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SUMMARY

Variation in the branches of the aortic arch is
higher in individuals of African descent. However,
published studies are few. The aims were to docu-
ment variations in the branching pattern of the aor-
tic arch in a South African sample, determine
whether these variants are more common than
other populations, and determine whether there
are any significant differences in the prevalence of
variation between males and females. The aortic
arch and main branches were dissected in 733
cadavers. All branching patterns were documented
and classified as types. Chi-Square tests were
used to determine whether there were any signifi-
cant differences in prevalence of variation between
males and females. The diameters of the main
branches were measured and compared between
Sexes.

The standard branching pattern was present in
65% of individuals, similar to that reported for other
African studies, but lower than other studies from
around the world. Variations were more prevalent
in males than in females (p = 0.025), while only the
diameter of the left vertebral artery, when arising
from the arch was significantly larger in females,
with no differences between sexes for the other
vessel diameters. The results of this study support
the hypothesis that variations in the branching pat-
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tern of the aortic arch are more common in African
individuals. These individuals may be at increased
risk of associated although rare, clinical symptoms
or iatrogenic injury.
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INTRODUCTION

The aortic arch gives rise to three arteries known
as the brachiocephalic trunk (BCT), the left com-
mon carotid (LCC) and the left subclavian artery
(LSA) (Popieluszko et al., 2017). Several varia-
tions in the number and order of these branches
have been described (Popieluszko et al., 2017).
The most common is a common origin of the BCT
and the LCC (Reinshagen et al., 2014), occasion-
ally termed the “bovine trunk” (Layton et al., 2006),
with a reported prevalence of 13.6% (Popieluszko
etal., 2017).

The left vertebral artery (LV), which usually aris-
es from the left subclavian artery, has been ob-
served as originating directly from the aortic arch
in 2.9% (Popieluszko et al., 2017), usually distal to
the LSA (Ergun et al., 2013).

The right subclavian artery (RSA) may originate
from the aortic arch, or descending aorta, instead
of from the brachiocephalic trunk. This “aberrant
right subclavian artery” (ARSA) or “arteria lusoria”
may be present simultaneously with a common
origin for the common carotid arteries in some cas-
es (Ergun et al., 2013). The prevalence of ARSA
worldwide has been reported as 0.7%, and the
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presence of a common origin of the carotid arteries
as 0.3% (Popieluszko et al., 2017).

While most variations of the aortic arch are clini-
cally “silent”, some may have clinical consequenc-
es (Celikyay et al., 2013). A common origin of the
BCT and the LCC contains three of the four arter-
ies supplying the brain (Azakie et al., 1999). Occlu-
sion of this common trunk by atherosclerotic
plagues could result in disrupted blood flow to the
brain, with stroke as a possible consequence, par-
ticularly if the LV is also occluded.

The origin of the LV from the aortic arch has an
increased risk of dissection, resulting in decreased
blood flow to the brain and subsequent stroke
(Komiyana et al., 2001).

Compression of the oesophagus and trachea,
associated with pain, difficulty in swallowing, and
respiratory symptoms, may be caused by an AR-
SA (Mahmodlou et al., 2014).

Variant branches may be susceptible to iatrogen-
ic injury during surgical procedures, e.g. an ARSA
may be injured during oesophageal surgery
(Mahmodlou et al., 2014). In addition, variation
may increase the technical difficulty of carotid ar-
tery stent placement in cases of a common origin
of the BCT and the LCC (Faggioli et al., 2007).

Geographical differences in the prevalence of
variant patterns have been reported (De Garis et
al., 1933; Celikyay et al., 2013; Reinshagen et al.,
2014; Karacan et al., 2014; Popieluszko et al.,
2017). It has been suggested that variation is more
prevalent in individuals of African descent
(Williams et al., 1932; De Garis et al., 1933; Wil-
liams et al., 1935; Popieluszko et al., 2017).

