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Abstract
Background Whether or not to preserving left colic artery(LCA) in anterior resection for rectal cancer and
its effect on anastomotic leakage are remains controversial. The aim of this study was to investigate the
clinical outcomes of preserving the LCA during anterior resection for rectal cancer. We further explored
branching types of the inferior mesenteric artery(IMA) based on the three-dimensional computed
tomography reconstruction images. Methods Between January 2017 and October 2019, patients who
underwent anterior resection for rectal cancer were allocated to preservation LCA or non-preservation LCA.
Evaluation parameters including intraoperative conditions, pathological outcomes, postoperative
complications, and short-term results. Furthermore, preoperative three-dimensional computer tomography
reconstruction were performed to assess types of IMA. Results 160 patients with rectal cancer were
enrolled in this study, 56 were arranged to preservation LCA and 104 to non-preservation LCA. The
incidence of anastomotic leakage and overall early complications were significantly(P<0.05) decreased in
the preservation LCA group. The reoperation rate of the preservation LCA group (1.8%) was lower than
that of the non-preservation LCA group (10.6%), but the difference was not statistically significant
(P>0.05). The two groups did not significantly(P>0.05) differ in blood loss, intraoperative complications,
total number of harvested lymph nodes, and number of positive lymph nodes. The three-dimensional
computer tomography reconstruction images of 108 patients with rectal cancer were evaluated, the IMA
was divided into four types, of which 53(49.1%) were type I, 24 (22.2%) were type II, 18 (16.7%) were type
III, and 13 (12%) were type IV. Conclusions The preservation of LCA in anterior resection for rectal cancer
could help reducing the incidence of anastomotic leakage, overall early complications and without
increasing other known risks. The three-dimensional computer tomography reconstruction technique was
useful for evaluating the IMA types to facilitate make intraoperative surgical decisions and preservation
of LCA during rectal cancer surgery.

Introduction
Anterior resection with total mesorectal excision (TME) is performed most commonly for rectal cancer.
With the improvement of stapler and anastomosis technology, the proportion of the surgical methods
increases year by year. But unfortunately, compared with these advance, the incidence of anastomotic
leakage after anterior resection for rectal cancer did not decrease[1]. Anastomotic leakage is a common
and serious postoperative complication in patients with rectal cancer, severe cases require reoperation.
Moreover, anastomotic leakage was associated with high local recurrence and poor survival[2]. Previous
studies have shown that anastomotic leakage is related to gender, anastomotic blood supply,
anastomotic tension, distance of the tumor from the anal verge, and neoadjuvant therapy[3–5]. Good
blood supply of anastomosis is the key factor to ensure the normal healing of anastomosis after anterior
resection[3].
The inferior mesenteric artery (IMA) needs to be exposed and ligated during rectal cancer surgery. There
are two ways for ligation of the IMA: 1)high ligation, the IMA was ligated at 1 cm from its origin, with nonpreservation left colic artery (LCA), and 2)low ligation, the IMA was ligated at below the origin of LCA, with
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preservation LCA. The controversy regarding the level of IMA ligation has persisted.[6] It has been
suggested that the incidence of anastomotic leakage after rectal cancer surgery is related to the level of
ligation of the IMA[7]. Several studies[8–11] have conflicting reports on the impact of LCA preservation on
anastomotic leakage in anterior resection for rectal cancer. The use of the high ligation may provide a
greater number of lymph nodes(LNs) available for histopathological examination. This, in turn, could
increase the accuracy of tumor staging, allowing more accurate prognosis predictions[12]. However, there
is no strong evidence to suggest that high ligation of IMA can improves survival and the number of
harvested LNs[13]. Sorelius et al reported that high ligation of IMA disrupted LCA blood supply, resulting
in decreased mesenteric blood supply and increased risk of colonic necrosis after rectal cancer
surgery[14]. It has been suggested that atherosclerotic risk assessment and IMA length were useful
predictors of the mesenteric hypoperfusion status following IMA ligation during laparoscopic
rectosigmoid colon surgery[15]. In other words, mesenteric hypoperfusion is more likely to occur in
patients with short IMA length or high risk of atherosclerosis after IMA ligation during laparoscopic
rectosigmoid surgery. Generally, high ligation of IMA during anterior resection for rectal cancer may
reduce the blood supply to the proximal anastomosis, which is not conducive to anastomotic healing.
In recent years, preservation of the LCA during radical resection of rectal cancer has attracted increasing
attention[11, 16]. Low ligation with apical LNs dissection in rectal cancer treatment provides better
anastomotic blood supply but is not associated with differences in LNs retrieval rate and operation
time[17]. Pervious studies have suggested that colonic blood flow at the proximal site of the anastomosis
was significantly decreased by either IMA or LCA clamping, the aging and male gender were the predictive
factors of high blood flow reduction upon IMA clamping[18]. The elderly people make up the majority of
rectal cancer patients who may also have atherosclerosis, so relying solely on the marginal artery may
lead to insufficient blood supply at the proximal site of the anastomosis. Therefore, we believe that
preserving the LCA can increases blood supply to promote normal healing of the anastomotic stoma,
which may be of great significance in reducing anastomotic leakage after anterior resection for rectal
cancer. Previous studies on whether to preserving the LCA in rectal cancer surgery are mostly
retrospective controlled studies, and whether or not to preserving the LCA in anterior resection for rectal
cancer and its effect on anastomotic leakage are remains controversial. Therefore, the aim of this study
was to investigate the clinical outcomes of preserving the LCA during anterior resection for rectal cancer.
We further explored branching types of the IMA based on the three-dimensional computed
tomography(CT) reconstruction images.

