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Colonic splenic flexure carcinoma: is laparoscopic segmental resection
a safe enough oncological approach?
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Abstract

Background The surgical approach to the colonic splenic flexure cancer (SFC) is yet to be technically standardized. The
aim of this study has been to retrospectively evaluate the oncologic long-term results of our cases comparing our data with
other authors’ experiences.

Methods Clinical data of patients with SFC operated on at our institute were retrospectively analyzed. The laparoscopic
approach was used in the whole series, with limited resection distally and proximally to splenic flexure and the origin ligation
of left colic artery and left branch of middle colic artery. Data on the oncological long-term safety were compared to our
laparoscopic series of extended right colectomy for proximal two-third transverse colon cancer and high anterior resections
for sigmoid-high rectal cancer and to the main evidences in the literature, found after a comprehensive review.

Results From March 2008 to May 2018, we completed 53 laparoscopic splenic flexure resections (26 female and 27 male,
age 71.5+15.4 years). The conversion rate was 3.8%. Most of the cases were stage II (pT3 73.5%, the mean number of lymph
nodes harvested was 19.1, with positivity for malignancy in 45.3%). During the FU (43.5 months), 2 patients dropped out.
Out of the 51 residual cases, 37 were alive (72.5%) and 14 are deceased (27.5%).

Discussion Compared to the literature, our survival rate does not show significant differences. The other oncological out-

comes seem to be comparable with the data evaluated.

Conclusions More extended resections seem not to confer an increase of the overall survival rate.
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Background

Colorectal cancer (CRC) is one of the most common gastro-
intestinal malignancy (the fourth cancer for incidence world-
wide), with more than 80% of the left section cancer occurs
in the sigmoid. Cancers located between distal transverse
and proximal descending colon, usually known as “splenic
flexure cancers” (SFC), are on the other hand much less
common [1]. According with most of the Authors, the SF
is precisely defined as the “junction between the distal third
of the transverse colon and the first part of the descending
colon within 10 cm from the anatomic flexure” [2].

Due to its rarity, the clinical-pathological features of
SFC are poorly defined and surgical treatment is yet to be
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technically standardized. In particular, there are many con-
troversies on the appropriate extent of the colic resection and
lymph node dissection; the risk and consequences of inad-
vertent splenectomy; and the type of anastomosis, whether
terminal—terminal or lateral-lateral and, in case of laparos-
copy, intra- or extracorporeal [3—5]. Such controversies have
their roots in the anatomical and embryological complexity
of this region.

From the embryological point of view, the midgut, which
is supplied by the superior mesenteric artery (SMA), gives
rise to the intestine comprised between the duodenum and
the distal transverse colon at the junction between the proxi-
mal two-third and the distal one-third. The hindgut becomes
the distal transverse colon, descending colon, and rectum
and it is served by the inferior mesenteric artery (IMA).
Venous and lymphatic ducts mirror their arterial counter-
parts and follow the same embryological division [6].

From the anatomical point of view, regarding the blood
supply, the middle colic artery (MCA), arising from the
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SMA, anatomizes with its left branch the ascending branch
of the left colic artery (LCA) which arises from the IMA.
However, it is not uncommon to find another artery sup-
plying the left colic flexure, which arises directly from the
Aorta or from the SMA, with a reported incidence of about
14% [7, 8].

Considering all these aspects, it is clear that the splenic
flexure is located in a sort of border area and is supplied
both the by SMA and IMA. Therefore, the authors accord-
ing to their interpretation of the oncological consequences
of these particularities have addressed their management of
such tumor in different ways. Some have preferred a more
extended colectomy, such as right/transverse resection with
ileocolic anastomosis or left hemicolectomy with colorectal
anastomosis and division of IMA at the origin. Others have
preferred a “segmental” resection defined as an excision of
the anatomical SF with division of the LCA and the left
branch of MCA, with a colocolic anastomosis [9].

The aim of this study has thus been to retrospectively
evaluate the surgical and oncologic long-term results on
a series of patients with SFC, treated exclusively with the
single technique of laparoscopic segmental resection. Data
have been subsequently compared to the results of the main
studies in the literature where different techniques were
chosen, and to different cases of the proximal two-third of
transverse colon cancer (TCC) and sigmoid and high rectal
cancer (SHRC) operated on at our hospital through the same
selected timeframe.

