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Abstract

Aim: The optimum surgical approach to splenic flexure cancers (SFCs) remains uncertain.
The aim of this survey was to explore the opinions of an international surgical community
on the management and outcomes of SFC.

Method: A questionnaire was constructed comprising five sections (information about
respondents; definition and prognosis of SFC; operative approach; approach in specific
scenarios; outcomes) and circulated through an international dissemination committee
and social media.

Results: The survey received 576 responses over 4 weeks across 50 countries. There was
no consensus regarding the definition of the splenic flexure, whilst the proportion of
respondents who did and did not think that patients with SFC had a worse outcome was
equal. The overall preferred operative approach was left hemicolectomy [203 (35.2%)],
followed by segmental resection [167 (29%)], extended right hemicolectomy [126 (21.9%)]
and subtotal colectomy [7 (12%)]. The stated pedicles for ligation varied between resec-
tion types and also within the same resection. One hundred and sixty-six (28.8%) re-
spondents thought a segmental resection was associated with the worst survival and 190
(33%) thought it was associated with the best quality of life.

Conclusion: This survey confirms a lack of consensus across all aspects SFC treatment. The
differing approaches described are likely to represent different beliefs around the variable
anatomy of this region and the associated lymphatic drainage. Future studies are required
to address such inconsistencies and identify the optimum surgical strategy, whilst also in-
corporating quality-of-life metrics and patient-reported outcomes. A one-size-fits-all ap-

proach is probably not appropriate with SFC, and a more bespoke approach is required.
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INTRODUCTION

Carcinoma of the splenic flexure is relatively rare, accounting for
only 2%-8% of colorectal cancers. The optimal surgical approach
for splenic flexure cancer (SFC) is not currently defined, with nu-
merous resection types being proposed and reported, including
extended right hemicolectomy (ERH), left hemicolectomy (LH),
segmental colectomy (SEG) and subtotal colectomy (STC) with or
without resection of adjacent viscera such as the pancreas and
spleen [1-6].

This uncertainty and variation are likely a consequence of the
variable vascular supply and associated lymphatic drainage of these
tumours, which sit at the watershed area of the colon between the
superior mesenteric and inferior mesenteric arterial territories [1,
4-6]. Additionally, SFCs have been reported to have increased emer-
gency presentations with obstructive symptoms and potentially a
worse prognosis [2-6].

Given these uncertainties, we conducted an international survey
amongst surgeons to explore opinions and practices surrounding the

management of SFC.

METHOD

The questionnaire was constructed on Google Forms (Figure S1) and
consisted of five sections relating to information about the respond-
ent, their opinions of the definition of the splenic flexure and the
association of SFC with poor outcomes, the operative strategy in-
cluding surgical access and type of surgical resection, the surgical
approach in specific scenarios, and outcomes of survival and qual-
ity of life (QoL). Respondents were asked to explain their choices
or provide further comments or examples to questions as free text
when appropriate. The survey was piloted locally prior to wide-
spread dissemination and modifications were made to improve clar-
ity of language to minimize ambiguity and to maximize the number of
options available, for example adding laparoscopic-assisted surgery
as an option for the surgical approach.

The survey was targeted towards consultant/attending sur-
geons, surgeons in training and any other surgeons who manage
splenic flexure tumours, either as part of their emergency or elective
practice. To reach a wide international audience, we constructed an
international dissemination committee to be responsible for dissem-
inating the survey in their respective countries by whichever meth-
ods they felt suitable. Additionally, social media (Twitter) was used to
launch and publicize the survey.

Results were summarized with descriptive statistics with cate-
gorical data presented as frequency counts and associated percent-
ages. An alluvial diagram was constructed using RawGraphs [7] to
demonstrate the relationship between surgical approach and vas-
cular pedicles divided as stated by the respondents. Free text ques-
tions were analysed by content analysis, where free text responses
of the questions were coded into categories relating to content and
subcategories as required, and then summarized.