Method

Patient selection
This study was a prospective clinical trial conducted at a single institute, Army Medical University DaPing
hospital (China). Between January 2017 and October 2019, rectal cancer patients were recruited to
compare clinical outcomes of preservation or non-preservation of the LCA during rectal cancer surgery.
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Whether the LCA is preserved during rectal cancer surgery depends on the surgeon's experience and
habits.
Inclusion criteria: 1) The rectal cancer was less than 15 cm away from the anal verge, and the rectal
adenocarcinoma was confirmed by biopsy; 2) preoperative evaluation of the patient's systemic
conditions can tolerate surgery; 3) the primary tumor can be completely resected; 4) the surgical method
was laparoscopic or Da Vinci robot-assisted anterior resection for rectal cancer. Exclusion criteria: 1)
Miles, Hartmann, open surgery, emergency surgery, palliative resection; 2) previous history of colorectal
surgery; 3) acute bowel obstruction or perforation due to rectal cancer; 4) recurrent rectal cancer or
multiple primary colorectal cancer; 4) patients can't tolerate surgery. CONSORT flow diagram for the trial
show in Fig. 1. According to National Comprehensive Cancer Network guidelines, preoperative
neoadjuvant therapy is recommended for patients with T3 or LNs positive determined by magnetic
resonance imaging(MRI). The interval between the end of neoadjuvant therapy and surgery was 6–8
weeks.

Date collection
Primary endpoint was the incidence of anastomotic leakage. According to the definition proposed by the
International Study Group of Rectal Cancer (ISREC) in 2010[19], Grade A: Anastomotic leakage presents
had no clinical symptom or abnormal laboratory tests, and do not require active therapeutic intervention.
Grade B: Anastomotic leakage patients have obvious clinical symptoms and require non-surgical
therapeutic intervention. Grade C: Anastomotic leakage patients are often quite ill and require operative
re-laparotomy. The total number of harvested LNs, the number of positive LNs, operative time, blood loss,
indwelling catheter dwell time, peritoneal drainage tube dwell time, intraoperative complications,
postoperative early complication, postoperative hospital stay were recorded in the two groups.
Pathological results were based on the TNM staging system for colorectal cancer of the American joint
committee on cancer (AJCC) and the Union International Against Cancer(UICC) (2017, edition 8).

