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Abstract
Persistent ascending or descending mesocolon is an embryological anomaly that occurs during the final process of intestinal development in organogenesis. Specifically, the primitive dorsal mesocolon fails to fuse with the parietal peritoneum in the fifth month of gestation. Herein, we describe a case of ascending colon cancer with persistent ascending and descending mesocolon treated by laparoscopic right hemicolectomy. Preoperative computed tomography imaging of the abdomen demonstrated that the descending colon shifted at the midline of the abdomen and the sigmoid colon was located under the ascending colon. The detailed preoperative imaging examination revealed malpositioning of the large intestine and aided in the procedural planning. Because persistent mesocolon may result in the formation of abnormal adhesions, an accurate preoperative diagnosis is essential. We propose that it is important to consider this anomaly when making the preoperative imaging diagnosis to ensure a safe operation.
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Core tip: Persistent descending or ascending mesocolon develops as a result of failure of the primitive dorsal mesocolon to fuse with the parietal peritoneum in the fifth month of gestation. In this paper, we report a case in which both ascending and descending mesocolon coexisted. The preoperative computed tomography imaging examination indicated that the descending colon was shifted to the midline, resulting in the sigmoid colon located in the right abdominal cavity and the ascending colon located on the sigmoid colon with a mobile cecum. Prediagnosis of this embryological anomaly could enhance safety of the laparoscopic colon surgery.
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INTRODUCTION
During embryonic development, the mesenteries of the ascending and descending parts of the colon usually fuse with the posterior abdominal wall peritoneum through the process of zygosis[1]. The midgut, which comprises the inferior part of the duodenum, the jejunum, the ileum (including the ileocecal valve), the cecum (including the vermiform appendix), the ascending colon, and two-thirds of the transverse colon, extends and forms the umbilical loop at 32 d of gestation in the first step of intestinal rotation. The developing umbilical loop subsequently extends further and rotates on its own axis. After returning to the abdominal cavity of the small intestine loop, the colonic portions of the midgut shift into the abdominal space. Consequently, the intestines rotate more than 270 degrees, and the cecum grows caudally, settling into the right iliac fossa.
The hindgut comprises the left third of the transverse colon and the descending colon, sigmoid colon, rectum, and anal canal. Unlike the midgut, it does not undergo intestinal rotation. Although the dead end of the hindgut is separated at the cloaca, which is the common end of the rectal tube and the urogenital tract, the descending and sigmoid colon are pressed to the left side of the abdominal cavity by the midgut and fuse with the parietal peritoneum from 28 to 35 d of gestation.
Persistent mesocolon is an embryological anomaly that occurs during the final process of intestinal development in organogenesis. It is associated with the absence of fusion between the descending or ascending colon mesentery and the posterior lateral parietal peritoneum, and it appears after 5 mo of gestation[2].
The ascending colon, with the exception of its most caudal part, fuses to the posterior abdominal wall and is covered by peritoneum on its anterior surface and sides. Persistent mesocolon often gives rise to a mobile cecum. In its most extreme form, the mesentery of the ascending colon fails to fuse with the posterior body wall. The resulting long mesentery allows for abnormal movements of the gut or even volvulus of the cecum and colon[3].

CASE REPORT
A 60-year-old Japanese man with no significant medical history presented symptoms of melena and dizziness. Because main symptom was dizziness, the patient went to the primary clinic for an examination. Severe anemia was detected using a blood test at the clinic in June 2013. Large intestinal endoscopy was performed as a further examination at the Department of Digestive Medicine in our institute and revealed a mass in the ascending colon. Histological findings of the biopsy specimens indicated colorectal cancer. Preoperative computed tomography (CT) revealed a tumor in the ascending colon with some regional lymph node swelling, but no other organ metastasis was detected. The tumor in the ascending colon was shifted toward the midline of the lower abdomen, placing it in the cavity of the lesser pelvis (Figure 1A). Coronal plane reconstruction of the CT data demonstrated that the descending colon was located at the midline of the abdomen (Figure 1B), and an axial CT image indicated that the sigmoid colon was located under the ascending colon (Figure 1C). A fluoroscopy-assisted endoscopic procedure revealed an abnormal loop of colon in which the sigmoid colon and ascending colon seemed to intersect (Figure 2). Consequently, the preoperative diagnosis was persistent ascending and descending mesocolon.
During surgery, we found ascending colon cancer in the pelvis and the ascending colon shifted to the midline without fusion to the retroperitoneum. Notably, the sigmoid colon was shifted to the right abdominal wall, under the ascending colon. An abnormal adhesion between the dorsal aspect of the ascending mesocolon and the ventral aspect of the sigmoid mesocolon was recognized at an early stage of the operation (Figure 3). Accordingly, the descending colon was redundant and included a persistent, long mesocolon. After exfoliating this abnormal adhesion while paying close attention to the prevention of damage to the mesocolon, we performed a laparoscopic right hemicolectomy with radical lymphadenectomy. After resection, a functional end-to-end anastomosis using a linear stapler was safely performed.
The postoperative course was uneventful, and the patient was discharged from the hospital 9 d after the operation. Histopathological examination of the resected specimen demonstrated that the tumor had invaded to the subserosal level and that seven regional lymph nodes were metastatic. Therefore, the patient received adjuvant chemotherapy to reduce the risk of cancer recurrence.

