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Background: The superior mesenteric artery (SMA) has numerous branches and a high rate of anatomical
variation, making it challenging to manage during surgery. This study aimed to evaluate the clinical
utility of dual energy computed tomography (CT) three-dimensional (3D) reconstruction combined with
arteriovenous image fusion technology for assessing SMA variations. The goal is to aid in surgical planning
for laparoscopic radical resection of right colon cancer, using the SMA as the primary surgical approach.
Methods: We performed a retrospective analysis of clinical and imaging data from patients with right colon
cancer who underwent enhanced spectral CT of the abdomen and pelvis before surgery at Affiliated Hospital
of Nantong University from January 2020 to June 2024. Using post-processing techniques to reconstruct
SMA images, the study evaluated the SMA root position, measured the distance between the roots of the
right branches of the SMA, analyzed their relationship with patient gender and body mass index (BMI),
and summarized the types of right branches of the SMA. Additionally, the relationship between the middle
colic artery (MCA), right colic artery (RCA), ileocolic artery (ICA), and the superior mesenteric vein (SMV)
positions were analyzed in relation to patient clinical characteristics.

Results: The SMA root was mostly located at the L1 vertebral level (74.68%, 236/316), with a
vertebral range between T12-L2. The distance from the SMA root to the abdominal aorta (Dgysap) Was
115.97+11.82 mm, and this distance increased with higher BMI in males. Type I SMA (presence of RCA)
accounted for 39.87% (126/316), Type II (absence of RCA) accounted for 60.13% (190/316), with the
distance between the root of the MCA and the ICA (dyicaica) being longer in type II. 91.27% (115/126) of
the RCA was anterior to the SMV. When the RCA was posterior, the ICA was always posterior to the SMV.
The ICA was anterior to the SMV in about 50.63% (160/316) of cases, with a higher incidence in males and
those with a shorter dycaica-

Conclusions: Spectral CT 3D reconstruction and arteriovenous image fusion technology can accurately
assess the anatomical features of the SMA and the relationship between the right branch vessels and the
SMYV, helping to develop reasonable surgical plans for laparoscopic radical right hemicolectomy in patients

with right colon cancer using an “SMA-prioritized approach”.
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Introduction

The superior mesenteric artery (SMA) is the main blood
supply vessel for the third and fourth part of the duodenum,
jejunum, ileum, cecum, appendix, ascending colon, and the
right two-thirds of the transverse colon (1). Lesions within
the SMA lumen, such as embolism or thrombosis, and
morphological changes in the vessel wall, such as dissection,
aneurysm, mural thrombus, intramural hematoma, and
atherosclerotic plaque, can lead to abnormal blood flow,
causing intestinal ischemia and potentially leading to
irreversible serious symptoms like bowel necrosis (2,3).
Anatomical variations of the SMA, including branching
patterns, pathways, and relationships with the and the
superior mesenteric vein (SMV), also affect the surgical
resection of substantial or hollow organs involving the SMA
in the abdomen (4,5).

Laparoscopic radical right hemicolectomy for right
colon cancer (involving the cecum, ascending colon, hepatic
flexure, and right third of the transverse colon) requires a
high level of preoperative understanding of SMA anatomical
variations. This is due to the narrow field of view and
the loss of tactile feedback during laparoscopic surgery,
making it challenging to judge vascular branch variations
intraoperatively (6,7). Additionally, the principles of

Highlight box

Key findings

*  We optimized the display of the superior mesenteric artery using
dual energy computed tomography (CT) three-dimensional 3D)
reconstruction and arterial venous image fusion technology, and
further evaluated its anatomical variations in the clinical value of
laparoscopic right hemicolectomy for colon cancer.

What is known and what is new?

e Spectral CT can optimize the display of variations in the branches
of the superior mesenteric artery.

® The anatomical variations of the superior mesenteric artery
displayed by CT 3D reconstruction and image fusion technology
are helpful for clinicians to formulate individualized laparoscopic
right hemicolectomy plans.

What is the implication, and what should change now?