Surgical Technique
Each patient was placed in the lithotomy position and general anesthesia was implemented, following
conventional laparoscopic, transanal total mesorectal excision (TaTME) or robotic-assisted anterior
resection for rectal cancer was performed. Further detail of the procedures are described in previous
reports[9, 20, 21]. For LCA preservation group, the IMA, LCA, sigmoid Artery (SA) and superior rectal
artery(SRA)were identified, and then the LCA preserved simultaneously with ligations of the SA, SRA and
inferior mesenteric vein(IMV). Then, lymphadenectomy around the IMA was performed. For LCA nonpreservation group, the IMA was ligated at 1 cm from its origin with lymphadenectomy around the IMA
simultaneously with the IMV was ligated at the same level. Preservation or non-preservation of the LCA in
anterior resection for rectal cancer show in Fig. 2. According to the results of colonoscopy or magnetic
resonance imaging, the location of rectal cancer was defined as upper(10.1-15cm), middle(5.1-10cm) and
lower (below 5 cm). Patients with middle and low rectal cancer received TME, while upper rectal cancer
patients underwent tumor-specific mesorectal excision. The specimen was removed through a small
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abdominal incision of about 5 cm. Reconstruction was performed by either end-to-end double stapling
technique or manual anastomosis. After the reconstruction, pelvic cavity was washed with normal saline
and air leakage test was performed. The patient's medical history and intraoperative conditions were
taken into consideration to determine whether protective ileostomy was performed. Finally, the abdominal
drainage tube was placed in the pelvic cavity and fixed through the abdominal wall.

Three-dimensional CT reconstruction protocol
The clinical data and imaging data of the patients who underwent three-dimensional CT reconstruction
from January 2017 to November 2018 were retrospectively analyzed. Specific parameters and procedures
of 64-slice abdominal CT and vascular reconstruction are as follows: The scanning parameters were
adjusted (voltage was 120 kV, current was 400 mAs, layer thickness was 0.625 mm, layer spacing was
0.625 mm, detector collimation was 0.625 mm × 64 mm). All patients fasted for 8 hour before
examination. The scanning area was from the top of the diaphragm to the level of the ischial tuberosity.
After routine plain scanning, iopamidol was injected into the cubital vein at a concentration of 350
mg(I)/mL, injection volume (mL) = 400 × weight (kg) /350, injection speed (mL/s) = injection volume (mL)
/20, and then enhanced scanning was performed. The delay time of arterial scan was 20 ~ 30 s. The
resulting data is uploaded to the image processing platform (General Electric aw4.5, Boston, USA), where
vascular three-dimensional CT reconstruction is performed.

Statistical Analysis
Statistical analysis was performed with IBM, SPSS Statistics, Version 21.0.0, SPSS Inc. (New York, USA).
Continuous variables with normal distribution are presented as mean ± standard deviation, and
comparison between groups was analyzed by the Student’s t test. Continuous variables with skewed
distribution are described as median and ranges, and comparison between groups was analyzed by
Mann–Whitney U test. Categorical variables were defined as absolute numbers of cases and
percentages. Chi square test was used to compare categorical variables, and Mann–Whitney U test was
used to evaluate the significance of differences in rank variable. P values are derived from two-tailed
tests,and P < 0.05 was considered statistically significant.

