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Abstract
Gastrointestinal duplications are uncommon congenital malformations that can occur anywhere along the gastrointestinal tract. Most cases are recognized before the age of 2 years, and those encountered in adults are rare. We describe here a case of ascending colon duplication in a 20-year-old male that caused intussusception and was treated laparoscopically. Although computed tomography revealed a cystic mass filled with stool-like material, the preoperative diagnosis was a submucosal tumor of the ascending colon. We performed a laparoscopic right colectomy, and the postoperative pathological diagnosis was duplication of the ascending colon, both cystic and tubular components. We conclude that gastrointestinal duplications, although rare, should be considered in the differential diagnosis of all abdominal and submucosal cystic lesions and that laparoscopy is a preferred approach for the surgical treatment of gastrointestinal duplications.
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Core tip: Gastrointestinal duplications are uncommon congenital malformations and are rarely encountered in adults. We describe an adult case of ascending colon duplication resected by laparoscopic right colectomy. We conclude that gastrointestinal duplications should be included in the differential diagnosis of all abdominal and submucosal cystic lesions and that laparoscopy is a preferred approach for the surgical treatment of gastrointestinal duplications.
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INTRODUCTION
Gastrointestinal duplications are uncommon congenital malformations and are estimated to occur in 1 of 4500 births[1]. These malformations can occur anywhere along the gastrointestinal tract from the mouth to the anus, but the ileum is the most common site (30%-35%) and colonic duplications are rare (7%-20%)[2,3]. Most cases (67%-80%) are recognized before the age of 2 years as an acute abdomen or bowel obstruction, and thise condition is rarely encountered in adults[2,3]. We describe here a case of adult colon duplication that caused intussusception and was treated by laparoscopic resection.

CASE REPORT
A 20-year-old otherwise healthy male was referred to our hospital because of a one-year history of intermittent right flank pain and a large submucosal mass in the ascending colon that had been observed by colonoscopy at a clinic. All laboratory tests performed resulted in values within the normal range. An abdominal computed tomography scan revealed intussusception of the right colon with a cystic mass 4 cm in diameter. Although stool-like material was observed within the mass, it did not lead to the diagnosis (Figure 1A and 1B). A barium enema showed a large submucosal mass in the ascending colon that originated near the ileocecal valve (Figure 2). Colonoscopy also revealed a large submucosal mass in the ascending colon, and two mucosal defects were observed on its surface (Figure 3). Histological examinations of biopsy specimens taken from one of the mucosal defects revealed only necrotic tissue. No other abnormalities were found in by either physical or radiologic examinations. A neoplastic submucosal tumor causing intussusception was suspected, and a laparoscopic right colectomy with ileocolic anastomosis was performed. Intraoperatively, a round mass was observed in the hepatic flexure of the colon that caused an invagination of the ileocecal region into the ascending colon (Figure 4). No other abnormalities such as Meckel’s diverticulum or malrotation were found. Careful inspection of the resected specimen revealed not only a cystic submucosal mass 4 cm in diameter but also a submucosal tubular bulge measuring 5 cm in length and extending from the mass to the ileocecal valve (Figure 5A). Both the cystic and tubular parts of the lesion were on the mesenteric side. Histopathologically, both the cystic and tubular parts of the lesion were lined by with normal colonic mucosa; the cystic part had its own muscular layer, whereas the tubular part shared the muscular layer with the native ascending colon, which led to the diagnosis of colon duplication (Figure 5B-D). Both of the mucosal defects on the cystic lesion were communication sites with the native bowel, and the cystic lesion contained fecal material and blood clots. No neoplastic lesion or ectopic mucosa was identified. The postoperative course was uneventful, and the patient was discharged on post-operative day 7.