However, studies from Africa are fewer than
those from the other main continents, which is a
limitation when the prevalence of variation is com-
pared between studies. The aims of this study
were to: a) test the hypothesis that variation is
more prevalent in African individuals by determin-
ing the prevalence of variation in the aortic arch; b)
measure the diameter of the vessels arising from
the aortic arch, and c) determine whether there are
any differences in the prevalence of variation and
vessel diameter between males and females.

MATERIALS AND METHODS

Study Design

During 1962-2018, a cross-sectional study of 733
formalin-fixed embalmed adult bodies was under-
taken at a South African university. The sample
comprised of all bodies that were being dissected
by second year medical students. Exclusion crite-
ria included any surgical interventions: e.g. total
arch replacement, aneurysm repair or damage
from previous dissection. This study was per-
formed and reported in compliance with Anatomi-
cal QUality Assurance (AQUA) Checklist
(Supplement 1).

Dissection
Examination of the aortic arch was performed by
four anatomists: one in 1962-1972 and two in 2008

-2018 at the University of Cape Town, and fifty-
seven of the arches were dissected at a second
South African institution by a fourth individual in
1971. The thorax and neck were dissected with a
standard dissection kit and technique. The anterior
ribcage was removed after being cut on the lateral
sides by an oscillating saw (blade cut edge of 94.0
mm, Stryker, USA), after which the pericardium
was resected from the heart with a scalpel (size 10
blade), exposing the aortic arch. The fascia cover-
ing the aortic arch and its main arteries were re-
moved, allowing the branches to be visualized.
The BCT was followed until its division into the
right common carotid (RCC) and right subclavian
arteries. The LCC, LSA and LV were also ex-
posed.

Data collection

Primary and secondary outcomes

The primary outcomes investigated in this study
were a) the variant types of aortic arch branching
patterns and, b) diameter of the vessels arising
from the arch. Secondary outcomes included de-
termining any statistically significant differences in
the primary outcomes between males and fe-
males.

The branching pattern was documented for each
arch, and any variant patterns were photographed
(Canon EOS 70D) and recorded in Microsoft
Word. The prevalence of each variant pattern was
determined and expressed as a percentage in Mi-
crosoft Excel.

Classification of variant patterns was in accord-
ance with Popieluszko et al. (2017), where possi-
ble. As the description of variant types has been
recently published, the initial data collected in 1962
-1972 could not be classified. The data collected in
2008-2018 was classified into types, which are
described as follows (Fig. 1):

Type 1: standard pattern of three branches (BCT,
LCC, LSA).

Type 2: common origin of the BCT and LCC.

Type 3: origin of the LV from the aortic arch.

Type 4: combination of Type 2 and Type 3,
namely a common origin of the BCT and LCC in
conjunction with the LV originating from the arch.

Type 5: absence of the BCT, instead a common
trunk for the left and right common carotid arteries,
with the RSA originating directly from the arch.

Type 6: ARSA.

Type 7: right-sided aortic arch.

Measurements

The internal diameters of the BCT, LCC, LSA
and the LV, in cases where it originated from the
arch, were measured with an electronic digital Ver-
nier caliper (ORIGIN 0-150 mm, China) in a subset
of the sample. In addition, the width and height of
any common trunk for the BCT and LCC was
measured. The height was measured from the
point of origin on the arch until the point at which
the common trunk bifurcated into BCT and LCC.
Each measurement was taken three times and the
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Present in

Aortic Arch 478 (65%)

A. Standard Pattern BCT and LCC
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Aortic Arch
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BCT and LCC with the
origin of LV from the arc

course of the RSA

Aortic Arch

B. Common origin of

Aortic Arch
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Aortic Arch
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vertebral directly
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Fig 1. The most common branching patterns (A-E) observed in the sample, with the prevalence reported for
each pattern. *Pattern D was only recorded for the subset 2008-2018, in a total sample of 197. Abbreviations: Asc A -
ascending aorta, BCT - brachiocephalic trunk, RSA - right subclavian artery, RCC - right common carotid artery, LCC -
left common carotid artery, LSA - left subclavian artery, LV - left vertebral artery, Desc A - descending aorta, CT - com-

mon trunk.

average recorded in Microsoft Excel for analysis.

