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Abstract
Purpose: Complete mesocolic excision requires central mesenteric dissection near the middle colic vein (MCV) confluence, where anatomic
variability may increase operative risk. However, MCV multiplicity, confluence patterns, and relationships to the middle colic artery (MCA) are not
sufficiently defined.

Methods: Three-dimensional vascular reconstructions were performed on 300 multidetector CT datasets from patients with right-sided colon
cancer (age 65±9 years; 59% female). MCV branches (MCV1–3, right to left), their confluence patterns, and their spatial relationships to the MCA
were analyzed using descriptive statistics. The reconstruction method had been previously validated intraoperatively and was performed by a
single investigator.

Results: The MCV was identified in all cases (397 veins total). It was single in 68.7%, double in 30.3%, and triple in 1.0% of patients. Confluences
were most often into the superior mesenteric vein (65.7%), followed by the inferior mesenteric vein (12.6%) and gastrocolic trunk (9.8%). MCV1
drained mainly into the SMV (72.7%). MCV2 showed variable drainage into the SMV (45.7%), IMV (31.9%), jejunal vein (9.6%), left SMV (3.2%), and
left colic angular vein (2.1%). MCV3 drained into the IMV in 66.7% and the left SMV in 33.3%. The MCV and MCA were separate in 67.0% of cases,
with anterior crossing in 17.7% and posterior crossing in 15.3%. Left-sided drainage patterns were seen in 20–50% of patients with double or
triple MCVs.

Conclusions: MCV anatomy is highly variable, with multiplicity in 31.3% and frequent atypical confluences. Preoperative 3DCT can identify high-
risk variants and may support safer, tailored vascular ligation during lymphadenectomy.

Introduction
The development of oncologic surgery over the last few decades has introduced broader surgical dissection to achieve adequate lymph node
harvest. Thus, complete mesocolic excision (CME) with central vascular ligation and D3 lymph node dissection has led surgeons to dissect the
central mesentery in the area of the pancreatic notch, namely, the area of the superior mesenteric vessels, the MCA origin, and MCV confluence
[1, 2]. Of all these vessels, the MCV has received the least attention [3].

The Anatomy textbook states that the MCV serves as the primary drainage vessel for the transverse colon, typically emptying into the SMV,
alongside the trajectory of the MCA as it traverses the mesocolon transversum [4]. Subsequently, blood is led into the hepatic portal system
through the portal vein. The veins and their typical drainage points are important in colorectal surgery because injuries or variations can affect
surgical outcomes and present as bleeding risks [5]. While the number of MCVs and the positions of their confluences have been reported in the
literature, the confluences of the second/third MCV, as well as the confluence pattern and the topographic relations to the MCA trunk still remain
unreported [6].

Preoperative workup for colon cancer surgery includes computerized tomography (CT) imaging for disease staging [7]. The CT dataset also
offers crucial preoperative insights on the vascular anatomy of the specific patient [8]. The radiologist and surgeon can study the staging CT or
be provided with a CT-based 3D vascular reconstruction, that will facilitate both the reporting of variations by radiologists and intraoperative
orientation for surgeons [9, 10]. In this manner, the surgeon can evade pitfalls and shorten operative time when performing CME [11].

The aim of this study was to analyze the number of MCVs, their confluences in total and according to their position (MCV1, 2, and 3). A further
aim was to compare the confluence pattern of the MCV2 and 3 to that of the MCV1. The third aim was to analyze and categorize the topographic
relations found between the MCV and the MCA trunk.

Material and Methods
The CT datasets

A total of 300 MDCT datasets of patients included in the "Safe Radical D3 Right Hemicolectomy for Cancer through Preoperative Biphasic MDCT
Angiography" were procured. The present study was registered at clinicaltrials.gov as NCT01351714 and approved by the Norwegian South-East
Regional Ethical Committee under number 2010/3354. All patients provided signed consent for participation in the study.

