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Background: The course, the origin of the branch, and the division of the aorta may
vary and the aortic bifurcation level and branching can be determined by arteriogram,
magnetic resonance imaging, computed tomography (CT) scan, and cadaveric dissection.
Aims and Objectives: This study aimed to find the variation in aortic bifurcation levels in
cervical malignancy patients who underwent radiotherapy. Materials and Methods: Between
January 2018 and December 2022 previously untreated, histologically proven squamous cell
carcinoma of the cervix patients who received radiotherapy in our department were selected
for this retrospective analysis. A planning contrast-enhanced CT scan with a 3 mm slice
thickness was done in a CT simulator to delineate the target volume and aorta, common iliac
vessels in all patients. Results: 407 cervical carcinoma patients who received radiotherapy
in Linear Accelerator (LINAC) were included in this analysis. The aortic bifurcation is most
commonly situated at the level of the L3-L4 intervertebral disc in 290 (71.25%) cases with
a range between the upper L3 body and the lower L5 body. The common iliac bifurcation
was situated at the level of L5-S1 in 338 cases (83.04%) and S1 vertebral body in 63 cases
(15.47%). The average length of the left common iliac artery was 4.58 cm and the right
common iliac artery was 4.44 cm. The diameter of the aorta at the level of just before
the bifurcation is 1.39 cm. The average diameter of the left common iliac artery and right
common iliac artery were 1.21 cm and 1.13 cm, respectively. The right and left take-off
angles (oR, al) are 25.58° and 23.78°, respectively. Conclusion: The knowledge regarding
the anatomic variation of branching and bifurcation of the aorta of utmost importance for
surgical procedures, interventional radiology procedures, and proper radiotherapy treatment
planning. Acknowledging these anatomic variations may also reduce complications.
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INTRODUCTION

The anatomical description of abdominopelvic great
vessels is well known to medical practitioners and easily
available in any anatomy textbook.! The abdominal aorta
descends in front of the lumber vertebra and divides into
two common iliac arteries in front of the 4® lumber vertebra
or front of the I.4-L5 intervertebral disc.! The course, the

branch’s origin, and the aorta’s division may vary. The
aortic bifurcation level and branching can be determined
by arteriogram, magnetic resonance imaging, computed
tomography (CT) scan, and cadaveric dissection.” Different
degrees of pathological involvement between right and
left iliac arteries in symptomatic arterio-occlusive disease
were reported in the literature way back in 1976.° In one
study by Kaushal et al., from north India, the bifurcation
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of abdominal aorta was situated at the 1.3—L4 level in the
majority of patients.* In another study, bifurcation was
found at the L3/1.4 vertebral bodies in 13% of patients
and at the level of the L4 vertebral body in 67% of
patients.” Data regarding geometric dimensions are spatse
in the literature. The knowledge regarding the anatomic
variation of branching and bifurcation of the aorta of
utmost importance for surgical procedures, interventional
radiology procedures, and proper radiotherapy treatment
planning.

Aims and objectives

This study was intended to explore the variation in
aortic and common iliac arterial bifurcation levels and
geometry in cervical malignancy patients who received
pelvic external beam radiotherapy (EBRT) as standard
treatment.

MATERIALS AND METHODS

Between January 2018 and December 2022 previously
untreated, histologically proven carcinoma of the cervix
who received radiotherapy in our department were selected
for this retrospective analysis. Inclusion criteria were (1) age
> 20 years and not more than 70 years, (2) histological proof
of malignancy, and (3) Stage I-IVA. The exclusion criteria
were (1) age >70 years and < 20 years and (2) previously
treated with any radiation or chemotherapy. All patients
were immobilized in the supine position, hands placed
over the chest; a contrast-enhanced CT scan with a 3 mm
slice thickness was done in a CT simulator to delineate the
target volume and aorta, common iliac artery. We have used
the Treatment Planning System inbuilt caliper and scale in
centimeter. The parameters studied were as follows: (a)
the level of bifurcation of the aorta and common iliac
artery, (b) the length of both common iliac arteries, (c)
the take-off angle of right and left common iliac arteries
at the level of bifurcation, (d) diameter of the aorta just
proximal to the bifurcation, () diameter of common iliac
artery just distal to the bifurcation, and (f) the angle between
aortic longitudinal central line axis and the plane formed
by both common iliac arteries. The technique to ascertain
the geometric parameter is illustrated in Figures 1-5.

