  T2 weighted magnetic resonance cholangiopancreatography 
images depict the aberrant pancreatic duct, which encircles the duodenum 
and connects with the main pancreatic duct (arrows).



pN1 (8/12), G3, L0, V0, R0. The tumor seemed to have 
arisen from the duodenal epithelium.

DISCUSSION
Symptoms
Clinical manifestation of  annular pancreas can occur at 
any age, from neonatal period to adulthood. When the 
duodenal constriction is minimal or absent, annular pan-
creas can remain asymptomatic lifelong[24]. In infants, the 
common clinical symptoms are vomiting and feeding 
intolerance[7]. Clinical manifestation in adults can present 
with cramping epigastric pain, postprandial fullness, vom-
iting, and weight loss[10,25,26]. Association with pancreatitis, 
or a gastric/duodenal ulcer, can also occur[7,25]. The most 
frequent symptom in adult annular pancreas seems to be 
abdominal pain[7,10]. Most adults become symptomatic be-
tween the ages of  20 and 50[25]. The differential diagnosis 
includes other upper gastrointestinal pathologies, such as 
peptic ulcer disease, duodenal web, pancreatitis, or pan-
creatic carcinoma[19,27]. Obstructive jaundice is described 
as a rare direct result of  annular pancreas, but appears in 
coexisting periampullary malignancies[19]. Of  the above-
mentioned 14 cases of  carcinoma associated with annular 
pancreas, 10 presented obstructive jaundice. The most 

common symptoms of  primary carcinoma of  the duode-
num are abdominal pain and weight loss[28]. Upon her first 
hospitalisation, our patient’s main symptoms were post-
prandial nausea and vomiting, associated with a significant 
weight loss. No abdominal pain was reported. Neither 
pancreatitis nor obstructive jaundice was apparent. Four 
years prior to diagnosis, the patient had been complaining 
intermittent occasional mild epigastric pain. In addition, 
over the previous 15 years, she had reported occasional 
vomiting. Fifteen years had passed from first symptoms 
until diagnosis of  annular pancreas. Upon her second hos-
pitalisation, her only symptom was jaundice.

Diagnosis/radiology	
Annular pancreas is diagnosed by ERCP or by CT[29]. 
Since MRCP has become widely used, annular pancreas 
can be diagnosed non-invasively[30,31]. A recent study 
reviewed 55 cases with annular pancreas in adults[7]. Di-
agnosis was made with ERCP in 47%, MSCT in 18%, 
with MRCP in 16%, and in 13% of  the patients, diag-
nosis was made at the time of  surgery. We were able to 
make the diagnosis of  annular pancreas non-invasively 
by abdominal MSCT (Sensation 16, Siemens Medical 
Solutions, Erlangen, Germany) and MRCP using a 1.5T 
scanner (1.5T Symphony, Siemens Medical Solutions, Er-
langen, Germany). Due to the duodenal obstruction by 
the pancreatic ring, ERCP was not a feasible diagnostic 
alternative. Upon readmission, dilatation of  the common 
bile duct was demonstrated by MRCP. Malignancy was 
found during explorative laparotomy. The final diagnosis 
was made by the pathologist. During her first hospitali-
sation, malignancy was not suspected either by preopera-
tive diagnostics nor laparotomy. Upper gastrointestinal 
tract endoscopy is the most frequently performed test 
to diagnose duodenal adenocarcinoma[28]. In the present 
case, the tumor was hidden behind the annular pancreas 
and not within reach of  the endoscope.

Therapy and prognosis
The treatment of  annular pancreas is always surgical. The 
goal is to relieve the duodenal or gastric outlet obstruc-
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Figure 3  During surgery, a massively distended and elongated first seg-
ment (left arrow) and a conic stenosis of the second segment of the duo-
denum were observed due to the annular pancreas (right arrow).

Figure 5  Cross sectional view showing the tumor within the duodenum 
(asterisk). The duodenum is surrounded by the incomplete annular pancreas 
(arrows).

