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    Abstract
Background: The aim of the present study was to define the complete mesocolic excision (CME) in conjunction with central vascular ligation (CVL) as the defined surgical treatment for colon cancer. Methods: A prospective study was conducted between August 2014 and August 2017, at GSL Medical College and General Hospital. A total of 46 patients (31 cases in open and 15 in the laparoscopic arm) demographic data, operative details, and postoperative outcomes, follow-up, the pathologic results were reviewed. Results: All patients (n = 46) underwent an elective CME + CVL for colon cancer. The mean age of patients was 57.8 ± 16.6 years. Of the 46, 28 were male, and 18 were female. The mean operation time was 61.2 ± 155.2 min. The mean blood loss was 88.6 ml. The mean number of total harvested lymph nodes was 28.6. The mean length of the hospital stay was 12.9 days. Conclusion: Based on the data presented in this study, CME with CVL is a feasible and safe procedure for treating colon cancer. Although the present study had certain limitations, like its small study, patients from a single center, CME with CVL was found to lead to better oncological outcomes for the colon surgery.
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    Introduction


    Colorectal cancer (CRC) is the third main frequent malignancy worldwide.[bookmark: ft1][1] Surgery is a key player in CRC therapy and can, therefore, affect the outcome tremendously.[bookmark: ft2][2] In 1982, Heald et al.[bookmark: ft3][3] introduced the concept of total mesorectal excision (TME) for rectal cancer. The technique of TME is focused on sharp dissection of the anatomical planes, thus obtaining an optimized specimen with intact layers.


    The embryological planes, however, are not narrowed to the rectum and mesorectal layers but continue to be found in the whole gastrointestinal tract. Thus, the same surgical principles can be transferred to colon surgery cancer, too.


    In 2009, Hohenberger et al.[bookmark: ft4][4] introduced the concept of complete mesocolic excision (CME) for colon cancer. This concept has two components; the anatomical layers are separated by sharp dissection; the visceral plane is separated from the parietal plane. A CME specimen features an intact tumor and its main lymphatic drainage with no tears in the fascial layers on both sides of the mesocolon. In addition, a central dissection of the relevant tumor-feeding arteries right at their origins is performed central vascular ligation (CVL), in tumors on the right side of the colon at the level of the superior mesenteric artery (SMA), in tumors on the left-hand side at the level of the inferior mesenteric artery, or the aorta for maximal retrieval of lymph nodes.[bookmark: ft5][5] Some studies reported that CME with CVL provides an increased lymph node harvest, decreased peroperative morbidity, reduced locoregional recurrence, and improved oncological outcomes.[bookmark: ft6][6],[bookmark: ft7][7] The aim of the present study was to analyze the peri- and postoperative and short-term oncological outcomes for colon cancer after CME with CVL.


    Methods


    A prospective study was conducted between August 2014 and August 2017 at GSL Medical College and General Hospital. A total of 46 patients (31 cases in open and 15 in the laparoscopic arm) demographic data, operative details, and postoperative outcomes, follow-up, the pathologic results were reviewed.


    Inclusion criteria


    Good performance status histologically verified carcinoma of the colon, clinically and radiologically Staged I-III colon cancers.


    Exclusion criteria


    Stage IV tumors, synchronous tumors, hereditary colon cancers, who underwent multivisceral resections, and recurrent or perforated tumors were excluded from this study.


    All patients and their families were correctly informed and gave their full consent before the surgery. The data of all the clinical and pathological features were reviewed retrospectively. All patients underwent routine colonoscopy and biopsy, staging workup (contrast-enhanced computed tomography [CECT] the abdomen and pelvis, CECT chest), and occasional positron emission tomography scan.


    Clinicopathological, postoperative outcomes, hospital stay, postoperative morbidity and mortality, and short-term oncological outcomes, including the number of lymph nodes, the distal margin, radial margin, and pathological staging were compared. After the surgery, all patients with Stage II or Stage III cancer were given adjuvant chemotherapy, as recommended by the National Comprehensive Cancer Network Guidelines. The patients received closed follow-ups every 3–6 months upto 3 years after surgery, and the results of the follow-ups were recorded until May 2019 or death. Disease-free survival (DFS) was defined as the state between the date of surgery and the date of the detection of recurrence, the last follow-up, or death.


