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Abstract
Background  Recent studies have described the finding of the Arc of Riolan (AoR) crossing the inferior mesenteric vein 
(IMV) seen during high ligation of IMV while performing minimally invasive colectomies. However, the AoR usually has 
a medial course, and this variant AoR anatomic course and the clinical importance of its preservation during splenic flexure 
takedown in anterior resection remains controversial.
Methods  After institutional approval (QA-5775), radiological identification of and mapping of the vessel horizontally cross-
ing the IMV under the pancreas, when present, was performed at a single institution (Westmead Hospital, New South Wales, 
Australia). One hundred consecutive computed tomographic (CT) mesenteric angiograms conducted in 2018 were reviewed 
retrospectively to determine the presence of a vessel horizontally crossing the IMV. 3D reconstructions were used to map 
out its course to understand its origin and full course. Baseline characteristics, including demographic and comorbidity data, 
were obtained from the medical record.
Results  On 3D mesenteric angiogram reconstructions, a vessel crossing anterior to the IMV was present in 11 of 98 cases 
(11.2%). Two cases were excluded as the presence of this vessel was indeterminate. Eight of 11 patients (72.7%) were male, 
and the mean age was 49.3 years (range: 21–80 years). There was no statistically significant difference in age and comorbidi-
ties between the groups. Importantly, in all 11 cases, there was an arterial vessel crossing the IMV originating from the SMA 
and communicating with the IMA or a branch of the IMA, proving definitively that this vessel was by definition the AoR.
Conclusion  This 3D mesenteric angiogram mapping study has shown definitively that the vessel horizontally crossing ante-
rior to the IMV and inferior to the pancreas is an arterial vessel from the SMA to IMA, and by definition the Arc of Riolan. 
When present, identification and preservation of this collateral arterial vessel during splenic flexure takedown in anterior 
resection may be important in reducing the risk of post-operative bowel ischaemia.
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Introduction

Recent studies have described a vessel which crosses the 
IMV just below the inferior border of the pancreas. In a 
retrospective review of 1299 operative videos of left-sided 
colonic resections, a vessel running horizontally below the 
inferior margin of the pancreas and crossing anterior to the 
inferior mesenteric vein (IMV) was observed in 17.8% of 
patients undergoing left-sided colectomy [16]. The study 
also demonstrated the importance of its preservation to 
reduce the risk of colonic and anastomotic ischaemia [16].

Furthermore, in experimental studies, this vessel has 
been temporarily occluded with a vascular clamp and 
indocyanine green (ICG) to demonstrate the importance 
of this vessel in maintaining adequate blood supply to the 
colon [13].

In these studies, while the vessel was postulated to be a 
variant of the Arc of Riolan, it was not possible to visual-
ise the origin and full course of the vessel during surgery 
to confirm that the vessel flowed between the SMA and 
IMA, and as such, the minimally invasive surgical studies 
were not able to definitively demonstrate that the vessel 
crossing the IMV was the AoR.

The Arc of Riolan (AoR) is by definition a connection 
between the SMA and IMA but is distinguished from the 
marginal artery of Drummond by its more central location 
[6]. It most commonly joins the left branch of the middle 
colic and the ascending branch of the left colic arteries [7]. 
The reported incidence in the literature is less than 18% [4, 
7, 10, 15, 17]. Although the vessel carries Riolan’s name, 
it was only vaguely described in his written work and was 
more thoroughly described by von Haller in 1786 [18]. In 
the presence of severe occlusive or stenotic disease of the 
SMA or IMA, this artery may be very dilated or tortuous 
and easily visible on catheter angiogram [12].

The collateral flow between the superior and inferior 
mesenteric arterial systems is extremely variable: a study 
of 400 cadavers from 1963 found no 2 identical specimens 
[11]. Despite its variability, its course is usually depicted 
as running medially and centrally from SMA to IMA. As 
well as the inconstant and variable AoR, a more constant 
collateral vessel is located more peripherally in the meso-
colon. The marginal artery of Drummond is located in the 
mesocolon adjacent to the colonic wall, running the entire 
length of the colon, and is composed of branches from the 
right, middle and left colic arteries [4]. It is thought to be 
relatively deficient and sometimes absent at the splenic 
flexure, or Griffith’s point, where it is vulnerable to ischae-
mic insult at the watershed area between vascular terri-
tories [9]. In patients with a deficient marginal artery of 
Drummond at the splenic flexure, the AoR provides criti-
cal collateral flow important to prevent ischaemia.

Herein lies the dilemma. Commonly cited reference texts 
and review articles such as those by Corman, Sabiston, Last 
and Gourley et al. [3, 6, 8, 14] have depicted the AoR as a 
vessel with a medial, vertically oriented course rather than a 
vessel with a horizontal course traversing the IMV. However, 
recent surgical studies during minimally invasive surgery 
have described an important collateral arterial vessel hori-
zontally crossing the IMV and have postulated it to be the 
AoR, but without being able to trace its full course or origin 
during surgery.