What does this paper add to the literature?

This paper demonstrates the ongoing severe lack of evi-
dence into the management of splenic flexure cancers. It
highlights gross variability, not only in the management of
such patients but also in our description of colonic resec-
tions. This will need to be addressed before any meaning-

ful comparisons can be made.

Only members of the research group have access to the data,
personal identifying data were handled anonymously and will not
be made public in any way; data will be kept only for the duration of

the research.

RESULTS

The survey was launched on 27 September 2021 and remained open
for 4weeks, receiving 576 responses across 50 countries (Table S1,
Figure S2).

About the respondents

The majority of respondents identified themselves as a consultant, at-
tending or equivalent level [448 (78%)], with the next most frequent
category being surgeons in training [118 (20%)]. Ten (2%) respondents
identified themselves as ‘other’, including surgical fellows, speciality
and specialist doctors, clinical chiefs, surgical assistants, junior doc-
tors and retired surgeons. General and colorectal surgeons [281 (49%)]
comprised the majority of respondents, with 170 (29%) describing
themselves as general surgeons, 90 (16%) as colorectal surgeons and
35 (6%) as ‘other’, including surgical oncologists or surgeons of the gas-
trointestinal tract and other specialities such as upper gastrointestinal

surgery or hepatopancreaticobiliary surgery.

About the splenic flexure and splenic flexure cancers

Question: How would you define the splenic flexure
segment of the colon?

The most popular definition of the splenic flexure was ‘the colonic
segment between the distal third of the transverse colon and the
proximal third of the descending colon’, selected by 276 (48%) re-
spondents, but there was marked variation (Table 1). Eight (1%)
proposed alternative definitions including the area of the colon as-
sociated with the spleen. A few respondents preferred descriptions
relative to the vasculature, specifically describing the splenic flexure
as the colonic territory between either the middle colic artery and
sigmoidal arteries principally supplied by the left ascending colic
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TABLE 1 Respondents answers to the question: How would you
define the splenic flexure segment of the colon?

® T=

Coloproctoiogy

Definition Frequency (%)
The colonic segment extending from the distal 124 (21.5)
third of the transverse colon to the first portion
of the descending colon, 10cm from the flexure
The colonic segment between the distal third of 276 (46.9)
the transverse colon and the proximal third of
the descending colon
The colonic segment at the splenic flexure or 148 (25.7)
10cm proximal towards the transverse colon
or 10cm distal towards the descending colon
Uncertain 20 (3.5)
Other 8(1.4)

artery, or the colonic territory between the left branch of the middle
colic artery and the left colic artery.

Question: From your experience, do you

think those patients presenting with colonic
adenocarcinoma of the splenic flexure have worse
oncological and/or survival outcomes when compared
to patients presenting with adenocarcinoma elsewhere
in the colon (excluding rectal tumours)?

Two hundred and forty-one (42%) respondents answered ‘yes’, that
patients presenting with colonic adenocarcinoma of the splenic flex-
ure have worse oncological and/or survival outcomes when compared
with patients presenting with adenocarcinoma elsewhere in the
colon, whilst 247 (43%) answered ‘no’ and 88 (15%) were uncertain.
Of those who answered ‘yes’, 124 (52%) stated they thought it
was because patients with SFCs have a greater tendency to pres-
ent as an emergency, 47 (20%) stated it was because patients with
SFCs have a greater tender to be ‘high risk’ (that is frail, elderly and/
or comorbid patients), 103 (42.7%) stated that patients with SFCs
have a greater tendency to have a more limited colonic resection
performed and 185 (76.8%) felt that in patients with SFCs, there ex-
ists uncertainty regarding nodal drainage patterns, leaving the op-
timal resection uncertain. Four (1.7%) respondents were uncertain,
whilst 14 (5.8%) stated ‘other’ reasons, including that the outcomes
depend on difficulty of procedure or on the individual cancer, that
right-sided cancers do worse and that there is a higher rate of com-

plications such as anastomotic leak in this cohort.
Operative approach

Question: Which operative approach are you
most likely to use for patients with an

adenocarcinoma of the colon at the splenic flexure?

