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Abstract

BACKGROUND

For laparoscopic rectal cancer surgery, the inferior mesenteric artery (IMA) can
be ligated at its origin from the aorta [high ligation (HL)] or distally to the origin
of the left colic artery [low ligation (LL)]. Whether different ligation levels are
related to different postoperative complications, operation time, and lymph node
yield remains controversial. Therefore, we designed this study to determine the
effects of different ligation levels in rectal cancer surgery.

AIM
To investigate the operative results following HL and LL of the IMA in rectal
cancer patients.

METHODS

From January 2017 to July 2019, this retrospective cohort study collected
information from 462 consecutive rectal cancer patients. According to the ligation
level, 235 patients were assigned to the HL group while 227 patients were
assigned to the LL group. Data regarding the clinical characteristics, surgical
characteristics and complications, pathological outcomes and postoperative
recovery were obtained and compared between the two groups. A multivariate
logistic regression analysis was performed to evaluate the possible risk factors for
anastomotic leakage (AL).

RESULTS
Compared to the HL group, the LL group had a significantly lower AL rate, with
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6 (2.8%) cases in the LL group and 24 (11.0%) cases in the HL group (P = 0.001).
The HL group also had a higher diverting stoma rate (16.5% vs 7.5%, P = 0.003). A
multivariate logistic regression analysis was subsequently performed to adjust
for the confounding factors and confirmed that HL (OR = 3.599; 95%CI: 1.374-
9.425; P = 0.009), tumor located below the peritoneal reflection (OR = 2.751;
95%CI: 0.772-3.985; P = 0.031) and age (= 65 years) (OR = 2.494; 95%CI: 1.080-
5.760; P = 0.032) were risk factors for AL. There were no differences in terms of
patient demographics, pathological outcomes, lymph nodes harvested, blood
loss, hospital stay and urinary function (P > 0.05).

CONCLUSION
In rectal cancer surgery, LL should be the preferred method, as it has a lower AL
and diverting stoma rate.

Key words: Rectal neoplasms; Inferior mesenteric artery; Anastomotic leakage;
Laparoscopy; Ligation; Postoperative complications

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Anastomotic leakage (AL) is one of the most common and serious
postoperative complications of colorectal surgery and is a major cause of postoperative
mortality and morbidity. Our study shows that low ligation of the inferior mesenteric
artery in rectal cancer patients has a lower AL rate and diverting stoma rate. Older age
and tumor located below the peritoneal reflection are also risk factors for AL. In rectal
cancer surgery, low ligation should be the preferred method.
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INTRODUCTION

With the improvement in living standards and changes in dietary habits, the
incidence and mortality of rectal cancer in China is increasing. It is one of the most
common causes of cancer-related deaths in both Western and Asian countries!'l. In the
1980s, Heald proposed the total mesorectal excision (TME) concept, which resulted in
revolutionary changes in surgical technology for rectal cancerl. In recent years,
laparoscopic rectal cancer surgery has rapidly replaced open surgery, which has
obvious advantages in short-term outcomes, such as less pain, less blood loss, and
faster recovery. Two techniques are used to handle the inferior mesenteric artery
(IMA) and its branches during surgery: High ligation (HL) and low ligation (LL). The
debate regarding HL and LL dates back more than 100 years. In 1908, Miles and
Moynihan performed LL and HL, respectively. Moynihan believed that HL could
achieve a better total number of lymph nodes harvested"l. Nowadays, some scholars
believe that LL can reduce the incidence of postoperative complications, especially the
anastomotic leakage (AL) rate; however, other studies suggest that HL can obtain a
higher lymph node yield, and shorten the operation time, without having any effect
on the AL¥. A recent nationwide cohort study in Sweden showed that the ligation
level did not influence patients” overall survival and oncological outcomest’.

