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Background: An accessory middle colic artery (AMCA) is an aberrant artery feeding the splenic flexure of
the colon. Little is known about the branching pattern of an AMCA. We aimed to evaluate the branching
pattern of the AMCA from the superior mesenteric artery (SMA) with special reference to the pancreatic
artery using multidetector-row computed tomography (MDCT) before surgery.
Methods: We investigated 112 patients who underwent contrast-enhancement MDCT before surgical
resection of the pancreas between January 2015 and July 2018. The pancreatic branch from the AMCA
was divided into the dorsal pancreatic artery (DPA) and the inferior pancreaticoduodenal artery (IPDA).
The branching level and angle of the AMCA from the SMA were also evaluated.
Results: The AMCA was present in 27.7% of patients (n¼ 31/112). The AMCA branching pattern was
classified into four types: type A, no branch from the AMCA (n¼ 20); type B, a common trunk with the
DPA (n¼ 6); type C, a common trunk with the IPDA (n¼ 3); and type D, a common trunk with the DPA
and IPDA (n¼ 2). The AMCA with the IPDA (types C and D) branched more proximally compared to the
AMCAwithout the IPDA (P¼ 0.04). The AMCA branched vertically from the SMA in most cases (n¼ 24/31,
77.4%).
Conclusions: The AMCA had a pancreatic branch in 8.9% (10/112) of cases. Special attention should be
paid to its branching pattern in pancreatic and colon surgery.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Accurate identification of the vascular anatomy before surgery is
crucial for a safe and curative procedure. Identification of the
branching pattern of arteries associated with target organs in sur-
gery is especially important to decide the extent of lymph node
dissection and to preserve the arterial supply to residual organs.
Recent advances in multidetector-row computed tomography
(MDCT) has enabled precise preoperative assessment of the arterial
anatomy related to a surgical resection [1,2].

An accessory middle colic artery (AMCA) has recently been
identified preoperatively because of recent advances in imaging
modalities [3e6]. An AMCA usually originates from the superior
mesenteric artery (SMA), more proximally than the middle colic
artery, running along the inferior border of the pancreas and
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supplying the colon around the splenic flexure [5]. Although an
AMCA has no branch in the majority of cases, it occasionally has a
common trunk with the pancreatic artery [3], which indicates the
importance of an AMCA in pancreatic and colon surgery. In this
context, the branching artery from an AMCA should be identified
before pancreatic surgery for complete lymph node dissection and
preservation of arterial flow to the residual pancreas and colon.
However, little is known about the branching pattern of an AMCA,
especially around its root, with regards to its common trunk with
the pancreatic artery.

The purpose of the present retrospective study was to evaluate
the branching pattern of an AMCA from the SMA using MDCT, with
special reference to the pancreatic artery.
Materials and Methods

Patients

Consecutive 113 patients, who underwent pancreatic resection
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at the National Center for Global Health and Medicine between
January 2015 and July 2018, were retrospectively investigated. All
patients had been preoperatively evaluated using MDCT. Of these,
one patient who underwent CT without contrast enhancement
because of poor renal function was excluded. The remaining 112
patients were included in the analysis.

The hospital medical records of these patients were retrieved.
Patient characteristics and radiologic data were collected, entered
into a database, and retrospectively reviewed. The National Center
for Global Health and Medicine Research Ethics Committee/Insti-
tutional Review Board approved this study (approval number:
3125). The study was conducted in accordancewith the Declaration
of Helsinki 1975, as revised in 1983.
Definition of the artery

