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Abstract
Background Splenic flexure (SF) cancer is not a common condition and its treatment is still under discussion. Although
laparoscopic surgery is well accepted for the treatment of colon cancer at any stage, complete mesocolon excision (CME) with
selective vascular ligation using the laparoscopic approach for SF cancer remains technically demanding and represents a real
challenge for surgeons.
Methods We present a single-institution experience of laparoscopic CME for SF cancer. Intra-operative, pathologic, and post-
operative data of patients who underwent laparoscopic SF resection were reviewed to assess the technical feasibility and
oncologic safety. Technical features, histopathology, morbidity, and mortality were evaluated.
Results From February 2015 to October 2017, a minimally invasive approachwas proposed to 17 patients (M/F 14/3) affected by
splenic flexure cancer. In all patients, the procedure was completed by laparoscopy. The anastomosis was completed intra-
corporeally in 89% of cases. The distal margin was 3.1 ± 2.6 cm and the proximal margin was 6.5 ± 3.3 cm from the tumor site.
The number of mean harvested nodes was 13.9 ± 7. The mean operative time was 215.5 ± 65 min, and blood loss was 80 ± 27. In
one case, a laparoscopic partial gastrectomy was associated due to tumor invasion. The mean post-operative stay was 6.7 ±
3.3 days. Readmission was necessary for two patients. No major morbidity was recorded.
Conclusions Despite the wide spread and increasing confidence in laparoscopic colectomy, SF resection remains one of the most
challenging procedures in colorectal surgery with a complex learning curve. SF resection with CME and CVL is feasible and safe
for the treatment of early-stage and locally advanced SF cancer.
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Introduction

Colon cancer is one of the most commonly diagnosed cancers
and a leading cause of death from cancer worldwide [1].
Tumors located between proximal descending colon and distal
transverse colon at the left colonic angle, known as splenic
flexure (SF) cancer, are rare [2].

SF cancers have been excluded from the most important
trial evaluations because of technical difficulties, particularly
lymphatic drainage, open surgery, and an apparently worse
oncological outcome [3, 4].

The complete mesocolic excision (CME) technique with
central vascular ligation (CVL) and the mobilization of splen-
ic flexure are well-known procedures but are still being debat-
ed in Western surgical society, as they are associated with
increased morbidity and doubtful effects in oncological out-
come [5–7]. Performing this type of operation with minimal
invasive approach increases the level of difficulties. Several
studies, conducted in an open surgery series, have assessed
that, if compared to conventional extended resection, CME
with CVL in colon cancer surgery have better clinical results
with an equal oncologic outcome [8, 9].

The laparoscopic approach for SF cancer is technically de-
manding and not fully standardized. In fact, an extended right
or left hemicolectomy is often performed by surgeons for tech-
nical difficulties related to multiple lymphatic drainage.
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However, many recent reports have described the laparoscopic
approach to SF cancer with interesting results [10–12] such as
satisfactory surgical margins with a correct number of harvest-
ed lymph nodes.

Currently, the laparoscopic approach to SF cancers with
CME shows several criticalities. The core of the question in-
cludes the appropriate extension of colectomy, lymph node
dissection along the superior and inferior mesenteric vessels,
the risk of inadvertent injury of the spleen or pancreas tail, and,
finally, the type of anastomosis [13]. Performing laparoscopical
SF resection requires extensive knowledge on the vascular and
lymphatic’s anatomy. However, no study with a high level of
evidence has considered the laparoscopic resection of the trans-
verse colon or, specifically, segmental resection of the splenic
flexure for cancer. The present study reviews our experience in
treating SF tumors by a totally laparoscopic CME with CVL
approach, illustrating surgical technique and short-term
outcomes.

Methods

Between February 2015 to October 2017, seventeen (17) con-
secutive patients out of 245 patients with colorectal cancer
underwent totally laparoscopic CME with CVL for splenic
flexure cancer.