Statistical analysis

Statistical analyses were performed in IBM
SPSS® Version 24.0 (Armonk, New York, United
States).

Categorical data were represented as number (n)
and percentage (%). Numerical data were repre-
sented as summary statistics, namely mean *
standard deviation (SD) for normally distributed
data, or median and inter-quartile range for non-
normally distributed data. Normal distribution of
the numerical data was determined with the
Shapiro-Wilk test.

Significant differences in the prevalence of vari-
ant types were investigated between males and
females using Chi-square or Fischer-Exact tests.
Differences in the diameter of the main arteries
between sexes were investigated by means of un-
paired Student t-tests.

A p-value of less than 0.05 was considered to be
significant for all statistical analyses.

Ethical compliance

The body donation program at the University of
Cape Town complies with the International Feder-
ation of Associations of Anatomists (IFAA)'s
“Recommendations of good practice for the dona-
tion and study of human bodies and tissues for
anatomical examination”. In accordance with our
institutional review board, as written informed con-
sent was obtained from body donors for teaching
and research purposes, it was not necessary to
seek ethical approval from our Human Research
Ethics Committee. Consent for the use of un-
claimed individuals was granted by the Depart-
ment of Health, Western Cape Government, South
Africa.

RESULTS

Subject Characteristics

The sample comprised of 516 males and 217
females. Information about age at death was only
available for subjects in 2008-2018, which ranged
from 20-102 years, with a mean age of 64.3 + 20.8
years. All individuals had died from natural causes.
No medical history was available for any of the
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Fig 2. Standard branching pattern of the aortic arch,
also known as Type 1. The brachiocephalic trunk (BCT)
is the first branch, giving rise to the right subclavian (RS)
and right common carotid (RCC), the second branch is
the left common carotid (LCC), and the left subclavian
(LS) the third branch.

Fig 3. A common trunk for the brachiocephalic trunk
(BCT) and the left common carotid artery (LCC), also
known as Type 2. Abbreviations: RS - right subclavian,
RCC - right common carotid, LS - left subclavian, DA -
descending aorta.

cadavers.

Arch patterns were determined in all 733 bodies,
while a subset from 2017 was available for meas-
urement of vessel diameters. The diameter of LV
was measured in seven cases in which it originat-
ed from the arch. The RSA, LCC and LSA were
measured in 37 individuals, of which 23 were male
and 14 were female. In two male individuals, the
BCT had been damaged by prior dissection. These
individuals were thus excluded from the analysis.
The height and width of a common origin for the
BCT and LCC was measured in eight individuals.
The diameter of the ARSA could not be deter-
mined, as this pattern was not present in the sub-
set available for measurement. Individuals with
ARSA had already been cremated.

Prevalence of the branching pattern types

Type 1 pattern was present in 478 out of the 733
individuals (65.2%) (Fig. 1A and Fig. 2). Variant
patterns were thus present in 35% of the sample.

The variant branching patterns are summarized
in Table 1 and Figs. 1, 3-4. The ARSA was present
in 11 (1.5%) of individuals (Figure 1E and Figure
6), for whom no demographic information was
available. The most recent case of ARSA has
been published as a case report (Keet and Gun-
ston, 2018).

The following rare variants were each observed
in one individual (0.14%): right sided arch
(published as a case report; Jarvis, 1966), double
aortic arch (published as a case report; Jarvis and
Shofield, 1967); common origin for the LCC and
the LSA; and origin of the LV from the LCC. A
common origin of the left and right common carotid
arteries with the RSA originating as the first branch
of the arch (Type 5) was not observed. In 17 indi-
viduals, a more proximal origin than usual of the
LV from the first part of the left subclavian artery
was noted. This position is not discussed further
as the origin of the vertebral artery is nevertheless,
from the first part of the subclavian artery as de-
fined in anatomical texts.