An AMCA was defined as a branch of the SMA towards the left
side, which originates more proximal to MCA, running along the
inferior border of the pancreatic body and supplying the splenic
flexure of the colon [3]. The AMCA was distinguished from the left
branch of the MCA, which branches independently from the SMA
and supplies the left side of the transverse colon. The pancreatic
branch of the AMCA was also investigated. A branch from the
AMCA, which courses upwards to the posterior aspect of the
pancreatic body was defined as the dorsal pancreatic artery (DPA)
[7], and another branch, which supplies the uncinate process of the
pancreas was defined as the inferior pancreaticoduodenal artery
(IPDA) [8]. The representative branching 3D CT (Synapse Vincent;
Fujifilm Corporation, Tokyo, Japan) image of the AMCA, including
its common trunk with the DPA and IPDA, is shown in Fig. 1.
MDCT protocol and the assessment of the artery

Phase contrast-enhanced dynamic CT scans of the arterial and
portal phases of the AMCAwere performed using a 64-detector row
scanner with a section thickness of 1e1.5mm. The branching level
of the AMCA was assessed by measuring the distance between the
root of the AMCA and the inferior border of the pancreas on the
coronal section of the MDCT. The branching angle of the AMCA
from the SMAwas evaluated on the transverse section of theMDCT.
The branching pattern of the AMCA was evaluated on the trans-
verse and coronal images. Two surgeons (KI and NT) retrospectively
Fig. 1. Representative branching pattern of the AMCA, DPA, and IPDA using 3D computed tom
AMCA originated from the SMA, running along the inferior border of the pancreatic body to
from the AMCA, and the IPDA branched from the DPA.
AMCA, accessory middle colic artery; DPA, dorsal pancreatic artery; IPDA, inferior pancreat
interpreted the MDCT images.

Statistical analysis

Continuous variables are expressed as means± standard devi-
ation. The statistical significance of the association of the distance
of the AMCA from the inferior pancreatic border with the branching
pattern was determined using Mann-Whitney U-tests.

Statistical analyses were performed using JMP® version 10 (SAS
Institute, Cary, NC, USA). P-values were derived from two-tailed
tests. A P-value of <0.05 was considered statistically significant.

Results

Patient characteristics

The patients were 62 men and 50 women. Their mean age was
68.2± 13.5 years and their mean BMI was 21.6± 3.3 kg/m2. In-
dications for pancreatic resection included pancreatic cancer
(n¼ 44), intraductal papillary mucinous neoplasms (n¼ 16), bile
duct cancer (n¼ 14), duodenal cancer (n¼ 13), benign tumor
(n¼ 13), neuroendocrine tumor (n¼ 9), and others (n¼ 3). The
surgical procedures included pancreaticoduodenectomy (n¼ 81),
distal pancreatectomy (n¼ 27), and total pancreatectomy (n¼ 4).

Frequency of the AMCA and branching patterns

An AMCA was present in 27.7% of patients (n¼ 31/112). We
classified the branching pattern of the AMCA into four types
(Fig. 2): type A, AMCAwithout a pancreatic branch (n¼ 20); type B,
AMCA with the DPA (n¼ 6); type C, AMCA with the IPDA (n¼ 3);
and type D, AMCA with both the DPA and IPDA (n¼ 2) (Table 1).
Pancreatic AMCA branches were found in 11 of 31 AMCAs (35.6%).

The branching level and angle of the AMCA from the SMA

The branching level of the AMCA from the SMA is shown in
Fig. 3. The distance between the root of the AMCA and the inferior
border of the pancreas ranged from 16mm proximally to 40mm
distally, and 10/31 AMCAs branched from the level proximal to the
inferior border of the pancreas. The AMCA with the IPDA (types C
and D) branched more proximally from the SMA compared to the
ography imaging (a) 3D image of the pancreas, portal system, and arterial system. The
the splenic flexure of the colon. (b) 3D image of the arterial system. The DPA branched

icoduodenal artery; SMA, superior mesenteric artery.



Fig. 2. Branching pattern of the AMCA
The branching pattern of the AMCA was classified into four types. Type A, no branch from AMCA; type B, common trunk with DPA; type C, common trunk with IPDA; type D,
common trunk with DPA and IPDA.
AMCA, accessory middle colic artery; DPA, dorsal pancreatic artery; IPDA, inferior pancreaticoduodenal artery.

