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Abstract
BACKGROUND
Currently, the standard surgical procedure for right colon cancer is complete mesocolic excision. Whether preventive extended lymph node dissection for colon cancer located in the hepatic flexure or right transverse colon should be performed remains controversial because the safety and effectiveness of the operation have not been proven, and infrapyloric lymph nodes (No. 206) and lymph nodes in the greater curvature of the stomach (No. 204) have not been strictly defined and distinguished as surgical indicators in previous studies.

AIM
To analyze the metastatic status of infrapyloric lymph nodes and lymph nodes of the greater curvature of the stomach and perioperative complications and systematically evaluate the feasibility and safety of laparoscopic extended right colectomy using prospective data collected retrospectively.

METHODS
The study was a clinical study. Twenty patients with colon cancer who underwent laparoscopic extended right colon resection in our hospital from June 2020 to May 2021 were included.

RESULTS
Among the patients who underwent extended right colon resection, there were no intraoperative complications or conversion to laparotomy; 2 patients had gastrocolic ligament lymph node metastasis, and 5 patients had postoperative complications. The patients with postoperative complications received conservative treatment.

CONCLUSION
Laparoscopic extended right colon resection is safe. However, malignant tumors located in the liver flexure or the right-side transverse colon are more likely to metastasize to the gastrocolic ligament lymph nodes, and notably, the incidence of gastroparesis was high. The number of patients was small, and the follow-up time was short. It is necessary to further increase the sample size to evaluate the No. 204 and No. 206 lymph node metastasis rates and the long-term survival impact.
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Core Tip: Whether laparoscopic extended right colectomy should be performed in patients with malignant tumors located in the hepatic flexure and right-side transverse colon remains controversial mainly because of the lack of an understanding of lymph node metastasis in the gastrocolic ligament and doubts regarding the safety of the operation. No prospective studies assessed the possibility and safety of laparoscopic extended right colon resection. Although the sample size in this article was small, the cases were strictly screened and had a certain degree of representativeness, which can provide some insight to surgeons.

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of cancer-related death[1]. Studies have shown that the survival rate of patients with right colon cancer is significantly lower than that of patients with colorectal malignancies in other locations[2]. Most colorectal surgeons consider complete mesocolic excision (CME) the standard surgery for right-side colon cancer, and CME can improve the long-term survival rate of patients. The principles are as follows: (1) Accurate dissection of the Toldt space and preservation of the colonic membrane; (2) Ligation of the root vessels; and (3) Extended lymph node dissection in tumors located in the liver curve and right half of the transverse colon[3,4]. So-called extended lymph node dissection refers to the removal of the infrapyloric lymph nodes and greater curvature lymph nodes that are 10 cm to 15 cm from the tumor[5]. In 1995, Toyota et al[6] found that 5 cases (2%) of colonic hepatic flexure cancer had infrapyloric lymph node metastasis and advocated that if lymph node metastasis is suspected, the infrapyloric lymph node should be removed. Feng et al[7] showed that the infrapyloric lymph node metastasis rate in colonic hepatic flexure cancer was 9.1%, and the greater gastric curvature lymph node metastasis rate was 7.1%. Near colonic hepatic flexure cancer has the possibility of metastasis to the infrapyloric and greater curvature lymph nodes. Few studies concerning the metastasis of the gastrocolic ligament (infrapyloric lymph nodes and greater curvature lymph nodes) in liver flexure and right-side transverse colon adenocarcinoma have been conducted, and these studies were retrospective with small sample sizes. Most extended operations did not sweep the infrapyloric lymph nodes, resulting in great heterogeneity at baseline. We aimed to analyze the metastasis of gastrocolic ligament lymph nodes and perioperative complications to evaluate the feasibility and safety of laparoscopic extended right colectomy.