Furthermore, information obtained from 1962-
1972 could not be classified into pattern types, as
only the common origin of the BCT and the LCC,
or the LV originating from the arch was document-
ed. There were no descriptions of these two vari-
ants occurring together (i.e. Type 4), nor was the
absence of this type commented on. Therefore, we
cannot classify Types 2, 3 and 4 for the entire
sample, and instead we limited this classification to
the subset from 2008-2018 (n=197) (Table 2).
Type 4 was present in 2% (Fig. 1D and Fig. 5).

Each of the variant patterns were statistically
more prevalent in males than in females (p =
0.025) (Table 1).

Diameter of main aortic arch branches

All of the measurements were normally distribut-
ed with the exception of the diameter of the RSA in
males. Only the diameter of the LV from the arch
was significantly larger in females than in males
(Table 3). None of the other measurements were
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Fig 4. Origin of the left vertebral artery (LV) directly
from the aortic arch, also known as Type 3. Abbrevia-
tions: BCT - brachiocephalic trunk, LCC - left common
carotid, LS - left subclavian.

significantly different between sexes.
DISCUSSION

The standard branching pattern (Type 1) of the
aortic arch was present in 65.2%, which is similar
to the frequency reported for other African sam-
ples and lower than that of other countries (Table
4) (Popieluszko et al., 2017). Ogeng’o et al. (2010)
and Makhanya et al. (2004) reported a similar
prevalence of the standard pattern to our study
(67.3% and 65% respectively). However, Satyapal
et al. (2003) observed the standard pattern in
94.7%. It is unclear why the prevalence of varia-
tion observed by Satyapal et al. (2003) was lower
than the other studies. Dissection studies, such as
this study and Ogeng’o et al. (2010) are able to
directly visualize the branches of the aorta.
Satyapal et al. (2003) and Makhanya et al. (2004)
both utilized angiography to study the branching
pattern of the aortic arch. Angiography, however,
may not display arteries that are occluded, which
could then be misinterpreted as absent. In addi-
tion, larger vessels may obscure smaller ones,
such as the origin of the LV from the aortic arch
(Celikyay et al., 2013; Karacan et al., 2014). Angi-
ography does not display other soft tissues, there-
fore it is more difficult to determine relationships
between vessels and adjacent anatomical struc-

tures, such as the relationship between an ARSA
and the trachea and oesophagus (Celikyay et al.,
2013). Multidetector computed tomography
(MDCT) may be utilized as an alternative to angi-
ography, as it is noninvasive and high-quality three
-dimensional images can be obtained, revealing
the relationship of blood vessels to surrounding
structures (Celikyay et al., 2013).

The prevalence of a common origin of the BCT
and LCC was 23.7%. This is lower than the 26.8%
reported for other African studies, although higher
than the prevalence reported for international stud-
ies (Popieluszko et al., 2017). Origin of the LV
directly from the aortic arch was observed in 6.7%,
higher than the average prevalence reported for
Africa (2.3%) and the rest of the world (Table 4)
(Popieluszko et al., 2017). However, this is similar
to the 5% reported by Vorster et al. (1998) in a
South African sample.

