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Abstract
Laparoscopic surgery for the treatment of colorectal cancer has gained an enormous advantage as compared to the
traditional approach in terms of patient benefits. Although it has gained popularity among surgeons, there are still
some contentious issues especially in laparoscopic rectal surgery. Splenic flexure mobilization is a crucial aspect of the
procedure with complex technical details thereby establishing a learning curve that cannot be easily overcome. A team
of colorectal surgeons at China Medical University Hospital adopted a standardized approach to laparoscopic rectal
surgery particularly simplifying the steps involved in mobilizing the splenic flexure which is deemed as one of the difficult
steps in the surgery.
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INTRODUCTION
One of the most commonly diagnosed malignancies in the world is colorectal cancer (CRC). It currently
ranks third based on the GLOBOCAN (Global Cancer Incidence, Mortality and Prevalence) index and
is also the fourth leading cause of cancer-related deaths. The cancer burden will be increasing by 60% to
more than 2.2 million new cases and resulting in 1.1 million deaths by 2030[1]. Based on the National Cancer Registry of Taiwan, CRC is the second most common invasive neoplastic disease with a total of 15,764
cases in 2014 and a crude incidence rate of 67.27%[2]. The evolution of laparoscopic-assisted compared to
open approach colorectal surgery for diverticular disease and cancer was first introduced in the early
1990s and was aimed to offer the benefit of less trauma, without compromising functional and oncological
outcomes[3]. Laparoscopic surgery has gained increasing interest for the treatment of CRC. Laparoscopic
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approach for colon and rectal cancer was associated with less morbidity, enhanced recovery, and at least
equivalent oncological outcomes[3-6]. In China Medical University Hospital (CMUH), a tertiary medical
center in Taichung City, a team of colorectal surgeons performs a high volume of cases for laparoscopic
rectal surgeries.
Left-sided CRC comprises two thirds of all colorectal malignancies. The standard surgical treatment is a
complete oncologic resection with a primary anastomosis[7]. There were initial concerns about the potential
risk of tumor cell dissemination during laparoscopy but this has not been validated. The emergence of laparoscopic colorectal surgery has not been fully embraced by most surgeons mostly because of the increased
technical laparoscopic skill requirements[4]. This paper aims to discuss the importance of splenic flexure
mobilization (SFM) and its technical details during laparoscopic rectal surgery.

SFM
SFM is one of the essential, challenging and technically demanding step during laparoscopic rectal cancer
surgery. The use of SFM for CRC surgery remains a contentious issue[5,6,8], but safe dissection of the splenic
flexure to fully mobilize the descending colon is mandatory not only for oncologic resection but also for
safe anastomosis[4,9-11]. The definition of SFM is different among several studies with some describing the
technique as either complete or partial mobilization[3,5,6,12]. However, it is relevant to know the procedural
aspect of SFM consisting of the division of the splenocolic, phrenicocolic, gastro colic and pancreaticomesocolic ligaments. It is crucial to differentiate a partial splenic flexure from the complete SFM. In partial
SFM, it is limited only to the division of splenocolic and phrenicocolic ligaments while a complete SFM
includes not only the division of splenocolic and phrenicocolic ligaments (partial mobilization) but the division of gastro-colic and pancreaticomesocolic attachments. This can be technically accomplished either
through a lateral-to-medial or a medial-to-lateral approach[3,4,6,9,10]. A variety of approaches for SFM have
been used by surgeons to simplify the technique. A median to lateral approach for the complete mobilization of the splenic flexure was commonly described in various studies[9,10]. This approach is similar to
the study of Marsden et al.[13], in which many surgeons favor routine mobilization of the flexure at an early
stage in the operation, particularly for low rectal cancers. It is often considered helpful to carry out this
step along with division of the inferior mesenteric artery (IMA), the inferior mesenteric vein (IMV) and
the colon before beginning the pelvic dissection. This approach allows the divided colon and small bowel
to be packed away giving good access to the pelvis for the rectal dissection[4,9,10]. This highlights the importance of a complete SFM prior to the pelvic dissection of any rectal surgery.
SFM is a crucial part in all left-sided colorectal surgeries particularly laparoscopic anterior and low anterior resections[4,9,10]. SFM is performed in order to achieve adequate oncological resection, create a
tension-free anastomosis with a good blood supply, and perform a pouch reconstruction if necessary[3,4,14].
It allows to achieve a straight segment of supple and well vascularized segment of the descending colon
that can be easily anastomosed to the remnant rectum down in the pelvis in which some surgeons favor
creating a recreational pouch to decrease frequency of bowel movement[5]. In a cadaveric study done by
Thum-umnuaysuk et al.[7], a greater length of colon at 17.98 ± 6.80 cm was achieved and it reached statistical significance when high ligation of IMA and IMV coupled with SFM was done. In a separate cadaveric
study by Araujo et al.[11], it was shown that an additional 10 to 28 cm segment of the descending colon can
be gained if SFM was carried out with or without distal transverse colon mobilization. Kye et al.[15] cited
that as much as 30 centimeters of colon redundancy will be reached if high IMV ligation was performed as
compared to a low IMV ligation which gains 5 centimeters less. The results in the paper of Kye et al.[15] had
comparable results to the previous cadaveric studies which considered SFM as vital in every laparoscopic
rectal surgery to come up with a lengthy colon needed to have a tension-free anastomosis. Elongation of
the colon is essential in creating a tension-free anastomosis which involves adequate mobilization of the
bowel ends particularly on the colonic side[16]. The vascular supply of the proximal and distal margins after
resection becomes an integral part of the process[8-20]. In the process of performing a complete SFM, it is
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Figure 1. Placement of trocars