*  We used dual energy CT 3D reconstruction and arterial venous
image fusion technology to quickly and accurately evaluate the
anatomical characteristics of superior mesenteric artery (SMA)
and the relationship between the right branch blood vessels and
superior mesenteric vein, providing guidance for developing
personalized surgical plans with SMA as the priority approach for
patients with laparoscopic right colon cancer.
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complete mesocolic excision (CME) and maximizing lymph
node clearance currently emphasize an “SMA-prioritized
approach” for laparoscopic radical right hemicolectomy,
necessitating a more precise preoperative assessment of
SMA anatomical variations (8-13). Identifying the positions
of the ileocolic artery (ICA) roots can quickly help clinicians
locate key structures (10,12), and determining the SMA
branching pattern can assist surgeons in quickly ligating
branches, avoiding prolonged surgery time and inadvertent
ligation of vessels due to the absence of certain branches
(14-16). Moreover, postoperative persistent diarrhea is often
due to damage to the superior mesenteric artery plexus
(SMAP) during surgery, which typically resides within the
SMA perivascular sheath and surrounds the SMA and its
branches. Therefore, precise ligation of SMA branch vessels
can reduce the incidence of this complication.

Traditional computed tomography (CT) angiography
uses mixed energy X-ray to visualize small vascular
branches. However, beam hardening effects significantly
reduce image sharpness and contrast. Although increasing
the concentration of contrast agent can enhance image
quality, it imposes a great burden on patients and increases
the risk of adverse reactions.

With advancements in imaging technology, new CT
models and post-processing reconstruction techniques
have been developed to address these limitations. These
include dual detector spectral C'T, which captures high- and
low-energy X-ray photons through the bilateral detector
structure; dual source dual energy CT, which acquires data
simultaneously from A and B X-ray tubes and the same
anatomical level; and single source dual-energy CT, which
uses instantaneous tube voltage switching via a high-voltage
generator to achieve spectral imaging (17-19). Although
these spectral CT systems differ in their scanning methods,
they share the same principle: by exploiting differences in
X-ray attenuation at different energy levels, they enable
material separation and quantitative analysis. Based on this
principle, new post-processing technologies, such as virtual
non-contrasting imaging, iodine density mapping, and virtual
monoenergetic imaging, have been developed to optimize
image quality, assess material composition, and improve
diagnostic accuracy (20). Virtual monoenergetic imaging can
generate single-energy images at 40-200 kiloelectron volt
(keV). Low energy images enhance contrast and improve
visualization of small blood vessels while simultaneously
reducing image noise (20). Lai ez /. (21) found that 60 keV
virtual monoenergetic images provided superior visualization
of the SMA while allowing a reduction in contrast agent
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concentration and injection rate.

In addition, three-dimensional (3D) reconstruction
technology provides a more 3D display of abdominal organs
and blood vessel morphology, and image fusion technology
can combine vascular images from different phases. The use
of these 3D imaging techniques facilitates the preoperative
evaluation of abdominal vascular anatomical characteristics
(5,22,23).

Most current literature focuses on the branching
patterns of the SMA or explores the impact of specific SMA
anatomical features on related diseases. This study aims
to comprehensively investigate the clinical significance
of SMA branching patterns, root positions, distances
between branch roots, and the relationship between right
branch vessels and the SMV in laparoscopic radical right
hemicolectomy for right colon cancer using spectral CT
3D reconstruction and image fusion technology, providing
relevant references for clinicians in formulating rational
surgical plans. We present this article in accordance with
the STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-2025-167/rc).

Methods
Study subjects

A retrospective analysis was conducted of clinical and
imaging data from patients with pathologically confirmed
right colon cancer who underwent enhanced abdominal
and pelvic spectral CT before surgery at the Department of
Medical Imaging, Affiliated Hospital of Nantong University
from January 2020 to June 2024. This study was approved
by the Ethics Committee of Affiliated Hospital of Nantong
University (approval No. 2024-K132-01). The study was
conducted in accordance with the Declaration of Helsinki
and its subsequent amendments. As a retrospective study,
informed consent from patients was not required.

Inclusion criteria: (I) patients who underwent enhanced
spectral CT of the whole abdomen and pelvis before
surgery; (II) patients with complete clinical data.

Exclusion criteria: (I) cases where SMA anatomical
measurements were affected by embolism, intramural
hematoma, or severe atherosclerosis; (II) patients with
a history of abdominal surgery involving the SMA; (III)
patients with acute abdomen conditions such as bowel
obstruction or perforation requiring open surgery; (IV)
patients with spinal abnormalities or a history of lumbar disc
surgery; (V) cases where image quality was compromised by

© AME Publishing Company.
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significant ascites.