AL is one of the most common and serious complications after laparoscopic rectal
cancer surgery. A large number of studies have shown that the lower the anastomosis,
the higher the AL ratel®’l. Recent studies have reported that the AL rate after rectal
cancer surgery is 3% to 26%!"*?l. The occurrence of AL prolongs hospitalization time,
increases the economic and mental burden for patients and increases short-term
morbidity and mortality"*"*.. Poor blood supply is an important factor in AL. After
HL, the blood supply to the anastomosis is mainly from the marginal artery formed
by the middle colic artery, while LL of the IMA can preserve the left colic artery and
its branches, which can theoretically provide more blood perfusion for the distal
colon, therefore reducing the incidence of AL""’l. However, some studies have
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suggested that different approaches to IMA ligation do not change the AL ratel*'>'l.
Therefore, the purpose of this study is to investigate whether different ligation levels
affect the perioperative outcomes.

MATERIALS AND METHODS

Patients

This study was approved by the ethics committee of the National Cancer Center and
it conformed to the ethical standards of the World Medical Association Declaration of
Helsinki. All patients signed an informed consent. A total of 462 consecutive rectal
cancer patients who underwent TME at the National Cancer Center/National
Sciences Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College from July 2017 to July 2019 were enrolled
in this study. The mean age of the patients was 58.4 + 9.0 years; 244 (52.8%) patients
were men and 218 (47.2%) patients were women. The inclusion criteria for this study
were as follows: (1) Patients with rectal adenocarcinoma confirmed by endoscopic
biopsy; (2) Patients confirmed to have TNM stage I-III by magnetic resonance
imaging/computed tomography at the time of diagnosis; (3) The distal margin of the
tumor was located within 15 cm from the anal verge; and (4) Patients who had
undergone laparoscopic rectal surgery using the double stapling end-to-end
technique. The exclusion criteria were: (1) Stage IV at diagnosis; (2) Patients who
underwent intersphincteric resection or abdominal perineal resection; (3) Patients
who underwent emergency surgery; and (4) Patients whose medical records were not
complete.

The enrolled patients were assigned to the following two groups: The HL group (n
= 235), patients who underwent ligation at the root of the IMA; and the LL group (n =
227), patients who under ligation just below the origin of the left colic artery (LCA)
branch. All operations were performed by experienced surgeons who majored in
colorectal cancer.

Surgical procedure

All patients underwent bowel preparation with oral sulfate-free polyethylene glycol
electrolyte powder the day before surgery. Antibiotics were instilled once 30 min
before surgery and once within 24 h after surgery.

The patients were placed in the modified lithotomy position after anesthesia and all
underwent laparoscopic rectal cancer surgery with TME. We performed laparoscopic
resection for rectal cancer patients using four trocars (2 mm x 12 mm and 2 mm x 0.5
mm), and a pneumoperitoneum was created at 12 mmHg. The camera trocar was
inserted in the umbilical region or the adjacent area. The pelvic peritoneum was
opened, and the hypogastric nerves were identified and preserved. A double stapling
technique was used to form an end-to-end anastomotic stoma. According to the distal
colonic blood supply and the tension of the anastomotic stoma, surgeons decided
whether to perform anterior resection (AR), Hartmann’s procedure or loop-ileostomy.
According to the preferences of different surgeons, whether to retain the LCA was
decided during the operation. In the HL group, the IMA was divided and ligated at 1
cm from its origin to avoid damaging the nerves (n = 235), and the fatty tissue around
the root of the IMA was swept to harvest the maximum number of metastatic lymph
nodes (Figure 1). In the LL group (n = 227), the sheath of the IMA was carefully
exposed all the way to the LCA and the adipose tissue with lymph nodes of the
triangular area of the aorta, IMA and the LCA was dissected (Figure 2). Two pelvic
drainage tubes were placed along the anastomotic stoma for both groups. A transanal
tube was also placed in some patients, to reduce the postoperative AL rate by
decreasing intraluminal pressure and preventing fecal extrusion through the staple
line. The tumor stage was decided by professional pathologists according to the 7
and 8" edition of the American Joint Committee on Cancer.

Definition of postoperative urinary dysfunction

The urinary catheter was removed on the morning of the 5* postoperative day. Before
removal, the clamping test was performed. If the patients were unable to void urine
within 8 h after catheter removal and the bladder was distended on physical
examination, residual urine volume was measured by ultrasound. Postoperative
urinary retention was defined when residual urine volume was = 150 mL, and
reinsertion of an indwelling urinary catheter was required.