Materials and methods

We have retrospectively selected from the electronic data-
base all patients operated on for CRC in our Surgical Unit
from March 2008 to May 2018. The diagnosis was made by
colonoscopy and biopsy in all patients. Cancer staging was
performed by CT scan of the chest and abdomen with and
without contrast media. In case of partial colonoscopy due
to the presence of blocked obstruction, the colon study was
completed with a virtual colonoscopy. During traditional
colonoscopy, tattooing with ink was made in all patients.
After discharge, the patients were examined at least two
times in the outpatient clinic for a period up to a month
or more if necessary. The oncological follow-up (FU) was
assessed by periodical physical examination, blood test
analysis, ultrasonography, CT scan, colonoscopy, and posi-
tron emission tomography CT (PET-CT) according to the
NCCN guidelines. These data were recorded in a computer-
ized database which has been widely consulted in order to
establish the oncological outcomes.

Out of these series, we firstly excluded the following cat-
egories: patients with right sided cancer, those with more
than one CRC, those who underwent previous colic surgery,

and those operated on in emergency setting. Among the
remnants, we then excluded patients with cancer located in
the first two-third of the transverse colon and those with
left sided cancer in which the IMA had to be ligated at the
origin due to the anatomical position. From the final group
of patients, we considered solely those operated on with a
segmental resection of the splenic flexure, with the ligature
of the LCA and the left branch of MCA only. Finally, the few
patients on whom an open operation was directly performed
were considered not eligible for this study, due to its intent
of single technique analysis (Fig. 1).

This series was examined for all personal, pathological,
and clinical features. The main end-point of our work has
been on oncological safety parameters such as the number
of harvested lymph nodes, the overall survival (OS), and
disease-free survival (DFS). Secondly, attention was paid
to the outcome parameters of surgery such as operative
time, major and minor complications (according to the Cla-
vien—Dindo Scale). Data on the oncological safety and out-
come parameters were compared to the main results in the
literature which were found after a comprehensive review
of PubMed, Cochrane Database and EMBASE, particularly
focusing on studies that have reported more than 20 lapa-
roscopic splenic flexure resection, either adopting the same
technique presented in this series (named as Segmental Left
Colectomy, SLC) or a technique with IMA ligation at the
origin (named as Left Colectomy, LC).

Furthermore, the data were compared, only consider-
ing laparoscopic operations, to cases of TCC undergoing
extended right colectomy (ERC) and to cases of SHRC
undergoing high anterior resection (HAR) operated on from
March 2008 to May 2018 at our institution.

All the patients belonging to the studied series were
treated according to the protocols outlined, particularly
in light of the provisions of the 1964 Helsinki declaration
and its later amendments. A written informed consent was
obtained from all the patients for the publication of their
clinical data. The research was supervised at all stages by
our local Ethics Committee, whose purpose is to protect the
rights and welfare of human subjects during their participa-
tion to clinical studies. This article does not contain any
studies on animals performed by any of the Authors.

Surgical technique

All patients received perioperative antimicrobial and
antithrombotic prophylaxis. All procedures were performed
by experienced surgeons in laparoscopic colorectal surgery.

For the laparoscopic approach, the operator was placed
on the right side of the patient and the first assistant on his
right. If a second assistant was present, he positioned by
the main operator’s left side. The operation begins using
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Fig. 1 Prisma diagram
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five ports. The first one (Hasson) was placed on the midline
through an open access via the umbilicus. A 10—12-mm tro-
car was positioned in the right lower quadrant for the opera-
tor’s right hand. A 5 mm for his left hand was inserted in
the right hypocondrium. A 5-mm trocars was finally placed
in the epigastrium (midline or immediately on the left) and
another 5 mm in the left flank (Fig. 2). Anti-Trendelenburg
position was used as much as possible and the patient was
rotated on his/her right flank in order to let the small bowel
loops slide in the opposite side of the operation field. The
inferior mesenteric vein was identified at the inferior border
of the pancreas and the peritoneum was incised just below
the vein to create the plane between the Toldt’s fascia and
Gerota’s fascia.