A total of 64 cases were excluded for various reasons:
28 cases due to embolism, intramural hematoma, or severe
atherosclerosis affecting SMA anatomical measurements;
14 cases requiring open surgery due to acute abdomen
conditions like bowel obstruction or perforation; 7 cases
with severe spinal abnormalities; 11 cases with a history
of abdominal intestinal surgery; and 4 cases where image
quality was affected by significant ascites. Ultimately,
316 patients were included in the study.

Scanning protocol and reconstruction methods

The scanning was performed using a Siemens dual-
energy CT scanner (Somatom Force, Siemens Healthcare,
Forchheim, Germany). Scanning protocol: Patients were
positioned supine with hands raised above the head,
scanning from the diaphragm to the symphysis pubis.
Scanning parameters: Tube voltage was 120 kV for the
A tube and Sn150 kV for the B tube, with tube currents
of 150 mAs for the A tube and 90 mAs for the B tube,
a linear fusion coefficient of 0.5, pitch of 1.0, rotation
speed of 0.5 seconds per rotation, and a slice thickness of
5 mm. Contrast agent: lopromide with a concentration of
370 mgl/mL was administered at a rate of 3.5 mL/s, with
a dose of approximately 70-90 mL, followed by about
20 mL of saline. Dual-phase scanning was performed,
with the arterial phase triggered at an aortic threshold of
110 Hounsfield units (HU) at the T'11 vertebra, followed by
a venous phase scan 40 seconds later.

Image post-processing

After scanning, the enhanced CT images of the whole
abdomen and pelvis in the arterial and venous phases were
transmitted to the Synovia post-processing workstation and
the IntelliSpace Portal workstation. Using post-processing
3D reconstruction techniques, axial images with a slice
thickness and interval of Imm were obtained for multi-
planar reconstruction (MPR), thin-slice maximum intensity
projection (thin-MIP), and curved planar reformation
(CPR) images. The SMA and SMV were reconstructed
using thin-MIP in an oblique sagittal plane (parallel to the
SMA long axis, slice thickness of 10 mm, interval of 3 mm),
and the lengths between the roots of SMA branches were
measured using CPR images. 3D images of the SMA were
obtained using volume rendering (VR) reconstruction,
retaining the lumbar spine. The SMA and SMV were
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CA root
SMA root

Dsma-ag

Figure 1 Fusion image of celiac blood vessels and spine. Using
volume rendering technology to determine the vertebral level
of the SMA root and to measure Dcy gua, Dsyaina, and Dayaap-
Deasua: the vertical distance from the root of the CA to the root
of the SMA. Dgyua: the vertical distance from the root of the
SMA to the root of the IMA. Dgya.ap: the distance from the root
of the SMA to the AB. AA, abdominal aorta; AB, bifurcation of
the abdominal aorta; CA, celiac artery; IMA, inferior mesenteric

artery; SMA, superior mesenteric artery.

fused into a single image using arteriovenous image fusion
techniques.

Measurement methods

"Two radiologists with 3 and 5 years of abdominal imaging
experience respectively reviewed the images together. On
the VR images, they measured the vertical distance from
the root of the SMA to the root of the celiac artery (CA)
(Deaswa), the vertical distance from the root of the SMA to
the root of the inferior mesenteric artery (IMA) (Dgyiann)s
and the distance from the root of the SMA to the abdominal
aorta bifurcation (AB) (Dgya.ap), as shown in Figure 1. On
the CPR images, they measured the distance from the root
of the SMA to the root of the middle colic artery (MCA)
(dsyianca), the distance from the root of the SMA to the
root of the ICA (dgyaics), and the distance from the root
of the MCA to the root of the ICA (dyicaics), as shown in
Figure 2. Each measurement was repeated three times, and
the average value was taken.

© AME Publishing Company.
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Figure 2 Distance measurement image of the right branch root of
the SMA. Green marker: root of the SMA; yellow marker: root of
the MCA; red marker: root of the ICA. dgy, yca: distance from the
root of the SMA to the root of the MCA. dgyaca: distance from
the root of the SMA to the root of the ICA. dycaca: distance from
the root of the MCA to the root of the ICA. ICA, ileocolic artery;
MCA, middle colic artery; SMA, superior mesenteric artery.

