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ABSTRACT

Background: Ligation at the root of the inferior mesenteric artery (IMA) or ‘high-tie’ is widely accepted during
oncologic resection of sigmoid colon cancer surgery. However, IMA ligation may compromise the anastomotic blood
supply and risk injury to autonomic nerve plexus. The preservation of IMA or ‘low-tie’ may lead to increase blood
flow and decrease postoperative bowel complications, nevertheless require longer operative time and technical
difficulties. This study aims to compare the results between laparoscopic sigmoidectomy with selective sigmoidal
artery ligation (group A) and low-ligation IMA (group B).

Methods: A 1:2 case-matched comparative study and retrospective review of 27 patients with sigmoid cancer (19
female and 8 male) who underwent laparoscopic sigmoidectomy between January 2012 to December 2015. There
were 9 patients in group A and 18 patients in group B. Perioperative results were collected and follow-up was
recorded at 6 and 12 months after surgery.

Results: There were no difference in the mean operative time {group A 194.44 (+28.77), group B 178.89 (+55.52),
p=0.349}, blood loss {group A 94.44 (+52.71), group B 79.44 (+58.15), p=0.51}, and mean numbers of harvested
lymph nodes {group A 14.56 (+3.74), group B 17.56 (+7.64), p=0.183}. Three patients in group B experienced a
short period of stool frequency (2-4 weeks postoperative) and one with constipation. No leakage, bleeding, or tumor
recurrence occurred in both groups during the 1 year follow up.

Conclusions: Laparoscopic sigmoidectomy with selective sigmoidal artery ligation and lymph node dissection allows
equivalent short-term oncologic results to low-ligation IMA technique.
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INTRODUCTION and leakage.® Concerns of high ligation of IMA may
injury the autonomic nerve fibers of the inferior
mesenteric pre-aortic plexus resulting in sympathetic

Surgical resection of the tumor including the feeding | yMp:
denervation of the rectal stump and contributing to

vessels and lymph node clearance is the standard of

practice in oncologic surgery. The ligation at the root of
the inferior mesenteric artery (IMA) or known as ‘high-
tie” is preferred for lymph node clearance at this area.
Previous studies have demonstrated the importance
lymph node clearance at the root of IMA in terms of
better survival and precise staging.!® However, high
ligation of the IMA may compromise the blood flow of
the anastomosis and contribute to anastomosis ischemia

anterior resection syndrome which comprises of fecal
incontinence, urgency, frequency, and fragmentation.”®

Previous studies have compared the high-tie versus low-
tie of IMA and most of them found no significant
difference in the overall 30-day post-operative morbidity
and mortality, anastomosis leakage, 5-year survival rate
and the overall survival rate.31%13 The benefits of low-tie
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have been found to have higher anastomotic perfusion,
longer colonic length to make anastomosis feasible.#
However, concerns on the low-tie may lead to inadequate
lymph node dissection at the root of IMA, leading to
inadequate staging. The distribution of lymph node
metastases has found to be an independent predictor for
survival in sigmoid and rectal cancer. Many studies have
accessed this issue by comparing results of high-tie
versus low-tie with lymph node dissection of IMA and
found similar oncologic outcomes.>*1216.17

The authors have further questioned on the clinical
importance of location of vascular ligation. Only high-tie
and low-tie have been compared. No studies have
reported on the role of selective ligation of only
sigmoidal arteries and preserving left colic artery (LCA)
and superior rectal artery (SRA) on colorectal cancer
patients. This study aims to evaluate the short-term out-
comes, the 30-day morbidity and mortality, peri-operative
results, and the oncologic outcomes in 1 year.

METHODS

A case-matched comparative study was retrospectively
reviewed from a single large center tertiary hospital. A
total of 27 patients diagnosed with sigmoid tumor who
underwent elective sigmoidectomy between January 2012
to December 2015. All cases were staged preoperatively
by colonoscopy and enhanced computed tomography.

Inclusion criteria

Patients with middle sigmoid tumour without enlarged
lymph nodes.

Exclusion criteria

Emergency or palliative surgery

Disseminated disease

Adjacent organ invasion

Previous pelvic and/or anorectal surgery

Previous pelvic radiotherapy

Fecal incontinence

Diseases and medications affecting bowel function.

The patients who underwent selective sigmoidal artery
ligation were identified as group A. The patients who
underwent low-ligation of the IMA were identified as
group B.

All  operations were performed by experienced
laparoscopic colorectal surgeons.

Patient preparation

On the day prior to the operation, the patient was orally
given 4 L of a polyethylene glycol for bowel preparation.
A third-generation cephalosporin with metronidazole
were given for prophylaxis of and infection. The patient

was placed in the lithotomy position on the operating
table.