Going down with the peritoneum dissection, the IMA and
left colic artery (LCA) were exposed. The LCA was isolated
and divided at its origin. The dissection continued medial-
to-lateral using the inferior mesenteric vessels as landmarks,
trying to identify and preserve the ureter at its origin and the
gonadic vessels. A gauze was placed in order to protect these
retroperitoneal structures. The descending colon was then
extensively mobilized from the left abdominal wall.

Afterwards, the omental bursa was opened by dissecting
the greater omentum while preserving the gastroepiploic
arcade. The middle colic artery was then identified and its
left branch dissected at its origin. The transverse mesoco-
lon was divided at the inferior border of the pancreas after
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clipping the inferior mesenteric vein. The mobilization of
the splenic flexure was then realized by a lateral-to-medial
approach. Sometimes it was possible to find an accessory
artery for the splenic flexure. This artery originates either
directly from the aorta or from the SMA via MCA. If it was
present, this vessel was divided at the inferior border of the
pancreas. Finally, a small mini-laparotomy was performed
in the left hypocondrium and the mobilized colon was pulled
out after a placement of a skin protector. The SF of the exter-
nalized colon was resected and an end-to-end anastomosis
was manually performed. Usually a 19fr drain was placed in
the left parietocolic gutter.

Results

Since March 2008 up to May 2018, we have completed 53
laparoscopic partial splenic flexure resections for SFC.

Personal and pathological features of patients are sum-
marized in Table 1. As evident, most of the patients were in
the eight decades, there was not any sex or tumor location
prevalence. Moreover, the most frequently found stage was
an advanced one (T3).

From the oncological point of view, it is to be noted that
as much as 16.9% of patients had a number of harvested
lymph nodes less than the recommended quantity of 12
(Table 2). In one case, we found a positive proximal margin



Surgical Endoscopy (2020) 34:4436-4443 4439
Table 2 Oncological features
Mean follow-up 43.5 months
B Number of harvested lymph nodes, (range) 19.1 (x10.1)
Number of patients with less than 12 lymph nodes 9 (16.9%)
harvested
Lymphatic invasion, n (%)
Absent 29 (54.7%)
Present 24 (45.3%)
Mean length of the specimen, cm (range) 17.4 (£7.6)
Margin invasion by the tumor (R1)
Proximal 1(1.8%)
« - Distal 0
. T4 oS 69.8%
Lo DFS 69.8%
* -
T 5
'T at the pathological examination of the specimen (R1 resec-
2

Fig.2 Trocar position

Table 1 Personal and pathological features

Age, (years)
Sex, n (%)
Male
Female
BMI (kg/m?)
Tumor location, n (%)
Distal transverse colon within 10 cm from flexure
Left colic angle
Proximal descending colon
pTstage, n (%)
Tl
T2
T3
T4
Histological grade, n (%)
Well
Moderately
Moucinous/poorly

71.5 (£15.4)

27 (51%)
26 (49%)
29.1 (£4.9)

18 (33.9%)
20 (37.7%)
15 (28.3%)

6 (11.3%)
7 (13.2%)
39 (73.5%)
1(1.8%)

11 (20.7%)
37 (69.8%)
5(9.4%)

tion). The patient was reoperated and an extended right
hemicolectomy was performed.

Out of the 53 patients included in the study, 2 (3.7%)
dropped out during the FU period, 37 (69.8%) were alive
with no disease recurrence, and 14 (26.4%) deceased at
a mean FU of 43.5 months. However, only 10 of the lat-
ter patients (18.9%) died for the disease progression with
a median disease-free survival (DFS) of 13.7 months. Out
of those, 3 had peritoneal carcinomatosis and 7 had liver
metastases, of whom 1 was positive for lung metastases too.

Outcomes of mortality related to demographics and
oncological features are summarized in Table 3. It could
be noticed that there is a statistically significant difference
between the survival related to nodal positivity. It is to be
noted that 6 patients with less than 12 lymph nodes har-
vested have an AJCC stage of [ or II.

The Kaplan—Meier survival probability curve is shown in
Fig. 3, with time of FU expressed in months.