When determining the branching pattern of the SMA on
VR and thin-MIP images, due to significant variations in
SMA branches, this study primarily identified the branching
pattern of vessels supplying the right half of the colon
(MCA, RCA, ICA). The positional relationship between the
right branch vessels of the SMA and the SMV was assessed
on thin-layer arterial and venous axial images and arterial-

venous fusion images.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 software.
Quantitative data between two groups were compared using
independent samples 7-tests. Multiple group comparisons
utilized one-way analysis of variance (ANOVA), with
Tukey’s post hoc test for pairwise comparisons. Categorical
count data between two groups were analyzed using the
Pearson’s Chi-squared test. The relationship between ICA
and SMV anatomical pathways with clinical characteristics
was assessed using single-factor analysis. Multiple logistic
regression analyzed gender, dsya1ca, dacatca, and their
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Table 1 Baseline clinical characteristics

Group Values (N=316)
Age (years) 59.53+10.46
Gender

Male 187 (59.18)

Female 129 (40.82)
Height (cm) 166.22+7.27
Weight (kg) 66.37+11.22
BMI (kg/m?) 23.97+3.42
Tumor location

Cecum 31 (9.81)

Ascending colon 181 (57.28)

Hepatic flexure 45 (14.24)

Transverse colon (right third) 59 (18.67)

Data are presented as n (%) or x+s. BMI, body mass index.

positions. Statistical significance was set at P<0.05 for all
tests, indicating significant differences.

Results
Clinical data results

A total of 380 patients were included in this study, and
316 patients were finally included according to the inclusion
and exclusion criteria (187 males, age range 34 to 84 years,
mean age 60.07+10.01 years; 129 females, age range 33
to 84 years, mean age 58.74=11.07 years). See Table 1 for
details.

Relationship between SMA root position and clinical
characteristics

Relationship between SMA root position and vertebral

level

In this study of 316 cases, the analysis revealed the
following distribution of SMA root origins in relation
to vertebral levels: SMA originated at the level of T12
vertebra in 21 cases, accounting for approximately 6.65%.
SMA originated at the level of T12/L1 intervertebral disc
in 29 cases, approximately 9.18%. SMA originated at the
level of L1 vertebra in 236 cases, the highest proportion at
approximately 74.68%. SMA originated at the level of L2/
L1 intervertebral disc in 24 cases, approximately 7.59%.

© AME Publishing Company.
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IMA originated at the level of L2 vertebra in 6 cases, the
lowest proportion at 1.90%, and at the lowest vertebral
level.

The vertical distances from the SMA root to the celiac
artery (CA) root (D¢, gus) were measured at 18.67+4.36 mm.
Among these, 2 cases were identified where the CA and SMA
shared a common trunk originating from the abdominal
aorta. The vertical distance from the SMA root to the IMA
root (Dgyama) Was 73.26+10.01 mm, and the distance from
the SMA root to the AB (Dgya.ap) Was 115.97+11.82 mm.
Further analysis of the relationship between the SMA root
position and vertebral level in the 316 cases revealed no
statistically significant differences in Dey gy, Doy, and
Dgyiaap distances (P>0.05).

Relationship between SMA root position, branch root
distances, and patient clinical characteristics

In this study, the distances measured were: SMA root to
MCA root (dsyamca): 62.70£12.10 mm; SMA root to ICA
root (dgyaica): 87.82+13.85 mm; MCA root to ICA root
(dycascy): 25.1210.59 mm.

Additionally, we assessed the relationship between
SMA root position, branch root distances, and patient
characteristics (Table 2). Patients were categorized into
four groups based on gender and BMI levels, revealing that
males with higher BMI had a significantly greater distance
in Dyaag (F=4.961, P=0.002).

Branching patterns of SMA

In this study, the presence rates were 100% for MCA and
ICA. RCA exhibited higher variability, present in only
126 cases, accounting for approximately 39.87%. Based
on the classification by Yada et 4. [1997] (24) concerning
the right branch of the SMA, this study categorized SMAs
with and without RCA. SMAs with RCA were classified as
Type 1, further divided into three subtypes: Type Ia SMA
(independent origins of MCA, RCA, and ICA) with 99
cases, approximately 31.33%; Type Ib SMA (shared origin
of RCA and MCA) with 16 cases, approximately 5.06%;
Type Ic SMA (shared origin of RCA and ICA) with 11 cases,
approximately 3.48%. SMAs lacking RCA were categorized
as Type II SMA, comprising 190 cases, approximately
60.13% (Figure 3).

