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Abstract

Background: Medical and surgical pathologies involving the arch of aorta are on the rise. Cardiothoracic surgeons as well
as physician cardiologists have sought solutions to alleviate complications arising from procedures involving the aortic arch
with limited studies available especially in Nigeria spurring the need to investigate the variations existing in the branching

patterns as well as position of the arch of aorta in some states in South-South region of Nigeria.

Aim: The study seeks to determine the anatomical variation in the branching pattern and position of aortic arch in some

South-South States in Nigeria using computed tomography.

Material and Methods: 200 retrospective tomographs from Computed tomography (CT) scans were used for data collection
and tomographs met all the inclusion criteria. 108 were males while 92 were females. With the use of DICOM software,
images were reviewed accordingly and the branching patterns as well as position were noted. The ages ranged from 26 to
72years, with a mean age of 51.21years, SEM of 0.85 and SD of 12.02.

Results: Out of 200 [100%] subjects, none presented with an abnormal aortic position as all were found to be placed in
the superior mediastinum slightly above the transverse thoracic plane of Ludwig. Conversely, out of the 200, 196 (98%)
presented with the classical branching pattern while 4 (2%) presented with variant branching pattern, interestingly, all 4

(2%) were reportedly males.

Conclusion: No variation in the position of aortic arch was seen in this study; however, there were few variations in the

branching patterns which occurred in male subjects predominantly.
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Introduction

In Medical and surgical pathologies involving the arch of aorta are on the rise. Globally, there is paucity of investigations carried
out on the variations in aortic arch in both branching pattern and position. Nevertheless, the increasing rate of both medical and
surgical pathologies involving the cardiovascular system has propelled further research in the developmental and adult anatomy

of the aortic arch.

The thoracic aorta can be divided into ascending aorta, arch of aorta and the descending aorta. The arch of aorta is found in the
superior mediastinum and begins when the ascending aorta emerges from the pericardial sac and courses upward backward and
to the left as it passes through the superior mediastinum. It ends at the left side at thoracic vertebral level four and five [T4/T5],

extending as high as the midlevel of the manubrium sterni [1].

The position of deep structures in the thorax is usually described in relation to cartilaginous or bony landmarks such as the ma-
nubrosternal joint, second costal cartilage which is in turn referenced to the intervertebral disc between fourth and fifth thoracic
vertebrae [T4/T5] all of which forms the diameter of the chest [1] such as the beginning and end of arch of aorta and bifurcation of
the trachea(carina), the imaginary boundary separating the superior from the inferior mediastinum, the loop of recurrent laryn-

geal nerve under the aortic arch, bifurcation of the pulmonary trunk [2].

Factors responsible for the variations in position and branching pattern of the arch of aorta include a default in the embryological
development of the aortic arch. Following a progress in cardiovascular morphogenesis, an organized patterned progress of regres-
sion and growth of the components of pharyngeal arches lead to a definitive configuration of the thoracic aorta and its branches. A
tully developed aortic arch is left sided and gives rise to the right sided brachiocephalic trunk which branches into right common

carotid and right subclavian arteries, the left common carotid and left subclavian artery.

Persistence or regression of any of the segment of aortic arch system results in an extensive aortic arch anomaly and consequently
a variation. The variations that may exist following malformations include: right sides aortic arch, double aortic arch, right aortic

arch with abnormal branching, left aortic arch with abnormal branching and cervical aortic arch.

Evidence from human genetic and animal studies suggested that chromosome 22q11 deletions may be an important cause of
anomalous development of the aortic arch [3]. This was also noted by Momma et al., (1999) [4] that the aortic arch anomalies are
associated with chromosome 22q11 deletion [4]. Nevertheless, anomalous origins of the aortic arch branches are anatomic variants

hence, accurate information about them is vital for vascular surgery in the thorax, head and neck region [5].

A study on the “Anatomical variations in the branching of the human aortic arch” using radiological methods showed that out of
94 patients, within the age range 31-86 who had no problems related to the aortic arch,74.46% had the classical branching pattern
designated as type A [comprising the right sided brachiocephalic trunk, left common carotid artery and left subclavian artery].
Other variants in branching pattern were designated type B to type G with the following percentage variation: 14.91%, 4.25%,
2.13%, 2.13%, 1.06% and 1.06% respectively [6].

Similarly, there was a study on “Anatomy and Radiology of the variations of aortic arch branches in 1226 patients” [7]. Eight

branching patterns were discovered here including the classical branching pattern.