The AoR is an important collateral vessel but it is incon-
stant and variable. While its importance in providing collat-
eral flow is well known, until recently, its relation to the IMV 
was not well described. Thus, to definitively confirm that the 
vessel crossing the IMV horizontally just under the pancreas 
was the AoR, radiological mapping of 100 consecutive CT 
mesenteric angiograms (CTAs) was performed.

Methods

Institutional approval was obtained for this study (QA-5775). 
Data were retrospectively collected for 100 consecutive 
patients undergoing computed tomography (CT) angiogram 
studies in 2018 for any indication at Westmead Hospital, 
NSW, Australia. CT mesenteric angiograms were obtained 
20–25 s following the injection of intravenous contrast.

CT specifications: Toshiba (Canon) Aquilion Prime, 
0.5 × 80 detector rows, 0.35  s rotation time; Siemens 
Somatom Force, dual source dual energy CT, 2 × 192 × 0.6 
detector rows, 0.25 s rotation time; Collimation-40 cm. 
Images were obtained via volumetric core dataset acquisi-
tion with 1 mm thick slices and 3 mm thick multiplanar 
reformats.

The mesenteric arterial anatomy was defined using two 
independent reads by two consultant radiologists. The 
images were also reviewed by a specialist colorectal surgeon. 
The three specialists assessed the 100 CT mesenteric angio-
grams to examine the presence of a vessel crossing the IMV 
under the pancreas. When present, the origin and full course 
of this vessel was carefully traced to determine if it was the 
AoR. Image interpretation was aided by three-dimensional 
(3D) reconstruction, and 3D mesenteric angiogram assess-
ment was used to definitively trace the vessel.

The following criteria were used to identify the vessel as 
the AoR: a vessel joining the SMA or a branch thereof, to 
the IMA, left colic artery or ascending branch of left colic 
artery. The marginal artery of Drummond must be identified 
as a separate collateral vessel.

Baseline demographic and comorbidity data were 
obtained from the medical record for each patient. Statistical 
analysis was conducted using Stata/MP, version 15 (Stata-
Corp LP, College Station, TX) and χ2 Fisher’s exact test.
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Results

Of the 100 consecutive patients identified who underwent 
CT angiogram, two were excluded as the presence of the 
vessel crossing the IMV was unable to be determined. Of 
the remaining 98 cases, a vessel crossing the IMV under the 
pancreas was found to be present in 11 patients (11.2%).

In each of these cases, the vessel ran horizontally along 
the inferior border of the pancreas and crossed anterior to 
the IMV. The vessel originated from the SMA and in all 11 
cases and joined the ascending branch of the left colic artery. 
By definition, in all cases, the vessel horizontally crossing 
the IMV under the pancreas was the AoR.

A representative 3D reconstruction and accompanying 
schematic labelled representation has been provided in 
Figs. 1 and 2, depicting the origin and full course of the hori-
zontal vessel crossing the IMV which has been demonstrated 
as a collateral arterial vessel that joins the SMA to IMA.

Indications for the CT angiogram studies included in this 
study included major trauma, chest pain and operative plan-
ning for cardiothoracic or vascular surgery. There was no 
statistically significant difference in age, gender or comor-
bidity between the groups. Patient demographic and comor-
bidity data have been summarised in Table 1.

Discussion

Much of the surgical literature relating to the AoR focuses 
on the nomenclature and anatomic variation, with less 
emphasis on regional operative considerations, particu-
larly with respect to the IMV.

Fig. 1   3D CT mesenteric angiogram. AoR (red arrow) joining the 
middle colic artery to the ascending branch of left colic artery (pink 
arrow). The marginal artery of Drummond is seen as a separate and 
distinct vessel (orange arrow)

Fig. 2   Schematic representation of 3D reconstruction. AoR: arc of 
Riolan, MADr: marginal artery of Drummond, MCA: middle colic 
artery, SMA: superior mesenteric artery, IMA: inferior mesenteric 
artery, Asc Br LCA: ascending branch of left colic artery, LCA: left 
colic artery, Sig Br: sigmoid branches

Table 1   Presence of AoR and association with baseline patient demo-
graphics and comorbidities. Values presented as Odds Ratio (OR) 
with 95% confidence interval (95% CI) with P values (χ2 Fisher’s 
exact test)

OR 95% CI P value

Age > 70 1.96 0.30–9.47 0.29
Male 0.94 0.20–6.00 1.00
AAA​ n/a – –
IHD 0.63 0.01–5.20 1.00
HTN 1.58 0.35–6.78 0.52
High cholesterol 0.99 0.09–5.47 1.00
Vascular disease 1.35 0.03–13.06 0.58
Malignancy n/a – –
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Our 3D mesenteric angiogram mapping study clearly 
demonstrates that the vessel horizontally crossing the IMV 
under the pancreas which is at risk of injury during high 
ligation of the IMV was, by definition, the AoR. This con-
firms the anatomy of the AoR described in the previous 
study of 1299 operative cases [16].

Prior to this study, the traditional view was that the AoR 
took a more medial, vertical course [3, 6, 8, 14]. The limita-
tion of previous operative studies was that only part of the 
course of the horizontal vessel was visualised and its ori-
gin and full course was not definitively traced as the AoR. 
Radiological mapping in this study was able to confirm that 
the horizontal vessel crossing the IMV was the AoR.