MATERIALS AND METHODS
Patients
This prospective study included 20 patients who underwent laparoscopic extended right colectomy at the Gastrointestinal Surgery Department of The Second Affiliated Hospital of Fujian Medical University from June 2020 to May 2021. The study was approved by the Ethics Committee of The Second Affiliated Hospital of Fujian Medical University.
The inclusion criteria were as follows: (1) Patients aged ≥ 18 years or ≤ 75 years; (2) An ASA score of I-III; (3) Colon adenocarcinoma or high-grade intraepithelial neoplasia pathologically confirmed by preoperative colonoscopy biopsy; (4) A tumor located on the near liver flexure of the colon or the right 1/3 of the transverse colon; (5) The surgical method of extended right hemicolectomy (CME); (6) A preoperative staging assessment using cT2-4aN0M0 or cTanyN+M0; and (7) Elective surgery. The exclusion criteria were as follows: (1) A number of lesions greater than 2; (2) Preoperative staging of cT1N0 or cT4bNany; (3) Distant metastasis or tumor invading the surrounding tissues; (4) History of malignant tumors or history of major abdominal surgery; and (5) Emergency surgery. All operations were performed by the same surgeon, who performed over 3000 Laparoscopic colorectal surgeries.

Surgical techniques
All operations were performed by the same colorectal surgeon, who has experience with 3000 cases of gastrointestinal tumor surgery. The intestinal segment was removed on the basis of CME[8]. We strictly defined the scope of lymph node dissection in No. 204 and No. 206 as follows: No. 206 was defined as lymph nodes in the area surrounding the root of the right gastroepiploic artery (up to its first branch and down to the junction of the right gastroepiploic vein and superior anterior pancreaticoduodenal vein), No. 204 was defined as lymph nodes distributed along the greater curvature of the stomach distal to the first branch of the right gastroepiploic artery. Each patient was placed in the supine position. The five-hole method was used (Figure 1A). (1) The surgical approach was the caudal ventral approach (Figure 1B); (2) The D3 lymph node tissue dissection method was as follows: centered on the left edge of the superior mesenteric artery (SMA) and separated toward the pancreatic neck; the SMA branch was first cut, and then, the superior mesenteric vein (SMV) branch was cut. This approach does not easily damage the SMA branch across the SMV or cause bleeding. Notably, the middle colonic artery had to be ligated and cut at the root (Figure 1C); (3) Radical resection of expanded right colon cancer requires sweeping the lymphatic tissue on the gastro-omental arch 10 cm from the cancer, including infrapyloric lymph nodes (No. 206) and greater curvature lymph nodes (No. 204) (Figure 1D). Care should be taken when separating the infrapyloric blood vessels, which easily causes bleeding and the rapid formation of hematomas, and it can be difficult to find the bleeding points; (4) Intestinal resection and anastomosis were performed as follows: we used an auxiliary incision to remove the intestine, cut along the precut line to remove the specimen, and performed an end-to-side anastomosis of the distal ileum and the distal transverse colon (Figure 1E); and (5) The skin was sutured.

Pathologic procedures
After the specimen was obtained, an attending physician with rich clinical experience cut the lymph node tissue according to the distribution of the blood vessels, including the lymph nodes at the beginning of the ileocolonic artery, right colon artery, and middle colon artery, and separated the No. 206 and No. 204 lymph nodes for the pathological examination.

Postoperative complications
The complications were described in accordance with the Clavien-Dindo classification[9]. The postoperative complications of the patients were recorded in detail.

RESULTS
The study lasted 11 mo and included 20 patients who strictly met the inclusion criteria. The entire operation process was performed smoothly in 20 patients, and there were no intraoperative conversions to laparotomy or serious intraoperative complications. The median age was 63.5 years (range, 26-75 years), and only one patient was younger than 40 years. The median intraoperative blood loss was 50 mL (range, 20-300 mL). The median operative time in our study was 150 min (range, 170-389 min). The median postoperative anal exhaust time was 3 d (range, 2-6 d). The median time to eat semiliquid food after surgery was 5 d (range, 4-7 d). The median length of hospital stay after surgery was 11.5 d (range, 8-24 d). One case (5%), 16 cases (80%), 3 cases (15%), 9 cases (45%), 7 cases (35%), and 4 cases (20%) had postoperative pathological stages T2, T3, T4, N0, N1, and N2, respectively. The detailed information is shown in Table 1.
In total, 5 (25%) patients had postoperative complications, including 2 cases of delayed gastric emptying (gastroparesis), 2 cases of intestinal obstruction, 1 case of postoperative gastrointestinal bleeding, 1 case of wound infection, 1 case of pancreatic fistula, and 1 case of chylous ascites. One patient had three complications (wound infection, intestinal obstruction, and pancreatic fistula). All patients were cured by conservative treatment. The details are shown in Table 2.
The number of lymph nodes retrieved and metastases found are shown in Table 2. In total, 11 (55%) patients had lymph node metastasis, and 8 (40%) patients had apical lymph node metastases. The mean ± SD of the number of lymph nodes dissected was 39.3 ± 10.9 nodes, and the median number of metastatic lymph nodes was 1 node (range, 0-28 nodes). The median number of No. 204 lymph nodes was 2 (range, 0-8 nodes), and the median number of No. 206 lymph nodes was 2.5 (range, 0-9 nodes); only 1 patient had lymph node metastasis of No. 206, and 1 patient had lymph node metastasis of No. 204. The details are shown in Table 3.
The detailed information of the patients with No. 204 lymph node or No. 206 lymph node metastasis is shown in Table 4. We found the following pattern: The patients with No. 204 lymph node or No. 206 lymph node metastasis generally had late T and N staging, and apical lymph nodes often had metastases. Moreover, cancer cells can usually be found in the vasculature or nerve tissue, affecting the survival time of patients.

