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computed tomography angiography with colonography
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Abstract

Purpose The aim of this study is to reveal the vascular branching variation in SFC (splenic flexure cancer) patients using the
preoperative three-dimensional computed tomography angiography with colonography (3D-CTAC).

Methods We retrospectively analyzed patients with SFC who underwent preoperative 3D-CTAC between January 2014 and
December 2019.

Results Among 1256 colorectal cancer (CRC) patients, 96 (7.6%) manifested SFC. The arterial branching from the superior
mesenteric artery (SMA) was classified into five patterns, as follows: (type 1A) the left branch of middle colic artery (LMCA)
diverged from middle colic artery (MCA) (N =47, 49.0%); (2A) the LMCA diverged from the MCA and the accessory middle
colic artery (AMCA) (N=26,27.1%); (3A) the LMCA independently diverged from the SMA (N =16, 16.7%); (4A) the LMCA
independently diverged from the SMA and AMCA (N = 3, 3.1%); (5A) only the AMCA and the LMCA was absent (N = 4,
4.1%). Venous drainage was classified into four patterns, as follows: (type 1V) the SFV flows into the inferior mesenteric vein
(IMV) then back to the splenic vein (N =50, 52.1%); (2V) the SFV flows into the IMV then back to the superior mesenteric vein
(SMV) (N =19, 19.8%); (type 3V) the SFV independently flows into the splenic vein (N = 3, 3.1%); (type 4V) the SFV is absent
(N =24,25.0%).

Conclusion 3D-CTAC could reveal accurate preoperative tumor localization and vascular branching. These classifications
should be helpful in performing accurate complete mesocolic excision and central vessel ligation for SFC.
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Introduction from both the superior mesenteric artery (SMA) and infe-
rior mesenteric artery (IMA) [3, 4]. Japanese D3 resection

Surgery for colon carcinoma of the splenic flexure, other-  and European complete mesocolic excision (CME) with

wise known as splenic flexure cancer (SFC), requires spe-  central vascular ligation (CVL) for colon cancer are both

cial attention [1, 2]. This is because feeding arteries arise ~ based on oncologic principles. According to the principle
of CME with CVL, lymph node dissection should be per-
formed along with both arteries on SFC. Recently, another
feeding artery toward the splenic flexure, called the acces-
sory middle colic artery (AMCA), has gained attention in
CME and CVL on SFC [5]. In the previous literature,
AMCA was detected in 30.7-36.4% of patients [5, 6].
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a significant role in SFC surgery. However, little is known
about the vascular branching of SFC, and the optimal area
of lymph node dissection has not been established for SFC.
The current guidelines of the Japanese Society for Cancer
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of the Colon and Rectum did not classify AMCA as a
feeding artery [7]. In addition, using indocyanine green
fluorescence imaging, Watanabe et al. found that 61.3%
of SFC patients had lymphatic flow directed around the
inferior mesenteric vein (IMV) [8]. Therefore, it is also
necessary to evaluate the venous anatomy of SFC and not
the arterial systems alone.

A three-dimensional computed tomography angiography
with computed tomography colonography (3D-CTAC) is an
advanced technique that visualizes vessels and effectively
evaluates the entire colon for clinically relevant lesions
[9-12]. It enables accurate preoperative diagnosis and intra-
operative imaging of vascular anatomy and tumor localiza-
tion. This study aimed to evaluate the branching pattern of
both the artery and vein and tumor localization in SFC patients
using the preoperative 3D-CTAC.

Material and methods
Patients

Subjects of the study were selected patients with colorectal
cancer from the Department of Surgery, Saiseikai
Yokohamashi Nanbu Hospital, between January 2014 and
December 2019. Anatomically, splenic flexure was the junc-
tion of the descending and transverse colons. In this study,
SFC was defined as a colonic adenocarcinoma with a tumor
center located at the distal one-third of the transverse colon
and proximal one-third of the descending colon. The tumor
localization of SFC was divided into three parts: (1) transverse
colon side of SFC (proximal SFC), (2) central SFC, and (3)
descending colon side of SFC (distal SFC). Patients who had
previously undergone colectomy and patients who could not
perform enhanced computed tomography (CT) examination
due to renal dysfunction or iodine allergy comorbidity were
excluded in this study.