DISCUSSION
[bookmark: OLE_LINK2689][bookmark: OLE_LINK2690]In 1876, Suppinger reported the first case of this congenital malformation, and in 1937, Ladd described in detail the clinical and pathological aspects of the lesions and recommended using the term ‘duplications of the alimentary tract’[4]. These lesions have 3 defined features: (1) well-formed smooth muscle layers; (2) an epithelial lining consisting of some portion of the alimentary tract; and (3) contiguity with a portion of the alimentary tract. There may or may not be communication with the gastrointestinal tract, and the dividing septum may be muscular or merely a double layer of epithelium[5]. Additionally, these malformations may be found in the intermuscular, submucosal or subserosal layer of the intestinal wall and are typically located on the mesenteric side of the bowel[6]. Duplications are divided into cystic (86%) and tubular types (14%), and the cystic lesion usually does not communicate with the lumen of the adjacent bowel and contains a sticky mucoid fluid that is chocolate or café au lait colored in some instances and almost colorless in others[2,4,7]. Tubular lesions often have one or more direct communications with the adjacent bowel and can appear either as double-barreled or Y-shaped forms. Gross et al[7] described four variations of the duplications: (1) a tubular structure that branches out from the intestine and extends for some distance between the mesenteric leaves; (2) a double-barreled structure communicating with the intestinal lumen at one or both ends; (3) a cystic structure lying free in the peritoneal cavity, attached only by a thin mesenteric stalk (this type is rare); and (4) most common, a spherical lesion contiguous with some part of the bowel, particularly along the ileum. Although both cystic and tubular parts were observed in the present case, we think it plausible that stool accumulation in the tubular duplication caused cystic dilatation that protruded into the intestinal lumen over the years; therefore, this case should be classified as a double-barreled tubular structure type. Similar cases were have been reported in which the end of a Y-shaped tubular colonic duplication had become a large cystic mass containing stool[8,9]. 
Signs and symptoms of the duplications are nonspecific and depend on their location; oral and esophageal lesions may cause dysphagia and respiratory difficulties, and other intra-abdominal types may cause an abdominal mass, pain, constipation, intestinal obstruction, volvulus, intussusception, hemorrhage or perforation[2,6,7,10]. Hemorrhage often occurs from the ectopic ulcerating gastric mucosa in the duplication. Ectopic gastric mucosa was observed frequently in the duplications irrespective of their locations in the gastrointestinal tract (20%-50%) and was particularly common in esophageal duplications[2,3,6]. The occurrence of carcinoma in a duplicated cyst has also been reported, and 67% of malignancies occurred in colonic duplication, although colonic duplications are relatively rare[11].
Although no other abnormalities were found in the present case, 80% of patients with tubular colonic duplication are have been reported to have associated anomalies; urogenital duplications are the most notable, and skeletal abnormalities, including malformations or duplications of the spine and sacrum, are also often observed[10,12]. The etiology of intestinal duplications and the associated anomalies is poorly understood, although several theories have been proposed[10].
The treatment of choice for duplications is surgical excision. Although the treatment strategy for asymptomatic cases is not clearly established, surgical excision is generally recommended to prevent the complications described above and the occurrence of malignancies. However, complete excision may not be possible for a long tubular duplication. In such a case, selective mucosal excision with preservation of the seromuscular layer[6,10,13] or distal internal drainage by excisionng of the common wall may be effective alternatives[2,3,10]. Although some recent studies have recommended the use of laparoscopy for the diagnosis and surgical treatment of gastrointestinal duplications, few have reported its use in surgery for duplications[2,14]. We believe that laparoscopic surgery, if possible, is a preferred approach because of its minimal invasiveness.
 In conclusion, although gastrointestinal duplications, particularly adult cases are rare, they should be considered in the differential diagnosis of all abdominal and submucosal cystic lesions, and laparoscopy should be a preferred approach for the surgical treatment of gastrointestinal duplications. The differential diagnosis of other gastrointestinal cystic lesions can include heterotopic pancreas, lymphangiomas, cystic degeneration of solid tumors such as gastrointestinal stromal tumors and schwannomas, Brunner’s gland hyperplasia and gastritis cystica profunda[15-17]. The majority of duplications reported in the literature were unsuspected before surgery, and the diagnoses were established during or after the surgery. It is difficult to make a correct diagnosis without knowledge of the disease, and practitioners should be familiar with the characteristics of this disease.

COMMENTS
Case characteristics
A 20-year-old male was referred to our hospital because of a one-year history of intermittent right flank pain and a large submucosal mass in the ascending colon which had been observed by colonoscopy at a clinic.

Clinical diagnosis
Intermittent right flank pain.

Differential diagnosis
A submucosal tumor of the ascending colon.

Laboratory diagnosis
All labs were within normal limits.

Imaging diagnosis
CT showed intussusception of the right colon with a cystic mass 4 cm in diameter.

Pathological diagnosis
Ascending colon duplication.

Treatment
Laparoscopic right colectomy.

Related reports
Gastrointestinal duplications are uncommon congenital malformations, and those encountered in adults are rare. There are only a few reports on laparoscopic surgery for theis condition.

Term explanation
Gastrointestinal duplications are uncommon congenital malformations that possess 3 defined features: (1) well-formed smooth muscle layers; (2) an epithelial lining consisting of some portion of the alimentary tract; and (3) contiguity with a portion of the alimentary tract.

Experiences and lessons
Although gastrointestinal duplications, particularly adult cases are rare, they should be included in the differential diagnosis of all abdominal and submucosal cystic lesions.

Peer-review
This article presents a rare case of adult colon duplication that was treated by laparoscopic resection.
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Figure 1 Coronal computed tomography of the abdomen. A: A cystic lesion 4 cm in diameter in the transverse colon (arrow). The lesion contained stool-like material and acted as a lead point for intussusception.; B: Intussusception of the right colon (arrow). 





Figure 2 Barium enema. A large submucosal mass (arrow) in the ascending colon originating near the ileocecal valve. 
















Figure 3 Colonoscopy. A large submucosal mass in the ascending colon. Arrows indicate mucosal defects on the surface of the mass.














Figure 4 Intraoperative laparoscopic view. A round mass in the hepatic flexure of the colon (arrow) causing an invagination of the ileocecal region into the ascending colon (arrowhead).
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Figure 5 Pathological analysis. A: A macroscopic view of the resected specimen. A round mass 4 cm in diameter is observed in the ascending colon. A submucosal tubular bulge measuring 5 cm in length extends from the round mass to the ileocecal valve (arrows); B and C: Magnified sectional views of the cystic lesion (loupe images; B: hematoxylin and eosin; C: desmin). The cystic lesion is lined by normal colonic mucosa and possesses its own muscular layer; D: A magnified sectional view of the tubular bulge (loupe image; hematoxylin and eosin). A blind-end tubular structure extends from the cystic lesion toward the proximal side to the ileocecal valve. This structure is lined by normal colonic mucosa and shares the muscular layer with the native ascending colon.
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