DISCUSSION
CME is currently recognized as a surgical method for right-side colon cancer that can improve lymph node collection and the length of surgical specimens without increasing intraoperative and postoperative complications[9]. Compared with left-side colon carcinoma and rectal carcinoma, the prognosis of right-side colon cancer is worse, which may be the result of inadequate tumor and lymph node resection, especially in the liver flexure and right transverse colon. Tumors often appear as No. 204 and No. 206 lymph node metastases if the lymph node is not cleared, which may increase the possibility of tumor recurrence and reduce the survival rate of patients with right colon cancer[2,4]. Although our study has a small sample size, the inclusion criteria are strict, and currently, similar prospective studies are lacking; thus, this study can provide a good reference for clinicians.
Laparoscopic extended right colectomy is one of the most challenging operations in colorectal surgery due to the difficulty in determining the origin of the middle colon artery because of the complex anatomy near the pancreatic neck[11]. The correct identification and cutting of the middle colon artery and careful separation of the inferior pylorus vessels are critical for the safe implementation of laparoscopic extended right hemicolectomy, representing a serious challenge for surgeons[12]. Therefore, the safety of laparoscopic extended right hemicolectomy is still controversial, but most studies suggest that the procedure is safe and feasible. Zhao et al[13] considered that laparoscopic extended right hemicolectomy was a technically feasible and safe surgical method and could obtain the same short-term oncological results as open surgery. In their study, 9 cases (9/220, 4.1%) were converted to open abdomen, 4 cases (4/9, 44.4%) were T4a, and two cases (2/9, 22.2%) had massive bleeding during the process of stripping the right gastrocnemic artery root, which is less than 14% to 19% of the other randomized control study[14,15]. However, the above study did not clarify the lymph node metastasis incidence of No. 204 and No. 206 and only focused on a comparison of laparoscopic and open surgery.
We observed some characteristics of the postoperative complications in our study. The incidence rate of gastroparesis was 10% in the present study, which is significantly higher than that of right colectomy without clearing the lymph nodes of the gastrocolic ligament (10% vs 0.3%)[16]. It is generally believed that 30%-50% may cause gastroparesis in diabetic patients. However, our patients with gastroparesis had normal blood sugar[17]. We considered that the occurrence of gastroparesis was related to the patients who underwent gastrocolic lymph node dissection. Therefore, additional research is needed to determine the best surgical indications and avoid unnecessary and futile gastrocolic ligament lymph node dissection in the future. Few studies examined the causes of gastroparesis after extended right hemicolectomy. We suggest that the ultrasound knife burns the stomach during the removal of the omental blood vessels, resulting in decreased gastric motility. You et al[18] suggested that preserving the right gastroepiploic vessels can reduce the incidence of gastroparesis; however, in this case, No. 206 lymph nodes cannot be completely cleared. According to our clinical experience, when dissociating from the arch, we should cut the blood vessels 0.5 cm away from the great curvature of the stomach when dissociating on the arch to avoid burning the stomach and causing gastroparesis. The other complications seem to be related to colectomy rather than gastrocolic ligament resection. Some authors[4] observed gastric perforation after extended right hemicolectomy, which may be related to gastrocolic ligament resection, and some patients had a dissecting thoracic aorta aneurysm, which may be due to an impaired blood supply to the main abdominal cavity. In our study, there were no intraoperative complications or conversion to laparotomy. The reasons may be that this study had a small sample because the inclusion criteria were strict and the operation was performed by the same gastrointestinal oncologist with extensive laparoscopic experience. In conclusion, we believe that laparoscopic extended right colectomy is safe but should be performed by skilled surgeons.
The probability of metastasis of gastrocolic ligament lymph nodes was 10% in our study. This result is similar to previous studies showing that the probability of lymph node metastasis of the gastrocolic ligament is relatively low. We found that the probability of lymph node metastasis of the gastrocolic ligament with tumors located in the hepatic flexure or right-side transverse colon is significantly higher than that of colon cancer in other locations. Therefore, tumors located in high-risk locations should undergo extended right hemicolectomy combined with infrapyloric and greater curvature lymph node dissection[6]. The main risk factors for gastrocolic ligament lymph node metastasis in right colon cancer are nerve invasion, pN2 stage, carcinoembryonic antigen, poor differentiation and apical lymph node metastasis[4,16]. We can further confirm this conclusion given the data shown in Table 4. These factors are high-risk and lead to a poor prognosis in colon cancer patients, indicating that the occurrence of gastrocolic ligament lymph node metastasis is closely related to the patient survival rate.
Whether lymph node metastasis of the gastrocolic ligament is regional lymph node metastasis or distant metastasis remains controversial[4,19]. Based on the limited available data, it is difficult to draw a conclusion. However, this does not affect the need for postoperative chemotherapy in some patients. Twelve patients received regular adjuvant chemotherapy, oxaliplatin combined with capecitabine. One patient died of liver metastasis and pulmonary infection 7 mo after the operation. The TNM stage of the patient was T3N2M0, with lymph node metastasis of the gastrocolic ligament and vascular and nerve invasion, indicating a poor prognosis. The remaining patients had no recurrence or metastasis during the follow-up. Notably, Saluja et al[20] showed that there was no significant difference in survival between young patients and elderly patients. To date, few studies conducted a survival analysis of patients with laparoscopic extended right colectomy. The short-term efficacy and long-term prognosis still require further investigation.
This study demonstrated the rate of gastrocolic ligament lymph nodes located in the liver flexure or the right transverse colon and comprehensively evaluated the safety, feasibility, and short-term efficacy of lymph node dissection in this area, providing important clinical significance; however, there are still several limitations. First, this article reports a single-center analysis based on a clinical study. The inclusion and exclusion criteria were strict, and the length of time was short, resulting in a small sample size, which cannot reach the sample size required for calculation. Second, due to the current short follow-up time, the long-term prognosis of the patients cannot be assessed. A multicenter clinical study investigating this subject in the future is expected to further confirm the results we discussed and evaluate the long-term prognosis of patients.