Demographic data (age, sex, body mass index (BMI), co-
morbidities, Physical Status Classification System/American
Society of Anesthesiology (ASA) score, previous surgical pro-
cedures), pathological features (number of harvested lymph
nodes, tumor diameter, distal and proximal margin, grading
and staging according to AJCC Cancer Staging 8th edition),
operative time, blood loss, presence of abdominal drainage,
operative time, time of passage of the first stool, minor and
major complications (reported following the Clavien-Dindo
classification) [14], hospital stay, and readmission rate were
retrospectively recorded. All patients were evaluated in outpa-
tient setting 30 days after discharge. Preoperative workup in-
cluded physical examination, colonoscopy with biopsy, toraco-
abdominal CTscan, and blood count. On all patients, China ink
tattooing was performed.

No patient underwent mechanical bowel preparation. On
all patients, we administered short-term antibiotic therapy
with 2 g cephazolin and 500 mg metronidazole. All patients
received thrombotic prophylaxis with low molecular weight
heparin 12 h before surgery and until discharge once a day or
more according to the patient’s comorbidities. Nasogastric
tube was removed on awakening; the urinary catheter was
placed after induction of general anesthesia and removed on
the first post-operative day. A perianastomotic penrose drain
was routinely used. All patients followed an enhanced recov-
ery after surgery (ERAS) protocol [15]. Criteria for the

discharge included absence of symptoms, flatus passage, and
acceptable feeding with a light diet.

Surgical technique

All procedures were performed by three surgeons fully trained
in laparoscopic colorectal surgery (FFDM, TG, PDS).

The laparoscopic approach was proposed to all patients.
All patients underwent SF resection with complete mesocolon
excision (CME) and central vascular ligation (CVL).

The patient was placed in a slight anti-Trendelenburg po-
sition with legs apart and a 10° right rotation. The basic angle
was a 30° anti-Trendelenburg with the hips flexed at 15° with
leg supports. The surgeon and the first assistant were on the
right side. The second assistant was between the patient’s legs.
Pneumoperitoneum was achieved by the Hasson’s technique.
Usually, three working trocars and an optical trocar near the
umbilicus were placed. The position of trocars is shown in
Fig. 1. The AirSeal® system (Ab Medica s.p.a., via J.F.
Kennedy, 10/12 20,023 Cerro Maggiore—MI) was used in
all laparoscopic procedures.

The medial-to-lateral approach was used for both trans-
verse colon and left colon mobilization. Starting the dissec-
tion, the primary landmarks were duodenum, ligament of
Treitz, pancreas and inferior mesenteric vein. The inferior
mesenteric vein (IMV) was identified and isolated below the
ligament of Treitz at the duodenojejunal flexure. The
mesocolon was lifted by the first assistant and the inferior

Fig. 1 Trocar sites for laparoscopic splenic flexure (SF) resection. (c)
camera; (1, 2), 10-mm operative trocars; (a) 12-mm accessory trocar with
Air Seal® system
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mesenteric artery (IMA) was dissected at its origin (Bacon’s
axilla). The retroperitoneal plane was created from the prom-
ontory starting from the first sigmoidal vessel. Left ureter and
left gonadal vessels were visualized and left down in the ret-
roperitoneal plane. Then, the left colic vein (LCV) and the left
colic artery (LCA) were isolated and ligated at their root after
radical lymphadenectomy on the IMA origin (Fig. 2).

The left colon with its mesentery was detached from the
retroperitoneal structures resulting in the release of the renal
fascia from the anterior perinephric fascia (Toldt’s lamina).
Maintaining the operation in this space was an available way
to preserve the intact mesocolon and pre-renal fascia which
could protect the ureter, gonadal vessels, and pancreas, as well
as reduce blood loss during the dissection. This procedure
preserves the integrity of the embryological planes around
the mesocolon and leads a maximum harvest of lymph nodes.
Following this, the lateral attachment of the sigmoid and de-
scending colon to the abdominal wall was divided (white line
of Toldt) matching the previous medial dissection of the
Toldt’s fascia. The SF was fully mobilized by the division of
gastrocolic and splenocolic ligaments. The pancreaticocolic
ligament was divided just below the inferior margin of the tail
of the pancreas. The left branches of the middle colic vessels
were isolated and divided at their roots.