Image processing

The datasets were reconstructed in 3D using the FDA-approved software Osirix MD v.14.0 (Pixmeo, Bernex, Switzerland), which is available for
the Macintosh platform. Subsequently, the Mimics Medical imaging processing software, version 24.0, along with the 3-matic medical software
version 16.0, were employed on a computer running Windows 10 Pro x64 2017 (Materialise NV, Leuven, Belgium). Additionally, the 3D virtual
representation of the vascular tree undergoes a comprehensive morphological and morphometric analysis and was ultimately exported as a 3D
volume rendering model (including images and videos), as STL files, or 3D PDFs with annotations. The segmentation method and morphometry

Page 2/13



have been validated at surgery and published [12, 13] and have demonstrated superiority over semiautomatic segmentation [14]. We examined
the venous blood vessels within the region of interest (ROI) and conducted identification, determining the caliber where feasible and the
confluence position of the specified venous vessel [15]. The MCV is recognized as the main venous structure draining blood from the transverse
colon. When multiple MCVs are present, they are named from the patient’s right to his left as MCV1, MCV2, and MCV3. Particular emphasis was
placed on the reconstruction of the following veins: the right colic (RCV), ileocolic (ICV), gastrocolic trunk of Henle GTH, LCAV,
pancreaticoduodenal vein (PDV), terminal ileal venous trunk (TIVT), right colic (RCV), right gastro-omental vein (RGOV), IMV, jejunal (JV), as well
as bifid SMV with right (RSMV) and left (LSMV) trunks, when present. The distances between the ICA origin and the MCA origin were measured in
centimeters (cm) using the Length tool in 3DVR (Osirix) and the Distance and Radius tools (3-matic).

Statistics

For continuous variables, the mean ± standard deviation was utilized, while categorical values were presented as numbers (percentages of the
total repetitions for each category). Excel for Mac ver. 16.103.4 software was used for the mean and standard deviation.

Results
Three hundred most recent, consecutive 3D vascular reconstructions of patients who underwent surgery for right-sided colon cancer were
analyzed (mean age 65±9 years, 178 (59.33%) female). The surgeries were performed from November 2017 until December 2022.

1. MCVs and their confluences

The MCV was present in all patients (300/100%). Overall, we detected a total of 397 MCVs. A single MCV occurred in 206 patients (68.7%), a
double MCV occurred in 91 patients (30.3%), while a triple MCV occurred in 3 patients (1%). A MCV2 was found in 94 cases (31.3%), while MCV3
occurred in only 3 patients (1%).

Confluences were analyzed for all 397 MCVs. The majority of MCVs have their confluence to the SMV (65.7%) for the whole group, while the
second most frequent confluence position was unexpectedly the IMV. All these IMVs also terminated into the SMV. The variability of MCV
confluences is presented in Tab. 1. Moreover, a subgroup consisting of 11 double SMVs were encountered. In 7 of these cases (single MCV), the
MCV followed the usual trajectory terminating in the RSMV trunk. A further 3 cases with double MCVs had a confluence to both SMV trunks, the
MCV1 to the RSMV and MCV2 to the LSMV trunk. A single case with a triple MCV revealed the MCV1 and 2 draining into the RSMV, and the MCV3
to the LSMV trunk.

2. Stratification of confluences and trajectories for MCV1, 2, and 3

Further stratification of the MCV confluences was based on the number of MCVs per patient, namely single (MCV1), double (MCV2), and triple
(MCV3). Table 1 demonstrates that the MCV1 tends to follow a normal trajectory in 72.7% of patients, while the MCV2 and MCV3 tend to follow
an aberrant trajectory.

a. A single MCV confluence to the SMV was present in 218 (72.7%), the GTH in 38 (12.7%), the IMV in 18 (6.0%), the JV in 17 (5.7%), the SV in 8
(2.7%) and LCAV in 1 (0.3%) (Fig. 1a).

b. For the whole group of double MCVs (94 cases) the MCV2 confluence was to the SMV in 43 (45.7%), IMV 30 (31.9%), JV 9 (9.6%), SV 6 (6.4%),
LSMV 3 (3.2%), LCAV 2 (2.1%) (Fig. 5b, c), and to the GTH 1 (1.1%) cases (Table 1. Fig. 1b). Out of the 94 cases with double MCV, 47 (50.0%) were
cases where both MCVs terminated into the same vessel, most often to the SMV (39, 83%)(Fig. 2,3). In the remaining half (50.0%), they
terminated into different vessels. In this group, the trajectory of the MCV1 was to the patient's right, while the trajectory of MCV2 was always to
the left (Fig. 4a,b,c).

c. When triple MCVs are in concern, the first and second MCV trajectories are to the patient's right, while that of the MCV3 is to the left, namely,
the confluences of the MCV3 were to the IMV in 2 cases (66.6%) (Fig. 1c), and to the LSMV in 1 (33.3%) case (Fig. 5a).