There have been a few detailed descriptions in the lit-
erature of operative considerations relating to patients with 
an AoR undergoing colorectal surgery. In a previous study 
[16], the AoR was identified in 17.8% of patients, consist-
ent with the incidence reported in the literature. This study 
builds on those findings, using CT angiography to confirm 
that the vessel running inferior to the body of the pancreas 
and crossing the IMV horizontally was definitively the AoR 
as it connected the SMA and IMA territories. Division of 
this vessel in the presence of a deficient marginal artery of 
Drummond may increase the risk of post-operative colonic 
ischaemia due to inadequate collateral flow from the SMA.

Prior to these studies, Al-Asari et al. (2013) reported on 
a small case series of 30 consecutive patients undergoing 
minimally invasive colorectal surgery assessing for collateral 
vessels during dissection and ligation of the IMV. In this 
study, 13 of 30 patients (43.3%) were reported as having an 
AoR crossing the IMV, a much higher incidence than what 
has been reported in the literature [1]. The study emphasised 
on the importance of skeletonising the IMV to avoid injury 
to nearby collateral vessels.

In a systematic review, Bruzzi el al. (2019) suggested that 
division of the AoR (which was referred to as the intermes-
enteric trunk [IMT]) may cause colonic ischaemia in the 
presence of a discontinuous marginal artery of Drummond 
[2]. In this study, there was no direct reference to regional 
anatomical considerations, but the study suggested that 
preservation of this IMT makes obtaining adequate colonic 
length after IMV ligation and splenic flexure mobilisation 
more difficult.

Garcia-Granero et al. (2017) conducted a study on 27 
human cadavers, performing a laparoscopic medial approach 
to splenic flexure mobilisation [5]. In this study, a central 
communication between the middle colic and the ascend-
ing branch of the left colic arteries (referred to as the artery 
of Moskowitz) was found in 3 of 27 cadavers (11%). The 
study reported potential difficulty with the medial approach 
in fully mobilising the splenic flexure when there is an artery 
of Moskowitz. However, in this study, there was no mention 
of its relationship with the IMV.

Unfortunately, the nomenclature in describing collat-
eral arterial flow supplying the colon is inconsistent and 
confusing. Various names have been used in the literature, 
including but not limited to meandering mesenteric artery, 
mesomesenteric artery, IMT, middle-left colic collateral, 
arch of Treves, artery of Moskovitch, artery of Gonzalez 
and anastomosis maxima of Haller. To add to the confusion, 
some of these are considered by some authors to be separate 
entities [7]. For example, some consider the AoR and the 
artery of Moskovitch to be anatomically distinct vessels [5].

In addition, in a systematic review from 2019 [2], Bruzzi 
et al. described the AoR as connecting the distal left branch 
of the middle colic artery to the ascending branch of the 
left colic artery, running parallel to the marginal artery of 
Drummond in the peripheral mesocolon. The study sepa-
rately termed a more central connecting vessel in the region 
of the inferior border of the pancreas and the inferior IMV 
the IMT.

Regardless of the terminology and definitions used, when 
present, the centrally located arterial connection between the 
SMA and IMA territories may have significant implications 
for left-sided colorectal surgery. While the name and course 
of the AoR is confusing, this study has definitively demon-
strated that the vessel crossing the IMV under the inferior 
border of the pancreas is the AoR.

Limitations

Mesenteric CT angiograms are associated with more radia-
tion than standard CT and the purpose of this study was not 
to recommend 3D mesenteric angiograms to be performed 
to assess colonic vasculature prior to colonic surgery. In 
this study, mesenteric angiograms were performed mainly 
for trauma and vasculature diseases rather than to assess 
colonic vasculature prior to colonic surgery. Importantly, 
the aim of the study was not to show the value of 3D mes-
enteric angiograms in planning for colonic surgery. Rather, 
the aim was to definitively confirm that the collateral ves-
sel crossing the IMV under the pancreas was arterial, and 
importantly, the AoR, which we have achieved. This is not 
possible using standard CT and it is not clinically appropri-
ate to dissect out the course of this vessel to its SMA origin 
due to the significant risk of bleeding. Thus, this mapping 
study is an important study to provide clarification on the 
anatomy of the collateral vessel traversing the IMV under 
the pancreas. Intraoperatively, use of newer technologies 
without significant radiation dose such as indocyanine green 
Firefly fluorescence imaging on Da Vinci™ (Fig. 3) may aid 
in visualisation of the AoR, and may help in sparing the 
AoR during high ligation of IMV while performing splenic 
flexure takedown in anterior resection.
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Conclusion

This 3D mesenteric angiogram mapping study has con-
firmed that the vessel horizontally crossing anterior to the 
IMV and inferior to the body of the pancreas which is at risk 
of injury during high ligation of the IMV is the AoR, a col-
lateral vessel between the SMA and IMA. Its identification 
and preservation during left-sided colectomies by perform-
ing an AoR sparing splenic flexure takedown may reduce the 
risk of post-operative bowel and anastomotic ischaemia by 
preserving collateral vessel arterial supply.
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