Journal of Gastrointestinal Cancer (2019) 50:723-727
https://doi.org/10.1007/512029-018-0126-z

ORIGINAL RESEARCH

@ CrossMark

Impact of Left Colonic Artery Preservation on Anastomotic Leakage
in Laparoscopic Sigmoid Resection and Anterior Resection for Sigmoid
and Rectosigmoid Colon Cancer

Hisaki Kato' - Shinya Munakata '@ - Kazuhiro Sakamoto? - Kiichi Sugimoto? - Riku Yamamoto' - Shuhei Ueda" -
Satoshi Tokuda' - Shunsuke Sakuraba' - Tomoyuki Kushida' - Hajime Orita' - Mutsumi Sakurada -
Hiroshi Maekawa ' - Koichi Sato'

Published online: 10 July 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Objectives To investigate the effect of left colonic artery (LCA) preservation on laparoscopic sigmoidectomy outcomes
Methods We identified 447 consecutive patients who underwent laparoscopic sigmoidectomy at our hospital group between
January 2010 and December 2016. We divided the patients into groups with and without LCA preservation and with and without
anastomotic leakage (AL). We compared the patient age and gender, tumor location, stage, D2/D3 lymph node dissection,
comorbidities, operating time, and blood loss between these groups. Univariate and multivariate analyses were performed to
determine the risk factors for AL.

Results There were significant differences in age, sex, tumor location, D2/D3 lymph node dissection, hypertension, oper-
ating time, blood loss, and AL for groups with and without LCA preservation. There were significant differences in sex,
tumor location, and LCA preservation for groups with and without AL. Multivariate analysis showed male sex (hazard ratio
(HR) =6.37, 95% confidence interval (CI) 2.39-20.6; p < 0.0001), non-LCA preservation (HR =5.01,95% CI11.41-31.8.0;
p=0.01), and rectosigmoidal tumor location (HR =2.51, 95% CI 1.15-5.61; p=0.01) as significant independent risk
factors for AL.

Conclusions Based on the results obtained by performing laparoscopic operation for sigmoid colon cancer and rectosigmoid
cancer, the LCA preservative procedure is warranted for prevention of AL.
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Abbreviations DM  Diabetes mellitus
LCA Left colonic artery HT  Hypertension
IMA  Inferior mesenteric artery

AL  Anastomotic leakage

HR  Hazard ratio

CI Confidence interval Introduction

Sigmoidectomy and anterior resection are common surgical
procedures for sigmoid colon cancer. Various patient charac-
teristics (age, gender) and comorbidities (i.e., heart failure and
54 Shinya Munakata renal failure, diabetes mellitus, hypertension, and chronic pul-
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the root of the inferior mesenteric artery: IMA) during onco-
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complication of this procedure, with an incidence ranging
from 1.8 to 15.9% [1]. Consequently, a high tie might lead
to an insufficient blood supply to the proximal anastomotic
limb. In patients with rectal cancer, because a distal margin of
>2 cm is recommended during sphincter-preserving surgery
for rectal carcinoma, there is often no issue of selecting the
distal margin [2]. However, in sigmoid colon cancer and
rectosigmoid cancer, the surgeon must be entrusted with de-
ciding on both the proximal and distal margins.

Anastomotic sealing using fibrin glue has been used as one
approach to reducing AL, [3], and indocyanine green fluores-
cence imaging is useful for intra-operative monitoring [4]. As
an alternative surgical approach, preservation of the left co-
lonic artery (LCA) has been known to maintain blood flow to
the anastomosis [5]. However, several studies have shown the
importance of lymph node dissection up to the root of the IMA
for better survival and precise staging [6]. There have been
few studies comparing the outcomes of LCA-preserving and
LCA-non-preserving colectomy in colon cancer patients [7,
8]. Recently, laparoscopic surgery has become as common
as open surgery for sigmoid cancer [9, 10]. However, the
technique of lymph node dissection around the IMA with
preservation of the LCA technically demands a long time.
Therefore, our objective was to evaluate the differences in
patient characteristics and perioperative outcomes between
LCA-preserving and LCA-non-preserving colectomy for sig-
moid colon cancer and rectosigmoid cancer.

Methods

We reviewed the cases of 447 consecutive patients at our
hospital group who underwent curative resection for the treat-
ment of sigmoid colon cancer between January 2010 and
December 2016. Rectosigmoid colon cancer was included in
this analysis. All cases of emergency operations, stage IV
cancer, stoma creation and double cancers were excluded from
the analysis. We divided the patients into those with and with-
out LCA preservation; we also analyzed those with and with-
out AL. We compared the following factors between the LCA-
preserving and LCA-non-preserving groups: patient age, gen-
der, tumor location, and stage. This retrospective study was
approved by our hospital’s Institutional Review Board, and
the requirement for patient consent was waived.