*

Figure 4  Eight weeks later, T1 w post contrast axial MR shows dilatation 
of the common bile duct.
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tion. Dissection of  the pancreatic ring should be avoided 
due to a high incidence of  complications, including duo-
denal leak, pancreatic fistula, and postoperative pancreati-
tis[10]. Different surgical approaches have been described. 
Bypass surgery, such as duodenojejunostomy in pediatric 
surgery, and duodenoduodenostomy or gastrojejunos-
tomy in adults is preferred. The safest and most success-
ful way of  bypassing the annular constriction seems to be 
duodenoduodenostomy or duodenojejunostomy[10]. The 
presence of  a periampullary malignancy must be consid-
ered in adult patients with annular pancreas presenting 
with obstructive jaundice[19]. In cases of  annular pancreas 
associated with proven or suspected periampullary malig-
nancy, duodenopancreatectomy might be the treatment 
of  choice[19]. This should also be performed when an-
nular pancreas is associated with pancreatolithiasis and 
localized chronic pancreatitis[32]. Long-term survival of  
patients with duodenal adenocarcinoma can be achieved 
with a surgical procedure that produces negative resection 
margins, such as pancreaticoduodenectomy[28]. Adjuvant 
therapy seems not to improve the survival rate[33]. Initially, 
our patient did not show jaundice and imaging did not 
present a tumoral mass. 

We decided to perform a duodenojejunostomy to by-
pass the stenosis. The postoperative course was unevent-
ful. Five days after intervention, the patient was able to 
eat solid food. 

After eight weeks, painless jaundice appeared and 
MR imaging revealed dilatation of  the common bile duct 
but no tumoral mass. Intraoperatively, a hard mass was 
palpated in the pancreatic head region and adenocar-
cinoma cells were found in a pancreatic lymph node at 
frozen section. We performed a duodenopancreatectomy 
and the patient received no adjuvant therapy. 

In conclusion, annular pancreas should be kept in 
mind when symptoms of  upper gastrointestinal obstruc-
tion occur, but the presence of  annular pancreas should 
not distract from a possible coexisting malignancy. As in 
the present case, such a malignancy can also be present 
without obstructive jaundice and without being visible 
through preoperative diagnostics. In such a case, pan-
creaticodudoenectomy might be the only way to exclude 
the coexistence of  duodenal carcinoma with annular 
pancreas. 

REFERENCES
1	 Tiedemann F. Über die Verschiedenheiten des Ausfüh-

rungsganges der Bauchspeicheldrüse bei den Menschen 
und Säugetieren. Dtsch Arch Physiol 1818; 4: 403  

2	 Ecker A. Bildungsfehler des Pankreas und des Herzens. Z 
Rat Med 1862; 14: 354

3	 Theodorides T. [Annular pancreas.] J Chir (Paris) 1964; 87: 
445-462

4	 Ravitch MM, Woods AC Jr. Annular pancreas. Ann Surg 
1950; 132: 1116-1127

5	 Baggott BB, Long WB. Annular pancreas as a cause of ex-
trahepatic biliary obstruction. Am J Gastroenterol 1991; 86: 
224-226

6	 Glazer GM, Margulis AR. Annular pancreas: etiology and 

diagnosis using endoscopic retrograde cholangiopancrea-
tography. Radiology 1979; 133: 303-306

7	 Zyromski NJ, Sandoval JA, Pitt HA, Ladd AP, Fogel EL, 
Mattar WE, Sandrasegaran K, Amrhein DW, Rescorla FJ, 
Howard TJ, Lillemoe KD, Grosfeld JL. Annular pancreas: 
dramatic differences between children and adults. J Am Coll 
Surg 2008; 206: 1019-1025; discussion 1025-1027

8	 Lecco TM. Zur Morphologie des Pancreas anulare. Sitzungs-
bl Wien Akad Wiss 1910; 119: 391

9	 Badwin WM. A specimen of annular pancreas. Anat Rec 
1910; 4: 299-304

10	 Ladd AP, Madura JA. Congenital duodenal anomalies in 
the adult. Arch Surg 2001; 136: 576-584

11	 Ogawa S, Seshimo A, Shirotani N, Mitsumashi M, Itabashi 
M, Aratake K, Kameoka S. A Case of Annular Pancreas 
Complicated with Carcinoma of the Bile Duct. J Tokyo Wom-
en Med Univ 2000; 70: 29-35

12	 Transveldt E, Keith RG, Fonger J, Fisher MM. Annular 
pancreas with coexistent ampullary carcinoma in an elderly 
woman. Can J Surg 1982; 25: 687-688

13	 Matsusue S, Kashihara S, Koizumi S. Pancreatectomy for 
carcinoma of the head of the pancreas associated with mul-
tiple anomalies including the preduodenal portal vein. Jpn J 
Surg 1984; 14: 394-398

14	 Schlinkert RT, Burns B, Argueta R, Whitaker MD, Dan-
ielson KS, Trejos FA. Insulinoma in a patient with annular 
pancreas. Mayo Clin Proc 1990; 65: 518-520

15	 Yasui A, Nimura Y, Kondou S, Kamiya J. Duodenal obstruc-
tion due to annular pancreas associated with pancreatic 
head carcinoma. Hepatogastroenterology 1995; 42: 1017-1022