Surgical technique

The initial access port was through the umbilicus via
open technique. A 10 mm, 30-degree camera was inserted
through the port, followed by 5 mm working ports at four
standard quadrants under direct vision. Generalized
exploration of the abdominal cavity was done, then
medial to lateral approach sigmoidectomy was done. The
pelvic peritoneum was incised at the sacral promontory
and dissection continued cephalad toward the root of
IMA. In the selective sigmoidal artery ligation group,
dissection of the surrounding lymph nodes at the root of
IMA was done along with meticulous dissection to
identify the LCA, SRA, and all sigmoidal branches. The
sigmoidal branches must be clearly skeletonized at the
root for individual ligation, while preserving the LCA
and SRA. For the low-ligation of the IMA group, same
lymph node dissection at the root of IMA and ligation of
the IMA distal to the LCA take off to preserve the LCA
(Figure 1).

A

Figure 1a and 1b: Sigmoidectomy with selective
sigmoidal artery ligation (a) and low-ligation IMA (b)

Dissection was continued laterally along the line of Toldt
and high ligation of the IMV was performed in most
cases. Then dissection was continued caudally to
mobilize the upper rectum. The hypogastric nerves,
genitofemoral nerve, left ureter, gonadal vessels,
common iliac vessels were identified and preserved.
Transaction of the upper rectum was done using
endostapler. Then a small pfannelsteil incision was
extended and Alexis wound protector was used, then the
specimen was brought out of the abdomen. Careful
selection to ensure at least 10 cm proximal and distal
margin from the tumor and transection of the sigmoid
colon was done. Then colorectal anastomosis was done
using circular stapler, end-to-end anastomosis was done.
Air-leak test was routinely performed.
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Follow up

Adjuvant chemotherapy was provided to all patients with
pathological stage Il sigmoid cancer. Fluorouracil and
folinic acid were given every 4 weeks for a period of 6
months. Oncological follow-up was performed every 6
months with assessment of carcinoembryonic antigen
serum level and chest X-ray, and every 12 months with
colonoscopy and computed tomography/ultrasound
examination of the abdomen. The level of the
anastomosis above the anal verge was determined during
follow-up endoscopic examination. Bowel function was
follow up at outpatient clinic at 1, 6 and 12 months after
surgery.

Statistical analysis

Statistical analysis was performed using SPSS statistical
software, version 18.0; SPSS, Inc., Chicago, IL, USA.
For categorical variables, the Fisher’s exact test was
applied. Mann-Whitney U test was calculated for each
association between continuous variable.

RESULTS
A total of 27 patients, 9 in group A, and 18 in group B.

There was no significant difference in the baseline
characteristics between the two groups (Table 1).

Table 1: Base line characteristic of the patient.

Characteristics

IMA-preservation

IMA-ligation

Group A (n=9) Group B (n = 18)
Age Mean+SD? (years) 60.11+8.61 64.44+9.74 0.269
Sex (Male:female) 4:5 4:14 0.375
Female (%) (55.6%) (77.8%)
BMI® (kg/m?) 22.0+5.61 22.4+9.09 0.324
Pre-stage (%0)
| 0 (0%) 1 (5.6%) 0.723
Il 8 (88.9%) 11 (61.1%)
11 1 (11.1%) 5 (27.8%)
ASA®
| 1 (11.1%) 1 (5.6%) 0.262
Il 8 (88.9%) 12 (66.6%)
11 0 (0%) 5 (27.8%)
v 0 0

aSD = Standard Deviation; PBMI = Body Mass Index; SASA = American Society of Anesthesiologists physical status

Table 2: Operative results.

Operative results

" IMA-ligation

. .. Bowelileus (1) Bowel ileus (1)

30-days post-operative morbidity Pneumonia (1) Lung atelectasis (1) 1.0
Postoperative bowel dysfunction 0 (0%) 4 (22.2%) 0.268
Conversion to open surgery 0 (0%) 0 (0%) N/AC
Diverting stoma 0 (0%) 0 (0%) N/A
Recurrence 0 (0%) 0 (0%) N/A
Post-operative staging

I 1 (11.1%) 1 (5.6%) 1.0

Il 5 (55.6%) 10 (55.6%)

11l 3 (33.3%) 6 (33.3%)