Further analysis of SMA types and their relationship
with dgyames, dsvatca, and dycagca distances revealed the
following findings: There were no statistically significant
differences in dgyamca and dgyaca among the four
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Table 2 Relationship between SMA root position, distances between branch roots, and patient characteristics (mm, x = s)

Male Female
Distance F value P value
BMI <25 kg/m® BMI >25 kg/m?® BMI <25 kg/m? BMI >25 kg/m?
Dca-sva 18.47+4.99 19.47+4.22 19.01+3.39 17.30+4.15 2.449 0.06
Dsma-iva 72.97+8.55 75.40+£12.78 71.75+£9.75 73.80+9.26 1.748 0.16
Dsua-as 116.00£10.10 120.43+14.54 113.47+£11.91 114.07+9.75 4.961 0.002
dsmameca 12.36+1.12 11.89+1.46 11.76+1.27 12.26+1.87 1.179 0.32
dsmadica 87.00+14.54 90.18+15.03 87.20+12.99 87.75+11.52 0.835 0.48
ducaica 10.75+0.98 11.88+1.46 9.18+0.99 10.49+1.60 1.487 0.22

Dca-swa: the vertical distance from the root of the CA to the root of the SMA. Dgyawa: the vertical distance from the root of the SMA to the
root of the IMA. Dgyaas: the distance from the root of the SMA to the AB. dguamca: distance from the root of the SMA to the root of the
MCA. dgua.ica: distance from the root of the SMA to the root of the ICA. dyca.ca: distance from the root of the MCA to the root of the ICA.
AB, bifurcation of the abdominal aorta; BMI, body mass index; CA, celiac artery; ICA, ileocolic artery; IMA, inferior mesenteric artery; MCA,

middle colic artery; SMA, superior mesenteric artery.

SMA

Figure 3 Volume rendering image of the SMA. Types of right branches of the SMA. (A) Type Ia. (B) Type Ib. (C) Type Ic. (D) Type II. ICA,
ileocolic artery; MCA, middle colic artery; RCA, right colic artery; SMA, superior mesenteric artery.

© AME Publishing Company.
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Table 3 Relationship between different SMA types and distances between main trunk roots and branch roots (mm, x = s)

Type | SMA
Distance Type Il SMA F value P value
Type la SMA Type Ib SMA Type Ic SMA
dsmamca 62.45+11.00 64.25+15.42 65.18+10.90 62.56+12.47 0.262 0.85
dsmadica 90.05+14.68 89.46+11.65 85.87+8.60 86.64+13.74 1.469 0.22
ducaqca 27.60+11.67 25.23+8.81 20.69+7.38 24.08+10.10 3.117 0.03

dsuamca: distance from the root of the SMA to the root of the MCA. dgya.ca: distance from the root of the SMA to the root of the ICA. dycaica:
distance from the root of the MCA to the root of the ICA. ICA, ileocolic artery; MCA, middle colic artery; SMA, superior mesenteric artery.

Table 4 Relationship between Type I and Type II SMA branch root distances (mm, x = )

Distance Type | SMA Type Il SMA t value P value

26.69+11.16 24.08+10.10 -2.159 0.032

dMCA»ICA

dycaica: distance from the root of the MCA to the root of the ICA. ICA, ileocolic artery; MCA, middle colic artery; SMA, superior mesenteric

artery.

SMA types. However, there was a statistically significant
difference in dycaica (F=3.117, P=0.03). The distances for
dacatca in Types Ia, Ib, Ic, and II SMA were 27.60£11.67,
25.23+8.81, 20.69+7.38, and 24.08+10.10 mm, respectively.
Subsequently, after combining the three subtypes into Type
I SMA, the dycagca distance was 26.69+11.16 mm, which
was longer than the 24.08+10.10 mm observed in Type II
SMA (t=-2.159, P=0.03) (Tables 3,4).