noteworthy that only high ligation of both the IMV and IMA as well as division of the involved attachments in the splenic flexure will result in a lengthy colon that would provide for a tension-free anastomosis.
Toh et al.[17], highlighted the presence of an important vessel known as the Arc of Riolan that provides collateral mesenteric circulation in 10% of individuals and naturally found anterior to the IMV on the inferior
border of the pancreas. It is important that this vessel should be preserved during high ligation of the IMV
and splenic flexure takedown to ensure collateral supply from the SMA through the connection between
the middle colic and left colic artery[17]. Performing a technically sound and complete SMF can have an impact on the patient’s postoperative recovery although the success of the surgery is reliant on several compounding factors.
Several of these studies mentioned a variety of possible risk factors owing to the technical difficulty of such
a procedure. The presence of comorbidities such as hypertension and diabetes mellitus, increased BMI,
increased American Society of Anesthesiologist score, previous neoadjuvant chemo radiotherapy have
been linked to the technical difficulty of performing SFM due to the risks that accompany it. However,
the results did not reach statistical significance leading to the conclusion that the benefits of the step in all
laparoscopic rectal surgeries far outweighs the risk[4-6,8-10,12,14-16]. One common intraoperative complication
cited in various studies is causing tears to the spleen whether it is complete or partial avulsion will be immaterial since both can cause significant bleeding[4-6,8-10,12]. This particularly happens during the process of
dividing the phrenicocolic and especially the splenocolic ligaments. There were mentions of inadvertent serosal injuries to the small bowel but they were insignificant as far as the overall result of those studies were
concerned[5,12,18]. The presence of anastomotic leaks after laparoscopic rectal surgery in which SFM was
performed were cited in some of the published papers[8,12,15,16,18]. It was attributed in some cases to the presence of tension and inadequate vascularity on the involved segments but no direct links were established
between SFM and anastomotic leaks since it is considered to be multifactorial.
The team of colorectal surgeons in CMUH adopted the method of doing a mandatory SFM. Incorporating
SFM in all laparoscopic rectal surgeries will enable the team to overcome the learning curve involved in
this very technical procedure.

SURGICAL METHOD
The following part details the precise description of how a complete SFM is done in our institution. The ap-
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Figure 2. Splenic flexure mobilization. A: Entering the lesser sac by dividing the mesentery at the inferior border of the pancreas; B: high
ligation of the inferior mesenteric vein proximal to the ligament of Treitz and on the inferior border of the pancreas; C: division of the
pancreaticomesocolic ligament; D: retroperitoneal dissection and separation of the Toldt’s fascia; E: ligation of the inferior mesenteric
artery at its root; F: lateral dissection involving division of the left paracolic gutter; G: division of the splenocolic ligament; H: completion
of splenic flexure mobilization by division of the gastrocolic ligaments

proach utilized is a combined medial to lateral and lateral to medial dissection with emphasis on the ease
of performing the steps during laparoscopic surgery.
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The patient is placed in a Trendelenburg and a semi-right lateral decubitus position. The patient is prepped
in a conventional manner and a conventional 5-trocar placement is instituted. A 12-mm trocar is inserted
at the umbilicus employing the Hasson’s technique (entering the abdomen under direct visualization) as
well as at the right lower quadrant of the abdomen. Additional 5 mm trocars are placed each at the right
and left paraumbilical area (5-6 cm from the umbilicus) as well as on the right upper quadrant of the abdomen along the mid-clavicular line [Figure 1].
After a thorough inspection of the abdominal cavity, the small bowel is carefully placed to the right side
of the abdomen using atraumatic bowel graspers and exposing the ligament of Treitz where the root of the
IMV is also located. The inferior border of the pancreas is likewise identified and the mesentery is carefully
grasped and sharp dissection is initiated using monopolar electro cautery to enter the lesser sac. This is followed by incising the paraaortic peritoneum and the IMV is ligated at its root and divided using Ligasure.
The retroperitoneal dissection is carried out over the Gerota’s fascia by carefully separating the Toldt’s fascia aided by sharp dissection until the mesentery of the descending colon can be lifted up to form a tent.
The pancreaticomesocolic attachments along the tail of the pancreas is carefully divided using Ligasure to
render visible the splenic hilum [Figure 2A-D].
The IMA is identified and isolated at its take off from the abdominal aorta. The IMA is ligated at around
1-1.5 cm distal to the aorta and carefully divided using Ligasure. Posterior dissection is continued caudally
while preserving all identified retroperitoneal structures along the dissection until the presacral space is
reached. Sharp dissection is carried out laterally until reaching the left paracolic gutter where the parietal
peritoneum commences. The sigmoid and descending colon is now mobilized by dividing the parietal peritoneum from the pelvis until the hilum of the spleen is visible. SFM is completed by detaching the omentum from the transverse colon and dividing the splenocolic and gastro colic ligaments [Figure 2E-H].
In the pelvic phase of all laparoscopic rectal surgeries, an additional 5-mm trocar can be inserted in the left
lower quadrant of the abdomen that can be used by the assistant surgeon during this phase of the dissection. This is particularly done especially in low lying rectal tumors where a laparoscopic low anterior resection or transanal total mesorectal excision will be performed.

CONCLUSION
In our perspective, SFM is an integral step in performing laparoscopic surgery for rectal cancer. This will
enable the surgeon to achieve a tension-free anastomosis from an adequate redundant colon and have good
vascularity on both the proximal and distal ends of the segment. There is a learning curve involved in such
procedure and it can easily be overcome in high volume centers such as our institution where the steps can
be readily performed.
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