Data collection and analysis

From January 2018 to December 2022, according to
inclusion and exclusions criteria, as mentioned eatlier, 407
histologically proven cervical cancer patients were included
in this retrospective analysis. The level of aortic bifurcation,
common iliac bifurcation, and vascular anomalies wete
studied. All the collected data were recorded on an Excel
sheet and analyzed on the Statistical Package for the Social
Sciences version 20.
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Figure 1: Anatomical geometry of aortic-common bifurcation;
aR-take-off angle of the right common iliac artery at the bifurcation,
the al-take-off angle of the left common iliac artery at the bifurcation.
LL: Length of left Cl, RL: Length of right Cl artery
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Figure 2: Section of aortic-common iliac bifurcation through the mid-
sagittal plane. 6 = The angle between the aortic longitudinal central
line axis and the plane formed by both iliac arteries

RESULTS

A total of 407 cervical carcinoma patients who received
radiotherapy in LINAC were included in this retrospective
analysis. The aortic bifurcation is most commonly situated
at the level of the L3-1.4 intervertebral disc in 290 (71.25%)
patients with a range between the upper L3 body and the
lower L5 body. In 71 (17.44 %) cases, bifurcation was
seen in L4-L5 intervertebral disc and in 38 cases (9.33%)
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Figure 3: The diameter aorta just proximal to the bifurcation

Figure 5: The take-off angle of the right common iliac artery at the
bifurcation («R) and the take-off angle of the left common iliac artery
at the bifurcation (oL)

L4 vertebral body. The least common site of bifurcation
was the upper L5 vertebral body in 8 cases (1.96%). The
common iliac bifurcation was seen at the level of 1.5-S1
in 338 cases (83.04%) and S1 vertebral body in 63 cases
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(15.47%). The least common level was L5 vertebral body
6 (1.47%). The bifurcation level of the abdominal aorta and
the common iliac artery are summarized in Tables 1 and 2,
respectively.

The average length of the left common iliac artery was
4.58 ¢cm and the right common iliac artery was 4.44 cm.
The diameter of the aorta at the level just before the
bifurcation is 1.39 cm. The average diameter of the left
common iliac artery and right common iliac artery was
1.21cmand 1.13 cm, respectively. The right and left take-off
angles (OR, L) are 25.58° and 23.78°, respectively. The
Bulkier disease (=4 cm), gross external iliac, and internal
iliac nodes were present in 219 (53%), 36 (8.84%), and
9 (2.21%) cases, respectively.

DISCUSSION

Squamous cell carcinoma cervix is one of the leading
causes of death among women, worldwide, especially in
developing countries. According to the GLOBOCAN 2020,
the total number of cases of cervical cancer worldwide was
6,04,127, among which India contributed 1,23,907 cases.®”’
The treatment of carcinoma cervix mainly depends
upon its stage. Treatment of carcinoma cervix is mainly
dependent on radiation therapy, in the form of the external
beam radiotherapy (EBRT), and brachytherapy.® The pelvic
nodes are distributed surrounding the common iliac,
external iliac, internal iliac, arteries, and veins and divided
into common iliac, external iliac, internal iliac, circumflex
iliac, obturator nodal, and presacral nodal group."” Two-D
planning using an X-ray simulator based on a bony
landmark and L4-L5 intervertebral space is the superior
border of the radiotherapy portal in case of carcinoma
cervix to cover common iliac nodes. In comparison to
3-D conformal radiotherapy, 2-D radiotherapy planning
is a simpler and non-inferior treatment of the carcinoma
cervix. However, the inappropriate portal size and design
may lead to subtherapeutic dose to target volume which
ultimately increases the chances of failure."” Forget about
the 4-D CT simulator, even today many oncology centers
in developing countries do not have an X-ray simulator,
and radiotherapy 2-D (dimensional) planning is solely based
on bony landmarks.