Relationship between MCA, RCA, ICA, and SMV
pathways

Among the 316 cases included in this study, five distinct
pathways were identified and categorized as follows
(Figure 4): Type Al: MCA, RCA, and ICA running anterior
to SMV, totaling 65 cases, approximately 20.57%. Type
A2: MCA and RCA running anterior to SMV, while ICA
runs posterior to SMV, totaling 50 cases, approximately
accounting for 15.83%. Type A3: MCA runs anterior to
SMYV, while RCA and ICA run posterior to SMV, totaling
11 cases, approximately 3.48%. Type Bl: RCA absent,
MCA and ICA running anterior to SMV, totaling 95 cases,
approximately 30.06%. Type B2: RCA absent, MCA runs
anterior to SMV, while ICA runs posterior to SMV, totaling
95 cases, approximately accounting for 30.06%.

Among these cases, MCA running anterior to SMV
accounted for 100%. When RCA was present, it ran
anterior to SMV in approximately 91.27% (115/126)
of cases. ICA running anterior to SMV accounted for

© AME Publishing Company.

approximately 50.63% (160/316). In cases where RCA ran
posterior to SMV, no instances of ICA running anterior to
SMYV were observed.

We further evaluated the relationship between ICA
pathway and SMV, as well as clinical characteristics of the
study subjects (Tables 5,6). It was found that ICA running
anterior to SMV was significantly associated with male
gender, shorter distances of dgy ey and dycaica @y values
were 9.293, ~2.326, ~3.191; P values were 0.002, 0.02, 0.002
respectively). However, ICA pathway (anterior or posterior
to SMV) showed no significant correlation with age, height,
weight, body mass index (BMI), Deasaas Doy, Dsyvaas
dsyancas or the presence of RCA (P>0.05) (Table 5).

Based on the above analysis, gender, dgyxics, and dycarca
were included to construct a multiple logistic regression
model. The results indicated that gender and dycyicy Were
independent influencing factors for the different positions
of ICA running anterior or posterior to SMV [odds ratio
(OR) =0.499, 95% confidence interval (CI): 0.314-0.794,
P=0.003 for gender; OR =1.027, 95% CI: 1.001-1.005,
P=0.042 for dyicaical (Table 6).

Discussion

Hohenberger et al. (25) established the theoretical basis
and operational standards for CME in radical surgery
for right-sided colon cancer. The core principle involves
sharp dissection between the visceral and parietal layers of
the peritoneum, complete excision of the mesocolic roots
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SMV

\ / SMA

MCA—»

] <

Figure 4 Fusion image of the SMA and SMV. Relationship between the right branch vessels of the SMA and the SMV. (A) Type Al. (B)
Type A2. (C) Type A3. (D) Type Bl. (E) Type B2. ICA, ileocolic artery; MCA, middle colic artery; RCA, right colic artery; SMA, superior

mesenteric artery; SMV, superior mesenteric vein.

and anterior and posterior fasciae, high ligation of blood
vessels, and thorough clearance of regional lymph nodes
(including lymph nodes at the roots of the MCA, RCA, and
ICA). However, current guidelines such as those from the
National Comprehensive Cancer Network (NCCN) (26),
the European Society for Medical Oncology (ESMO) (27),
the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) (28), and the Chinese Guidelines for Diagnosis
and Treatment of Colorectal Cancer (2023 edition) (29)
do not provide explicit instructions regarding the medial
margin of lymph node clearance in radical surgery for right-
sided colon cancer. The choice of medial margin affects
the thoroughness of regional lymph node clearance and
subsequently impacts patient prognosis.

Currently, the majority of scholars (30) consider the
left margin of the SMV as the medial margin for lymph
node clearance in radical surgery for right-sided colon
cancer. This approach partly achieves mesocolic excision
and regional lymph node clearance. However, according
to the principles of CME, mesocolic excision must extend
to the root of the SMA, and central lymph nodes also

© AME Publishing Company.

exist anterior to the SMA, which cannot be achieved with
standard SMV-based lymph node clearance alone. As a
result, some scholars (10,12) have shifted focus from the
SMV to the SMA, adopting an “SMA-first” approach for
radical resection of right-sided colon cancer. This approach
involves using the midline or left margin of the SMA as the
medial margin for lymph node clearance. However, due to
significant anatomical variations in the right-sided branches
of the SMA and their deep position relative to adjacent
mesocolon and vessels, determining the precise location
of the SMA, analyzing the anatomical characteristics of its
branches, and accurately ligating vessels during laparoscopic
procedures pose significant challenges for colorectal
surgeons. Therefore, preoperative use of 3D imaging
reconstruction techniques to understand the anatomical
features of the SMA and the course of its branches relative
to the SMV is of paramount importance.

