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Variations of the branches of the aortic arch are likely to occur as a result of the
altered development of certain branchial arch arteries during the embryonic
period of gestation. In the present investigation the pattern of branches of the
aortic arch was studied in 81 cadavers from a recent South Australian popula-
tion of European descent, who have migrated to (n = 38) or were born and
lived in (n = 43) South Australia during the twentieth  century. Two principal
variations were noted in the present study. Firstly, in 6 cadavers, the left verte-
bral artery originated directly from the arch of the aorta, between the left com-
mon carotid and the left subclavian arteries. The 6 subjects were among the
subgroup born in South Australia, giving an incidence of 13.95%, which is much
higher than in previous reports. The overall incidence of 7.41%, when related to
the whole group, is also higher than incidences reported in other populations.
The presence of this variation suggests that in some individuals part of the aortic
arch is formed from the left 7th inter-segmental artery. Secondly, none of the
cadavers examined had the thyroidea ima artery, contrasting with previously
reported incidences that varied between 4% and 10%. Since all 6 cadavers with
the left vertebral artery variant were born in South Australia, it is suggested that
environmental factors may have contributed to this variation. Significant envi-
ronmental changes in South Australia around the turn of the twentieth century
are discussed. This study represents the first systematic investigation of the branch-
es of the aortic arch in a South Australian population and provides data relevant
to the practice of medicine.
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INTRODUCTION
The human arterial system of the head, neck and

upper thoracic regions arises from a series of aortic
arches that make their appearance in the 4th and 5th

weeks of embryonic development. These arches arise
from the ventrally located aortic sac and terminate
in the dorsal aortae. In all, 6 pairs of aortic arches

are formed and supply the pharyngeal arches. Invo-
lution of some pairs and further development of oth-
ers produce the characteristic morphology and asym-
metry of the human arterial system. Variations in
the branches of the arch of the aorta are thus likely
to occur as a result of the altered development of
certain aortic arches [15]. Many previous studies have
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Figure 1. A photograph showing the left vertebral artery (LV) arising
from the arch of the aorta (Ao), between the left common carotid
(CC) and left subclavian (LS) arteries; BS — brachiocephalic artery.

documented variations in the branches of the arch
of the aorta, and the reported incidences of these
variations have differed across studies [6].

The aortic arch has a composite origin as it de-
velops from the aortic sac, left 4th aortic arch, and
part of the left dorsal aorta. The aortic arch acquires
functional ascendancy during the 4th and 5th weeks
of embryonic development. The branches of the aor-
tic arch develop over the 5th and 6th weeks of gesta-
tion. Investigation of the arterial pattern of the head,
neck and thorax thus provides insight into the chang-
es that occur from the 4th to the 6th weeks of gesta-
tion. In the period from the 6th to the 8th week, trans-
formation of the aortic arch arteries leads to the de-
velopment of the adult arterial system [15]. Knowl-
edge of the arterial pattern of these regions and any
variations are important in the practice of emergency
medicine and for cardiothoracic surgical procedures.

There are indications that the incidence of varia-
tions in other arteries has changed during the twen-
tieth century [19]. The present study was carried out
to provide data on the incidence of variations in the
branches of the aortic arch amongst members of
the South Australian population who were born and
died in the twentieth century.

MATERIAL AND METHODS
A total of 81 cadavers, 18 females and 63 males,

all of European descent, were used in this study.
These were donated to the Department of Anatom-
ical Sciences, University of Adelaide, by a long es-
tablished body donation programme that exists in
South Australia. Their years of birth ranged from
1901 to 1945. The cadavers were grouped into birth
cohorts by decade of birth (Table 1). The aim of this
study was communicated to the families of the do-
nors who consented to the study. Demographic data
were verified via an investigation of birth, census

and immigration records of South Australia. These
included the date of birth, birthplace and date of
immigration to South Australia (where applicable).
Of the 81 donors 43 were born in South Australia
and their years of birth ranged from 1901 to 1934.
The remaining donors were born in other Australian
states (n = 12), Germany (n = 11), Yugoslavia (n = 1),
Austria (n = 2), Italy (n = 1), England (n = 6), Scot-
land (n = 2), Ireland (n = 2) and France (n = 1).
There was no evidence of first or second-degree re-
lation between the donors, reducing, but not exclud-
ing, the chance of genetic linkage between the sub-
jects of the study.

All cadavers were dissected by trained dissectors.
The dissections provided a clear view of the arch of
the aorta and its branches.