Protocol of 3D-CTAC

In our hospital, preoperative 3D-CTAC for colon cancer is
routinely performed. It was performed preoperatively and
used in reality for preoperative planning of surgery. All pa-
tients have undergone preoperative colonoscopy. Tumor lo-
calization was marked by colonoscopy using an Indian tattoo
ink and mucosal clipping in all cases. After colonoscopy, the
patients underwent immediate enhanced CT examination in
both arterial and venous phases using the bolus tracking tech-
nique. The region of interest was set in the abdominal aorta at
the bifurcation level of the celiac artery. Imaging commenced
when the threshold increased by 100 Hounsfield units from
the CT value prior to imaging. The CT examination was per-
formed on a 0.5-mm slice (Aquilion ONE; Toshiba medical
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systems, Tokyo, Japan). All CT images were analyzed and
reconstructed into 3D-CT angiography (3D-CTA) with CT
colonography (CTC) images using the workstation system to
evaluate vascular traffic and tumor localization (Aquarius
iNtuition client viewer; TeraRecon. Int., USA). CTA and
CTC were constructed using the same CT images.

Definition of the artery

The MCA is typically defined as a vessel originating from the
SMA. When the MCA has an origin from another source
(celiac trunk, IMA), it is referred to as an aberrant MCA. In
the present study, the MCA was defined as a branch from the
SMA, which runs to the right and feeds the transverse colon.
The AMCA typically originates from the proximal SMA to-
ward the left side of the transverse colon [5, 13]. However,
there has been no global consensus on the definition of
AMCA. Therefore, we defined AMCA as meeting all of the
following criteria in this study: (1) the artery which branches
toward the left from the SMA, (2) the artery which branches
from proximal to MCA, and (3) the artery which runs toward
the splenic flexure.

Venous drainage pattern

We also evaluated the venous drainage pattern of the IMV and
the splenic flexure vein (SFV). The SFV was defined as vein
flowing from the SFC to the surroundings of the pancreas
[14].

Ethics

This study was approved by the Saiseikai Yokohamashi
Nanbu Hospital’s Institutional Review Board, and written in-
formed consent was obtained from study patients for the use
of their data from medical records (NANBU2019-D34). The
study was conducted in accordance with the ethical guidelines
of the Declaration of Helsinki.

Results

Evaluation of preoperative tumor localization and
vessel anatomy using 3D-CTAC

A total of 1256 CRC patients underwent surgery at our hos-
pital between January 2014 and December 2019. Among
those, 96 patients (7.6%) with SFC were extracted based on
the inclusion criteria. Patient characteristics and vascular anat-
omy of SFC were summarized in Table 1. The rate of proxi-
mal SFC was 41.7%, central SFC was 13.5%, and distal SFC
was 44.8%. Intraoperative findings showed that tumor locali-
zation was exactly the same as preoperative diagnosis in all
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Table 1  Characteristics of the patients with splenic flexure colon cancer
Value (n = 96)
Age (years), median (range) 73 (39-89)
Sex, n (%)
Male 59 (61.5)
Female 37 (38.5)
Tumor localization, n (%) *
Proximal SFC (transverse colon) 40 (41.7)
Central SFC 13 (13.5)
Distal SFC (descending colon) 43 (44.8)
AMCA, n (%)
Present 33 (344
Absent 63 (65.6)
Origin of LMCA, n (%)
Common trunk with RMCA 73 (76.0)
Independent origin from SMA 19 (19.8)
LMCA absent 44.2)
Origin of LCA, n (%)
Common trunk with S1 19 (19.8)
Independent origin from IMA 77 (80.2)
Destination of IMV, n (%)
Splenic vein 68 (70.8)
SMV 28 (29.2)
Destination of SFV, n (%)
MV 69 (71.9)
Splenic vein 3.1
SFV absent 24 (25.0)

