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Abstract
Background

The objective of the study was to determine the prevalence of aortic arch(AA) anatomical branching variants present in Kenyan
population as shown on a chest contrast-enhanced multidetector computed tomography (MDCT).

Methods

The study design was a prospective cross-sectional study carried out in 6 months (between May and November 2016) at the
Kenyatta National Hospital(KNH) department of Radiology. Participants were recruited amongst patients referred for a chest con-
trast enhanced MDCT. Acquired data was subjected to volume rendering technique (VRT) and multiplanar reconstruction (MPR)
software to define the anatomy of the AA.

The type of AA branching classification used was one derived by Natsis et al.

Data analysis involved calculating frequency distributions of AA variations using Statistical Package for Social Sciences version 21
software.

Results

One hundred and eighty-five subjects (86 males and 99 females) were recruited. Ninety-five participants had classical AA Natsis
type |. Ninety participants had non-classical variant AA of which 83 participants had Natsis type Il while 2 patients had Natsis type
Ill. The remaining 3 had a variant AA not found in the Natsis study.

Conclusions
Variations in the branching pattern of AA are very common in Kenya with the most common being Natsis type II.
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Introduction Variations in the branching pattern of the AA include
differences in the origins of different branches and the num-

The aortic arch (AA) develops in a complex way and this ber of branches. This has clinical and anatomical significance

intricacy predisposes it to various configurations. However, o diagnostic and interventional radiologists, cardiothorac-
the normal or conventional or classical AA is left-sided and ic, vascular, head and neck surgeons. The non-classical AA
the commonest branching pattern of the AA consisting of branching variants have been found to be associated with a
three vessels; first the brachiocephalic trunk (BCT), then the higher occurrence of congenital cardiovascular malforma-
left common carotid artery (LCCA), and finally the left sub- tions amongst these patients.’

clavian artery (LSCA) from right to left. The BCT branches Locally the anatomy of the aortic arch has only been

into the right subclavian artery (RSCA) and right common studied by cada'ver dis“.section.3 In. other regions of the‘ World

} . : ) other methods including conventional angiography, digitally
carotid (RCCA). This branching pattern occurs in 64.9 - subtracted angiography (DSA), computed tomography an-
94.3% of the populations around the world as reported by giography (CTA) and multidetector computed tomography
various authors in literature.! (MDCT) have been used in addition to cadaver dissection
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to study the anatomy of the AA. In this study the anatomy of
the AA in a Kenyan population using the contrast-enhanced
MDCT of the chest was used. From the literature review no
such study using contrast enhanced MDCT has been report-
ed in Kenya and Africa. Hence this will form baseline radio-
logical data for comparison and for similar future studies in
this topic.

The classification described by Natsis et al (2009) was
used in this study because it is radiological based and is the
most recent in literature.*” In this classification the anatomy
of the AA vessels as seen on digital subtraction angiography
was categorized into 8 types.

Knowledge of AA branching is clinically important be-
cause some of these variants e.g. the Natsis type II AA are
known to be associated with a higher incidence of congeni-
tal cardiovascular diseases.® It is also associated with risk of
retrograde aortic dissection during or after thoracic endo-
vascular aortic repair (TEVAR). The occurrence rates ranges
from 1% to 3%.”

Although AA anatomic branching variants are largely
asymptomatic some, e.g., aberrant right subclavian artery
(ARSCA) may cause compression to the trachea and
esophagus and lead to respiratory disturbances (dyspnea)
and dysphagia (dysphagia lusoria).*® ARSCA can be fatal
in symptomatic infants and their timely diagnosis could be
lifesaving. If the ARSCA courses anterior to the trachea it may
cause great danger in a patient who requires an emergency
tracheostomy. Hence prior knowledge about or anticipation
of these variant is essential to avoid injury to the vessel.

Other variants can lead to intermittent claudication,
misinterpretation of radiological examination and compli-
cations during neck and thoracic surgery.**

As shown by Faggioli et al in their study, non-classical
AA anatomical variants are associated with a higher risk of
neurological complications in carotid stent procedures and
technical failure was more in the same group of patients.’

Methods

The aim of this study was to investigate the prevalence of AA
anatomical branching variations in patients who undergo
contrast enhanced chest MDCT scans for various reasons at
KNH department of Radiology. This was achieved through
the following specific objectives:

L. To determine the prevalence of AA branching vari-
ants as depicted by chest enhanced MDCT scans.

2. To determine gender distribution of these variants in
Kenyan population
3. To describe the patterns of aortic arch branching
variations depicted by chest enhanced MDCT scans.

Chest CT scan images were acquired by the “Siemens
SOMATOM Definition AS+ 128 slice Multidetector Row CT
scanner (Siemens AG, Munich, Germany)”.