Type 4 was observed in 2% of the subset, higher
than the prevalence reported for other studies from
Africa (1.2%) and the rest of the world (Table 4).
The presence of an ARSA (Type 6) was noted in
1.5%. This is similar to the prevalence reported by
Popieluszko et al. (2017) for African studies
(1.4%), while higher than that reported for other
countries (Table 4). A right-sided arch (Type 7)
was present in one individual (0.14%), lower than
the 0.3% reported for other African samples

Inferior

Fig 5. A common trunk (CT) of the brachiocephalic
trunk (BCT) and left common carotid (LCC) in combina-
tion with the left vertebral artery (LV) originating from
the aortic arch, also known as Type 4. Abbreviation:
LS - left subclavian.
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Fig 6. Aberrant right subclavian artery originating as
the last branch of the aortic arch, distal to the left subcla-
vian (LS), also known as Type 6. In this particular indi-
vidual, a bicarotid trunk giving rise to the right common
carotid (RCC) and left common carotid (LCC) was pre-
sent, while the aberrant right subclavian (RS) coursed
posterior to the oesophagus and trachea to reach the
right upper limb.

(Popieluszko et al., 2017); and a double aortic arch
was also present in one individual (0.14%).
Satyapal et al. (2013) described two pediatric cas-
es of double aortic arch, while Makhanya et al.
(2004) and Ogeng’o et al. (2010) did not report this
variant. Although Type 5 pattern was not observed
in this study, it has a reported prevalence of 0.3%
in African samples (Popieluszko et al., 2017).

All variant patterns were more common in males
than in females (p = 0.025), however as the sam-
ple consisted predominantly of males, this infor-
mation should be interpreted with caution. No oth-
er African studies have compared the prevalence
of variation between sexes (Popieluszko et al.,
2017). Some international studies reported no sig-
nificant differences in the prevalence of variation
between males and females (Karacan et al., 2013;
Mustafa et al., 2017), while others suggested that
certain branching patterns occur more frequently in
either males or females (Molz, 1976; Natsis et al.,
2009; Piyavisetpat et al., 2011; Boyaci et al,
2015).

There were no significant differences in the diam-
eter of arteries between males and females, with
the exception of the LV arising from the arch,
which was larger in females. Although a previous
South African study has determined the validity of
measurements from cadaveric material when com-
pared with CT scans, these authors do not report
the diameters of the vessels (Schoeman et al.,
2018). Thus, we were unable to compare our
measurements with another African study.

Knowledge of arterial diameter is relevant in endo-
vascular procedures and transcatheter aortic valve
implantation (TAVI) (Valsecchi et al., 2006; Pascu-
al etal., 2017).

The aortic arch and main branches arise from six
paired embryological arches (Kondori et al., 2016).
The ventral aorta is connected to the paired dorsal
aortae via these six arches (Makhanya et al.,
2004). The aortic arch originates from the aortic
sac, the left fourth arch and a portion of the left
dorsal aorta (Mustafa et al., 2017). The right fourth
aortic arch, right seventh intersegmental artery and
the right dorsal aorta contribute to the RSA. The
third arches give rise to the common carotid arter-
ies, with the right arch forming the RCC and the
left arch becoming the LCC. The left seventh in-
tersegmental artery forms the LSA (Kondori et al.,
2016).

Factors that influence the formation of the aortic
arch and its branches may result in variation, such
as persistence of a vessel that should regress, or
regression of a vessel that typically persists
(Yokoyama et al., 2010; Kondori et al., 2016).

The part of the aortic arch in between the respec-
tive origins of the BCT and the LCC is formed from
the left limb of the aortic sac (Mustafa et al., 2017).
If the sac does not divide into left and right limbs,
the LCC joins this sac, forming a common origin
for this vessel and the BCT.

Alternatively, if the proximal portion of the third
arch is absorbed into the right horn of the aortic
sac instead of the left horn, this will also result in
this variant pattern. Gold et al. (2018) suggested
that the presence of this variant vessel could be an
independent risk factor for cardioembolic stroke,
as patients with this variant have a 50% chance of
developing either a right- or left-sided cerebral in-
farct.