16	 Kamisawa T, Tabata I, Isawa T, Ishiwata J, Fukayama M, 
Koike M. Annular pancreas associated with carcinoma in 
the dorsal part of pancreas divisum. Int J Pancreatol 1995; 17: 
207-211

17	 Benger JR, Thompson MH. Annular pancreas and obstruc-
tive jaundice. Am J Gastroenterol 1997; 92: 713-714

18	 Rathnaraj S, Singh SK, Verghese M. Annular pancreas asso-
ciated with carcinoma of papilla. Indian J Gastroenterol 1998; 
17: 110

19	 Shan YS, Sy ED, Lin PW. Annular pancreas with obstruc-
tive jaundice: beware of underlying neoplasm. Pancreas 
2002; 25: 314-316

20	 Yamaguchi Y, Sugiyama M, Sato Y, Mine Y, Yamato T, 
Ishida H, Takahashi S. Annular pancreas complicated by 
carcinoma of the bile duct: diagnosis by MR cholangiopan-
creatography and endoscopic ultrasonography. Abdom Im-
aging 2003; 28: 381-383

21	 Ben-David K, Falcone RA Jr, Matthews JB. Diffuse pancre-
atic adenocarcinoma identified in an adult with annular 
pancreas. J Gastrointest Surg 2004; 8: 565-568

22	 Cholet F, Bideau K, Nonent M, Nousbaum JB, Gouérou H, 
Robaszkiewicz M. Coexistence of annular pancreas with 
carcinoma in the dorsal part of pancreas divisum: diagnos-
tic value of magnetic resonance cholangiopancreatography. 
Abdom Imaging 2004; 29: 703-706

23	 Alwmark A, Andersson A, Lasson A. Primary carcinoma of 
the duodenum. Ann Surg 1980; 191: 13-18

24	 Silvis RS. Annular pancreas. Ann Surg 1952; 135: 278-283
25	 Urayama S, Kozarek R, Ball T, Brandabur J, Traverso L, 

Ryan J, Wechter D. Presentation and treatment of annular 
pancreas in an adult population. Am J Gastroenterol 1995; 90: 
995-999

26	 Kiernan PD, ReMine SG, Kiernan PC, ReMine WH. Annu-
lar pancreas: May Clinic experience from 1957 to 1976 with 
review of the literature. Arch Surg 1980; 115: 46-50

27	 Hamm M, Röttger P, Fiedler C. [Pancreas anulare as a rare 
differential diagnosis of duodenal stenosis in adulthood] 
Langenbecks Arch Chir 1997; 382: 307-310

28	 Bakaeen FG, Murr MM, Sarr MG, Thompson GB, Farnell 
MB, Nagorney DM, Farley DR, van Heerden JA, Wiersema 

3209 July 7, 2010|Volume 16|Issue 25|WJG|www.wjgnet.com

Brönnimann E et al . AP and duodenal CA



LM, Schleck CD, Donohue JH. What prognostic factors are 
important in duodenal adenocarcinoma? Arch Surg 2000; 
135: 635-641; discussion 641-642

29	 Reinhart RD, Brown JJ, Foglia RP, Aliperti G. MR imaging 
of annular pancreas. Abdom Imaging 1994; 19: 301-303

30	 Hidaka T, Hirohashi S, Uchida H, Koh M, Itoh T, Matsuo 
Y, Matsuo N, Ohishi H. Annular pancreas diagnosed by 
single-shot MR cholangiopancreatography. Magn Reson Im-
aging 1998; 16: 441-444

31	 Desai MB, Mitchell DG, Munoz SJ. Asymptomatic annular 

pancreas: detection by magnetic resonance imaging. Magn 
Reson Imaging 1994; 12: 683-685

32	 Yogi Y, Kosai S, Higashi S, Iwamura T, Setoguchi T. An-
nular pancreas associated with pancreatolithiasis: a case 
report. Hepatogastroenterology 1999; 46: 527-531

33	 Kelsey CR, Nelson JW, Willett CG, Chino JP, Clough RW, 
Bendell JC, Tyler DS, Hurwitz HI, Morse MA, Clary BM, 
Pappas TN, Czito BG. Duodenal adenocarcinoma: patterns 
of failure after resection and the role of chemoradiotherapy. 
Int J Radiat Oncol Biol Phys 2007; 69: 1436-1441

S- Editor  Tian L    L- Editor  Stewart GJ    E- Editor  Ma WH

3210 July 7, 2010|Volume 16|Issue 25|WJG|www.wjgnet.com

Brönnimann E et al . AP and duodenal CA