The majority of respondents, 338 (59%), stated they would use a lap-
aroscopic approach, whilst 152 (26.4%) stated an open approach and

67 (12%) stated a hybrid or laparoscopic-assisted approach would
be used. Six (1%) were uncertain of their approach, whilst 13 (2.3%)
stated other approaches, mostly referring to a robotic approach. A
few respondents also stated that the approach would depend upon
the tumour stage and/or size. Other comments included that the lap-
aroscopic or robotic approach was considered standard, and some
stated they would use the laparoscopic approach electively and an
open approach in an emergency. A few respondents stated they only

had open options available to them.

Question: What operation are you most likely to
perform for patients with an adenocarcinoma of the
colon at the splenic flexure?

Two hundred and three (35.2%) respondents stated they were most
likely to perform a LH, whilst 167 (29%) and 126 (21.9%) stated they
were most likely to perform a SEG and ERH, respectively. Only 38
(6.6%) stated they would perform a STC, 7 (1.2%) were uncertain
and 35 (6.1%) stated other procedures, including an extended left
hemicolectomy (ELH). Many suggested that their practice may vary
depending on the anatomy, vascularization and position of the tu-
mour. Patient factors such as age and comorbidities were also stated
to influence the procedure.

Question: Which vasculature would you ligate during
this operation for adenocarcinoma of the colon at the
splenic flexure in the elective setting?

A variety of responses were submitted here, which not only varied be-
tween the resections the respondents had stated they were likely to
perform for adenocarcinoma of the splenic flexure but also within the
stated resections (Tables 2 and S2, Figure 1). Comments reinforced the
need to tailor an approach based on tumour location and patient status.

Operative strategy in specific scenarios

Question: Might you modify your resection for a
patient with adenocarcinoma of the colon at the
splenic flexure who was considered to be ‘high risk’,
that is frail, elderly and/or comorbid?

Three hundred and eighteen (55.2%) respondents stated ‘yes’,
they would modify their resection in such a setting, 222 (38.5%)
stated ‘no’, they would not modify their approach and 36 (6.3%)
were uncertain if they would modify their approach in a patient
who was considered to be high risk (Tables S3 and S4, Figure S3).
Of those 55.2% who stated that they would modify their resec-
tion, 204 (64%) stated they would perform a SEG. The reasons
offered for modifying their approach included to reduce the op-
erating time and the risk of postoperative complications, including
anastomotic leak.
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TABLE 2 The stated resection types performed and the pedicles divided within them.

Resection, n (%)

ERH (126, STC (38, Other (35, Uncertain

Pedicle divided 21.9%) LH (203, 35.2%) SEG (167, 29.0%) 6.6%) (6.1%) (7,1.2%)
ICA (130, 22.6%) 101 (80.2) 0 0 22(57.9) 6(17.1) 1(14.3)
MCA (173, 30.0%) 108 (85.7) 17 (8.4) 12(7.2) 28(73.7) 7(20.0) 1(14.3)
Right branch of MCA (77, 13.4%) 48(38.1) 5(2.5) 8 (4.8) 11 (29.0) 4(11.4) 1(14.3)
Left branch of MCA (379, 65.8%) 59 (46.8) 148 (72.9) 129 (77.3) 22(57.9) 18 (51.4) 3(42.9)
LCA (415, 72.1%) 55 (43.7) 160 (78.8) 151 (90.4) 28(73.7) 17 (48.6) 4(57.1)
IMA (90, 15.6%) 4(3.2) 69 (34.0) 5(3.0) 4(10.5) 7(20.0) 1(14.3)
Other (24, 4.2%) 5(4.0) 1(0.5) 5(3.0) 0 13(37.1) 0
Uncertain (8, 1.4%) 1(0.8) 2(1.0) 2(1.2) 1(2.6) 0 2(28.6)

Abbreviations: ERH, extended right hemicolectomy; ICA, ileocolic artery; IMA, inferior mesenteric artery; LCA, left colic artery; LH, left
hemicolectomy; MCA, middle colic artery; SEG, segmental colectomy; STC, subtotal colectomy.