CONCLUSION
Malignant tumors located in the hepatic flexure or right transverse colon have the possibility of gastrocolic ligament lymph node metastasis, and there are indications for laparoscopic extended right colectomy. The surgical approach is safe but could notably increase the incidence of gastroparesis. However, the prognostic effect still needs further analysis.

ARTICLE HIGHLIGHTS
Research background
Whether laparoscopic extended right colectomy is necessary for colon cancer with tumor located in hepatic flexure and right transverse colon is still controversial.

Research motivation
It is of great concern whether laparoscopic extended right colectomy is necessary for tumors located in the hepatic flexure and the right transverse colon. Currently, there is an urgent need to understand the law of lymph nodes of the gastrocolic ligament and the safety of the operation.

Research objectives
This study aimed to study the necessity and safety of laparoscopic extended right colectomy.

Research methods
This is a clinical study of 20 patients who underwent laparoscopic extended right colectomy. This article describes the surgical technique of laparoscopic extended right colectomy and the perioperative information of patients.

Research results
There were no intraoperative complications and conversion to laparotomy in 20 patients. Lymph node metastasis of gastrocolic ligament occurred in 10% of patients, and postoperative complications occurred in 5 patients.

Research conclusions
Laparoscopic extended right colectomy is safe, but it may significantly increase the risk of postoperative gastroparesis.