    Surgical technique


    In this study, for all the colon cancers, a Lateral to Medial approach for open surgery and medial to lateral approach for laparoscopic surgery was deployed. For right-sided colon cancers, the dissection commences laterally by identifying the lateral peritoneal fold and separating the overlying mesocolon from the underlying retroperitoneum (Toldt's fascia). The mesenteric root up to the origin of the superior mesenteric pedicle is mobilized, and the dissection continues over the duodenum and pancreatic uncinate process to allow complete access to the superior mesenteric vein, as well as to the medially and inferiorly located SMA[bookmark: ft8][8] [Figure - 1].
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        	Figure 1: Complete mesocolic excision.(a) Superior mesenteric vein, (b) _24uncinate process, (c) duodenum second part, (d) kidney
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    After the complete mobilization, the ligation of the supplying vessels follows. Initially, the ileocolic and the right colic vessels (if present) are divided at their origin from the superior mesenteric vessels.[bookmark: ft9][9] Sharp dissection is then carried out centrally along the SMA, ensuring clearance of all associated lymph nodes.[bookmark: ft10][10] For cecal and ascending colon cancers, only the right branch of the middle colic vessels is divided. The transverse mesocolon dissection is continued vertically to meet the dissection along the superior mesenteric vascular pedicle, producing a rectangular specimen with an intact mesocolic envelope containing all central lymph nodes.[bookmark: ft10][10] At that point, the colon is divided at the level of the middle colic vessels [Figure - 2].
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        	Figure 2: Left colon growth with mesocolon and lymph nodes, intact specimen
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    For left colon cancers, the “lateral-to-medial” dissection begins at the lateral peritoneal fold and continues in the mesofascial interface. After the whole mesocolon of the descending and sigmoid colon is dissected, the ureter and the vesicular or ovarian vessels are recognized and left behind. The splenic flexure is mobilized when needed. For cancers of the descending colon, ligation of the ascending branch of the left colic artery and dissection of the lymph nodes at the origin of the SMA, without damaging the superior hypogastric plexus, is advocated.


    Results


    All patients (n = 46) underwent an elective CME for colon cancer. The mean age of the patients was 57.8 ± 16.6 years. Of the 46 patients, 28 (60.8%) were male and 18 (39.2%) were female. The mean body mass index scores of the patients was 23.5 ± 4.8 kg/m2. In terms of the tumor location, caecal cancer occurred in 12 (26.8%) patients, ascending and hepatic flexure of colon occurred in 20 (43.4%) patients, transverse colon in 3 (6.5%) patients and splenic flexure and descending colon occurred in 11 (23.91%) patients. Open hemicolectomy was performed in 31 (67.3%) patients and Laparoscopic-assisted hemicolectomy was performed in 15 (32.6%) patients. The mean initial CEA levels of the patients were 22.7 ± 69.8 ng/ml [Table - 1].
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        	Table 1: Demographic details
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    Pathological results


    Of the 46 patients, PT stages, none were in T1; 19 (41.3%) patients were in T2; 16 (34.7%) patients were in T3; 8 (17.3%) patients were in T4a; 3 (6.52%) patients were in T4b. Of the N stages; 21 (45.6%) patients were in N0, 16 (34.7%) patients were in N1 and 10 (21.73%) patients were in N2. Of the patients, 29 (63.04%) had well-differentiated cancer cells, 12 (26.08%) had moderately differentiated cancer cells and 5 (10.8%) had poorly differentiated cancer cells. Lymphovascular invasion was seen in 14 (23.1%) patients and peri-neural invasion was seen in 9 (8.6%) patients. The mean proximal resected margin was 12.2 ± 4.2 cm and the mean distal resected margin was 10.8 ± 5.6 cm. The mean tumor size was 7.2 ± 4.5 cm. The mean number of lymph nodes harvested was 28.4 ± 12.6 [Table - 2].
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        	Table 2: Pathological details
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    Intra-and postoperative results


    The mean operation time of the patients was 61.2 ± 155.2 min. The mean blood loss was 75.6 ± 90.2 ml; the mean hospital stay was 5.1 ± 12.8 days. The mean time to start a liquid diet was 7.2 ± 3.6 days. The total number of postoperative complications was in 9 (21.7%). Pulmonary complications occurred in 2 (4.34%) patients. Postoperative ileus was seen in 2 (4.34%) patients and wound dehiscence in 5 (10.86%) patients. Anastomosis leakage was in 2 (4.34%) patients. Postoperative mortality within 30 days occurred in 1 (2.17%) patient due to respiratory infections [Table - 3].
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        	Table 3: Intra and post-operative details
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    Oncologic outcomes


    The mean follow-up period was 43.6 months. The 3-year DFS rate was 71.7% and the 3-year cancer-specific survival (CSS) rate was 83.10%. In Stage I, the DFS and CSS rates were both 96%. In Stage II, the DFS rate was 91.0% and the CSS rate was 92.3%. In Stage III, the DFS rate was 53.5% and the CSS rate was 59.5%.


    Recurrence


    The total number of patients who experienced recurrence was 8 (17.3%). During the follow-up period, systemic recurrence occurred in 7 (15.2%) patients and local recurrence occurred in 1 (2.17%).