\Y] 1 (5.6%) 1 (5.6%)
LNe 14.56+3.75 17.56+7.64 0.279
Operation time (minutes)® 194.44+28.77 178.89 +55.52 0.349
Length of resected colon (cm)¢  22.89+3.59 15.00+£2.91 <0.001
Blood loss (ml)f 100 (50-180) 60 (10-200) 0.51
Length of hospital stay (days)! 7 (5-21) 8 (5-12) 0.396

dNot available; ®mean (SD); 'median (range)
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The operative results are demonstrated in Table 2. There
was no difference in the 30-day post-operative morbidity.
Four patients in group B (22.2%) had post-operative
bowel dysfunction. None occurred in group A, however,
it was statistically non-significant (p=0.268). Of these 4
patients with post-operative bowel dysfunction, 3 had a
short period of diarrhea and 1 had constipation which all
resolved within 2-4 weeks. No conversion rates and no
diverting stromas were needed in both groups. No
anastomosis leakage or bleeding was present in this
study. There was no significant difference in the
operative time, blood loss, and length of hospital stay
between group A and B (194 minutes versus 178 minutes,
p = 0.349), (100 ml versus 60 ml, p = 0.51), (7 days
versus 8 days, p = 0.396). Group A had longer length of
resected colon compared to group B (22.89 versus 15, p
<0.001). There was no recurrence in the 1 year follow up
period, therefore, the overall survival and disease-free
survival were not reported in the study.

DISCUSSION

Previous studies have found similar outcomes of high-tie
to low-tie IMA with lymph node dissection on the
complications, overall survival, disease-free survival,
while the low-tie was anatomically less invasive, 34121617
This lead to the question of further selection ligation of
the sigmoidal arteries in this study. In this study, the
short-term outcomes were comparable to low-ligation
IMA. However, due to the short-term follow up of 1 year
with no tumor recurrence, this study failed to determine
the long-term oncologic outcomes such as the 5-year
disease-free survival, 5-year overall survival, and the
local recurrence rate.

In this study, we observed that there was a trend toward
lower post-operative bowel dysfunction in the selective
arterial ligation group (0 patients versus 4 patients,
p=0.268). However, it was not statistically significant.
The post-operative bowel dysfunction that occurred were
minor such as diarrhea and constipation, which resolved
within 4 weeks, contributing to the safety of this
procedure. We suggest that selective arterial ligation
might contribute in lowering rate of anterior resection
syndrome, however further RCT studies needed.

Both procedure achieved adequate number of lymph node
harvested without significance in numbers (14.5 versus
17.5, p=0.279). Limitation of the short term follow up
and no recurrence, the authors failed to identify the
association of positive lymph node stations to the
prognosis and survival.

A meta-analysis of randomized-controlled trials (RCTSs)
and non-RCTs by Cirocchi et al, did not find any
advantage of IMA preservation in terms of anastomosis
leakage.!* Similar to Lehmann et al, did not find the
ligation of IMA or SRA to be associated with increased
anastomosis leakage.® However, both studies were done
in sigmoid diverticulitis patients. The authors’ study,

there was no anastomosis leakage found and good blood
supply was observed in both groups. Sekimoto et al,
reported similar operative time between laparoscopic
high-tie (207.6 minutes), lymph node dissection with
IMA preservation (222 minutes), and ligation SRA group
(198 minutes).”> The author’s study showed similar
results in operative time (194 versus 178 minutes, p =
0.349), and similar blood loss, suggesting the feasibility
of selective sigmoidal artery ligation.

This study found a significant difference in the resected
colon length. More colonic length was resected in group
A compared to B (22 versus 15 cm, p<0.001). Two
hypotheses may explain this outcome. The first was only
one surgeon performed operation in group A, while 3
surgeons performed operation in group B. Perhaps
surgeon preference on length of bowel resection may
have contributed in this difference. Another theory is that
selective sigmoidal artery ligation may assist in
mesenteric lengthening and facilitation a longer bowel
resection. Nevertheless, the clinical importance of this
difference is not noted.

CONCLUSION

Laparoscopic sigmoidectomy with selective sigmoidal
artery ligation and lymph node dissection allows
equivalent short-term oncologic results to low-ligation
IMA technique with similar operative time and low
complications. This is a feasible and safe procedure,
however, further long-term results are needed.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
institutional ethics committee

REFERENCES

1. Park MG, Hur H, Min BS, Lee KY, Kim NK.
Colonic ischemia following surgery for sigmoid
colon and rectal cancer: a study of 10 cases and a
review of the literature. Int J Colorectal Dis.
2012;27(5):671-5.

2. Titu LV, Tweedle E, Rooney PS. High tie of the
inferior mesenteric artery in curative surgery for left
colonic and rectal cancers: a systematic review.
Digestive Surg. 2008;25(2):148-57.