Statistical analysis
The Statistical Package for the Social Sciences version 21.0 for Windows (IBM Corp.,
Armonk, NY, United States) was used for data analyses. We excluded patients whose
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Figure 1 Laparoscopic anterior resection of a rectal tumor with high ligation of the inferior mesenteric artery,
division and ligation of the inferior mesenteric artery at its origin of the aorta. IMA: Inferior mesenteric artery.

information was not clearly recorded in their medical records, and there were no
missing data in this study. Quantitative data are shown as the mean + SD and were
analyzed by the t-test. Categorical data are shown as frequencies and percentages and
were analyzed by the Chi-squared test or Fisher’s exact test. To decrease any
confounding bias and to evaluate the comparability between the HL and LL group, a
total of 23 variables were included in our investigation. All factors can be roughly
divided into patient demographics, surgical data and complications, and pathological
outcomes. All these data were collected from detailed medical records. Multivariate
logistic regression analysis and stratification analysis were performed in the AR +
anastomosis patients to examine the predictors of AL in calculating the odds ratio
(OR) and 95% confidence intervals (CI). Differences were considered significant when
the P value was less than 0.05. The data were reviewed by a biomedical statistician in
our institution.

RESULTS

Between July 2017 and July 2019, 462 patients with rectal cancer treated at the
National Cancer Center/Chinese Academy of Medical Sciences were included in this
study. The baseline characteristics of the HL group (n = 235, 50.9%) and LL group (n =
227,49.1%) are shown in Table 1. There were no significant differences between the
two groups in terms of gender, age, body mass index, American Society of
Anesthesiologists score or history of neoadjuvant chemoradiation.

The surgical data and related postoperative complications are summarized in Table
2. The transanal tube placement rate was significantly higher in the HL group (62.5%
vs 42.3%, P < 0.001). In addition, a significantly higher incidence of AL was observed
in the HL group than in the control group (10.2% vs 2.6%, P = 0.001). With regard to
the type of operation performed, conversion to open surgery, estimated blood loss
and number of harvested lymph nodes, there were no significant differences. The
operation time in the LL group was longer than that in the HL group, but was not
statistically significant (163.1 £ 51.3 min vs 174.4 + 49.8 min, P = 0.142). Also,
postoperative complications including anastomotic bleeding and urinary dysfunction
were not significantly different between the two groups. All complications were
successfully resolved. In terms of recovery, there were no significant differences in
time to first flatus and hospital stay after surgery (21 +0.6 dvs1.9+0.8d, P = 0.177;
7.0+12dwvs6.3+1.3d, P=0.236, respectively). There were no deaths reported within
30 days after surgery in either group.

Table 3 shows the pathological results and no significant differences between the
two groups were observed.

Stratification analysis was performed to control for confounding biases. Details of
AL in the AR + anastomosis group are shown in Table 4. Depending on the impact of
AL on clinical management, three grades of leakage severity were defined and
classified as grade A (subclinical leak, no therapy changes), grade B (non-surgical
therapy change), and grade C (surgery required), and according to the International
Study Group of Rectal Cancer criteria”! clinical AL occurred in a total of 30 (7.1%)
patients. Two patients were readmitted to hospital due to delayed AL. Two of thirty
patients had grade B leakage, they received conservative treatment and were
discharged within three weeks. The remaining twenty-eight patients suffered grade C
AL and received a loop ileostomy. Our data showed a significant difference in the AL
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Figure 2 Laparoscopic anterior resection of a rectal tumor with low ligation of the inferior mesenteric artery,
the lymph nodes in the triangular area of the inferior mesenteric artery, left colic artery, and aorta were
completely swept. IMV: Inferior mesenteric vein; LCA: Left colic artery; IMA: Inferior mesenteric artery.

