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Abstract
BACKGROUND 
During laparoscopic resection for colorectal cancer, there is controversy regarding 
whether the left colic artery (LCA) should be preserved at its origin.

AIM 
To investigate the prognostic significance of preservation of the LCA in colorectal 
cancer surgery.

METHODS 
Patients were divided into two groups. The high ligation (H-L) technique (refers 
to ligation performed 1 cm from the beginning of the inferior mesenteric artery) 
group consisted of 46 patients, and the low ligation (L-L) technique (refers to 
ligation performed below the initiation of the LCA) group consisted of 148 
patients. Operative time, blood loss, lymph nodes with tumor invasion, post-
operative complications and recovery time, recurrence rate, and 5-year survival 
rate were compared between the two groups.

RESULTS 
The average number of lymph nodes detected in postoperative pathological 
specimens was 17.4/person in the H-L group and 15.9/person in the L-L group. 
There were 20 patients (43%) with positive lymph nodes (lymph node metastasis) 
in the H-L group and 60 patients (41%) in the L-L group. No statistical differences 
were found between the groups. Complications occurred in 12 cases (26%) in the 
H-L group and in 26 cases (18%) in the L-L group. The incidences of postoperative 
anastomotic complications and functional urinary complications were 
significantly lower in the L-L group. The 5-year survival rates in H-L and L-L 
groups were 81.7% and 81.6%, respectively, and relapse-free survival rates were 
74.3% and 77.1%, respectively. The two groups were similar statistically.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v15.i5.825
mailto:zhangzht@ccmu.edu.cn
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CONCLUSION 
Complete mesenteric resection combined with lymph node dissection around the inferior 
mesenteric artery root while preserving the LCA is a beneficial surgical approach during laparo-
scopic resection for colorectal cancer.

Key Words: Cancer; Complete mesenteric resection; Inferior mesenteric artery; Urinary complications; 
Lymph

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer is a common disease. The operative method is related to the prognosis. We 
studied the correlation between different ligation sites of the inferior mesenteric artery and curative effect. 
There were 20 patients (43%) in the high ligation group and 60 patients (41%) in the low ligation group 
with positive lymph nodes. There was no significant difference in survival between the two groups. 
However, the incidences of postoperative anastomotic complications and functional urinary complications 
were significantly lower in the L-L group. This study confirmed that preservation of the left colic artery 
should be recommended in the surgery.

Citation: Liu FC, Song JN, Yang YC, Zhang ZT. Preservation of left colic artery in laparoscopic colorectal 
operation: The benefit challenge. World J Gastrointest Surg 2023; 15(5): 825-833
URL: https://www.wjgnet.com/1948-9366/full/v15/i5/825.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i5.825

INTRODUCTION
During laparoscopic resection of colorectal cancer there is controversy about the ligation site of the 
inferior mesenteric artery (IMA). There are currently two main opinions. Some doctors believe that the 
ligature should be performed at the beginning of IMA (high ligation, H-L), while others believe that the 
ligature should be performed after the dissection of the left colic artery (LCA) [preserving the LCA, low 
ligation (L-L)][1]. H-L, which is beneficial for removal of lymphatic tissue from the root of the IMA 
completely (especially lymph node No. 253), allows accurate staging of the postoperative tumor stage. 
H-L technology is easier to perform, and the anastomosis is essentially tension-free for complete 
mesenteric release. It is also easy for beginners to learn. However, because the anastomotic blood supply 
after high tie comes exclusively from the superior mesenteric vessels, for some patients, especially those 
with congenital absence of the marginal aortic arch, the anastomotic blood supply is significantly 
reduced, which increases the chance of intestinal fistula. Furthermore, autonomic nerve injury impacts 
postoperative bowel and urinary function recovery[2].

According to the Japan Colon and Rectal Cancer Association, the positive rate of lymph node 
metastasis around the root of the IMA root was 3.6% for colon cancer (stage T3-T4) and 5.1% for rectal 
cancer from 2011 to 2021, which were similar to statistics in Europe and the United States. Therefore, 
dissecting lymph node (LND) No. 253 is a necessary surgical step[3]. There are insufficient data to 
support whether simultaneous No. 253 LND while preserving the LCA and autonomic nerves can 
achieve satisfactory outcomes while reducing adverse events and complications. To overcome the 
shortcomings of the traditional surgical approach, we performed a surgical trial of L-L of the IMA 
combined with dissection of peri-IMA LND. We evaluated the patients’ clinical data and prognosis 
between the L-L and H-L approaches.