The lymphadenectomy was performed starting from the
root of the middle colic artery (lymph node station 15) and
following its left side. Afterwards, the dissection was extend-
ed along the inferior border of the pancreas with radical
lymphadenectomy of the lymph node station 18 (according
to The Japanese Research Society for Gastric Cancer) [16]
(Fig. 3).

Therefore, IMV was ligated at its root on the inferior pan-
creatic border. A full mobilization of the descending colon
was reached up to the sigmoid colon. The transverse colon
was mobilized up to the umbilical ligament as a landmark for
the transection. Drummond’s arcade was isolated and sec-
tioned for both transverse and descending colon. Afterwards,
the colon was transected using a tri-staple mechanical device
with en bloc partial omentectomy, along the gastroepiploic
vessels. The transverse and the descending colon were lifted
and secured to the left abdominal wall with an intra-corporeal
stitch to obtain a correct approximation and orientation of the
colonic stumps. Three stitches were positioned among the
transverse and descending colon, and this allowed us to
achieve symmetrical approximation of the colonic edges dur-
ing laparoscopy, with an optimal closure of the deepest ex-
tremity of the enterotomy. A side-to-side colo-colonic
antiperistaltic intra-corporeal anastomosis was performed by
a linear stapler with three suture lines (Fig. 4); the remaining
enterotomy was closed in a double layer with a running intra-
corporeal suture. In two cases, we have accomplished an ex-
tracorporeal anastomosis through a left subcostal mini-
laparotomy.

The specimen was extracted by suprapubic transverse inci-
sion after the positioning of the wall protection device.

Statistical analysis

All variables were expressed asmean ± standard deviation and
as percent value, respectively.

Fig. 3 The left branch of the middle colic artery was isolated and clipped.
The lymphadenectomy was performed starting from the root of the middle
colic artery (lymph node station 15) and following the inferior border of
the pancreas with lymphadenectomy of the lymph node station 18

Fig. 2 Inferior mesenteric vein and left colic artery (LCA) were isolated
and ligated at their root, with lymph nodes dissection. The white
interrupted lines identify the colonic transection’s site

Fig. 4 After transection of both of transverse colon and descending
colon, an antiperistaltic colo-colonic side-to-side mechanical anastomosis
was performed
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Results

The female/male ratio was 4/13, with a mean age of 66.6 ±
12 years (range 37–88). The BMI mean value was 28.9 ± 3.7
(range 22.6–39). Seven out of seventeen (41.2%) patients
have had previous abdominal surgery. The patient’s character-
istics are summarized in Table 1.

In all patients, the procedure was completed by laparosco-
py. An intracorporal anastomosis was completed in 89% of the
patients (15/17). In two cases (11.7%), we performed an ex-
tracorporeal anastomosis: in one case, side-to-side double-
layer manual anastomosis and in another case, an end-to-end
double-layer anastomosis due to tissue frailty, suspected vas-
cular failure or extensive adhesiolysis. The mean operative
time was 215.5 ± 65 min (range 120–400), and the blood loss
was 80 ± 27 ml. In one case, an intra-operative colonoscopy
was necessary due to unclear tumoral area demarcation. In one
case, an IMA ligation was performed due to vascular anoma-
lies (abnormal LCAwith isolated origin to the aorta).

The distal margin was 3.1 ± 2.6 cm and the proximal mar-
gin was 6.5 ± 3.3 cm from the tumor site. Themean number of
harvested nodes was 13.9 ± 7 (range 2–31). In one case, a
synchronous laparoscopic partial gastrectomy was associated
due to tumor suspected invasion.

The mean post-operative stay was 6.7 ± 3.3 days (range 4–
14). Intra-operative and pathological data are summarized in
Table 2. Overall morbidity was 23.5%. Readmission was nec-
essary for two patients (11.7%): in one case due to persistent
abdominal pain requiring medical treatment and in a second
case due to peripancreatic abdominal fluid collection that was
treated by percutaneous drainage (the Clavien-Dindo III). The
reintervention rate was zero. All post-operative complications
are scheduled in Table 3 according to the Clavien-Dindo
classification.