3. Chin CC, Yeh CY, Tang R, Changchien CR, Huang
WS, Wang JY. The oncologic benefit of high
ligation of the inferior mesenteric artery in the
surgical treatment of rectal or sigmoid colon cancer.
Int J Colorectal Dis. 2008;23(8):783-8.

4. Kanemitsu Y, Hirai T, Komori K, Kato T. Survival
benefit of high ligation of the inferior mesenteric
artery in sigmoid colon or rectal cancer surgery. Br J
Surg. 2006;93(5):609-15.

5.  Dworkin MJ, Allen-Mersh TG. Effect of inferior
mesenteric artery ligation on blood flow in the

International Surgery Journal | October 2017 | Vol 4 | Issue 10 Page 3204



10.

11.

12.

Sirikurnpiboon S et al. Int Surg J. 2017 Oct;4(10):3201-3205

marginal artery-dependent sigmoid colon. J Am
College Surg. 1996;183(4):357-60.

Lehmann RK, Brounts LR, Johnson EK, Rizzo JA,
Steele SR. Does sacrifice of the inferior mesenteric
artery or superior rectal artery affect anastomotic
leak following sigmoidectomy for diverticulitis? a
retrospective review. Am J Surg. 2011;201(5):623-
7.

Koda K, Saito N, Seike K, Shimizu K, Kosugi C,
Miyazaki M. Denervation of the neorectum as a
potential cause of defecatory disorder following low
anterior resection for rectal cancer. Dis Colon
Rectum. 2005;48(2):210-7.

Rao GN, Drew PJ, Lee PW, Monson JR, Duthie GS.
Anterior resection syndrome is secondary to
sympathetic denervation. Int J Colorectal Dis.
1996;11(5):250-8.

Seike K, Koda K, Saito N, Oda K, Kosugi C,
Shimizu K, et al. Laser Doppler assessment of the
influence of division at the root of the inferior
mesenteric artery on anastomotic blood flow in
rectosigmoid cancer surgery. Int J Colorectal Dis.
2007;22(6):689-97.

Cirocchi R, Trastulli S, Farinella E, Desiderio J,
Vettoretto N, Parisi A, et al. High tie versus low tie
of the inferior mesenteric artery in colorectal cancer:
a RCT is needed. Surg Oncol. 2012;21(3):e111-23.
Cirocchi R, Trastulli S, Farinella E, Desiderio J,
Listorti C, Parisi A, et al. Is inferior mesenteric
artery ligation during sigmoid colectomy for
diverticular disease associated with increased
anastomotic leakage? a meta-analysis of randomized
and non-randomized clinical trials. Colorectal Dis.
2012;14(9):e521-9.

Sekimoto M, Takemasa |, Mizushima T, lkeda M,
Yamamoto H, Doki Y, et al. Laparoscopic lymph
node dissection around the inferior mesenteric artery

13.

14.

15.

16.

17.

with preservation of the left colic artery. Surg
Endoscopy. 2011;25(3):861-6.

Cirocchi R, Farinella E, Trastulli S, Desiderio J, Di
Rocco G, Covarelli P, et al. High tie versus low tie
of the inferior mesenteric artery: a protocol for a
systematic review. World J Surg Oncol. 2011;9:147.
Komen N, Slieker J, de Kort P, de Wilt JH, van der
Harst E, Coene PP, et al. High tie versus low tie in
rectal surgery: comparison of anastomotic perfusion.
Int J Colorectal Dis. 2011;26(8):1075-8.

Huh JW, Kim YJ, Kim HR. Distribution of lymph
node metastases is an independent predictor of
survival for sigmoid colon and rectal cancer. Ann
Surg. 2012;255(1):70-8.

Yasuda K, Kawai K, Ishihara S, Murono K, Otani
K, Nishikawa T, et al. Level of arterial ligation in
sigmoid colon and rectal cancer surgery. World J
Surgical Oncol. 2016;14:99.

Kobayashi M, Okamoto K, Namikawa T,
Okabayashi T, Araki K. Laparoscopic lymph node
dissection around the inferior mesenteric artery for
cancer in the lower sigmoid colon and rectum: is D3
lymph node dissection with preservation of the left
colic artery feasible? Surgical Endoscopy.
2006;20(4):563-9.

Cite this article as: Sirikurnpiboon S,
Angkurawaranon C, Pinyoteppratarn R,
Vitoopinyoparb K, Muyphuag B, Chantawibul S,
Ratanachu-ek T. Low ligation inferior mesenteric
artery versus selective sigmoidal artery ligation in
sigmoid colon cancer: a comparative study. Int Surg J
2017;4:3201-5.

International Surgery Journal | October 2017 | Vol 4 | Issue 10 Page 3205