Results
Between January 2017 and October 2019, a total of 160 patients were enrolled in this study; 56 patients
were arranged to the preservation LCA and 104 to non-preservation LCA. There were no differences in age,
sex, body mass index(BMI), tumor location, American Society of Anesthesiologsts (ASA) classification,
and neoadjuvant therapy between the two groups. Patients and tumor characteristics are shown in
Table 1.
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Table 1
Patients and tumor characteristics
Characteristics

LCA preservation
(n = 56)

LCA non-preservation
(n = 104)

P value

Age, y

60.1 ± 11.3

60 ± 10.5

0.938

Sex
Male
Female

30 (53.6)
26 (46.4)

57 (54.8)
47 (45.2)

0.881

ASA classification

0.316

I

25(44.6)

59(56.7)

II

24(42.9)

33(31.7)

III

7(12.5)

12(11.6)

BMI

23 ± 3.3

23 ± 2.5

Tumor location

0.923
0.145

Lower

9(16.1)

17(16.3)

Middle

41(73.2)

63(60.6)

Upper

6(10.7)

24(23.1)

Pathological stage

0.248

Stage 0

4(7.1)

3(2.9)

Stage 1

16(28.6)

20(19.2)

Stage 2

16(28.6)

35(33.7)

Stage 3

13(23.2)

42(40.4)

Stage 4

7(12.5)

4(3.8)

Tumor differentiation

1.000

Low

3(5.35)

4(3.85)

Middle

50(89.3)

96(92.3)

High

3(5.35)

4(3.85)

Preoperative CRT

11(19.6)

20(19.2)

0.950

LCA, left colic artery; ASA, American society of anesthesiologists; BMI, body mass index; CRT,
chemoradiation therapy
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Among the 160 patients underwent laparoscopic or robotic surgery, no ureteral injury, intestinal
perforation, bladder injury, urethral injury or other complications occurred during the surgery. No
significant differences were found in surgical approach, type of surgery, ileostomy rate, blood loss, total
number of harvested LNs, and number of positive LNs between the two groups. The operation time was
longer in the LCA preservation group than in the non-preservation LCA group (P = 0.002). Surgical
parameters are listed in Table 2.
Table 2
Surgical parameters
Characteristics

LCA preservation
(n = 56)

LCA non-preservation
(n = 104)

Surgical approach
Laparoscope/Robot

0.105
37/19

81/23

TaTME
YES/NO

P value

0.268
10/46

12/92

Ileostomy

0.446

YES/NO

31/25

51/53

Operation time, min

194.1 ± 62.2

161.9 ± 59.4

0.002*

Estimated blood loss, ml

78 ± 70.4

63.7 ± 70

0.219

Number of harvested LNs

12.5(2–33)

12(0–23)

0.705

Number of Positive LNs

0(0–10)

0(0–18)

0.100

LCA, left colic Artery; TaTME, transanal total mesorectal excision; LNs, lymph nodes; * Statistical
significance
Table 3 summarizes the postoperative short-term outcomes. There were no significant difference in ileus,
anastomotic bleeding, urinary tract infection, urinary dysfunction, postoperative hospital stay, and
postoperative diarrhea between the two groups. The reoperation rate of the preservation LCA group (1.8%)
was lower than that of the non-preservation LCA group (10.6%), but the difference was not statistically
significant (P > 0.05). However, the overall early complications and in the preservation LCA group were
significantly(P < 0.05) lower than in the non-preservation LCA group. Anastomotic leakage occurred in 16
of the 160 (10%)patients who underwent anterior resection for rectal cancer. Two cases of anastomotic
leakage were diagnosed in the LCA preservation group (2 of 56, 3.6%), while 14 cases of anastomotic
leakage were diagnosed in the non-preservation LCA group (14 of 104, 13.5%) (P = 0.047). The two cases
of anastomotic leakage in the preservation LCA group including 1 case of grade B leakage and 1 case of
grade C leakage. The 14 cases of anastomotic leakage in the non-preservation LCA group, there are 4
cases of grade B leakage and 10 cases of grade C leakage. All patients with grade C leakage received
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reoperation with abdominal washing combined with ileostomy, while patients with grade B leakage
received non-surgical therapeutic intervention (e.g. anti-infection).
Table 3
Short-term outcomes
Characteristics

LCA preservation
(n = 56)

LCA non-preservation
(n = 104)

P value

Overall early complications

5(8.9)

28(26.9)

0.007*

Anastomotic leakage

2(3.6)