Question: Might you modify your approach for an
obstructing cancer (with viable bowel) presenting as an
emergency?

The majority of respondents [375 (65%)] stated ‘yes’, they would
modify their approach in the presence of an obstructing cancer,
whilst 175 (31%) stated ‘no’ they would not and 25 (4%) were uncer-
tain (Tables S5 and Sé, Figure S4). Of those who said yes, they would
modify their approach, 86 (23%) would have performed an ERH, 71
(19%) a STC, 53 (14%) a colonic stent, 35 (9%) a SEG, 29 (8%) a LH
and 9 (2%) were uncertain of what procedure they would perform.
Ninety-three (25%) stated ‘other’, mostly expressing that they would
form a stoma.

Question: If you answered yes, you would modify your
approach for an obstructing cancer (with viable bowel)
presenting as an emergency, would you most likely
create a stoma?

The majority 464 (70%) stated yes, they would most likely create a
stoma for an obstructing cancer.

Further details on modifications in the ‘high risk’ and an ob-
structing cancer can be found in Appendix S1.

Outcomes

Question: Do you think the different types of
colonic resections used result in different survival
advantages in patients with colonic tumours of the
splenic flexure?

Two hundred and forty-eight (43%) respondents stated ‘yes’, they
felt different types of colonic resections used in colonic tumours of
the splenic flexure resulted in different survival advantages, whilst

180 (31%) did not feel they did and 148 (26%) were uncertain.
The majority, 166 (67%), felt a SEG was associated with the worst
survival (Figure 2). Additional comments stated that the optimum
procedure remained unclear, whilst some felt that there was no dif-
ference between the procedures and a few stated that the outcome
was dependent on individual circumstances.

Question: Do you think the different types
of colonic resections used result in different quality
of life?

Three hundred and sixty-seven (64%) respondents stated ‘yes’, that
different types of colonic resections were associated with different
QoL, whilst 155 (27%) stated ‘no’ and 54 (9%) were uncertain. The
majority of respondents, 281 (77%), felt a STC was associated with
the worst QoL and 190 (52%) felt a SEG was associated with the
best QoL (Figure 2). A few respondents stated there was a lack of
evidence to comment, whilst some felt that there was no difference

amongst the resection types.

DISCUSSION
Summary of findings

The response we received to this survey demonstrates excellent in-
ternational interest and that the topic remains controversial, requir-
ing further study.

Our findings demonstrate a lack of consensus on the definition
of the splenic flexure segment of the colon, with respondents being
equally divided as to whether tumours of the splenic flexure are
thought to be associated with a worse outcome.

Although most respondents (59%) stated they would use a lapa-
roscopic approach for SFC, there was marked heterogeneity present
in the operation respondents stated they would perform. Variation
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FIGURE 1 An alluvial diagram
demonstrating proportional correlations
between colonic resections respondents
stated as their preferred approach to

(A)

30

20

10 I I

. = B - mE Hn

Extended right Segmental Left hemicolectomy Subtotal colectomy
hemicolectomy resection of the
splenic flexure

Uncertain

mBest survival ®mWorst survival

splenic flexure cancer (on the left) and the
pedicles they describe dividing as part of
that resection (on the right): ICA, ileocolic
artery; IMA, inferior mesenteric artery;
LCA, left colic artery; LMCA, left branch
of the middle colic artery; MCA, middle
colic artery; RMCA, right branch of the
middle colic artery.
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FIGURE 2 (A)Bar chart demonstrating which resection type respondents thought were associated with the best and worst survival. (B)
Bar chart demonstrating which resection type respondents thought were associated with the best and worst quality of life (QoL).

in practice was also demonstrated with the wide-ranging responses
given for the vascular pedicles respondents stated they would likely
divide, with variation present not only between resection types but
also within resection types, demonstrating a lack of unity as to what
each resection type consists of (although we acknowledge this is
likely to be the case for general colonic resections, not only specific
to resection of SFC).