MATERIALS AND METHODS
Clinical data
A retrospective case-control study including patients with sigmoid or rectal cancer treated surgically in 
the Department of General Surgery, Beijing Friendship Hospital, Capital Medical University were 
prospectively recorded and retrospectively analyzed between February 2014 to February 2016. 
According to the location of the vessel ligation the patients were divided into two groups, the H-L 
group and L-L group (Figure 1). The diagnostic criteria of colorectal cancer were postoperative 
pathological examination.

https://www.wjgnet.com/1948-9366/full/v15/i5/825.htm
https://dx.doi.org/10.4240/wjgs.v15.i5.825
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Figure 1 The diagram of ligation site of the inferior mesenteric artery in colorectal cancer surgery. A: High tie; B: Low tie. 1: Inferior mesenteric 
artery; 2: Left colic artery; 3: The first branch of the sigmoid artery; 4: Lymph node around the origin of the inferior mesenteric artery.

Inclusion criteria were: (1) Patients with clearly diagnosed colorectal cancer who had preoperative 
indications for surgery diagnosed by magnetic resonance imaging or computed tomography; (2) No 
invasion of the adipose tissue surrounding the intestinal tract and no encapsulation of major vascular 
structures; and (3) No distant metastasis or peritoneal implantation.

Exclusion criteria were: (1) Patients with acute perforation or obstruction prior to surgery; (2) Patients 
with abdominal perineal resection combined with radical resection of rectal cancer; and (3) Patients with 
concurrent intestinal lesions.

The study was approved by the Ethics Committee of Beijing Friendship Hospital Affiliated to Capital 
Medical University, with the approval No. PM6475.

Monitoring indexes
Clinical data characteristics of all enrolled patients were analyzed, including age of onset, sex, tumor 
site, operation time, blood loss, number of lymph nodes with tumor metastasis (positive nodes), number 
of lymph nodes around the IMA root, total number of lymph nodes in the sample, recovery time of 
intestinal function, and national standard tumor staging. The tumor staging was defined according to 
the TNM staging System (7th edition) updated by the United Cancer Council and the United Interna-
tional Cancer Center.

The subjects were regularly examined in the outpatient department after discharge and were 
routinely examined in the outpatient department every 6 mo from discharge. The last follow-up date 
was September 15, 2022. The 5-year survival rate and recurrence-free survival rate were observed. 
Among them, overall survival referred to the time from the date of the operation to the date of death by 
the tumor. Patients were followed-up regularly by performing 1-2 colonoscopies or computed 
tomography examinations annually.

Surgical modality and grouping
The surgical modalities were radical resection of sigmoid or rectal cancer. The location of the IMA 
ligation site (preserving or not preserving the LCA) was determined by each surgeon on a case-by-case 
basis according to the presence of intraoperative bleeding, visibly enlarged lymph nodes around the 
artery, the operator’s skill, and the ease of separating the vessels.

Statistical analysis
Data with normal distribution were expressed as mean ± standard deviation, and the χ2 test was 
adopted to check whether the population rates of independent samples were the same. The t-test was 
used to compare whether the sample means of two independent samples were statistically significant. 
The 5-year survival rate between the two groups was compared by the log-rank test. We used SAS 
statistical software (version 23.0; IBM Corp.) for all analyses, and P < 0.05 was considered statistically 
significant.
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RESULTS
Clinical data
This study involved 194 patients, who were divided into two groups according to the location of the 
vessel ligation: 46 in the H-L group, where the ligation was performed at the root of the IMA; and 148 in 
the L-L group (preservation LCA in the operation), where the vessel ligation was performed at the 
beginning of the LCA (Figures 1 and 2). No. 253 LND was also performed in both groups. There were 
no statistical differences in age, sex, and tumor site between the two groups as shown in Table 1.