14(13.5)

0.047*

Ileus

1(1.8)

4(3.8)

0.812

Surgical site infection

0(0)

1(1)

1.000

Anastomotic bleeding

0(0)

2(1.9)

0.765

Urinary tract infection

1(1.8)

1(1)

1.000

Urinary dysfunction

0(0)

3(2.9)

0.502

Postoperative diarrhea

2(3.6)

6(5.8)

0.820

Reoperation

1(1.8)

11(10.6)

0.089

Postoperative hospital stay,
day

8(5–28)

8(4–56)

0.120

Indwelling catheter dwell time, day

5.1 ± 1.7

6.2 ± 3.8

0.059

Peritoneal drainage tube dwell time, day

6 (4–21)

7 (2–25)

0.241

LCA, left colic artery; *Statistical significance
The clinical and imaging data of 108 rectal cancer patients who received abdominal enhanced CT before
operation were retrospectively analyzed. Bifurcations of the IMA were divided into four patterns based on
the definition reported by Murono, K[22]: 1) In type I, the LCA first branched from the IMA trunk, regardless
of the sigmoid artery; 2) In type II, the LCA and SA branched from the common branch of the IMA trunk; 3)
In type III, the LCA, SA and SRA (superior rectal artery) branched from the same point of the IMA; 4) In type
IV, there was a deficit of the LCA. According to the three-dimensional CT reconstruction image, the IMA of
108 patients was divided into four types, of which 53(49.1%) were type I, 24 (22.2%) were type II, 18
(16.7%) were type III, and 13 (12%) were type IV. The diagram of the IMA type show in Fig. 3. The threedimensional CT reconstruction image of IMA type show in Fig. 4.