Research perspectives
This study is expected to increase the sample size and follow-up time.
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Figure 1 Surgery process photos. A: Five-hole method and main operation hole (black arrow); B: Caudal ventral approach in which the assistant lifts the ileocolonic vascular pedicle, and an ultrasonic knife is inserted obliquely in the direction of the superior mesenteric vein (SMV) (dotted line) into the small intestine ascending colon space; C: SMV with broken branches and Henle trunk (white arrow); D: Dissection of gastrocolic ligament lymph nodes; (E) Postoperative specimens.

Table 1 Patient demographics and pathological characteristics
	Variable
	n (%)

	Age, median (range)
	63.5 (26–75)

	Sex (male)
	15 (75)

	BMI (> 25)
	7 (35)

	ASA ≤ 2
	19 (95)

	Tumor location
	

	Hepatic flexure
	13 (65)

	Right transverse
	7 (35)

	Pathology
	

	pT1
	0 (0)

	pT2
	1 (5)

	pT3
	16 (80)

	pT4
	3 (15)

	pN0
	9 (45)

	pN1
	7 (35)

	pN2
	4 (20)

	Perineural invasion
	5 (25)

	Vascular invasion
	8 (40)

	Defective mismatch repair
	5 (25)

	Intraoperative complications
	0 (0)

	Transition to open abdomen
	0 (0)


CEA: Carcinoembryonic antigen; ASA: American Society of Anesthesiologists.

Table 2 Peri- and postoperative patient outcomes
	Variable
	n (%)

	Postoperative complication
	5 (25)

	Anastomotic leakage
	0 (0)

	Pancreatic fistula POPF grade
	

	Grade A
	0 (0)

	Grade B
	1 (5)

	Grade C
	0 (0)

	Intestinal obstruction
	2 (10)

	Chylous ascites
	1 (5)

	Incision infection
	1 (5)

	Gastroparesis
	2 (10)

	Organ infection
	0 (0)

	Gastrointestinal bleeding
	1 (5)

	Clavien–Dindo classification
	

	Grade I
	1 (5)

	Grade II
	5 (25)

	Grade III and above
	1 (5)

	Anal exhaust time, median (range) (d)
	3 (2-6)

	Semiliquid diet, median (range) (d)
	5 (4-7)

	Length of hospital stay
	11.5 (8-24)


POPF: Postoperative pancreatic fistula.

Table 3 Lymph node yield and metastases
	Variable
	n (%)

	Total LN yield, mean ± SD
	39.3 ± 10.9

	LN metastases, median (range)
	1 (0-28)

	No. 204 LN yield, median (range)
	2 (0-8)

	No. 206 LN yield, median (range)
	2.5 (0-9)

	Apical LN metastases
	8 (40)

	No. 204 LN metastases
	1 (5)

	No. 206 LN metastases
	1 (5)


LN: Lymph node.

Table 4 Characteristics of the patients with gastrocolic ligament lymph node metastasis
	Patient
	Patient 1
	Patient 2

	Age (yr)
	69
	61

	Gender
	Female
	Female

	BMI
	30.04
	20.96

	Symptom
	Abdominal pain
	Abdominal pain

	CEA (ng/mL)
	33.28
	25.39

	ASA score
	II
	III

	Location
	R
	H

	Pathological type
	Ulcerative
	Ulcerative

	Differentiation
	M
	m-p

	T stage
	T4a
	T3

	N stage
	N2
	N2

	Tumor size (cm)
	6.0 × 3.5
	6.0 × 5.5

	Mesocolic LN metastases/mesocolic LN yield (n)
	5/34
	28/58

	Apical LN metastases/apical LN yield (n)
	4/13
	16/30

	No. 204 LN metastases/GCLN yield (n)
	1/2
	0/2

	No. 206 LN metastases/GCLN yield (n)
	0/6
	3/3

	Venous invasion (n)
	Yes
	Yes

	Perineural invasion (n)
	No
	Yes

	Mismatch repair protein
	Expression
	Expression

	Postoperative complications
	No
	No

	Chemotherapy method
	XELOX
	XELOX

	Relapse
	No
	Metastasis

	Mortality
	Alive
	Death


CEA: Carcinoembryonic antigen; ASA: American Society of Anesthesiologists; CEA: Carcinoembryonic antigen; ASA: American Society of Anesthesiologists; GCLN: Gastrocolic ligament lymph node; R: Right transverse; T: Hepatic flexure; m-p: moderately differentiated-poorly differentiated; XELOX: Oxaliplatin combined with capecitabine.
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