3. Relationship between MCV and MCA trunk

In 201 instances (67%), the MCV and MCA were separate and did not intersect (Fig. 6a,c). In 53 instances (17.7%), the MCV crossed in front of
the MCA (Fig. 6b), while in 46 instances (15.3%), the MCA crossed in front of the MCV (Fig. 6d). There were no instances of topographic relations
of the MCA trunk with more than one MCV.

4. The jejunal veins (JV)

JV occurred in 291 (97%) patients, resulting in a total of 593 JV. The remaining 9 (3.0 %) were cases of double SMVs. Overall, 11 cases with a
double SMV were found. Nine of these cases didn’t have JVs, namely, the LSMV trunk replaced the JVs (Fig. 4c). In 2 cases with a double SMV, a
JV crossed the SMA posteriorly and drained into the RSMV (Fig. 5a).
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A single JV was found in 39 (13%) patients, average caliber of 0.85±0.26 cm, while two jejunal veins were present in 202 (67.3%) patients. The
average caliber of the second JV measured 0.71±0.24 cm, and in 50 (16.7%) patients, where a third JV was found, the average caliber was
0.61±0.22 cm.

5. Additional anatomical structures and measurements of interest:

We present the venous vessels of interest in the order of occurrence: TIVT (300, 100%), ICV (298, 99.3%), GTH (289, 96.3%), LCAV (70, 23.3%),
PDV (68, 22.7%), RCV (59, 19.7%), and the RGOV (34, 11.3%) patients. The mean distance from ICV to GTH measures 3.51±1.02 cm, and ICA to
MCA measures 2.24±1.13 cm.

Discussion
The main finding of this study was the overwhelming and unexpected number of MCV variations when venous multiplicity and confluence
variability are combined with the topographic variety of the MCVs described in this article. The consistency of the MCV, namely, its presence in all
patients (100%), does not imply simple anatomical relations.

The Literature states that most commonly, a single middle colic vein occurs in approximately 72%–84% of individuals [16]. Two middle colic
veins are found in 10%–46% of cases [17]. Three middle colic veins are less common, occurring in 1%–12% of individuals [18]. When compared
with our results, we have a slightly lower proportion of single MCVs (68.7%), while the double MCVs (30.3%) are consistent with the literature. A
triple MCV was found only in 1.0% of our material, falling low in the above-mentioned range. Maki et al. have stated that [6] the thickest, dominant
MCV is considered the "main" MCV because it is, as the authors claim, clinically most important during surgery, due to the risk of bleeding [19,
20]. In our experience, we have had the impression that the MCV1 and MCV2 were of similar caliber and thicker than that of the MCV3; thus, we
named the veins as MCV 1, 2, and 3, going from the patient's right to the left.

When single, the MCV1 has the SMV as the dominant confluence site in 72.7%, somewhat higher than reported by Maki et al (62.5%) [6]. These
authors, however, show a much higher GTH confluence rate (29.3%) vs 12.7% implying a possibly different pattern of variations in different
populations [21]. The same can be said for the less common sites that include the IMV at 6% vs 4.8%, SV at 2.7% vs 2.7%, and a considerably
more frequent (10-fold) confluence rate to the JV in our series at 5.7% vs 0.6% [6, 22]. To our knowledge, a confluence on the LCAV at 0.3% has
not been described in the literature. Given that our reconstruction technique, the thickness of the CT slices, and the sample size align closely with
the study conducted by Maki et al, the significance of this comparison is greatly improved.