Definitions

Most of the total and tumor-specific mesorectal excisions
were performed by two teams of staff colorectal surgeons.
LCA preservation was performed selectively based on the
surgeon’s opinion on the situation. The method for D3 lap-
aroscopic lymph node dissection was described previously
[5]. The staging of all cancers was performed according to

@ Springer

the TNM Classification of Malignant Tumors, seventh edi-
tion (TNM 7th).

Clinical anastomotic leakage was defined as the discharge
of pus or feces along with fever and symptoms of infection,
without communication between the pelvic fluid collection
and the anastomotic site. Intra-abdominal abscess was not
considered AL.

Statistical Analyses

Categorical variables were compared by the chi-square test
when appropriate. Continuous variables are presented as me-
dian values and inter-quartile ranges, and comparison was
made with the Mann—Whitney U test. Logistic regression
analysis of postoperative AL complications was used for mul-
tivariate analysis.

Results
Patient Characteristics

Table 1 summarizes the clinicopathologic characteristics of the
447 patients who underwent surgical resection for sigmoid co-
lon cancer. The study group comprised 262 males and 185
females aged 2889 years (median 66 years). The tumor loca-
tion was sigmoid (S) in 298 patients (66.6%) and rectosigmoid
(RS) in 149 (33.3%). Regarding TNM staging, five patients
(1.1%) were stage 0, 152 patients (34.0%) were stage I, 148
patients (33.1%) were stage II, and 142 patients (31.8%) were
stage III. As for complications, 31 patients (6.9%) suffered
ALs. Concomitant medical risk factors we examined were

Table 1 Baseline
characteristics of the 447
patients who underwent
surgical resection for Age 66

n=447

sigmoid colon cancer Sex (M/F) 262/185
Location(S/RS) 298/149
D2/D3 100/347
Stage (0/1/1I/111) 5/152/148/142
Comorbidities
HT 122
DM 82
Heart failure 22
Pulmonary disease 17
Renal failure 5
Operating time (min) 252
Blood loss (g) 56
LCA preserving (Y/N) 318/129
AL 31
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hypertension, diabetes, coronary heart disease, renal insuffi-
ciency, and chronic obstructive pulmonary disease.

Left Colonic Artery Preservation Prevented
Anastomotic Leakage

Left colonic artery preservation was performed in 129 patients
(the LCA group), and high ligation without preservation was
performed in 318 patients (the non-LCA group). Short-term
outcomes are shown in Table 2. No significant differences in
stage or comorbidities except for hypertension were found
between patients who had received LCA preservation and
those who had not received it. There was a significantly higher
age (mean, 70 vs. 64; P<0.0001), and larger percentage of
hypertension patients (37.2 vs. 23.2%; p =0.003) in the LCA
group. D2 lymph node resection was preferred for the LCA
group (p <0.0001). The operating time differences of the
LCA and non-LCA group were statistically significant (p =

0.04). Intra-operative blood loss was significantly lower for
high-tie colectomies compared with low-tie laparoscopic pro-
cedures (mean, 78 vs. 48 g; P<0.0001). The rate of AL was
lower in the LCA group than in the non-LCA group (1.5 vs.
10.0%, P=0.004).

High-Tie Ligation Is an Independent Risk Factor
of Anastomotic Leakage

We next divided patients into AL (n =31) and non-AL groups
(n=416). Univariate analysis of the whole data showed that
AL was associated with male patients (p =0.003),
rectosigmoid tumor location (p <0.0001), and non-LCA-
preserving surgery (p = 0.004) (Table 3). Multivariate analysis
demonstrated that all of these factors increased the risk of AL

Table 2 Characteristics and outcomes of the patients with and without
LCA preservation

LCA (n=129) non-LCA (n=318) P value
Age 70 64 <0.0001
Sex (M/F) 82/47 180/138 0.17
Location (S/RS) 95/34 203/115 0.04
D2/D3 69/60 31/287 <0.0001
Stage (0/I/1I/11T) 2/58/42/45 3/94/106/97 0.32
Comorbidities
HT 48 74 0.003
DM 28 54 0.63
Heart failure 9 13 0.17
Pulmonary disease 5 12 091
Renal failure 1 4 0.66
Operating time (min) 287 245 0.04
Blood loss (g) 78 48 <0.0001
AL 2/127 29/289 0.0043