Aortic variation in position is also referred to as a cervical aortic arch and it is characterized by an aortic arch extending abnormal-
ly high in the neck, occurring more commonly on the right [8]. Proposed theories to explain the development of cervical arches
include development of the cervical arch from the second or third primitive arches with regression of the fourth arch and failure

of normal caudal descent of an otherwise normal fourth aortic arch [8,9,10].
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Computed tomography scan (CT scan) makes use of computer-processed combinations of many X-ray measurements taken from
different angles to produce cross-sectional (tomographic) images (virtual “slices”) of specific areas of a scanned object, allowing the

user to see inside the object without actually cutting through [11,12].

Digital geometry processing is used to further generate a three-dimensional volume of the inside of the object from a large series
of two-dimensional radiographic images taken around a single axis of rotation [13] which are used for diagnostic and therapeutic

purposes in various medical disciplines.

Thus, this study is therefore carried out to evaluate the position and branching pattern of aortic arch in some South-South States

in Nigeria using computed tomography scan.

Methodology
Site of study

The present study was carried out in some Southern Nigerian States including Cross River, Delta, Bayelsa, Akwa-Ibom and Edo
States.

Study population

The study population consisted of patients of both genders, aged 18 years and above referred for chest CT scan within centres with
CT-scan machine in South-South Nigeria. Their images obtained from their database were reviewed and analysed accordingly.
Being retrospective, the need for informed consent was waived and the ethical clearance approved by the state ministry of health

committee was sufficient.
Ethical clearance

Ethical clearance was obtained from Cross River State ministry of Health Calabar, with reference number: CRSMOH/RP/

REC/2018/902. The institutional diagnostic centers requirements and guidelines were met.
Sampling Techniques

Tomographs corresponding to the sample size of 200 subjects were collected and carefully observed and analysed with the variations

noted within the computer. Some tomographs were discarded using the exclusion criteria.
Study Design

A retrospective study of 200 apparently normal CT images of the chest of subjects acquired from the CT scanner was used, with
the different variants noted. Image obtained were analysed by the radiologist as DICOM files and adequately representing both
genders. This study lasted for a period of six (6) months only.

Exclusion criteria

Paediatric cases aged <17 years were excluded from the study. CT images (tomographs) with request forms or reports indicating
conditions such as aneurysms, aortitis, aortic coarctation, aortic stenosis, atherosclerosis, Ehlers-danlos syndrome, Marfan
syndrome, Kyphosis, Scoliosis and Lordosis and so on, were not used. Cases with history of chest trauma were also excluded from

the study. In addition, blurred and unclear computed tomography scans were excluded from the study.
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Statistical analysis

Data obtained were reported as tables, and bar charts, frequencies and graphs. Data were expressed using the elements of descriptive
statistics. Statistical tools such as the one-way Analysis of Variance (ANOVA) and post hoc (LSD) were used. In addition, correlation
and linear regression analysis were used. Analysis of results and findings was done with the use of Statistical Package for Social
Sciences (SPSS) version 20.

Results

There were 200 chest CT images of which males are 108 (54%) and females 92 (46%), making up 100% of the subjects. Their ages

ranged from 18 to 70 years extending across both sexes.
Variation in Position

Normal positioning of aortic arch in male is 108 (100%) and females 92 (100%), making a total of 200 subjects. No abnormal

positioning of the aortic arch was recorded in this study; all 200 subjects had their arch within the limits of the superior mediastinum.

Pattern Male Female Total

Normal | 108 [100.0%] | 92 (100.0%) | 200 (100.0%)

Abnormal | 0 (0.0%) 0 (0.0%) 0 (0.0%)

Total 108 (100.0%) | 92 (100.0%) | 200 (100.0%)
Chi cal. = na

Table 1: Percentage distribution of aortic arch position among the study population

TOTAL AORTIC POSITION IN BOTH MALE AND FEMALE
SUBJECTS.

100.00%
90.00%
80.00%
70.00%

60.00% MNORMAL

[CATEGORY
NAME],
[VALUE]

50.00% MABNORMAL

40.00%
30.00%
20.00%

NORMAL ABNORMAL

10.00%
0.00%

Figure 1: Total Aortic Position in both Male and Female Subjects

Variation in Branching Pattern

The frequency of aortic arch branching pattern among the population of study shows the normal pattern to be 104 (96.3%) in male
subjects while female subject has 92 (100%) giving a total of 196 (98.0%).