rate between the HL and LL groups who underwent AR + anastomosis (11.0% vs
2.8%, P = 0.001). Several previous studies have suggested that the risk factors for AL
included age, American Society of Anesthesiologists (ASA) score, preservation of
LCA, neoadjuvant chemoradiotherapy, gender, transanal tube placement, tumor
location, and tumor stagel'®'”l. We carried out a multivariate logistic regression
analysis to analyze factors that might influence AL (Table 5). After adjusting for
confounding factors, the regression model demonstrated that HL (OR = 3.599; 95%ClI:
1.374-9.425; P = 0.009), age (= 65 years) (OR = 2.494; 95%ClI: 1.080-5.760; P = 0.032) and
tumor located below the peritoneal reflection (OR = 2.751; 95%CI: 0.772-3.985; P =
0.031) were associated with an increased risk of AL.

Table 6 shows the overall diverting stoma rate (12.1%). Thirty-nine (16.5%) patients
in the HL group and seventeen (7.5%) in the LL group had a diverting stoma, and the
difference between the groups was statistically significant (P = 0.003).

DISCUSSION

The controversy regarding the ligation level of the IMA in rectal cancer has continued
for over 100 years since 1908 when Miles recommended a division of the IMA distal to
the branching of the LCA, while Moynihan suggested resection of the IMA at its
origin. The main arguments are mainly related to two aspects: Oncologic and
anatomic.

The focus of the debate on the oncological result is whether LL can result in a
complete lymphadenectomy especially at the root of the IMA, obtain accurate pTNM
staging to guide follow-up treatment, and consequently improve the prognosis of
patients with metastatic lymph nodes. The results of a study in Japan which enrolled
1188 patients showed that HL improved the 5-year overall survival rate up to 40% in
patients with IMA root lymph node metastasis™). Moreover, according to a study
conducted by researchers in Taiwan, the apical lymph node metastatic rate was low,
at 0% (pT1), 1.0% (pT2), 2.6% (pT3), and 4.3% (pT4), respectively, and apical lymph
node dissection was more beneficial in pT4 patients”’l. Several other studies have also
shown that the incidence of metastatic apical lymph nodes ranges from 0.3% to
8.6%!>1. Bostrom et all'l recently published a nationwide cohort study and showed
that the level of ligation did not influence the oncological outcome or overall survival.
Sakamoto et al*! investigated the potential impact of the lymph-vascular
microanatomy of the IMA, and their findings partially support the surgical concept of
LCA preserving lymph node dissection around the IMA due to potential metastasis in
the lymphatic ducts within the IMA sheath. However, our experience indicated that
HL is not the only way to eradicate apical lymph nodes and the IMA sheath. In our
study, we dissected the IMA sheath and the adipose tissue with lymph nodes in the
triangular area of the aorta, IMA and the LCA in the LL group (Figure 2). As our
results show, the number of harvested lymph nodes was not significantly different
between the HL group and the LL group (16.8 + 6.2 vs 15.9 + 7.4, P = 0.399). Therefore,
there is no contradiction between LCA preservation and apical lymph node
dissection. Laparoscopic dissection of the lymph nodes with preservation of LCA is
technically demanding, and the operation time was longer in the LL group, but was
not significantly different (163.1 + 51.3 min vs 174.4 £ 61.8 min, P = 0.142).

With regard to the anatomical aspect, the effect of different ligation levels on AL
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Table 1 Patient demographics

Variables High ligation (n = 235) Low ligation (n = 227) P value
Gender, n (%) 0.356
Male 127 (54.0) 117 (51.5)

Female 108 (46.0) 110 (48.5)

Age (yr, mean + SD) 57.9+9.1 58.6 8.9 0.57
BMI (kg/mz, mean * SD) 241+£26 237+£3.1 0.761
Neoadjuvant therapy, n (%) 80 (34.0) 75 (33.0) 0.819
ASA score, 1 (%) 0.624
ASA T 80 (34.0) 69 (30.4)

ASATI 127 (54.0) 126 (55.5)

ASA I 28 (12.0) 32 (14.1)

SD: Standard deviation; BMI: Body mass index; ASA: American Society of Anesthesiologists.