There are two types of variation: first is structural
and second is locational.>'" Aortoiliac anomalies are
rarely reported in the literature and are usually detected
during investigation for other medical conditions.
Aortic bifurcation was as low as the level S2 vertebrae
level has been reported in the literature and associated
with other anomalies like an ectopic kidney."” In one
study by Pirré et al., the bifurcation of the aorta was
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Level n (%)
L3-L4 intervertebral disc 290 (71.25)
L4-L5 intervertebral disc 71 (17.44)
L4 vertebral body 38 (9.33)
Upper L5 vertebral body 8 (1.96)

Level n (%)
L5-S1 intervertebral disc 338 cases (83.04)
S1 vertebral body 63 cases (15.47)
L5 vertebral body 6 (1.47)

situated between the .3 and S1 vertebral level, and in
50% of patients, the bifurcation was at the level of the
L5 vertebra.” Another study by Lee et al., found that
only 4% of patients’ bifurcation occurs at the L4-L5
intervertebral disc space level and 10% of patients at
the L3—-L4 intervertebral disc level. In 45% and 38% of
patients, bifurcation occurs upper and lower half of the
L4 vertebral body, respectively.'* One study of aortic
common iliac bifurcation on cadaveric specimens from
India by Deswal et al., reported that aortic bifurcation
was seen in between the L3 and L5 vertebral body. In
64% of cadaveric specimens, bifurcation occurs at the
level L4 vertebrae."” In our study, the aortic bifurcation
was most commonly situated at the level of the L3-L4
intervertebral disc 290 (71.25%) with a range between
the upper L3 body and the lower L5 body. In 64% of
cadaveric specimens, bifurcation occurs at the level
L4 vertebrae.”® In our study, the aortic bifurcation is
most commonly situated at the level of the L3-14
intervertebral disc 290 (71.25%) with a range between
the upper L3 body and the lower L5 body.

One retrospective analysis on 3-D CT angiographic anatomy
of great vessels by Inamasu et al., reported that around
55% of patients had artic bifurcation at the 1.4 vertebra
and in 23% of patients at the level L4-L5 disc. The author
concluded that data obtained from 2-D, and 3-D studies can
serve as a versatile evaluation of aortoiliac anatomy and can
facilitate surgical, interventional radiological procedures,
and perioperative vascular complications."

One retrospective analysis from Chandigarh, north India
by Rai et al,, reported that almost 71% of patients’ aortic
bifurcation was above L4—L5 intervertebral disc level. The
author also reported that nodal failure occurs between
Aortic bifurcation and L4-L5 level (i.e., above the upper
border radiation portal.'” Beadle et al., also concluded that
in the case of cervical carcinoma after radiotherapy, the
majority of recurrence occurs above the upper border of
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the radiation portal."® As previously stated, X-ray and CT
simulators may not be available in the resource-constrained
center, and conventional two-dimensional radiotherapy
planning is solely based on bone landmarks and surface
anatomy."’

Depending on the stage of the disease, EBRT is used
to treat gross primary and nodal diseases including the
cervix, uterus, vagina, parametria, uterosacral ligaments
pelvic nodes, common iliac, and para-aortic lymph nodes.
If there are nodes in surgical staging, or radiological
imaging (node negative), the radiation volume should
include, external iliac, internal Iliac, obturator nodal,
and presacral nodal groups. For the patients with a
higher risk of lymph node involvement, i.e., bulkier
disease, suspected or confirmed node confined to the
low true pelvis, the radiation treatment volume should
be extended to cover the common iliac nodes, i.e., up
to bifurcation of the aorta. Similarly, extended-field
pelvic and para-aortic radiotherapy is recommended in
patients with documented common iliac nodes and para-
aortic nodal disease,” and if we want to cover the area
of aortic bifurcation, the radiation field should extend
above the L4 vertebral body. In our study, bulkier disease
(24 cm), gross external iliac, and internal iliac nodes
were present in 219 (53%), 36 (8.84%), and 9 (2.21%)
cases, respectively. If we placed the upper border of
the radiation portal at the L4—L5 junction, we may have
missed the upper common nodal area coverage in these
cases.

The major strength of our study was that we evaluated
the planning CT scan of more than 400 cervical cancer
patients, i.e., our study may be representative of the general
population.

Limitations of the study
The limitation of Our study was single institutional, and
only female patients were included.

CONCLUSION

This study was intended to explore the variation in aortic
and common iliac arterial bifurcation levels in cervical
malignancy patients who received an external beam
as standard treatment. In our study, in the majority of
patients (71%) aortic bifurcation occurs at the L34
intervertebral level. The knowledge regarding the anatomic
variation of branching and bifurcation of the aorta of
utmost importance for surgical procedures, interventional
radiology procedures, and proper radiotherapy treatment
planning. Acknowledging these anatomic variations may
also reduce complications.
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