A median follow-up of 13.3 ± 9.9 months shows no local
recurrence. Adjuvant chemotherapy was accomplished by 6/
17 patients (stage III and IVaccording to AJCC/TNM cancer
staging). Afterwards, 2/17 patients with resectable liver dis-
ease underwent hepatic resection with curative intent.

Discussion

The first laparoscopic colectomy was performed in 1991 [17].
Nowadays, several studies have shown that the laparoscopic
approach for colon cancer results in less blood loss, a shorter
length of hospital stay, and lower post-operative short-term

Table 1 Demographics and disease related data

Age 66.6 ± 12.0

Male/female 13/4

BMI 28.9 ± 3.7

ASA score

I 1

II 8

III 7

IV 1

Previous abdominal surgery 7

T stage

Tis 4

T1 1

T2 3

T3 8

T4 1

N stage

N0 14

N1 2

N2 1

M stage

M0 13

M1 4

Hystotype of adenocarcinoma

Well differentiated 8

Moderately differentiated 8

Mucinous 1

Grading

G1 8

G2 8

G3 1

Table 2 Pathological data and short-term outcome

Specimen length* 21.6 ± 0.4

Proximal margin (cm)* 6.5 ± 3.3

Distal margin (cm)* 3.1 ± 2.6

Lymph nodes harvested (N)* 13.9 ± 7.0

Operative time (min)* 215.5 ± 65

Timing for first flatus (days)* 1.5 ± 1.0

Timing for first stool (days)* 2.77 ± 1.0

Number of days for drainage removing (days)* 4.1 ± 1.7

Blood loss (ml)* 80 ± 27

Hospital stay (days) median 6.7 ± 3.3

Previous abdominal surgery 7

Reoperation (N) 0

30 days readmission 2

*Data are expressed as mean ± standard deviation (DS)

Table 3 Complications according to the Clavien-Dindo classification

Grade I 2 (persistent fever)

Grade II 1 (post-operative hemorrhage)

Grade III–IV–V 1 (fluid collection drained percutaneously)

Total complications 4 (23.5%)
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morbidity compared with open resections with a comparable
oncological outcome [3, 18].

SF cancers (SFc) represent about 2–5% of all colorectal
cancers (CRC) [19]. Unfortunately, SFc are diagnosed at a
significantly more advanced stage and more likely as emer-
gency with a similar survival rate compared to the other colon
cancer sites at the same disease stage [2, 20, 21].

These cancers’ aggressive behavior was also based on
studies which underlined that SFc has a higher incidence
of mucinous adenocarcinomas, generally bulky, with an
acute angle of the bowel at the splenic flexure predisposing
to the early development of intestinal obstruction [22].

Griffith et al. reported that blood supply to the splenic flex-
ure is carried by the inferior mesenteric artery via the left colic
artery in most cases, but in 11% of patients, this is carried by
the superior mesenteric artery via the left branch of middle
colic artery. Making the topic more complex is the fact that
for oncological purpose splenic flexure shows a triple lym-
phatic drainage to both the superior and inferior mesenteric
vessels and to the splenic hilum along the pancreatic tail [23].

The lymphadenectomy may be inappropriate if the vascu-
lar and lymphatic anatomies are not considered [12].

Based on these considerations, Levien et al. [24] suggest
the need for an extended colonic resection in the case of SFc
such as extended right hemicolectomy, subtotal colectomy, or
extended left hemicolectomy, with or without splenectomy or
splenopancreasectomy to achieve oncological principles in
colon resection for cancer.

More recently, De Angelis et al. [12] have demonstrated
that laparoscopic extended right colectomy and extended left
hemicolectomy procedures performed for SF cancers appear
to have similar short- and long-term oncologic outcomes.
Obviously, a significantly higher number of lymph nodes
were retrieved in extended right colectomy than the left
colectomy procedures.