Table 1
Clinicopathological factors in 32 patients evaluated by MDCT
performed before biliary drainage and mapping biopsy.

Variables Value

Presence of AMCA 31/112 (27.7)
Branching pattern of AMCA
Type A 20/31 (64.5)
Type B 6/31 (19.4)
Type C 3/31 (9.7)
Type D 2/31 (6.5)

Abbreviations: AMCA, accessary middle colic vein.

Fig. 3. Branching level of the AMCA from the SMA
The distance between the root of the AMCA and the inferior border of the pancreas ranged
16 to 40mm. The AMCA with the IPDA (types C and D) branched more proximally compar
AMCA, accessory middle colic artery; DPA dorsal pancreatic artery; IPDA, inferior pancreati
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AMCA without the IPDA (P¼ 0.04). The branching angle of the
AMCA from the SMA is summarized in Fig. 4. The majority of
AMCAs (n¼ 24/31, 77.4%) branched vertically from the SMA. The
AMCA branches from the right and left sides of the SMAwere three
and four branches, respectively. No significant difference was noted
between the branching angle of the AMCA and the branching
pattern.

Discussion

The present study revealed the branching pattern of an AMCA
focusing on its common trunk with the pancreatic arteries.
from �
ed to the AMCA without the IPDA (P¼ 0.04).
coduodenal artery; SMA, superior mesenteric artery.



Fig. 4. Branching angle of the AMCA from the SMA.
The majority of AMCAs branched vertically from the SMA without a significant dif-
ference between the branching angle of the AMCA and the branching pattern.
AMCA, accessory middle colic artery; SMA, superior mesenteric artery.
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Pancreatic branches of the AMCA were found in 11 of 31 AMCAs,
and we classified the branching pattern into four types. We also
demonstrated the branching level and angle of the AMCA from the
SMA. Themajority of AMCAs branched vertically from the SMA, and
10/31 of AMCAs branched from a level proximal to the inferior
border of the pancreas. In addition, the AMCA with its common
trunk with the IPDA branched more proximally compared to the
AMCA without the IPDA. To the best of our knowledge, this is the
first report to investigate an AMCA in patients who underwent
pancreatic surgery and to assess the pancreatic artery that
branched from the AMCA.

An AMCA [3] has also been called the accessory left colic artery
[9], left accessory aberrant colic artery [5,10,11], and superior left
colic artery [6]. AMCAs were evaluated mainly by dissecting ca-
davers [6,9e11]. However, recent advances in MDCT [3] and intra-
operative fluorescence imaging using indocyanine green [5] have
enabled the detection of AMCAs before and during surgery. The
detection rate of an AMCA was 7.4e49.2% via cadaveric evaluation
[6,9], while MDCT [3] and intraoperative fluorescence imaging [5]
detected an AMCA in 36.4% and 38.7% of cases, respectively. In the
present study, an AMCA was observed in 27.7% (n¼ 31/112) of
cases, which is consistent with previous reports.