Pathological analysis after LND
The average number of lymph nodes detected was 17.4/person for the H-L group and 15.9/person for 
the L-L group in postoperative pathological specimens. There were 20 patients (43%) in the H-L group 
and 60 patients (41%) in the L-L group with positive lymph nodes. We found no significant difference 
between the two groups. Regarding the IMA root lymph nodes (No. 253), there were 2 positive cases in 
the H-L group (4%) and 5 positive cases in the L-L group (3%). There was still no significant difference 
between the two groups. The recovery time of bowel function was shorter in the L-L group (Table 2).

No metastasis was found in the lymph nodes of 114 patients (58%), while positive lymph nodes were 
observed in 80 patients (42%), including 7 cases (3%) at station 3 (No. 253), 5 of which had positive 
station 1 and 2 lymph nodes. Positive lymph nodes were observed most often at station 1 and station 2 
but rarely at station 3.

Complications
Complications occurred in 12 cases (26%) in the H-L group and 26 cases (18%) in the L-L group. Wound 
infection (n = 17) was the most common complication in both groups, and the incidences of 
postoperative anastomotic complications and functional urinary complications were significantly lower 
in the L-L group. The incidences of other complications were similar between the two groups (Table 3).

Five-year relapse-free and survival rates
There were 11 cases (24%) in the H-L group and 32 cases (22%) in the L-L group of postoperative 
recurrence, which was similar between the two groups. There were 2 cases (4%) in the H-L group and 6 
cases (4%) in the L-L group of local lymph node recurrence, with no significant difference between the 
groups. The most common organ of recurrence in the H-L group (4 cases, 9%) and the L-L group (11 
cases, 7%) was the lung, with no significant difference between the groups (Table 4).

The 5-year survival rates in the H-L and L-L groups were 81.7% and 81.6%, respectively, and the 
relapse-free survival rates were 74.3% and 77.1%, respectively. The two groups were similar statistically. 
In patients with lymph node metastases the 5-year survival rates were 68.1% vs 66.2% and the relapse-
free survival rates were 65.3% vs 64.9% in the H-L and L-L groups, respectively, with no significant 
differences.

DISCUSSION
The presence or absence of lymph node metastasis is significantly related to the prognosis of patients 
with colorectal cancer, and detailed examination of each surgical specimen is an important index. 
According to the American Joint Committee on Cancer/Union for International Cancer Control 
guidelines, a minimum of 12 lymph nodes must be diagnosed in postoperative specimens. However, 
clinically reaching the recommended number of lymph nodes is sometimes very difficult[4]. In such 
cases, fine dissection of the intestinal vessels, especially the IMA, is essential to achieve the 
recommended number of lymph nodes. Therefore, choosing high- or low-tie IMA ligation remains 
controversial.

Except for a few colon cancers without lymphatic metastases in early stages, LND at the root of the 
IMA is a key step. Considering the completeness of tumor treatment, IMA ligation at the root is the 
standard procedure in many hospitals in China. An analysis by Rutegård et al[5] found that only 8.7% of 
patients had positive IMA root lymph nodes, and the rate of positive IMA root lymph nodes in this 
study was 4%. This is an important finding suggesting that No. 253 LND should be performed in all 
patients with distal colorectal cancer; otherwise approximately 4%-8%[6] of patients may have residual 
tumor at this site. The second reason for this anatomical dissection is the phenomenon of skip 
metastasis, which was found in the No. 253 lymph nodes of 2 cases in our study. This coincides with the 
findings of Mari et al[7], which identified this metastasis in 1.9% of the patients. Therefore, these 
findings provide a theoretical basis for LND at the IMA root.

In the present study, there was no difference in the number of lymph nodes obtained by high-tie or 
low-tie, the number of positive lymph nodes, and the ratio of positive-to-harvested lymph nodes, 
including the number of lymph nodes at the IMA root, suggesting that complete LND is still feasible 
even without IMA ligation. The rate of metastasis in the IMA root lymph nodes was relatively constant 
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Table 1 Comparison of the patients’ preoperative clinical data

Group High ligation group, n = 46 Low ligation group, n = 148 P value

Sex as male/female 28/18 90/58 0.897

Age in yr, mean ± SD 58.3 ± 10.1 60.4 ± 9.4 0.645

Tumor site 0.178

Sigmoid colon 16 46 -

Recto-sigmoid junction 13 34 -

Upper rectum 10 39 -

Lower rectum 7 29 -

SD: Standard deviation.