There was a divide as to whether respondents felt different
resection types resulted in different survival advantages in SFC,
whilst the majority of respondents felt that different resection
types were associated with differing QoL. Of those who an-
swered ‘yes’ to these questions, LH was thought to be associated
with the best survival whilst SEG was associated with the worst
survival. SEG, however, was thought to be associated with the
best QolL, whilst the respondents thought a STC was association
with the worst QoL.

Context of the literature

There exists a lack of clarity in guidance regarding the operative ap-
proach to splenic flexure tumours in current published recommen-
dations [8, 9], reflecting the uncertainty in the management of these
patients demonstrated in this international survey. Previous surveys
have been conducted on this topic, including a 2013 UK survey and a
2017 French survey [10, 11]. In contrast to the current results show-
ing LH to be the most popular resection type for SFC, the UK survey
reported ERH as preferred (63%) and the French survey demon-
strated SEG to be the most popular (70%). Both the UK and French
surveys confirm our findings of great variation in practice regarding
division of pedicles, even when discussing the same resection.

All three surveys had similar proportions of respondents con-
sidering SFCs to carry a worse prognosis compared with tumours
at other sites, and whilst in the 2013 UK survey the majority
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thought it was due to delayed presentation (79%) the French
survey agreed with the current results, with the majority (77%)
considering it to be due to uncertainty regarding nodal draining
patterns leaving the optimal resection uncertain. This uncertainty
arises from the variable arterial supply of the splenic flexure, with
studies reporting a number of vascular variations [12-14]. This
variability in turn leads to marked variation of lymphatic drainage
of this region, which needs to be considered in operative planning
for SFC [15].

Few studies have attempted to address this uncertainty of
nodal drainage in SFC. Watanabe et al. in a 2016 report evaluated
the pattern of lymph flow in 31 patients with SFC by injecting in-
docyanine green adjacent to the tumour prior to laparoscopic re-
section and demonstrated drainage largely into the left vascular
territory (left colic, left middle colic and left accessory aberrant
colic arteries) [16]. Vasey et al. in 2018 utilized scintigraphic map-
ping with technetium-99m in 30 patients with colonic cancers and
demonstrated strong dominance of lymphatic flow (96% of pa-
tients) from the splenic flexure towards the left colic arterial ter-
ritory [17]. Both these studies, however, neglected the right-sided
pedicles in their observations. Manceau et al. in 2018 reported
on 65 consecutive patients undergoing a STC for SFC and found
that of 18 (27%) patients with metastatic lymph nodes, 6 (33%)
had involved nodes along the right colic pedicle [15]. Further larger
studies, inclusive of right colonic pedicles, are clearly required to
identify whether lymphatic mapping techniques are useful in tai-
loring the treatment of SFC.

There have been three published systematic reviews and
meta-analyses examining the approach to and outcomes of SFCs.
Martinez-Pérez in 2017 found only three comparative stud-
ies comparing ERH and LC (including both LHC and SFC) [18],
Hajibandeh et al. in 2020 identified seven comparative studies
and used a pair-wise approach comparing ERH, LH and SEG [19]
and in 2021 Wang et al. performed a network meta-analysis of ten
studies [20]. None of these meta-analyses were able to demon-
strate any difference in overall survival between the various re-
section types examined.