When compared to the MCV1, the deviation of the MCV2 termination from common anatomy seems to be more pronounced. Namely, the SMV
remains the most common confluence site; however, there is a notable decline to 45.7%, while the IMV rises to second place at 31.9%. The JV
follows with 9.6%, after that the SV with 6.4%, the LSMV with 3.2% and the LCAV confluence with 2.1%. Surprisingly, the rarest confluence of the
MCV2 was to the GTH, encountered in only one 3D reconstruction [23]. Another curiosity, not previously reported in the literature, is LSMV
confluence that was found in 3 cases in our series. Further analysis of cases involving the triple MCVs reveals an even higher variability in
confluence patterns. MCV3 were found in 3 cases, draining to the IMV (2 cases, 66.7%) and to a pseudo bifid LSMV branch (1 case, 33.3%), with
no SMV or GTH drainage noted [24, 25]. Multiple MCVs, thus, favor aberrant paths, emphasizing the anatomical complexity that surgeons face,
and showing an increased left-sided or atypical drainage in 20–50% of multi-vein cases [26]. Nevertheless, in all cases, all confluences were to
the veins of the portal circulation [27].

The narrow area of dissection within the pancreatic notch represents a challenge for the operating surgeon [28]. Bleeding can arise from
unforeseen locations, as indicated by the venous confluences (SMV, IMV, JV, LCAV, GTH) in case of MCV injury. Performing a lymphadenectomy
(in right colectomy) may represent a greater challenge when the MCV2 and/or MCV3 are present. A possible solution would be to ligate MCV1
and preserve MCV2/MCV3 when multiple MCVs are present. Hence, the lymphadenectomy would be carried out between the two vessels, namely
MCV1 and MCV2. This approach is supported through the trajectories of the above-mentioned vessels.

The remaining factor contributing to the variety of the MCV is its topographic relationship to the MCA trunk [29]. Due to the size of the superior
mesenteric vessels as well as the levels of the MCV confluences and the MCA origins, a substantial gap exists between these two structures
[30]. Thus, it is no surprise that “no topographic relation” is found in 67.0% of cases. However, clinical value can be assigned to the two remaining
variants (MCV or MCA lies anterior or posterior), which comprise 33.0%. Recognizing these variants before surgery could be crucial, as additional
caution is required when dissecting the vein first, since it is more susceptible to traction and accidental damage, as troublesome bleeding can
occur [31, 32, 33]. This variant occurs in 17.7% cases, while the posterior variant occurs in 15.3% and could be just as dangerous.

Intraoperative bleeding from the middle colic vein or its tributaries—specifically during the dissection (traction and countertraction) of the
gastrocolic trunk of Henle (GCTH) —is a recognized complication during laparoscopic right colectomy with complete mesocolic excision (CME)
[34], often stemming from vascular anatomy variations [35, 36, 37]. It is one of the more common sources of bleeding in this procedure,
alongside injury to the ileocolic artery stump or superior mesenteric vein [38, 39].
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The distances between the ICV-GTH, the ICA-MCA, and the number and caliber of JVs have previously been reported by our research group [13].
These distances (length and caliber), as well as the named structures, are anatomical landmarks that radiologist or any decidated specialist can
add in there reporting, thus facilitating the surgeon’s orientation when analyzing CTs [40].

The strength of this study lies in the robust sample size of high-quality CT scans (slice 0.67 mm) and in the experience of BVS in providing these
3D reconstructions. Furthermore, this technique of 3D reconstruction has been validated (NTM) at surgery [41]. A possible weakness is the fact
that traditionally small caliber vessels (such as the PDV) are not easily visualized with standard preoperative portovenous phase CT image.

Conclusion
Despite a consistent presence, the MCV anatomy is profoundly complex and unpredictable due to multiplicity, aberrant confluences, and
topographic relations to the MCA. A possible solution is the review of preoperative CT images with a 3D vascular anatomy reconstruction for
better intervascular visualization.
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Figure 1

Cases with single, double, and triple MCV. Osirix 3DCT reconstruction on the left and Multiplanar reconstruction - MPR on the right. a) MCV drain
into SMV; b) MCV1 drain into GTH and MCV2 drain into SMV; c) MCV1 and MCV2 into SMV, MCV3 into IMV. MCV - middle colic vein, SMV –
superior mesenteric vein, IMV – inferior mesenteric vein, MCA – middle colic artery, GTH – gastrocolic trunk Henle, JV – jejunal vein, ICV –
inferior colic vein, ICA – ileocolic artery, TIVT - terminal ileal venous trunk, RCA-right colic artery, SMA – superior mesenteric artery, LCAV – left
colic angle vein, SV – splenic vein, RCV – right colic vein, acc MCA – accessory middle colic artery.
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Figure 2

Osirix 3DCT reconstruction and picture at the open surgery: MCV 1,2 entering superior mesenteric vein. MCV - middle colic vein, IMV – inferior
mesenteric vein, SMV – superior mesenteric vein, MCA – middle colic artery, GTH – gastrocolic trunk Henle, JV – jejunal vein, ICV – inferior colic
vein, ICA – ileocolic artery.