SFC, splenic flexure of colon; AMCA, accessory middle colic artery;
LMCA, left branch of middle colic artery; RMCA, right branch of middle
colic artery; SMA, superior mesenteric artery; LCA, left colic artery; S/,
first sigmoid artery; /MA, inferior mesenteric artery; /MV, inferior mes-
enteric vein; SMV, superior mesenteric vein; SFV, splenic flexure vein

cases. Preoperative 3D-CTAC enabled accurate tumor locali-
zation and evaluation of feeding artery and venous variations
of SFC in all patients (Fig. 1). The blood supply from the
SMA to the splenic flexure was through the left branch of
MCA (LMCA) or AMCA. The AMCA was recognized in
33 patients (34.4%). The right branch of MCA (RMCA) and
LMCA diverged from the main trunk of MCA in 73 patients
(76.0%), and the RMCA and LMCA independently diverged
from the SMA in 19 patients (19.8%). LMCA was deficient in
four patients (4.2%). Meanwhile, AMCA was present in all
patients. The blood supply from the IMA to the splenic flexure
was through the left colic artery (LCA) in all cases. The LCA
diverged from IMA in all patients, and there were 19 patients
(19.8%) whose LCA formed a common trunk with the first
sigmoid colon artery. The IMV returned to the SMV in 28
patients (29.2%) and to the splenic vein in 68 patients (70.8
%). The SFV was present in 72 patients (75.0%). The SFV
returned to the IMV in 69 patients (71.9 %) and to the splenic
vein in three patients (3.1 %).

Arterial variations of SFC focused on MCA and AMCA

Arterial variations of SFC were presented in Fig. 2 and
Table 2. Based on our results, arterial blood supply to the
SFC was classified into five types: (type 1A) the LMCA di-
verged from the main trunk of the MCA (N = 47, 49.0%);
(type 2A) the LMCA diverged from the main trunk of the
MCA and the AMCA (N = 26, 27.1%); (type 3A) the
LMCA independently diverged from the SMA (N = 16,
16.7%); (type 4A) the LMCA independently diverged from
the SMA and the AMCA (N =3, 3.1%); (type 5A) the AMCA
and the LMCA were absent (N =4, 4.1%). All patients lacking
LMCA had a branching AMCA from SMA.

Venous variations of SFC focused on the IMV and the
SFV

The venous drainage pattern from SFC was classified into four
types (Fig. 3 and Table 2): (type 1V) the SFV flows into the
IMV then back to the splenic vein (N = 50, 52.1%); (type 2V)
the SFV flows into the IMV then back to the SMV (N = 19,
19.8%); (type 3V) the SFV independently flows into the
splenic vein (N = 3, 3.1%); (type 4V) the SFV is absent (N
=24, 25.0%).

Discussion

This study revealed the vascular anatomy of SFC under 3D-
CTAC. The main findings of the study were as follows: first,
SFC was present in 7.6% of CRC patients, and all patients
were preoperatively diagnosed through accurate tumor local-
ization and vascular anatomy by the 3D-CTAC. Second, the
AMCA was manifested in 34.4% of SFC patients, and arterial
variations of SFC were classified into five types. Finally, the
SFV was evident in 75.0% of SFC patients, and we classified
venous drainage variations into four types.

SFC surgery was first described in the early 1900s.
Jamieson et al. advocated the resection of the lymph area in
colorectal cancer surgery and reported that surgery for SFC
would require blockage of blood supply from the MCA and
the LCA [15]. The existence of the AMCA has been known
since then, and the recognition rate of the AMCA has been
increasing due to the improvement of diagnostic imaging
technology [16-19]. Tanaka et al. reported the arterial anato-
my of the splenic flexure using 3D-CT [6]. They analyzed 88
patients, where the AMCA was detected in 27 patients
(30.7%). This result was consistent with the present study.
On the other hand, Fukuoka et al. revealed that the incidence
of the AMCA evaluated by 3D-CTA was only 6.7%, which
was almost the same as reports from Western countries [20,
21]. This difference may be due to varied protocols of 3D-CT
imaging and ethnic differences in blood vessel variation. With
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Fig. 1 Representative case using 3D-CTAC of tumor localization and
vascular anatomy in patients with SFC. a 3D-CT angiography. The
AMCA and the MCA were branched from SMA. The LCA was branched
from IMA. Preoperative colonoscopy using mucosal clipping reveals
tumor localization (arrow). b 3D-CT angiography with colonography.

regard to the blood supply of SFC from the SMA, our study
suggested that surgeons should recognize whether the LMCA
is derived from the common trunk of the MCA (TypelA +
Type2A; 76.1%), an independent origin from the SMA
(Type3A + TypedA; 19.8%), or absent (TypeS5A; 4.1%). In
particular, there were some cases where the LMCA was ab-
sent [22, 23]. Hence, surgeons should know that the AMCA
exists in such cases. In addition, there were some reports of
blood flow to the pancreas from the AMCA. Ito et al. reported
cases in which the dorsal pancreatic artery (DPA) and the
inferior pancreaticoduodenal artery (IPDA) diverged from
the AMCA and flowed into the pancreas, with a frequency
of 8.1% [24]. The DPA and IPDA had thin blood vessels and
were not evaluated in our study.