DISCUSSION
Persistent descending mesocolon results from a failure of the primitive dorsal mesocolon to fuse with the parietal peritoneum during the fifth month of gestation. In the 1960s, this abnormality was reported in the fields of both radiology and gynecology[4,5]. A similar anomaly may appear in the ascending colon after the fifth month of gestation. 
In this paper, we report a case involving both ascending and descending mesocolon. To the best of our knowledge, only two case reports of the coexistence of persistent mesocolon of both the ascending and descending colon have been published[6,7]. Kanai et al[6] reported the first case of colonic varices complicated by persistent mesocolon of the ascending and descending colon. Their case was diagnosed using contrast-enhanced irrigoscopy, but the therapy was not described in the report. Ongom et al. reported a case of anal protrusion of an ileocolic intussusception with persistent ascending and descending mesocolon, and a laparotomy was performed for this patient[7]. Ours is the first reported case in which laparoscopic colon surgery was performed for persistent ascending and descending mesocolon. 
Okada et al[8] published a paper on 13 cases of persistent descending mesocolon in a Japanese institute; this report represents the largest number of cases reported in single institute, to the best of our knowledge. They reported that these 13 cases of abnormalities of sigmoid colon fixation were identified among 543 cases of laparoscopic colectomy for cancer of the descending colon to the rectum. Therefore, the incidence rate of persistent mesocolon with regard to the descending colon was reported to be 2.4% (13/543) in this paper. Moreover, the authors stated that certain anatomical findings should have been noted during the operations, including the fact that the left colon artery, sigmoid colon artery, and superior rectal artery often radially branched from the inferior mesenteric artery and the fact that a marginal vessel ran abnormally due to the unusual mesenteric adhesion.
We usually check not only the axial CT view but also the coronal and sagittal CT views to make an accurate diagnosis before performing laparoscopic colorectal surgery. In this case, the preoperative imaging examination indicated that the descending colon was shifted to the midline, causing the sigmoid colon to be located in the right abdominal cavity and the ascending colon to be located on the sigmoid colon with a mobile cecum. Generally, during laparoscopic right colectomy, the second portion of the duodenum is the most important landmark for the medial approach. In this case, however, the duodenum was not located along the dorsal aspect of the ascending mesocolon, which was anatomically abnormal. Because a medial approach would have been difficult during a surgical resection of the appropriate layers, a lateral approach was selected as the first step. Consequently, a laparoscopic procedure with a high level of safety was able to be performed despite the exceptional anatomical abnormalities. 
To the best of our knowledge, no reports have been made on the incidence of the coexistence of both persistent ascending and descending mesocolon. The frequency of the occurrence of persistent ascending mesocolon is expected to be similar to that of persistent descending mesocolon. Therefore, the coexistence of both ascending and descending mesocolon should only be observed rarely in daily clinical practice. 
In summary, it is extremely important to consider this anomaly at the time of preoperative CT imaging to ensure a safe operation.

COMMENTS
Case characteristics
Main symptom of this case was dizziness due to severe anemia by continuous oozing of ascending colon cancer.

Clinical diagnosis
Large intestine endoscope examination revealed ascending colon cancer.

Differential diagnosis
Upper gastrointestinal endoscopy was performed to rule out the possibility of stomach bleeding. 

Laboratory diagnosis
Blood test demonstrated low value of hemoglobin and high value of tumor marker.

Imaging diagnosis
Because coronal plane reconstruction of the computed tomography (CT) data demonstrated that the descending colon was located at the midline of the abdomen, and an axial CT image indicated that the sigmoid colon was located under the ascending colon, the preoperative diagnosis was persistent ascending and descending mesocolon.

Pathological diagnosis
Histopathological examination of the resected specimen demonstrated that the tumor had invaded to the subserosal level and that seven regional lymph nodes were metastatic.

Treatment
Laparoscopic right hemicolectomy with radical lymphadenectomy was performed and a functional end-to-end anastomosis using a linear stapler was safely performed.

Related reports
Two important reports in 1960s can help readers better understand the present case (Persistent descending mesocolon. Radiology 1966; 86: 327-331 by Popky GL et al and Persistent descending mesocolon. Surg Gynecol Obset 1960; 110: 197-2-2 by Morgenstern L et al).

Term explanation
Persistent mesocolon is an embryological anomaly that occurs during the final process of intestinal development in organogenesis and it is associated with the absence of fusion between the descending or ascending colon mesentery and the posterior lateral parietal peritoneum, and it appears after 5 mo of gestation.

Experiences and lessons
Although no reports have been made on the incidence of the coexistence of both persistent ascending and descending mesocolon, this clinical pathology always should be remembered at the preoperative CT imaging.

Peer review
The authors introduce a rare case of the coexistence of both persistent ascending and descending mesocolon. This manuscript shows the distinctive CT image findings of malpositioning of the large intestine.
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Figure 1 Computed tomography image. A: Ascending colon cancer placed in cavity of lesser pelvis; B: Descending colon shifted to the mid-line (arrowhead); C: Sigmoid colon (arrow) placed under the ascending colon (arrowhead).

Figure 2 Fluoroscopy-assisted endoscopic maneuver demonstrating an abnormal loop of colon.

Figure 3 Laparoscopic view showing abnormal adhesion between the ascending mesocolon and the sigmoid mesocolon.