For adults the following protocol was used ;120 kV, up
to 200 effective (mAS),128x0.6mm collimation, pitch 0.9, 3
mm section slices, reconstruction interval = 0.8mm, tube ro-
tation period = 0.5 seconds. The field of view was adjusted to
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the size of the patient. Topogram length of 512 mm was used.
This was from the apices of the lungs extending to the low-
est hemidiaphragm. Scans in full inspiration were obtained.
Intravenous contrast consisting of a volume of 60-70ml of
iodine based, non-ionic contrast material (300mg I/ml) in-
jected through an antecubital vein by an injector pump at a
rate of 2.5ml/s. 5 seconds delay time was allowed. Scan time
was 5.91 seconds

For pediatric patients a low dose radiation CT protocol
was used which included 110 kV,35 mAS, 128x0.6mm col-
limation, pitch 1.4, slice thickness of 6 mm, delay time of
2 seconds, a topogram length of 256 mm, and the contrast
medium calculated at a rate of 1ml/kg body weight of the
patient. The contrast medium was injected at a rate of 1ml/s.
Scan time was 4.1 seconds.

Raw and reformatted data MDCT scans of every patient
were examined and subjected to the MPR and VRT software
by a consultant radiologist and the principal investigator to
confirm the AA branching pattern.

Biodata was collected by the principal researcher and the
trained data clerks recruited among the radiographers sta-
tioned at the Siemens CT room where chest MDCT exam-
inations are performed.

Patients who gave informed consent were recruited into
the study according to the inclusion criteria. There after the
acquired images were reviewed, processed, reformatted and
analyzed by principal researcher together with a consultant
radiologist. The raw data for patients with non-classical vari-
ant AA were stored on DVD discs.

Data analysis involved calculating the number and fre-
quencies of different aortic arch configurations related to the
whole group of participants as well as among the participants
with different anatomical aortic arch variations as well as in
relation to gender.

The Statistical Package for Social Sciences (SPSS) version
21 software was used for data analysis.

Study period was 6 months extending between the
months of May and November 2016.

The sample size was determined by Cochran formula
(1963)* that gave a minimum of 181 patients to be included
in the study. However, 185 patients were recruited into the
study.

Before embarking on the study and collection of data
approval was obtained from Kenyatta National Hospi-
tal-University of Nairobi Ethics and Research Committee
(KNH-UoN ERC). This was granted on 18th May 2016. The
reference number for this approval was KNH-ERC/A/167.

Informed consent to use images for this study was ob-
tained from the participants after a full explanation by the
principal investigator and the research assistants. All the
studies were justified and the set study protocols as per re-
quested investigation were followed strictly to ensure only
minimum optimum radiation dose was given to the sub-
jects to ensure radiation safety. Confidentiality was strictly
observed by ensuring that patient’s names were not quoted
anywhere in the write up or in any discussion of the images
and study findings.
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Table 1. NATSI classification of variant AA branching
visualized using MDCT in study participants

Natsis type pla\lt(i)ezfts Frec(|;;ncy
! 95 513
! 83 449
i 4 22
Non Natsis types 3 16
Total 185 100

Table 2. NATSI classification of non-classical AA branch-
ing variants visualized using MDCT in study participants

Natsis type p:lt(i)e%is Fretz;oe)ncy
: 83 449
i 4 22
Non Natsis types 3 16
Total 90 48.7
Results

The study was performed among 185 participants who in-
cluded pediatric and adult patients undergoing contrast
enhanced chest MDCT at KNH department of Radiology.
Of these participants 86 (46.5%) were males and 99 (53.5%)
were females giving a male-to-female ratio of approximately
1:1.

The mean age of the participants was 50.7 years (SD *
18.4). (range 3 years to 93 years). The mean age of female
participants was 49.2 years (SD * 19.4) and the mean age of
male participants was 52 years (SD + 17.9).

Prevalence of AA branching variants among
study participants

The majority of the participants 51.3% (95/185) had the
classical vascular branching pattern Natsis type I of three
branches consisting of BCT, LCCA and LSCA. This is as
shown in table 1 below.

Aortic arch branching variations in Kenya
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Figure 1. NATSIS TYPE I. Anterior coronal 3D volume-rendered
MDCT image.The classical AA vascular branching pattern with
3 branches i.e. BCT, LCCA and LSCA

Figure 2. NATSIS TYPE Il. Anterior coronal 3D volume-
rendered MDCT image. This pattern consists of two branches
BCT and LCSA. The LCCA originates from BCT instead of
directly from the AA.

Table 2. NATSI classification of non-classical AA branching variants visualized using MDCT in study participants

Males Females
Types of variants Participants(n) Frequency (%) Participants(n) Frequency (%)
I 46 533 49 49.5
Il 36 41.9 47 47.5
Il 3 35 1 1
Non Natsis type 1 1.2 2 2
Total 86 100 99 100
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Figure 3. TYPE IIl. Anterior coronal 3D volume-rendered MDCT
image. The AA has four branches, BCT, LCCA, LVA, LSCA where
LVA originates directly from the AA between the LCCA and
LSCA.