In the current study, the SFV was present in 75% of SFC
patients, and the SFV returned to either the splenic vein or the
IMV. Arimoto et al. reported that there was a 2% pattern of
return to the middle colonic vein, but whether this vein should
be called the SFV is controversial [14]. Considering the con-
cepts of CME with CVL and the presence of lymph flow

Table 2
CTAC

Vascular classification of SFC using the preoperative 3D-

Arterial classification Venous classification

Type 1A 47 (49.0) Type 1V 50 (52.1)
Type 2A 26 (27.1) Type 2V 19 (19.8)
Type 3A 16 (16.7) Type 3V 3@3.D)
Type 4A 33.1) Type 4V 24 (25.0)
Type 5A 44.1)

SFC, splenic flexure cancer; 3D-CTAC, three-dimensional computed to-
mography angiography with colonography
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CT colonography showed an apple-core stenosing tumor in the distal
transverse colon (arrow). By combining CT angiography and
colonography, surgeons could evaluate tumor localization and vessel
running preoperatively

around IMV, these venous variations should be recognized
prior to surgery to determine the area of lymph node dissection
and the optimal central venous ligation.

This study is the first report that utilized 3D-CTAC to as-
sess tumor localization of the SFC and to visualize and clas-
sify both arterial and venous anatomies as far as possible.
Considering the anatomical features and abundance of the
vascular variations in SFC, it is considered that accurate pre-
operative evaluation of tumor localization greatly contributes
to the identification of the optimal areas of CME and CVL.

This study has some limitations. First, the small sample
size and single-center setting may limit the generalization of
results. Since 3D-CTAC examination can be performed by
usual CT and colonoscopy, it may be possible to perform it
in general hospitals. However, immediate CT imaging after
colonoscopy and reconstruction of images from the sur-
geon’s point of view are required, and multidisciplinary
teamwork including radiology technologists is needed.
Second, in this study, the AMCA was defined as branching
from the SMA, and blood vessels branching from the coe-
liac artery were excluded. Previously, there were reports
that the feeding arteries to SFC originated from the branches
of the coeliac artery, such as the hepatic artery, splenic ar-
tery, and gastroduodenal artery. Murono et al. reported that
the frequency of the AMCA derived from the coeliac flow
was 10.9% [13]. Whether blood vessels branching from the
coeliac artery should be called the AMCA is still controver-
sial. Furthermore, from the concept of CME with CVL, if
the feeding artery of SFC is derived from the coeliac system,
it is worth considering whether lymph node dissection
should be performed around it. In the future, it is necessary
to evaluate the lymphatic flow around the coeliac artery
under indocyanine green fluorescence imaging to reveal
the frequency of lymph node metastasis and the efficacy



Int J Colorectal Dis (2021) 36:405-411

409

Fig. 2 a—e Arterial classification
of patients with SFC
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of lymph node dissection around the coeliac artery, if the
SFC possesses the AMCA derived from the coeliac flow.
Furthermore, in addition to the vascular variation clarified in
this study, it will be possible to clarify the optimal lymph node
dissection range of SFC by evaluating the metastasis rate of
each lymph node station. Future studies are necessary and will
help improve long-term survival in SFC patients.

Conclusions

In conclusion, the accurate preoperative assessment of tumor
localization and vascular branching of SFC could be taken by
3D-CTAC. The AMCA was detected in 34.4% of SFC pa-
tients, while the SFV was detected in 75.0%. Arterial anatomy
was classified into five types, while venous anatomy was
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Fig. 3 a—d Venous classification TypelV Type2V
of patients with SFC
PV SV
SFV
IMV
a|b
Type3V d TypedV
classified into four types. Understanding the vascular ~ References

branching of SFC is helpful in performing accurate CME
and CVL.
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