Table 3  Association of continuous variables with AL at univariate
analysis

AL (n=31) non-AL (n=416) P value
Age 58 66 0.06
Sex (M/F) 26/5 236/180 0.003
Location (S/RS) 4/27 294/122 <0.0001
D2/D3 4/27 96/320 0.19
Stage (0/1/1I/1IT) 0/10/11/10 5/142/137/132 0.92
LCA preserving (Y/N)  2/29 127/289 0.0043
Comorbidities
HT 5 117 0.39
DM 5 75 0.79
Heart failure 3 19 0.2
Pulmonary disease 0 17 0.25
Renal failure 0 5 0.53
Operating time (min) 244 257 031
Blood loss (g) 25 59 0.34

development: male gender (HR, 6.37; 95% CI, 2.39-20.6; P
<0.0001), rectosigmoid location (HR, 2.51; 95% CI, 1.15-
5.61; P=0.02), and high-tie resection (HR, 5.01; 95% CI,
1.41-31.8; P=0.01) (Table 4).

Discussion

We found that high-tie surgery is a risk factor for AL in pa-
tients undergoing surgery for sigmoid and rectosigmoid colon
cancer. A high tie for arterial ligation is known to decrease the
blood flow to the anastomosis after rectal surgery [11]. When
a high tie is performed, blood is supplied to the distal rectum
only via the SMA pathway (the marginal artery and the arc of
Riolan). The arc of Riolan is thought to be an enlargement of a
normally existing collateral vessel. However, this artery is
absent in about 5% of individuals, and only the marginal ar-
tery supplies blood from the SMA pathway to the IMA path-
way. Moreover, Griffiths’ point is well-known as the critical
point at the splenic flexure for collateral circulation between
the SMA and the marginal artery branch of the IMA. Analysis
of arteriographic studies shows that anastomosis at Griffiths’
point is present in 48% of patients, poor or tenuous in 9 %, and

Table 4  Evaluation of independent risk factors for AL by multivariate
analysis

P value HR CI
Sex (M/F) <0.0001 6.37 2.39-20.6
Location (S/RS) 0.02 251 1.15-5.61
LCA preserving (Y/N) 0.01 5.01 1.41-31.8
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absent in 43% [12]. Thus, anatomic variations can also affect
the colonic artery. It is generally difficult to diagnose such
vascular variations on routine preoperative radiologic
examinations.

Generally, in older patients with atherosclerotic vessels,
ligation of IMA might result in hypoperfusion of the proximal
limb [11]. Our analysis showed no significant effect of hyper-
tension, diabetes, coronary heart disease, renal insufficiency,
or chronic obstructive pulmonary disease. However, male sex,
high-tie surgery, and rectosigmoidal tumor location were in-
dependent AL risk factors. Sex and tumor location are well-
known risk factors from previous studies [1, 13]. As for blood
supply, in the surgical community, many surgeons believe that
IMA ligation necessitates a larger sigmoid resection.
Consequently, mobilization of the splenic flexure would al-
ways be necessary. Previously published data showed that low
tie is anatomically less invasive with respect to circulation in
rectal cancer surgery [14]. However, little is known about the
role of artery supply after sigmoidectomy and anterior resec-
tion. We should pay attention to both margins in cases with
this location for prevention of AL. Some studies insisted high
tie confers no increased risk of anastomotic leakage [15].
There is also a thought that high tie can also increase the
length of the proximal limb and thereby decrease the tension
on the anastomosis and thereby reduce anastomotic leaks [7].
However, Buunen et al. [16] insisted that it was not necessary
to perform a high ligation to create a tension-free anastomosis
and that low ligation could be safely applied in 80% of cases.
Thus, it is controversy to keep the proximal colonic length by
high ligation.

Recently, it was reported that the laparoscopic approach to
Japanese D3 dissection has safety and clinical short-term ben-
efits compared to open surgery [17]. However, just as previ-
ous studies have shown, our data indicated that laparoscopic
D3 dissection of lymph nodes with preservation of the LCA
was technically demanding and requires a long time [5].

The main limitation of our study lies in its retrospective
nature. We believe that future studies should focus on
recurrence-free survival and overall survival by LCA preser-
vation because Japanese D3 dissection is difficult in cases of
LCA preservation.

In conclusion, laparoscopic colon resection in patients with
LCA preservation is a safe and feasible option for AL
prevention.
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