Figure 3
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Materialise Mimics 3DCT reconstruction and picture at the robotic surgery: MCV 1,2 entering inferior mesenteric vein. MCV - middle colic vein,
IMV – inferior mesenteric vein, SMV – superior mesenteric vein, MCA – middle colic artery, GTH – gastrocolic trunk Henle, RCA-right colic artery,
RCV – right colic vein.

Figure 4

Cases with aberrant confluences. Osirix 3DCT reconstruction on the left and Multiplanar reconstruction - MPR on the right. a) MCV2 drain into SV;
b) MCV2 drain into JV; c) MCV2 drain into LSMV. MCV - middle colic vein, SMV – superior mesenteric vein, IMV – inferior mesenteric vein, lSMV-
left superior mesenteric vein, rSMV-right superior mesenteric vein, MCA – middle colic artery, GTH – gastrocolic trunk Henle, JV – jejunal vein,
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ICV – inferior colic vein, ICA – ileocolic artery, TIVT - terminal ileal venous trunk, RCA-right colic artery, RCV – right colic vein, RGOV – right
gastroomental vein, SV – splenic vein, acc MCA – accessory middle colic artery, PDV – pancreatico duodenal vein.

Figure 5

MCV Trajectories. Osirix 3DCT reconstruction on the left and Multiplanar reconstruction - MPR on the right. a) MCV1 drains side-by-side with the
GTH to the RSMV. MCV2 drains only 0.28 cm to the left of MCV1 base, also to the RSMV. MCV3 drains to the terminal portion of the LSMV. All
three MCVs are followed by MCA branches, which pass inferiorly, i.e., superficial to them; b) MCV1 drains into the SMV side-by-side with the GTH.
MCV2 drains into the terminal portion of the LCAV, just before it terminates in the proximity of the splenomesenteric junction. The MCV is
followed by the MCA left branch, which runs first on its deep (upper surface), then on its left-hand side. The MCV2 is directed to the right, entering
the drainage area of the MCV1 and GTH; c) MCV1 and MCV2 drain into the terminal portion of the LCAV, just before this vein itself terminates in
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the LSMV. MCV1 drains from below, and the MCV2 from above. However, both MCVs descend in front of the LSMV and the LCAV and
anastomose within the transverse mesocolon in the form of a precoce arcade. They are followed by the right branch of the MCA, while the left
MCA branch is concomitant to the LCAV. MCV - middle colic vein, SMA – superior mesenteric artery, SMV – superior mesenteric vein, IMV –
inferior mesenteric vein, lSMV-left superior mesenteric vein, rSMV-right superior mesenteric vein, MCA – middle colic artery, GTH – gastrocolic
trunk Henle, JV – jejunal vein, JA – jejunal artery, ICV – inferior colic vein, ICA – ileocolic artery, TIVT - terminal ileal venous trunk, RCA-right colic
artery, LCAV – left colic angle vein, SV – splenic vein.

Figure 6
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Topography of MCV. Osirix 3DCT reconstruction on the left and Multiplanar reconstruction - MPR on the right.  a) MCV and MCA were separate
and did not intersect; b) MCV in front of MCA; c) MCV and MCA were separate but close. Confluence of JV, MCV2, and IMV; d) MCA in front of
MCV. MCV - middle colic vein, IMV – inferior mesenteric vein, PDV – pancreatico duodenal vein, SV – splenic vein, MCA – middle colic artery,
GTH – gastrocolic trunk Henle, JV – jejunal vein, ICV – inferior colic vein, ICA – ileocolic artery, RCA-right colic artery, SMA – superior mesenteric
artery, SMV – superior mesenteric vein, JV – jejunal vein, acc MCA – accessory middle colic artery.
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