was considered. AL is one of the most common and serious complications, and the
reported incidence of AL after AR varies from 3%-26%["'>*1. AL results in a
postoperative mortality rate of 6%-9%*l. The most two important factors in
preventing AL is to ensure the anastomosis is tension-free and has a sufficient blood
supply. Following HL, the anastomosis blood supply is from the middle colic artery
and marginal arteries. Riolan’s arch, which is derived from the superior mesenteric
artery, is believed to be the marginal arteries that provide perfusion of the transverse
and descending colon after HLI™!. Griffiths reported that the middle colic artery is
absent in 22% of patients. In such cases, the right colic artery joins the marginal artery
near the hepatic flexure, and the LCA is large and its terminal branches extend into
the transverse colon, and under these circumstances, Rioland’s arch may not supply
enough blood to the distal colon and hence ischemia may occur after HL of the IMA.
This view has been confirmed by several other authors!*’l. Seike et al"! used laser
Doppler to assess the blood flow caused by the ligation level and reported a reduction
of 38.5% *1.8% in blood flow in HL patients. Several other studies also reported that
compared to HL, the perfusion of the proximal loop of the anastomosis was better
after LLI™. If ischemia is found during surgery, more bowel will need to be dissected,
and the AR may change to Hartmann’s procedure. It is possible that after surgery, the
patient may have another diverting operation due to AL. However, Rutegard et al*!
reported that colonic perfusion was not markedly affected by HL of the IMA. In our
clinical experience, after LL, the color of the proximal colon is better, and the bleeding
of the end is better than that after HL. In addition, as there is no need to resect more
colon, the tension of the anastomosis was better in the LL group. A multicenter study
also suggested that preservation of the LCA during laparoscopic AR for middle and
low rectal cancers is associated with lower AL rates (7.4% vs 13.2%, P = 0.005)F1.
Several others studies have reported the same conclusion®*"1. Our study also
suggested a statistically higher rate of AL and diverting stoma in the HL group (10.2%
vs 2.6%, P =0.001; 16.5% vs 7.5%, P = 0.003, respectively).

The multivariate logistic regression analysis in our study also indicated that older
age (= 65) and tumor located below the peritoneal reflection are common risk factors
for AL (OR = 2.494; 95%CI: 1.080-5.760; P = 0.032 and OR = 2.751; 95%ClI: 0.772-3.985;
P = 0.031, respectively). Older patients are more likely to have diabetes,
atherosclerotic stenosis, and decreased tissue healing ability; therefore, the probability
of AL is higher!">***l. Another possible cause of AL is tumor location. For tumors
located below the peritoneal reflection, anastomosis will be more difficult. This will
cause more tissue trauma, more tension, and a poorer blood supply. Some studies
have even suggested that the level of anastomosis was the most important predictive
factor for leakagel'**!.

The main limitation of our study lies in its retrospective nature, and we mainly
focused on short-term postoperative complications and there is the risk of selection
bias, information bias and confounding bias, although we tried to obtain as many
variables as possible and incorporated them into the multivariate analysis and
stratification analysis. A larger, multicenter randomized controlled trial is needed to
confirm the superiority of LL over HL in rectal cancer surgery.

In conclusion, our study results showed a lower AL and diverting stoma rate in the
LL group. In rectal cancer surgery, LL should be the preferred method.
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Table 2 Surgical data and complications

Variables High ligation (n = 235) Low ligation (n = 227) P value
Type of operation, 1 (%) 0.453
AR + anastomosis 218 (92.7) 216 (95.1)

AR + Hartmann's procedure 5(2.1) 2(0.9)

AR + anastomosis + ileostomy 12 (5.1%) 9 (4.0)

Conversion to open surgery, 1 (%) 4 (1.7%) 6 (2.6)

Operation time (min, mean + SD) 163.1+£51.3 174.4 £ 61.8 0.142
Estimated blood loss (mL, mean * SD) 475+21.2 52.6 +23.7 0.363
Number of harvested lymph nodes (mean + SD) 16.8+6.2 13.7+74 0.399
Transanal tube, 1 (%) 147 (62.5) 96 (42.3) <0.001
Anastomotic leakage, n (%) 24 (10.2) 6 (2.6) 0.001
Anastomotic bleeding, 1 (%) 4(1.7) 3(1.3) 0.738
Urinary dysfunction, n (%) 9(3.8) 7(3.1) 0.661
Time to first flatus (d, mean * SD) 21+0.6 1.9+08 0.177
Hospital stay after operation (d, mean + SD) 70£1.2 63+13 0.236

AR: Anterior resection.