Kim et al. [25] published the most extensive record of pa-
tients with SFc comparing open subtotal colectomies to isolated
resection of distal transverse and proximal descending colon;
the left hemicolectomy and subtotal colectomy groups did not
differ in terms of mean overall survival or disease-free survival.
However, they found that the rates of post-operative complica-
tions and transfusion were higher in patients undergoing com-
bined splenectomy or subtotal colectomy as compared to the
limited resection ones. Furthermore, most of the studies that
have examined the effect of splenectomy on the long-term sur-
vival of colorectal cancer patients have reported that splenecto-
my did not influence long-term survival, but instead is associ-
ated with a significant increase in morbidity [13, 26].

Nowadays, extended colon resection should be reserved
for patients with concomitant colon comorbidities as synchro-
nous cancers in other segments, complicated diverticular dis-
ease, or intestinal obstruction with suffering proximal colon
[2, 27].

Nakagoe et al. [2] have demonstrated that segmental resec-
tion for SFc is safe and oncologically correct even with the
laparoscopic approach. The technical difficulties are well doc-
umented by Jamali et al. [28] where they have conducted a
mail-in survey of 35 experienced laparoscopic colorectal sur-
geons reporting the highest score of difficulty for splenic or
transverse colectomy. Their results suggest that splenic flexure
and transverse colon resection are best left for the later stages
of colorectal surgeon’s experience. This explains why the
transverse colon resections were excluded from the most cited
randomized controlled trials of laparoscopic versus open sur-
gery for colon cancer [4, 29].

In our experience, the laparoscopic approach for SFc ap-
pears to be safe and feasible and this agrees with recent studies
[27, 30, 31]; all cases achieved an adequate number of lymph
nodes harvested (13.9 ± 7) and an oncologically correct tumor
free margin of the specimen.

We believe that the laparoscopic approach is the best way
to approach the SFc even for invasive tumors in adjacent
structures (T4) with the correct technical knowledge.

Regarding the surgical technique, the medial-to-lateral dis-
section of Toldt fascia from Gerota’s one with CME and CVL
has been the technique of choice. A thorough knowledge of
embryology and anatomy is needed before performing a com-
plete mesocolon excision in colon cancer. The lack of anatom-
ical and embryological studies on the splenic flexure does not
allow the construction of standardized surgical technique [32].

The laparoscopic approach involves a lateral-to-medial ap-
proach to the left-sided transverse mesocolon following a
medial-to-lateral approach to the left mesocolon. The left
branch of middle colic artery and left superior colic artery
have been tied and dissected in all cases with contemporary
detachment of pancreaticolic ligament and gastrocolic divi-
sion determining splenic flexure fully mobilized. The resec-
tion of splenic flexure was completed with exeresis of the left
and transverse mesocolon containing draining lymph nodes
with an intact fascial package. Despite two cases of extracor-
poreal anastomosis, we prefer a totally laparoscopic intra-
corporeal antiperistaltic side-to-side one. The advantages of
intra-corporeal anastomoses are well known, especially for
obese patients, as it avoids the exteriorization of short mesen-
teries through a much thicker abdominal wall and reduction of
the twisting of the stumps [33, 34].

Our experience highlights a longer hospital stay as com-
pared to patients undergoing resection for sigmoid or descend-
ing colon cancer due to the delayed passage of first flatus and
stool. The type of anastomosis (antiperistaltic versus
isoperistaltic) does not explain this difference, as reported by
several studies [35, 36].

It seems to be related to the higher rate of clinical or sub-
clinical intestinal obstruction or systemic disease (M1 disease)
in patients presenting T3 tumor, which, in turn, may affect the
intestinal motility recovery.
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The high rate of morbidity is essentially due to the choice
of analyzing complications by the Clavien-Dindo classifica-
tion system, which divided complications into five categories,
and also to the small number of patients. In one case, it was
necessary to drain percutaneously a peripancreatic collection
(the Clavien-Dindo grade III). The results of our series appear
to be satisfactory in terms of short-term outcomes and onco-
logic adequacy even with limited resections, even if the most
recent meta-analyses are not conclusive [37].

The principal limitation of our study is its size; moreover,
the lack of larger studies on SFc laparoscopic approach does
not allow to draw standardized surgical procedures. However,
once technical tips have been acquired, laparoscopic resection
of SFc could be feasible as a minimally invasive surgery once
technical tips have been acquired.
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