Table 2 Surgical data

Variable High ligation group,  
n = 46

Low ligation group,  
n = 148 P value

Operative time in min, mean ± SD 210.0 ± 34.2 232.0 ± 28.3 0.482

Blood loss in mL, mean ± SD 145.0 ± 30.3 187.0 ± 50.3 0.165

Patients with positive lymph nodes, n 20 60 0.854

Number of lymph nodes dissected, mean 17.4 15.9 0.203

Patients with positive lymph nodes in the root of the inferior mesenteric artery, D253 2 5 0.372

Time to recovery of bowel function in d, mean ± SD 5.0 ± 1.8 3.0 ± 1.2 0.042

SD: Standard deviation.

Table 3 Comparison of postoperative complications, n (%)

Complication High ligation group, n = 46 Low ligation group, n = 148 P value

Number of complications 12 (26) 26 (186) 0.436

Wound infection 4 (9) 13 (9) 0.286

Stress ulcers 2 (4) 6 (4) 0.316

Anastomotic fistula and stricture 3 (7) 5 (3) 0.045

Urinary dysfunction 3 (7) 2 (1) 0.029

Table 4 Postoperative recurrence

Recurrence site High ligation group, n = 46 Low ligation group, n = 148 P value

Overall recurrence rate 11 (24%) 32 (21%) 0.607

Liver 3 9 -

Lung 4 11 -

Lymph nodes 2 6 -

Local recurrence (intestinal tract) 0 2 -

Peritoneum 2 4 -
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Figure 2 The intraoperative photographs of the ligation site of the inferior mesenteric artery in colorectal cancer surgery. A-C: Low ligation 
combined with lymph node dissection around the origin of the inferior mesenteric artery (low tie with lymph node); D-F: High ligation combined with lymph node 
dissection around the origin of the inferior mesenteric artery (high tie with LND). Red arrows: The route of the inferior mesenteric artery; Blue arrows: Left colic artery; 
Orange arrows: Superior rectal artery.

with or without high ligation. During LND, careful vascular dissection and complete mesenteric 
resection are more important than the ligation site. Postoperative survival was not related to the tie level 
in this study but rather to the completeness of radical surgery. With advances in surgical techniques, 
more studies have observed no significant difference between the two ligation levels regarding LND. In 
fact, all clinical cases of local recurrence have occurred in incomplete or near-complete rectal mesenteric 
resections.

To prevent such an insurmountable problem as anastomotic leak after colorectal resection, more 
hospitals are selectively preserving the LCA to maintain anastomotic blood flow, benefiting from 
continuous advances in surgical techniques for colon cancer. The incidence of intestinal fistula in rectal 
cancer in China has ranged from 5% to 26% in the past 5 years[8]. Tension-free anastomosis and good 
blood supply are the two main considerations to reduce this serious complication. High-tie can reduce 
blood flow to the colon leading to intestinal ischemia, which may eventually lead to anastomotic leak or 
stricture and is a common postoperative complication. In this study, there was a significant increase in 
the incidence of anastomotic stricture in the H-L group. This was confirmed by intraoperative Doppler 
ultrasonography and the use of indocyanine green angiography in a study by Ogino et al[9], which 
revealed a 50% decrease in anastomotic blood flow after high tie. Treating anastomotic fistula or 
stricture is difficult once it occurs. There may also be cases of autonomic nerve disorders (e.g., urinary 
and sexual dysfunction) owing to disruption of the IMA root plexus (Table 3).