Miyake et al. [3] revealed that the AMCA had a common trunk
with the transverse pancreatic artery in 20.2% of cases. However,
the transverse pancreatic artery may be considered a secondary
branch rather than a major artery of the pancreas [12]. Therefore,
we classified the pancreatic branch from the AMCA using the pri-
mary branch of the pancreas, including the DPA and IPDA, and
demonstrated the branching pattern of the AMCA. In the present
study, pancreatic branches were found in 35.6% of AMCAs,
including the common trunk with the DPA, the common trunk with
IPDA, and the common trunk with DPA and IPDA. Both DPA and
IPDA were involved in pancreatic resection procedures, including
pancreaticoduodenectomy, distal pancreatectomy, and total
pancreatectomy; therefore, special attention should be paid to the
AMCA with pancreatic branches in pancreatic surgeries.
One of the surgical relevance of the AMCA with pancreatic
branches is SMA nerve plexus dissection in pancreatic resection.
During surgery for a pancreatic tumor, which is located close to the
SMA, half of the SMA nerve plexus should be dissected to secure the
surgical margin from the tumor both in pancreaticoduodenectomy
and distal pancreatectomy [13,14]. Therefore, accurate preoperative
evaluation of the branch from the SMA is crucial to achieve a safe
and curative hemicircumferential resection of the SMA nerve
plexus. In addition, pancreatic arterial branches, including the DPA
and IPDA, should be divided in the course of SMA nerve plexus
dissection when the resecting side of the pancreas is supplied by
the arteries. The AMCA is one of the branches from the SMA and we
showed that it could have pancreatic branches, including the DPA
and IPDA. The AMCA should be identified and preserved during
SMA nerve plexus dissection to secure colonic blood supply
although the pancreatic branch from the AMCA to the resecting
side of the pancreas should be divided. Therefore, the presence of
an AMCA and the branching pattern of the AMCA should be
assessed preoperatively in pancreatic surgeries to avoid unex-
pected bleeding during SMA nerve plexus dissection and to pre-
serve the blood supply to the residual organ.

The branching level and angle of the AMCA from the SMA could
be another concern for safe SMA nerve plexus dissection. The
AMCA was reported to have branched at the level of the inferior
border of the pancreas [3]. However, the present study showed that
the distance between the root of the AMCA and the inferior border
of the pancreas ranged widely from �16 to 40mm, and that 10/31
of all AMCAs branched from the level proximal to the inferior
border of the pancreas. The identification of pancreatic arteries,
which branch from the proximal SMA during SMA nerve plexus
dissection could be technically demanding because the surgical
field might be deeper and more confined, indicating that preop-
erative assessment of the branching level of the AMCAwas required
for safe dissection of the SMA nerve plexus. In addition, the
branching angle of the AMCA from the SMA has hardly ever been
reported. We showed that the AMCA majorly branched vertically
from the SMA, indicating that the AMCA might be useful as a
landmark of the ventral dissection border of the SMA nerve plexus
to avoid excess SMA nerve plexus resection leading to refractory
diarrhea [13].

Another surgical importance of the AMCA is related to the
resection of colon cancer located in the transverse or descending
colon. Surgical treatment for colon cancer should include resection
of the affected segment of the bowel and en bloc resection of the
associated draining lymph nodes to the level of the origin of the
primary blood supply to that segment of the bowel [15]. Watanabe
et al. revealed that lymph flow from the tumor located at the
splenic flexure was detected in the lymph node along the AMCA
using indocyanine green fluorescence [5]. In this context, the
AMCA, which predominantly feeds the tumor, should be resected at
its root for lymph node dissection, although the preservation of its
pancreatic branches should be considered in colon surgeries to
maintain arterial supply to the pancreas. Contrarily, if the AMCA is
not the main feeding artery to the tumor, it should be preserved
because securing the arterial flow to the residual colon is crucial to
prevent anastomotic leakage [16].

This study has some limitations. First, we did not investigate the
branching pattern of the left colic artery, which is reported to be
associated with the presence of the AMCA, because the arterial
phase of MDCT in the lower abdomen was not performed in pa-
tients who underwent pancreatic resection. Second, although we
focused on the AMCA from the SMA, AMCAs could branch from
other arteries, including the hepatic artery and the first jejunal
artery [3]. These types of AMCAs could have a pancreatic branch,
and further study is required to evaluate the branching pattern of
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these types of AMCAs. Finally, the relatively small number of pa-
tients may have weakened the analyses.

In conclusion, an AMCA occasionally has a pancreatic branch,
and special attention should be paid to the branching pattern of the
AMCA in colon and pancreatic surgery to perform curative dissec-
tion of the lymph nodes and to preserve the blood supply to re-
sidual organs.
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