The operatory and post-operative outcome data are sum-
marized in the Table 4 and compared with the outcomes of
other authors.

The conversion rate was 3.8% (2 procedures converted for
anatomical complexity).

Complication rate was of about 20%, but only in 5.6% of
those cases an invasive maneuver including a reinterven-
tion was required. The indication of surgery was an anasto-
motic leakage in two patients which required the creation of
a stoma in both cases. In another case, reoperation was due
to an early small bowel occlusion.

In one case during the mobilization of the splenic flexure,
an invasion of the tail of the pancreas was suspected and an
intraoperative histological examination was performed. This
confirmed the adenocarcinoma invasion and a distal spleno-
pancreatectomy was executed alongside to the colic resec-
tion. In total, 3 splenectomies were performed, the other 2
for bleeding.
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Table 3 Analysis of the features
within the present series

Fig.3 Kaplan—Meier survival
probability curve

No. of patients alive No. of patients deceased p value
Age
>70 24 (47.06%) 9 (17.65%) 0.969191
<70 13 (25.5%) 5(9.79%)
Sex
M 19 (37.25%) 6 (11.76%) 0.588148
F 18 (35.31%) 8 (15.68%)
Lymphatic invasion
Present (N+) 12 (23.53%) 12 (23.53%) 0.000669
Absent (N—) 25 (49.02%) 2 (3.92%)
No. of lymph nodes harvested
>12 30 (58.82%) 13 (25.5%) 0.302082
<12 7 (13.72%) 1 (1.96%)
Tumor location
Distal transverse colon 14 (27.45%) 3 (5.88%) 0.67886
Left colic angle 14 (27.45%) 5(9.79%)
Proximal descending colon 9 (17.65%) 6 (11.76%)
AJCC stage
/I 25 (49.02%) 2 (3.92%) 0.000669
/v 12 (23.53%) 12 (23.53%)
1.0 +
0.9
0.8+
0.7 1
=z
S 06
© o
= |
£ 054
0.4+ ————————¢
0.3 1
0.2
0.1+
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Time

There was no 30-day post-operative mortality.
In Table 5, the comparison between our oncologic out-
comes and those of the literature is summarized, from which
it emerges that our series is one of the most numerous and
also that the mean FU is one of the shortest. Our data dem-
onstrate a DFS of 69.8% and an OS of 69.8%.

@ Springer

Table 6 shows the comparison between cases of SF
resection versus ERC for cancers of the proximal two-
third of the transverse colon, and versus HAR for cancers
of sigmoid colon and high rectum. As it is shown, the
only statistically significant difference can be noticed for
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Table 4 Comparison of the surgical outcome between our series and those from the literature (p =n.s. for conversions, ReOp and mortality)

References Technique (n) Type of anastomosys Mean operative time ~ Conversions Postop ReOp Mortality
complica-
tions
Present series LAP-SLC (53) E-E (EC) hand-sewn 203.8 (£50.6) 2 11 3 0
De’ Angelisetal. [10] LAP-LC (27) E-E (EC) mech 192.2(43.4) 0 6 0 0
p=0.3049 p=0.9
Okuda et al. [11] LAP-LC (61) NA NA 0 12 NA NA
p=0.9
Carlini et al. [12] LAP-SLC (20) SS hand-sewn (EC) and mech 105 (29.2) 0 2 0 0
{10); p<0.0001 p=03
Pisani Cerretti et al. [3] LAP-SLC (23) SS hand-sewn (EC) and mech 190 (49) 0 2 1 0
(I0); p=0.2738 p=0.3
Kim et al. [13] LAP-LC E-S mech or hand-sewn 295 2 6 0 NA
LAP-SLC (33) NA (SD not available) p=0.8
Nakashima et al. [14] LAP-SLC (33) E-E 209 NA 2 0 0
NA (SD not available) p=0.1
Han et al. [15] LAP-SLC (35) E-E (EC) mech 156 (49.1) 0 11 1 0
p<0.0001 p=0.3

LAP-SLC laparoscopic segmental left colectomy, LAP-LC laparoscopic left colectomy, E~E end-to-end anastomosys, E—S end-to-side anasto-

mosys, SS side to side, EC extracorporeal, /C intracorporeal

Table 5 Comparison of the oncological outcome between our series and those from the literature (p =n.s. for R1 resections)