The level of IMA ligation is partly related to the freeness of the proximal colon. In many studies, high 
tie of the IMA resulted in better free bowel[10]. Some researchers believe that high ligation of the IMA 
allows adequate free colon and ensures a tension-free colonic anastomosis. However, inadequate free 
bowel can now be completely resolved by technical means, such as ligation of the inferior mesenteric 
vein at the level of the lower margin of the pancreas and freeing the splenic flexure of the descending 
colon[11]. Another advantage of this surgical approach is that because the LCA is preserved it is also 
possible to reoperate on the residual colon if secondary carcinoma occurs in the ascending or transverse 
colon after surgery for sigmoid or rectal cancer[12]. Therefore, IMA LND based on LCA preservation 
has become the main surgical approach in some hospitals. The key in this approach is total mesenteric 
resection and clearance of group D3 lymph nodes (such as No. 253)[13,14].

In this study, 194 patients underwent radical surgery for sigmoid or rectal cancer, and we compared 
the postoperative complication rates, recurrence rates, and prognosis of high vs low IMA ligation 
combined with LND. The results showed that the incidence of anastomotic leak was significantly lower 
in the low ligation plus LND group. Furthermore, the incidence of postoperative urinary dysfunction 
was significantly lower, and the recovery time of bowel function was shorter[15]. In addition, there was 
no significant difference in the 5-year survival and relapse-free survival rates for all enrolled patients. 
These results demonstrate the reliability of preserving the LCA while performing LND.

CONCLUSION
High ligation of IMA in colorectal cancer operation is a simple method that can clean the lymph nodes 
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completely. However, the incidence of intestinal fistula increased significantly, and the postoperative 
recovery was slow[16]. In this study, with the investigation of the prognostic impact of the ligation site 
of IMA in colorectal cancer surgery in 194 patients, it is found that complete mesenteric resection and 
IMA root LND while preserving the LCA is a more reliable and safe surgical approach in patients 
undergoing colorectal cancer surgery.

ARTICLE HIGHLIGHTS
Research background
Sigmoid and rectal tumors are the most common intestinal tumors, accounting for 80% of all colorectal 
cancers. Surgery is still the preferred and primary treatment of intestinal tumors, and the anatomical 
basis is total mesangectomy. However, a critical point is that the location of ligation of the inferior 
mesenteric artery (IMA) is still under debate.

Research motivation
At present, there are two mainstream methods used in laparoscopic colorectal cancer surgery. One is 
high ligation (H-L), that is, ligation at the beginning of the IMA, and the other is low ligation (L-L) at the 
distal end of the left colic artery. The two methods have their own advantages. Therefore, we systemat-
ically compared the two methods to provide a reference basis for surgeons to choose.

Research objectives
To investigate the prognostic significance of the ligation site of the IMA in colorectal cancer surgery.

Research methods
We retrospectively analyzed the data of 194 patients undergoing radical R0 resection at Beijing 
Friendship Hospital between February 2014 to February 2016. Operative time, blood loss, positive 
lymph nodes and the number of dissected lymph nodes, postoperative complications and recovery, 
recurrence rate, and 5-year survival rate were compared between the H-L group and L-L group.

Research results
The average number of lymph nodes detected in postoperative pathological specimens was 17.4/person 
in the H-L group and 15.9/person in the L-L group. There were 20 patients (43%) in the H-L group and 
60 patients (41%) in the L-L group with positive lymph nodes, with no statistical differences between the 
groups. Complications occurred in 12 cases (26%) in the H-L group and 26 cases (18%) in the L-L group, 
with no significant difference in the incidence between the groups. The incidences of postoperative 
anastomotic complications and functional urinary complications were significantly lower in the L-L 
group. The incidence of other complications was similar between the two groups. The 5-year survival 
rates in the H-L and L-L groups were 81.7% and 81.6%, respectively, and relapse-free survival rates 
were 74.3% and 77.1%, respectively. The two groups were similar statistically.

Research conclusions
Complete mesenteric resection and IMA root lymph node dissection while preserving the LCA is a more 
reliable and safe surgical approach during laparoscopic resection for colorectal cancer.

Research perspectives
Our study demonstrated that LCA preservation is highly feasible at its origin in most cases. A 
preoperative computed tomography scan could predict the feasibility of the determined origin of the 
LCA (spread out or not) and the route (near or far away from the inferior mesenteric vein) of the LCA. 
In the future, multicenter prospective studies with a larger sample size are required to verify our results.
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