[

Figure 4. NON NATSIS TYPE. Anterior coronal 3D volume-
rendered MDCT image. The AA has three branches BCT, LVA
and LSCA. The BCT gives rise to LCCA while the LVA originates
directly from the AA between the BCT and LSCA.

The overall prevalence of non-classical vascular pattern
of AA branching was 48.7% (90/185). The prevalence of Nat-
sis type II was highest at 44.9%( 83/185). This is as shown in
table 2 below.

Gender distribution of aa branching variants

Classical Natsis type I variant was found in 46 male par-
ticipants (53.3%) and 49 of female participants (49.5%).
Non-classical variants were found in 40 males (46.7%) and
50 female participants (50.3%). This is as shown in table 3
below.
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Overall, there was no statistically significant association
between AA branching variants and gender (x2 = 1.98, p =
0.576)

AA branching patterns as depicted by MDCT

The AA branching patterns demonstrated in the study are
represented below by volume-rendered MDCT image of 4
patients (participants).

Discussion

In this study the classical or conventional or normal three
branch pattern Natsis type I was observed in 51.3% of the
cases. This falls below the incidence found in most studies
world wide of between 64.9- 94.3 % according to litera-
ture.! However, this falls within 2 studies cited by Nurefsan
in his literature review which reported that the incidence
of Natsis type I varied between 49.7 and 51.7% in African
Americans."! The remaining 48.7% of the participants had
non-classical variants. This is a higher incidence when com-
pared to that found in most literature of 5.7- 35.1% but still
coincides with the above studies reported by Nizankowski C
and Williams GD” and the other reports by McDonald and
Anson that deviation from classical AA branching is more
common in African populations.'

The most common non-classical variant of the AA was
Natsis type II with two branches ([BCT sharing one AA or-
igin with LCCA] and LSCA) is found with an incidence of
44.9%. This is within the range reported in studies which
report varying prevalence rates ranging between 0.9 and
45.6%. The highest reported rate was by a study on American
Africans and American Caucasians by Williams and Henry
of 45.6%." Two Turkish studies reported prevalence of 2.6%
and 7.2%"!" with much larger sample sizes of 1170 and 881
patients respectively. This difference may also be attributed
to genetic differences in study populations.

Natsis type III was observed in 2.2% of my study pop-
ulation which compares well to the prevalence reported in
literature of between 2.4-8.0%.">*!! However, the frequency
is higher than that reported by Ogengo et al.* in the earlier
local cadaver dissection study (0.9%) from a similar popula-
tion. The reasons for this difference remains unclear. How-
ever, in both Kenyan studies, there was agreement in the ab-
sence of Natsis IV —VII. These later types have been reported
in European subcontinent.>**

The non-Natsis variants were seen in 1.6% of study par-
ticipants. Comparable prevalence was reported in the South
African population by Makhanya et al of 1.7% The racial
structure is not mentioned in this study.'> This prevalence
also compares closely to that reported in a Central Indian
population by Budhiraja et al."® Similar variants in Turkish
population have been reported with a frequency of 1.1%°
and in British population with a frequency of 0.2%.* It is
postulated that the non-Natsis branching pattern and the
Natsis type II have a higher incidence in the African study
populations.'?
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This study did not demonstrate any significant gender
difference amongst the participants a finding that is found in
most study populations around the world.

Study limitations

Lack of a Picture Archiving and Communication System
(PACS) at the KNH department of Radiology for storing pa-
tient information including images prevented retrospective
data collection. Storage of patients’ data in a PACS would
have yielded larger samples of participants as seen with sim-
ilar studies elsewhere in the world.

Conclusions

Variations in the branching pattern of AA are very com-
mon in Kenya with the most common being Natsis type II.
This prevalence is higher as compared to the local study by
Ogengo et al carried by cadaver dissection. This difference
could be due to sampling technique.

Knowledge of these variations is important for cardio-
thoracic, head and neck surgeons and interventional radiol-
ogists to be aware so as ensure safer and more accurate endo-
vascular and surgical planning
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Recommendations

A prospective study should be undertaken to investigate
the incidence of congenital cardiac anomalies in the Kenyan
population considering the relative higher prevalence of AA
variants at 48.7 % depicted by this study.

A prospective study should be undertaken to investigate
the pathologies and/or perfusion abnormalities if any that
could be associated with these variants in the Kenyan pop-
ulation.

Installation of a picture archiving and communications
system (PACS) for storage and archiving of patient data and
images should be installed at Kenyatta National Hospital as
a matter of priority as it would facilitate patient follow-up
and research.
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