References Mean no. of lymph nodes Rl resections ~ Mean follow-  Tumor recurrence ~ OS DFS
up (months)
Present series 19.1 1 43.5 10 69.8% 69.8%
De’ Angelis et al. [10] 16.6 0 70.9 6 75.1% 66.7%
p=0.2351 p=0.773117 p=0.870858 p=0.901427
Okuda et al. [11] NA NA 61-84 NA 94.6% (st1l) - 91.1% (st 1I)
73.5% (st 11I) —60.3% (st
1)
Carlini et al. [12] 17.8 0 58 2 NA NA
p=0.5886 p=0.431569
Pisani Cerretti et al. [3]  20.8 0 33 2 NA NA
p=0.4491 p=0.331764
Kim MK et al. [13] 15 (median) 0 59 2 84.3% 93.8%
NA (SD not available) p=0.141562 p=0.488773 p=0.36689
Nakashima et al. [14] 16 0 NA NA NA NA
NA (SD not available)
Han et al. [15] 13.8 0 21 3 NA NA
p=0.0131 p=0.745757

the number of patients with less than twelve lymph nodes
harvested compared to ERC.

Discussion

Compared to the literature, which includes different surgi-
cal techniques for the treatment of cancers of this site, our
survival rate does not show significant differences.

In our survival analysis, the only statistically significant
difference is shown between patients with positive lymph

nodes (N+) and negative lymph nodes (N—). Interestingly,
there is no difference in survival between patients with a
number of harvested lymph nodes more or less than 12. This
could be due to the earlier stage of the patients with less than
12 lymph nodes harvested.

The series was subsequently compared to cases of TCC
and SHRC operated on only with laparoscopic technique in
the same period of time in order to evaluate the oncological
outcomes of more standardized operations. A higher per-
centage of OS and DSF are present in the group of SHRC.
Thus a lower percentage of OS and DFS can be noticed for
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Table 6 Comparison of the oncological outcome between our series
of SLC versus ERC and SLC versus HAR

SLC for SFC ERC for TCC HAR for SHRC

n 53 40 193
(0N 69.80% 67.50% 78.07%
p=0.92 p=0.65
DFS 69.80% 62.50% 71.50%
p=0.74 p=0.92
Tumor recurrence 10 (18.8%) 6 (15%) 29 (15.02%)
p=0.68 p=0.56
Mean no. of lymph 19.1 27.74 20.4
nodes p=0.14 p=0.24
Patients with < 12 9 (16.9%) 1(2.5%) 32 (16.5%)
lymph nodes har- p=0.04 p=0.95
vested
Conversions 2 2 6
p=0.91 p=0.81
Mean operative time 203.8 176.9 221.1
p=0.44 p=0.3

TCC with a higher mean number of harvested lymph nodes.
The latter is obviously due to the more extended resection
performed in ERC where the ligation of the ileocolic trunk,
the gastroepiploic arcade, and the MCA allows collection of
a higher number of lymph nodes. Anyway, the only statisti-
cally significant difference can be highlighted for the number
of patients with less than 12 lymph nodes harvested.

It is worth to note that there is a lack of standardization in
the definition of the resection. We use the definition of Naka-
goe et al. [9] of SLC that is defined as LC by other authors
[12]. Even the resection extended at the right colon is lacking
of definitional clarity, considering that is defined by some
authors as extended right colectomy and as subtotal colec-
tomy by others. De’ Angelis et al. [10] reported in a com-
parative match study two different laparoscopic techniques:
ERC and left colectomy (LC) (dividing the IMA at the ori-
gin). They reported an OS and a DFS throughout 5-year FU,
respectively, of 72.8-75.1% and 67.1-66.7%, comparing these
two techniques. No statistically significant differences were
found between the two techniques regarding OS and DFS at a
mean FU time of 70.9 months. Our series is one of the largest
reporting outcomes of OS and DSF. In some cases such as
Okudaetal. [11], a 5-year OS and DFS is divided for pT stage
and for laparoscopic or open approach with a mean FU time
of 84 months. They used the LC technique. OS reported for
stage I1 is 94.6% for laparoscopy, 85.6% for open approach. In
stage 111 they reported a 73.5% and 66.2%, respectively. DFS
reported for stage II is 91.1% for laparoscopy and 85.6% for
open. In stage III, they reported a DFS of 60.3% and 56.7%,
respectively. In other cases, the reported technique was not
the same for the entire series. Kim et al. [13] use the LC tech-
nique dividing the IMA at the origin only when suspected
lymph nodes metastasis at this site are present, otherwise they
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divided the LCA at its origin. They reported an OS of 84.3%
and 76% comparing laparoscopic and open technique, respec-
tively, and DFS of 93.8% and 74.5%. No statistically signifi-
cant differences were found at a median FU of 59 months.