Abnormal branching pattern in males is 4 (3.7%) while female subjects had no abnormal branching pattern culminating to a total

of 4 abnormal branching patterns in the total study population (3.7%).
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Pattern Male Female Total
Normal 104 (96.3%) | 92 (100.0%) 196 (98.0%)
Abnormal | 4 (3.7%) 0 (0.0%) 4 (2.0%)
Total 108 (100.0%) | 92 (100.0%) 200 (100.0%)

Chi cal. = 3.477; df = 1; p = 0.062 (NS)

Table 2: Percentages distribution of aortic arch branching pattern among the study population

The overall population N = 200 (male and female) showed that 196 (98%) had normal branching pattern which depicts a left sided

aortic arch which with right brachiocephalic trunk, left common carorltid artery and left subclavian artery while 4 (2%) showed

abnormal branching pattern where there are two with aberrant subclavian arteries and two with right sided arch. This makes the

left subclavian and left common carotid arteries to be right sided as shown in figure 4 and 5.

COMPARISON BETWEEN MALE AND FEMALE SUBJECTS

AORTIC BRANCHING PATTERN
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Figure 2: Comparison between Male and Female Subjects Aortic Branching Pattern

TOTAL AORTIC BRANCHING PATTERN IN BOTH
MALE AND FEMALE SUBJECTS.
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Figure 3: Total Aortic Branching Pattern in both Male and Female Subjects
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Figure 5: Showing a right sided aortic arch in a 3D reconstruction
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Figure 6: Showing antero-posterior chest CT image of a right sided aortic arch showing, a respose right sided aortic

arch normally called a Scout view or Preliminary view which is the 2D image usually used to plan the sliced axial Images

Discussion

This study assessed the anatomical variation in the position and branching pattern of aortic arch using computed tomography
in some South-South States in Nigeria. Accurate anatomical knowledge of the arch of aorta and its major branches is of great
importance in diagnostic and therapeutic procedures. Despite accurate preoperative assessment and adequate preparations,
unavailability of detailed account of the aortic arch variations across different races can lead to unexpected complications which
can be lethal if they occur during cardiovascular surgeries thereby causing life threatening problems. The position of aortic arch
in all subjects appears to be constant (100%) in the superior mediastinum, slightly above the sternal angle. This corroborates a
study by Shuford et al. [8] that stated that nineteen (19) cases have been previously reported in the world literature and their study
collected additional six (6) cases with four located on the left side. There is however, no recent study delineating the cervical aortic
arch. Cervical aortic arch was reportedly characterized by an aortic arch extending abnormally high in the neck occurring more
commonly on the right was unsurprisingly absent in this study and till date, data presenting the possible variations has not been
adequately unearthed in any study population. The distribution of aortic arch branching pattern among the study population,
showed that out of the 200 subjects 98% presented with the classical branching pattern while only 2% showed variant branching
pattern. All 2% presenting with the variant pattern were males. Right sided aortic arch appears to be three out of the four variant
patterns while one appears as an aberrant subclavian artery. The percentage to population prevalence of variation is demonstrated
in the results from a cadaveric study conducted by Rao et al, [14] in Trinidadians on “branching pattern of arch of aorta with its
embryological significance. Their study demonstrated an 8.3% variation in the branching pattern. Similarly, a cadaveric study by
Alsaif et al. among the Nepali population showed a 25% variation [15]. More so, closely related is the work is another study by
Satyapal et al. out of three hundred and twenty (320) aortic arch angiograms, a 5.3% [17] aortic arch branching pattern variations
were observed also among the Nepalese [16]. A variation if clinically silent and not recognized may have fatal consequences during
trauma, this supports the significance of this study. Interestingly, Voster et al [17] opined that a variation such as a common trunk

for Brachiocephalic trunk (BCT) and Left common carotid artery (LCCA) may actually be useful clinically during catheterization
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of LCCA which originates from BCT as there is no need of catheter exchange [17]. Congenital anomalies of aortic arch leading
to variations in branching pattern occur with about equal frequency in both sexes with or without racial prevalence [3]. This
is however contrary to the findings of this research which shows prevalence in males than females. In another cadaveric study
from different populations by Virendra et al., on the “Anatomical variations in the branching pattern of the aortic arch” in India,
demonstrated a 36.5% of the variant branching patterns [17]. This is however, higher compared to other studies. The inconsistency
of variation predominance suggests the role of racial differences as demonstrated in the South African population in which 5.3%

(out of 320) variation most similar to the result of this research of which 200 specimens presented 2% variation.

Conclusively, no variation was noticed in the position of aortic arch in this study in both male and female subjects. However, there
is a 2% variation in the branching pattern of aortic arch with right sided arch being predominant. Males have all 2% variant while

females show no variant branching pattern of their aortic arch.
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