Table 3 Pathological outcomes

Variables High ligation (n = 235) Low ligation (n = 227) Pvalue
Tumor size (cm, mean * SD) 4+07 41+0.8 0.314
Tumor location, 1 (%) 0.114
Below the peritoneal reflection 127 (54.0) 106 (46.7)

Above the peritoneal reflection 108 (46.0) 121 (53.3)

Differentiation degree, n (%) 0.324
Poor 66 (28.1) 50 (22.0)

Moderate 146 (62.1) 153 (67.4)

Well 23 (9.8) 24 (10.6)

p-Stage, 1 (%) 0.184
I 24 (10.2) 19 (8.4)

I 95 (40.4) 111 (48.9)

1 116 (49.4) 97 (42.7)

Table 4 Stratification analysis of anastomotic leakage in the anterior resection + anastomosis group (n = 424)

Variables High ligation (n = 218) Low ligation (n = 216) P value
AL patients, 1 (%) 24 (11.0) 6(2.8) 0.001
Grade, n (%) 0.464

A 0 0

B 2(0.1) 0

C 22 (10.1) 6(2.8)

Onset of AL, 11 (%) 0.464
Early AL 22 (10.1) 6 (2.8)

Delayed AL 2(0.1) 0

AL: Anastomotic leakage.
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Table 5 Multivariate logistic regression

analysis factors which might influence anastomotic leakage

Variables Pvalue OR 95%Cl

High or Low ligation 0.009 3.599 1.374-9.425
Age (< 65 yr or 2 65 yr) 0.032 2.494 1.080-5.760
ASA score 0.108 1.798 0.879-3.675
Neoadjuvant therapy 0.058 2.144 0.974-4.717
Gender 0.195 0.583 0.258-1.317
Transanal tube 0.180 1.754 0.772-3.985
Tumor location 0.031 2.715 1.098-5.760
pTNM 0.477 1.245 0.680-2.280

ASA: American Society of Anesthesiologists.

Table 6 Patients with diverting stoma

Variables High ligation (n = 235) Low ligation (n = 227) P value
Stoma, 1 (%) 0.003
Yes 39 (16.5) 17 (7.5)

No 196 (83.5) 210 (92.5)

Reishidenge WJGO | https://www.wjgnet.com

ARTICLE HIGHLIGHTS

Research background

Rectal cancer is a common malignancy of the digestive tract, and laparoscopic rectal cancer
surgery has rapidly replaced open surgery. The ligation level of the inferior mesenteric artery
during the surgery remains a controversial topic.

Research motivation

There is a lack of consensus concerning the management of the left colic artery in the low
anterior resection of rectal cancer. Whether ligation level is associated with anastomotic leakage
(AL) is still under debate. There are limited data regarding surgical outcomes of total mesorectal
excision with left colic artery preservation.

Research objectives
The main aim of this study was to investigate whether different ligation levels affect
perioperative outcomes.

Research methods

We performed a retrospective cohort study and enrolled rectal cancer patients treated with
different ligation levels. Information regarding the clinicopathological features and clinical
outcomes were obtained and analyzed. Multivariate logistic regression analysis was performed
to evaluate the possible risk factors for AL in rectal cancer patients.

Research results
Preservation of the left colic artery was associated with a significantly lower AL rate. Tumor
located below the peritoneal reflection and age (= 65 years) were also risk factors for AL.

Research conclusions
Our study showed a lower AL and diverting stoma rate in the left colic artery preservation
group. Low ligation should be the preferred method for rectal cancer patients.

Research perspectives
Larger prospective multicenter clinal studies need to be performed so that standard management
regarding the left colic artery in rectal cancer can be established.
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