"To quickly and accurately locate the SMA as the initial
step in radical surgery for right-sided colon cancer, some
surgical techniques (12) involve a “caudal approach” to
dissect the mesentery towards the ileocecal area and identify
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Table 5 Relationship between ICA pathway and SMV with clinical characteristics

Group ICA pathway posterior to SMV ICA pathway anterior to SMV t/* value P value
Gender 9.293 0.002

Male 108 (67.5) 79 (50.6)

Female 52 (32.5) 77 (49.4)
Age (years) 60.60+9.80 58.44+11.03 1.845 0.07
Height (cm) 166.39+7.29 166.04+7.26 0.426 0.67
Weight (kg) 66.59+11.06 66.14+11.41 0.354 0.72
BMI (kg/m?) 23.97+3.17 23.96+3.66 0.034 0.97
Dca.sma (Mm) 18.40+4.79 18.94+3.86 -1.092 0.28
Dsyama (MmM) 73.42+9.54 73.09+10.59 0.289 0.77
Dsuaag (MM) 115.87+11.41 116.08+12.27 -0.157 0.88
devamoa (MM) 62.87+12.91 62.69+11.95 0.133 0.89
dgpaica (MM) 86.05+13.97 89.65+13.53 -2.326 0.02
ducaqca (MM) 23.17+11.03 26.96+9.99 -3.191 0.002
RCA presence (case) 0.398 0.82

Type | 65 (40.6) 61 (39.1)

Type Il 95 (59.4) 95 (60.9)

Data are presented as n (%) or x + . Deasua: the vertical distance from the root of the CA to the root of the SMA. Dgyama: the vertical
distance from the root of the SMA to the root of the IMA. Dgyaas: the distance from the root of the SMA to the AB. dgya.vca: distance from
the root of the SMA to the root of the MCA. dgya.ca: distance from the root of the SMA to the root of the ICA. dyca.ca: distance from the
root of the MCA to the root of the ICA. AB, bifurcation of the abdominal aorta; BMI, body mass index; CA, celiac artery; ICA, ileocolic
artery; IMA, inferior mesenteric artery; MCA, middle colic artery; RCA, right colic artery; SMA, superior mesenteric artery; SMV, superior

mesenteric vein.

Table 6 Correlation between ICA pathway and SMV with multifactorial clinical characteristics

Group B value SE value Wald value OR value 95% ClI P value
Gender -0.685 0.237 8.599 0.499 0.314-0.794 0.003
dsmaica 0.010 0.010 0.943 1.010 0.990-1.030 0.33
dwycaca 0.027 0.774 4.139 1.027 1.001-1.005 0.042

dswa.ca: distance from the root of the SMA to the root of the ICA. dycaica: distance from the root of the MCA to the root of the ICA. ClI,
confidence interval; ICA, ileocolic artery; MCA, middle colic artery; OR, odds ratio; SE, standard error; SMA, superior mesenteric artery;

SMYV, superior mesenteric vein.

the ICA to determine the SMA’s position. However, this
method has inherent localization inaccuracies. Conversely,
starting from the cranial end to identify anatomical
landmarks and using a bilateral approach from both ends
can enhance the accuracy of SMA localization. This study
found that in the majority of cases (74.68%), the SMA
root is located at the level of the L1 vertebra, between the
T12 and L2 vertebrae. Specific measurements showed

© AME Publishing Company.

that the average distance from the SMA root to the
SMV was 18.67+4.36 mm, to the IMA root was 73.26=
10.01 mm, and to the AB was 115.97+11.82 mm. These
measurements are largely consistent with previous studies
(15,31,32) (18.40+4.30, 72.9629.75, 109.40+0.96 mm
respectively).