The first part of the vertebral artery usually origi-
nates from the seventh intersegmental artery (Lale
at al., 2014). Origin of the LV from the aortic arch
results when this vessel develops instead from the
sixth cervical intersegmental artery together with
the persistence of a portion of the dorsal aorta
(Lale et al., 2014; Kondori et al., 2016). When the
left vertebral arteries arise from the aortic arch,
they are often hypoplastic and enter the foramen
transversaria at a different level from the C6 verte-
brae (Kosla et al., 2014). This must be considered
when planning surgical treatment. In addition, ver-
tebral arteries arising from the arch have an in-
creased risk of dissection, which could be caused
by altered cerebral vascular hemodynamics or
structural defects in the wall of this artery (Berko et
al., 2009).

The ARSA results from the degeneration of both
the right fourth aortic arch and the proximal part of
the right dorsal aorta. Thus, the right seventh cer-
vical intersegmental artery and the distal right dor-
sal aorta continue as the RSA (Satyapal et al.,
2003; Mustafa et al., 2017).

Surgical resection of the ARSA and reattachment
to the right side of the aortic arch can alleviate
symptoms associated with this variation, such as
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Table 1. Prevalence of the most commonly observed branching patterns of the aortic

Common origin of bra-

Standard Pattern chiocephalic trunk and Left vertebral originating from aortic arch

Total

n(%) left common carotid n (%)
n (%)
Total 733 478 (65.2) 174 (23.7) 49 (6.7)
Males 516 354 (68.6) 111 (21.5) 32 (6.2)
Females 217 124 (57.1) 63 (29.0) 17 (7.8)

Table 2. Prevalence of the most commonly observed variation types in the

Total Type 1 Type 2 Type 3 Type 4

n (%) n (%) n (%) n (%)

Total 197 124 (63.0) 44 (22.3) 10 (5.1) 4(2.0)
Males 131 87 (66.0) 29 (22.1) 7 (5.3) 2 (1.5)
Females 66 37 (56.1) 15 (22.7) 3(4.5) 2 (3.0)

Table 3. Diameter of aortic arch branches
Mean (SD) (mm)

Artery Males Females
Brachiocephalic trunk 11.8 (1.6) 10.9 (1.7)
Right subclavian 9.0 (2.5)* 9.2 (1.5)
Right common carotid 7.7 (1.0) 7.3(1.1)
Left common carotid 7.9 (1.0) 7.6 (0.9)
Left subclavian 9.2 (1.6) 8.5(1.5)

Left vertebral 3.8(1.5) 4.3 (0.2)*
Common trunk** *height 10.7 (4.5) 10.9 (2.5)
Common trunk*** width 17.6 (1.3) 17.6 (2.2)

*median (IQR), data not normally distributed, ** Signifi-
cantly different (p = 0.025), *** for BCT and LCC.

dysphagia and dyspnea (Suzuki et al., 2005;
Mahmodlou et al., 2014). When these nonspecific
symptoms are reported, the presence of an ARSA
should be considered a differential diagnosis
(Kaldararova et al., 2017; Jarvis and Shofield,
1967). A patient at our hospital was misdiagnosed
with depression after significant weight loss over
three years, for which the cause of dysphagia was
eventually revealed on CT imaging to be from an
ARSA (Rogers et al., 2011).

The presence of an ARSA is higher in disorders
such as Down’s, DiGeorge, and Edwards’ syn-
dromes, and in patients with tetralogy of Fallot
(Polguj et al., 2014). This vessel is also associated
with the "non-recurrent" course of the inferior lar-
yngeal nerve. Surgeons should be aware of this
anatomical variant during thyroid surgery (Pelizzo
et al., 2017).

Variation in the branches of the aortic arch may
be associated with congenital heart defects.
Reinshagen at al. (2014) reported that 98.4% of
paediatric patients with a common origin of the
BCT and the LCC, which is the most common vari-

ant of the aortic arch, had at least one congenital
heart defect, including ventricular septal defect,
atrial septal defect, and patent ductus arteriosus.
Some of these patients also had genetic syn-
dromes such as Down'’s. It is possible that variant
arch anatomy may be a marker of congenital heart
disease, although further studies are required.