    Discussion


    In CME, the mesorectal plane is dissected to produce an intact fascial-lined specimen, which contains blood vessels, lymphatic vessels, and lymph nodes.[bookmark: ft3][3] The colon is surrounded by the visceral fascia and its mesocolon, including its vessels and lymphatics; therefore, there is no lymphatic flow into the tissues of the mesocolon.[bookmark: ft11][11] The surgical techniques of CME with CVL used in the present study were somewhat different from CME as initially described by Hohenberger et al.[bookmark: ft4][4] First, the kocherization of the duodenum was not performed routinely. Second, if the tumor was not located in the hepatic flexure or the proximal transverse colon, only vessel ligation of the right side of the middle colic vessel was performed without the whole ligation of the middle colic vessel totally. However, most of the surgical techniques and concepts used in the present study were the same as those originally described by Hohenberger et al.[bookmark: ft4][4]


    In the present study, the tumor location was more in ascending and hepatic flexure of the colon (20 patients, 43.4%), with well-differentiated adenocarcinoma as the most common histology. The mean blood loss in the study was 88.6 ml, the means of the length of hospital stay was (12.2 days) and time to start a liquid diet (6.2 days) in the present study were similar to those reported in previous studies.[bookmark: ft12][12] The mean operation time of CME in previous studies ranged from 136 to 269 min, and no significant difference was reported between open and laparoscopic surgeries.[bookmark: ft13][13] The mean operation time in the present study was found to be 156.2 min. In the present study, the total postoperative complication rate was found to be 21.7%. The most commonly occurring complications were found to be wound dehiscence and ileus. Specimens of colon cancer patients who underwent CME in the present study (n = 46, 99%) and had a higher number of harvested lymph nodes (28.6), than non-CME specimens.[bookmark: ft14][14] The mean number of harvested lymph nodes in the present study was 28.4 ± 12.6.


    In the present study, the 3 years DFS rate was 77.1% and the 3 years CSS rate was 83.1% with a mean follow up of 43.6 days. The local recurrence rate was 2.17%, less than the systemic recurrence. It is possible that the improved outcomes of CME patients are related to the resection plane and the vessel site of ligation.[bookmark: ft15][15] The T stage was not found to be a factor effecting survival rate; however, the N stage was found to be a prognostic factor effecting survival.[bookmark: ft16][16]


    Conclusion


    Standardized oncologic survey shows particular importance of CME for colon surgery by reducing the rate of local recurrence and achieving increased survival rate. CME for colon cancer is a specimen oriented technique of the surgery. By central dissection of the supplying arteries, one can remove as many as lymph nodes. Based on the data presented in this study, CME with CVL is a feasible and safe procedure for treating colon cancer. Although the present study had certain limitations, like its small study, patients from a single center, CME with CVL was found to lead to better oncological outcomes for colon surgery.
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  Figure 1: Complete mesocolic excision.(a) Superior mesenteric vein, (b) _24uncinate process, (c) duodenum second part, (d) kidney
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  Figure 2: Left colon growth with mesocolon and lymph nodes, intact specimen
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  Table 1: Demographic details
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  Table 2: Pathological details
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  Table 3: Intra and post-operative details
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N = 46 Patients.
Age (mean) (year) 57.8+16.6 yrs.
Sex, %

Male 28 (60.8%)
Female 18 (39.2%)
BMI (mean = SD) (kg/m?) 23.5+4.8
Tumour location

Caccum 12 (26.8%)
Ascending and hepatic flexure of colon 20 (43.4%)
Transverse colon 3(6.5%)
Descending and splenic flexure of colon 11 (23.91%)
Open 31(67.31%)
Laparoscopy 15 (32.61%)

Initial CEA (ng/ml) 22.7+69.8 ng/ml
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Colon Cancer - CME
T stage, no. (%)

T1 00

T2 19 (41.3%)
T3 16 (3.7%)
Tda 8(17.3%)
T4b 3(6.52%)
N stage, no. (%)

No 21 (5.6%)
N1 16 (3.7%)
N2 10 (21.73%)
TNM stage, no. (%)

I 11 (23.91%)
ITa 14 (30.4%)
b 06 (13.04%)
e 01 (2.17%)
IMa 05 (10.8%)
b 07 (15.21%)
e 02 (4.3%)
Grade of differentiation, no. (%)

Well 29 (63.04%)
Moderate 12 (26.08%)
Poor 05 (10.8%)

Lympho-vascular invasion (Present), no 11 (23.91%)
(%)
Peri-neural invasion (Present), no. (%) 04 (8.6%)

Proximal resected margin, (cm) 12.2:42
Distal resccted margin, (cm) 10.88£5.6
Mass size, (cm) 72445

Number of lymph nodes harvested 28.4+12.6
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Colon Cancer - CME N = 46 Patients.
Operation time, (min) 6121552 min.
Blood loss, (ml) 70.6200.2ml
Hospital stay, (days) 5.1£12.8

Time to liquid diet, (days) 72436

Total number of complications 09 (21.7%)
Pulmonary 02 (43%)

Tleus 02 (43%)
Wound dehiscence 05 (10.6).
Anastomosis leakage 02 (43%)
Mortality 01 (2.17%).
Open 31(67.31%)
Laparoscopy 15 (32.61%)

Initial CEA (ng/ml) 22.7+69.8 ng/ml