Further analysis of these distances in relation to vertebral
levels, gender, and BMI revealed that D¢y gya Dsmaivas
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and Dgy s did not show statistically significant differences
(P>0.05). However, distances from the SMA root to the
AB were longer in males and individuals with higher
BMI. These measurements assist surgeons in preoperative
planning by determining the vertebral level of the SMA
root and measuring Dgy, g for accurate SMA cranial end
localization. Additionally, this study measured the average
distance of dycyica s 25.12+10.59 mm, which closely aligns
with other studies [e.g., Grytsenko et /. (8) reported an
average of 29.5+15.7 mm]. Further analysis of different
types of SMA right-side branches and their relationship
with dycaica showed that the distance in Type I SMA
(with RCA present) was longer (26.69+11.16 mm) than
in Type II SMA (RCA absent) (24.08+10.10 mm). These
measurements facilitate surgeons in estimating distances
and time required for effectively handling vessels and
clearing lymph nodes during ICA upward processing.

After determining the position of SMA, vascular ligation
along with regional lymph node dissection is performed
upwards along the ICA. Preoperative familiarity with the
patterns of SMA right-side branches is crucial to avoid
prolonged surgical time due to the absence of specific
vessels (8,13,15). This study categorized SMA right-side
branches based on the presence or absence of the right colic
artery (RCA), which has a higher variability and significant
impact on right-sided colon surgeries. The SMA Type I
with RCA present accounted for only 39.87%, while Type
IT without RCA accounted for 60.13%, aligning closely
with Murono et 4l.’s findings (33) (33.4%, 66.6%). We
further subdivided Type I into three subtypes: Type Ia SMA
was the most prevalent at 31.33%, followed by Type Ib at
approximately 5.06%, and Type Ic at about 3.48%. Previous
literatures (15,34,35) have reported additional subtypes,
including variations such as accessory MCA arising from
Type Ia or Ic, the origin of left and right branches of
the MCA from the SMA trunk, and the left colic artery
arising from the MCA. A study (35) also includes the
inferior pancreaticoduodenal artery originating from the
SMA in their branch pattern evaluations, which were not
mentioned in this study. This omission is partly due to the
minor impact of variations in vessels such as the inferior
pancreaticoduodenal artery supplying pancreatic blood flow
or the left colic artery supplying the left half of the colon
on the “SMA-first approach” for radical right-sided colon
cancer surgery. Furthermore, some smaller branch vessels
are difficult to display in CT 3D reconstructions.

In “SMA-first” approach surgeries, the SMA often runs
behind the SMV, posing significant challenges during

© AME Publishing Company.

Chen et al. The value of anatomy of the SMA

dissection. Preoperative understanding of the course of SMA
right-side branches relative to the SMV can provide crucial
information to surgeons, helping to prevent inadvertent
vascular injury and intraoperative bleeding (10,12). This
study found that all MCAs run exclusively on the ventral
side of the SMV, while only 8.27% of RCAs run on the
dorsal side of the SMV. In cases where RCA runs dorsally,
the inferior colic artery (ICA) consistently runs dorsally as
well, corroborating findings from Murono ez 4/. (33) and
Nigah ez al. (15). Furthermore, this study identified gender
and the distance between the MCA and the inferior colic
artery (dycaaca) as independent factors influencing the
location of ICA running along the SMV. In males and those
with shorter dycagca distances, there is a higher incidence
of ICA running ventrally along the SMV. Preoperative
knowledge of the relationship between SMA right-side
branches and the SMV facilitates precise vascular ligation
by surgeons.

There are several limitations in this study: (I) it did not
compare the anatomical characteristics of the SMA depicted
in 3D reconstructions with the actual intraoperative
findings to validate the accuracy of CT 3D reconstruction
technology; (II) it did not further analyze the patterns
of SMA right-side branches and their relationship with
SMV course, which could have specific implications for
intraoperative and postoperative outcomes in patients
with right-sided colon cancer. Future work: we plan
to integrate artificial intelligence (AI) technology with
imaging techniques to better study anatomical variations
of the SMA. Building on previous work using Al for semi-
automatic quantitative grading of SMA, we aim to apply
this technology in clinical practice to assist surgeons during
operations and ultimately improve patient outcomes.

Conclusions

The above analysis indicates that spectral CT 3D
reconstruction and fusion imaging of arterial and venous
maps can rapidly and accurately assess the position of
the SMA root, the vascular pattern of its right branches,
the distances between various branch roots, and their
relationship with the SMV. This helps in devising a rational
surgical approach, prioritizing the SMA, for laparoscopic
surgery in patients with right-sided colon cancer.
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