Knowledge of the possible variants of the aortic
arch that may be present have practical implica-
tions for surgeons, to avoid iatrogenic injury, for
radiographers to avoid misinterpretation of images,
and for endovascular surgeons who may be using
these vessels as approach pathways or for stent
placement (Satyapal et al., 2003, Faggioli et al.,
2007; Natsis et al.,, 2009; Ogeng’o et al., 2010;
Ergun et al., 2013; Prada et al., 2016; Rojas et al.,
2016; Mustafa et al., 2017). Multidetector comput-
ed tomography with contrast provides a clear im-
age of the branching pattern of the aortic arch
(Karacan et al., 2014). It is important to know
whether variant patterns are more common in a
particular geographic group, as these individuals
may be at a higher risk of associated congenital
heart defects, surgical complications or misdiagno-
sis. The least variable population with respect to
the branches of the aortic arch is suggested to be
American Japanese individuals from Hawaii
(Nelson and Sparks, 2001). Our study provides
further evidence that variant aortic arch branching
patterns may be more common in African individu-
als.

Limitations

The sample was comprised of unequal numbers
of males and females, thus the comparison of dif-
ferences in prevalence of variation between sexes
may not reflect the prevalence in the population.
Further studies with equal numbers of males and
females are required.

Medical histories were not available for the indi-
viduals in the sample, and thus no clinical infer-
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Table 4. Comparison of the prevalence of variations in the aortic branching pattern observed in the present
study with those reported by Popieluszko et al. (2017)

Common origin of

98

Common origin of Left vertebral . . .
Standard pattern  brachiocephalic originating :;zcgf‘:%i’::z:fntgr_]k gu?lgtr:::\r/lita::gahr: er
Sample (%) trunk and left com- from aortic rotid and left vertebral (%) y
(95% Cl) mon carotid (%) arch (%) from arch (%) (95% Cl)
(95% CI) (95% ClI) (95% Cl)
Present study 65.2 (61.6-68.7) 23.7 (20.7-27.0) 6.7 (5.0-8.7) 2 (0.6-5.1) 1.5(0.8-2.7)
Africa 65.8 (51.1-80.2) 26.8 (14.4-41.9) 2.3(0.0-8.2) 1.2 (0.0-5.7) 1.4 (0.0-6.2)
Europe 82.0 (75.8-85.7) 13.6 (9.4-18.0) 2.3 (0.7-4.5) 0.3 (0.0-1.1) 0.8 (0.0-2.1)
Asia 86.9 (81.5-89.0) 7.4 (4.7-10.3) 3.5(1.7-5.7) 0.4 (0.0-1.2) 0.5 (0.0-1.7)
North America 78.4 (67.6-84.7) 15.5 (8.6-23.2) 1.9 (0.0-5.1) 0.7 (0.0-2.9) 1.1 (0.0-3.6)
South America 69.5 (48.5-88.2) 24.2 (8.0-45.4) 3.9 (0.0-14.4) 0.8 (0.0-7.0) 0.2 (0.0-4.6)

ences can be made as to whether any of these
variations were symptomatic.

The arterial diameters could only be measured
in a sample subset, while the ARSA could not be
measured. Future imaging studies could address
this limitation.

Future studies will be undertaken to quantify the
normal origin of the LV from the first part of the
subclavian artery, in order to clarify cases where
a “proximal” origin may be reported.

CONCLUSION

This study supports the current hypothesis that
variation in the branching pattern of the aortic
arch is more common in African individuals. Vari-
ant patterns were more prevalent in males, and
most of the vessel diameters were not significant-
ly different between the sexes. Certain variations
may produce dyspnea and dysphagia, which may
be difficult to diagnose. Awareness of the preva-
lence and types of variant patterns is relevant in
open and endovascular surgery, as well as medi-
cal imaging, and may even be a marker of con-
genital defects.
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