Discussion
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Anastomotic leakage is a common and serious postoperative complication in patients with rectal cancer,
with an incidence of 5–20%[23–25], and the mortality rate after anastomotic leakage can be as high as
16%.[26–28] Anastomotic leakage not only affects the postoperative recovery of patients, the medical
costs, but also increases the local recurrence and decreases the overall survival rate[2]. Once the
anastomotic leakage occurs, both the patient and the doctor will pay a huge price in the process of
treatment. Therefore, surgeons are doing what they can do to prevent anastomotic leakage after rectal
cancer surgery.
Many risk factors have been revealed for anastomotic leakage after rectal cancer surgery including male,
obese, malnutrition, preoperative chemoradiotherapy, and diabetes, etc. However, the insufficient blood
perfusion and technical factors are still considered to be the key factors in the development of
anastomotic leakage [29, 30]. Blood supply at the proximal end of the anastomosis after high ligation of
IMA is only from the marginal artery, which may lead to insufficient anastomotic perfusion, especially in
elderly patients and atherosclerosis patients. Dworkin et al. and Seike et al. concluded that high ligation
of IMA interrupted the blood supply of LCA, and the blood supply to the proximal colon of the
anastomosis was only dependent on the marginal artery, thus significantly reduces blood flow to the
proximal colon of anastomosis[18, 31]. If the LCA is preserved during anterior resection for rectal cancer,
the blood supply of the anastomosis is derived from the dual supply of the marginal artery and the LCA,
thus may contributing to increased blood perfusion of anastomosis and reducing the incidence of
anastomotic leakage.
Yang, X et al.[10] suggested that preservation of LCA resulted in a significantly decreased incidence of
anastomotic leakage. Our study revealed that the incidence of anastomotic leakage was significantly
lower in the LCA preservation group than in that of the non-preservation of the LCA group, which was
consistent with the previous studies[32]. In contrast, Fujii S et al.[8] found that the level of IMA ligation
does not significantly influence the incidence of anastomotic leakage. The total number of harvested LNs
and the number of positive LNs show no differences between the two groups, which was similar to the
results of previous study[33, 34]. Furthermore, previous studies have confirmed that low ligation of IMA in
laparoscopic anterior resection for rectal cancer reduces genitourinary dysfunction[35]. However, this
outcome was not observed in this study, possibly because dissection of the IMA root LNs inevitably
injured the superior hypogastric plexus.
The type of IMA and its position relationship with LCA varies among individuals[22, 36], may lead to the
blindness of intraoperative dissection of IMA and LCA. The preservation of LCA during anterior resection
for rectal cancer requires exposing IMA and LCA, which if of technical difficulties. Thus, preoperative
evaluation of the IMA type based on three-dimensional CT reconstruction results is beneficial[15, 37]. In
this study, the IMA of 108 patients was divided into four types according to the three-dimensional CT
reconstruction image. Furthermore, the position relationships of LCA, SA and SRA can be obtained by
three-dimensional CT reconstruction. If preoperative three-dimensional CT reconstruction results indicates
absence of LCA, high ligation of IMA should be performed without the need to expose LCA. However,
preservation of the LCA cannot be mechanically performed according to IMA types. Personalized surgical
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strategies should be adopted to combine the IMA types, IMA length and the position relationship among
LCA, SA, and SRA obtained by three-dimensional CT reconstruction image before surgery, which can be of
guiding value for the preservation of LCA during rectal cancer surgery. Previous study have shown that
robotic low ligation of the IMA with real-time identification of the vascular system for rectal cancer using
the firefly technique is safe and feasible, which facilitate the identification of the branch of the IMA[38].
This technique can provide navigation for the exposure and ligation of vascular, which is of great value
for accurate and safe implemented IMA root lymph node dissection combine with the preservation of the
LCA. It has been reported that the LCA ascended to the splenic flexure together with the IMV in 71.4%
patients[22]. Because of this anatomical structure, the LCA may be injured or cut off when IMV is exposed
during rectal cancer surgery and the purpose of preserving LCA may not be achieved. Preoperative threedimensional CT and intraoperative fluorescence imaging can provide guidance for surgeons in the
treatment of LCA and IMV during rectal cancer surgery. However, high-quality randomized controlled
studies are needed to further confirm whether the use of these two techniques will reduce intraoperative
vascular injury, blood loss and operative time.
This single-center prospective cohort study has several limitations. Preservation of the LCA during
anterior resection for rectal cancer has not been widely carried out in our department, so the sample
accumulation is slow and the sample size is small. This study was a non-randomized controlled trial,
which affected the reliability of the results at least to some extent. Due to insufficient follow-up time, this
study did not compare the oncology efficacy and long-term prognosis between the two groups.
Postoperative functions, such as defecation, postoperative exhaust recovery, sexual function, bladder
function, and postoperative quality of life, were not evaluated in this study. To overcome these limitations,
further multi-center, large-sample, randomized controlled trials are needed.

Conclusions
This study has shown that preservation of the LCA during anterior resection for rectal cancer is safe and
feasible, which can reduce anastomotic leakage, reoperation rate, and overall early complications.
Furthermore, preoperative assessment of the IMA types and the position relationship among LCA, SA and
SRA potentially facilitate the exposure and preservation of LCA during rectal cancer surgery.
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Figure 1
CONSORT flow diagram for the trial. Legends: LCA, left colic artery; APR, abdominoperineal resection;
MPCC, multiple primary colorectal cancer.

Figure 2
Preservation or non-preservation of the left colic artery in anterior resection for rectal cancer. Legends: a,
preservation left colic artery: the IMA was ligated at below the origin of LCA; b, non-preservation left colic
artery: the IMA was ligated at 1cm from its origin.
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Figure 3
The diagram of the IMA type. Legends: a, type I; b, type II; c, type III; d, type IV. LCA, left colic artery; SA,
sigmoid artery; SRA, superior rectal artery; AA, abdominal aorta

Figure 4
The three dimensional CT reconstruction image of IMA type. Legends: a, type I; b, type II; c, type III; d, type
IV. LCA, left colic artery; SA, sigmoid artery; SRA, superior rectal artery.
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