Since these meta-analyses, there further observational stud-
ies have been published. A European study in 2021 examined 90
consecutive patients with SFC undergoing an emergency resection
having had either an ERH, LH or SEG [21]. In 2022 a Chinese paper
reported on 117 consecutive patients undergoing elective SEG, LH
or ELH for SFC [22] and the French GRECCAR group utilized pro-
pensity score analysis to report outcomes between SEG, LH and
STC [23]. Additionally, two studies from Italy and the USA examined
outcomes between those patients undergoing a SEG compared with
those undergoing extended or anatomical resection [24, 25]. None
of these studies reported any difference in 5-year overall survival
between the operative groups studied.

All the studies included within the meta-analyses were nonran-
domized retrospective cohorts, largely single institution, and this is

also true of subsequent published reports. Given these limitations,

as well as the possibility that SFCs are heterogeneous in themselves,
as demonstrated by the variable lymphatic drainage present, it is
likely the studies were too biased and/or underpowered to demon-
strate such findings.

The uncertainties demonstrated above are highlighted by a
Delphi consensus study conducted between 2020 and 2021. This
study aimed to establish a consensus on the management of SFC and
after three rounds only found moderate consensus on the definition
of splenic flexures and the operative technique and acknowledged
that decisions were not evidence based and further work was re-
quired [26].

Strengths and limitations

Although this survey received a very good response it is impossible
to capture every single surgeon's response. There were dispropor-
tionate responses from different countries contributing to this re-
sponse bias. The majority of responses were from Italy and Turkey,
countries which likely had a very active dissemination committee.
Some members of the dissemination committee also translated the
form into their respective languages (French and Portuguese for
Brazil) to maximize their responses; however, this is likely to have
contributed to disproportioned responses from the different coun-
tries. Additionally, whilst we also launched the survey on Twitter to
maximize responses we did not launch on any other social media site,
which again may contribute to bias.

We acknowledge that the opinions and preferred stated ap-
proaches of the respondents do not necessarily indicate true prac-
tice or the quality of surgery performed. We also acknowledge that
there may be further ambiguity present, as although we attempted
to gauge which vascular pedicles respondents are likely to divide
operatively, we did not specify the level of division and, as such, re-
sponses may not represent high ligation of the pedicle. Additionally,
although a strength of the survey is that we attempted to gauge dif-
ferent approaches employed in varying patient scenarios for SFC,
such decision-making in real life is multifactorial and we accept that

it is impossible to truly capture such situations by way of a survey.

Clinical implications and future work

It is clear the optimal surgical approach to SFC remains elusive, with
numerous proposed strategies and rationales and the proposed re-
sections themselves seemingly not standardized. Whether SFCs are
associated with worse outcomes when compared with other colonic
tumours also needs to be clarified and, if so, whether it is the inher-
ent tumour biology, the presentation of SFC or, as suggested by the
results of this survey, our lack of understanding of its anatomy and as
such our inability to provide the appropriate treatment. As a result,
we are currently unable to deliver standardized and optimum care

to this cohort.
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sons. Future prospective studies will be required to investigate the
uncertainty and variability of the arterial blood supply and lymphatic
drainage pattern of SFCs and subsequently the optimum surgical
strategy. It may be that a one-size-fits-all approach is not appropri-
ate and more careful consideration of individual anatomy for these
tumours and a personalized surgical approach may be required.

The splenic flexure is an operatively challenging area of anatomy,
with its proximity to the spleen and short mesentery, demonstrated
by the exclusion of transverse and splenic flexure cancers from the
national colonic laparoscopic trials [27-29]. It is well established in
rectal cancer that the quality of the pathological specimen relates to
outcome and there is evidence for this relationship in colonic proce-
dures [22, 30, 31]. Future studies should also examine the quality of
the surgical specimen as a potential contributor to outcomes and an
area that could be improved.

The results of this survey demonstrated the opinion that there
is a trade-off to be had between the extent of surgical resection to
achieve a good oncological outcome and the resultant QoL. It is es-
sential that any future study examining the surgical approach to SFC
not only examines oncological outcomes but also postresection QoL

and gastrointestinal function alongside patient-reported outcomes.
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