For these reasons, it is not simple to carefully review and
analyze the literature, and to make comparison between the
series.

Regarding the lymph node harvesting, the mean number
reported in this series is appropriate. It is worth to note that in
16.9% of cases, there is a number of lymph nodes lower than the
12 requested for adequate N staging. Considering that the mean
number is higher than 12 and, as previously seen, literature
reports do not show an inadequate number of lymph node har-
vesting in LC technique, this could be due to the impact of the
pathologist in lymph node harvesting rather than to the surgical
technique, given that the former has been shown to be more
important than the specialty of the surgeon [16]. Nakashima
et al. [14] performed a technique with the ligation of the LCA
and the left branch of MCA at their origin only for stage II/III
and the ligation of only one of these vessels at the origin for
stage 0/1, reporting a number of harvested lymph nodes of 16.

The rate of tumor recurrence is also hardly comparable
because of the differences between the mean FU. Pisani
Cerretti et al. [3] reported one distant recurrence and one
local (33 months of FU). Carlini et al. [12] also reported two
recurrence but at a long-term FU of 58 months. Han et al.
[15] reported three recurrence, one liver metastasis, one lung
metastasis, and one liver metastasis with peritoneal carcino-
matosis during a relatively short FU period of 21 months.

The number of surgeons performing this technique of
segmental resection is rapidly increasing. There is a solid
embryological and anatomical background that allows sur-
geons performing this technique [6, 9]. Performing this lim-
ited resection has the advantage of preserving large segments
of the colon, such as the right colon and the ileocecal valve,
lowering the risk of post-operatory diarrhea and reducing
negative effects on nutrients’ absorption, and the rectosig-
moid junction, allowing to preserve an important part of the
colon that contributes to the defecatory mechanism. Other
advantages are the lower or even absent risk of injury to
the left ureter and the autonomic para-aortic nerves. Moreo-
ver, the main lymphatic flow is directed towards the LCA;
consequently, the involvement of nodes along the MCA is
neglectable so as to making it seemingly unnecessary to
extend the resection on this side [9, 17, 18]. Furthermore,
no statistically significant differences were found when the
studies compared LC or SLC with ERC in OS [10, 19].

On the other hand, the use of indocyanine green for intra-
operative sentinel lymph node mapping has been proposed
for lymph node harvesting in early stages [20] to allow for
the detection of the lymphatic flow of the segment of the
colon. This kind of approach could be useful in the surgery
of SF where the lymphatic flow is not always standardized.
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Laparoscopic technique is technically demanding but as
shown in this series no significant differences can be high-
lighted in the oncological outcomes vis a vis the techniques
reported in the principal data of the literature and the series
of our laparoscopic cases of ERC and HAR. We performed
more than 50 procedures over 10 years by laparoscopy, mak-
ing this as one of the largest series presented to date.

Undoubtedly, this study has some limitations because it
is a single-institution retrospective study; however, the data
reported, thanks to the large series, seem to be satisfactory.
In our opinion, it is necessary to standardize the definition
of the resections in relation to vessel ligation and the extent
of the resection in order to set up multicenter prospective
studies on this emerging topic.

Conclusions

Since the resection that we applied has a minimal extension
compared to other literature series, our data shows that such
surgical approach could be oncologically safe. More extended
resections, possibly associated to splenectomy or distal pan-
createctomy, seem not to confer an increase of the overall
survival rate, even though further studies are mandatory.
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