RESULTS
The position of the arch of the aorta was found

to be consistent with textbook descriptions in all
81 cadavers. All cadavers had the brachiocephalic trunk,
left common carotid and left subclavian arteries as
branches of the aortic arch (Fig. 1). However, 6 spec-

Table 1. The number of cadavers divided according to
year of birth cohorts, and those showing the variant origin
of the left vertebral artery from the arch of the aorta

Birth Number of Number of
cohorts dissected cadavers cadavers showing

variation

1901–1910 6 –

1911–1920 28 4

1921–1930 33 1

1931–1940 13 1

1941–1950 1 –
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imens displayed an additional branch of the aortic
arch, the left vertebral artery, arising in these 6 cas-
es from the aortic arch between the origins of the
left common carotid and left subclavian arteries (Fig. 1).
Of the 6 cases, 4 were among the 1911–1920 birth-
cohort, 1 was among the 1921–1930 cohort, and
1 was among the 1931–1940 cohort. All 6 subjects
were born in South Australia, 5 were male and
1 was female. The overall incidence of this variation
in this study was 7.41 ± 2.91%. The incidence among
those born in South Australia was 13.95 ± 5.28%.
Though this latter is not formally significantly differ-
ent from the former, its greater value is of interest.

The anatomy of the brachiocephalic trunk was
consistent with textbook descriptions in all cases and
no variations were found in its origin or branching,
as it divided into the right common carotid and right
subclavian arteries (Fig. 1). The anatomy of the left
common carotid artery was consistent with textbook
descriptions in all cases and no variations were found
in its origin (Fig. 1). However, in 1 male cadaver,
born in England in 1924, the bifurcation of the left
and right common carotid arteries into internal and
external carotid arteries was found to occur at the
level of the 2nd cervical vertebra. No variation was
detected in the left subclavian artery as it arose from
the aortic arch (Fig. 1). The thyroidea ima artery was
not found in any of the 81 cadavers examined in this
study, thus having an incidence of 0%.

DISCUSSION
The first notable variation found in this study of

the aortic arch branches was a variant origin of the
left vertebral artery, which arose directly from the
arch of the aorta, between the origins of the left
common carotid and left subclavian arteries. This
variant occurred in 6 subjects, all born in South Aus-
tralia, and the incidence in relation to the whole sam-
ple was 7.41%. In addition, the incidence of this vari-
ation amongst the subjects born in South Australia
was 13.95%. This incidence is in sharp contrast to
a previous report that the vertebral arteries tend to
be the most constant of the subclavian branches [8].
This variation has been noted in a number of previ-
ous studies in other populations but the incidences
reported were lower than that found in the present
investigation. The results of 12 previous studies are
shown in Table 2, and our summarised incidence
from these studies indicates the presence of this vari-
ation in 116 out of 3,499 persons (3.32%). This is
significantly less (c2 = 4.03, df = 1, p < 0.05) than
our finding of 6 amongst 81 cadavers (7.41%). When

the data presented in Table 2 are combined with
those of the current study, frequencies increased
from 1.12% (3/268) in the nineteenth century to 3.5%
(113/3231) in the twentieth century and to 7.41
(6/81) in the twenty-first century. These differences
between centuries are significant (c2 = 10.23, df = 4,
p < 0.05).

Bergman et al. [6] discussed several earlier stud-
ies and provided a summarised combined incidence
of this variation of 1.79%. A larger and more
exhaustive literature review conducted by Argenson
et al. [4] demonstrated an incidence of 3.9% in 6,475
observations, which is also significantly lower than
in our material. The incidences reported in previous
studies (Fig. 2) demonstrate a general, significant
increase with time. The current incidence of 7.41 in
the total sample of the present investigation sup-
ports an increasing trend with time (Fig. 2). The much
higher incidence of 13.95% reported in the present
study, when this variant is related to the subpopula-
tion of cadavers born in South Australia, may be re-
lated to environmental factors that prevailed in South
Australia, different populations, and/or the differ-
ent time from previous studies. A recent study from
Poland showed this variant in 7 out of 103 speci-
mens (6.8%). However, that study was done on spon-
taneously aborted foetuses [12], suggesting either
maternal or foetal abnormality. The current study
was performed on subjects who died of natural caus-
es, and is the first to report on a sample of the South

Table 2. Studies on the incidence of variant origin of the
left vertebral artery from the arch of the aorta reported in
12 previous studies

Study Incidence of variation

Dubreuil [10] 0.68% (1 out of 148)

Canivares, 1882 (reported by 1.67% (2 out of 120)
Bergman et al. [6])

Bean [5] 2.33% (3 out of 129)

Pellegrini [23] 2.88% (3 out of 104)

Dubreuil-Chambardel [11] 0.78% (2 out of 256)

Adachi [1] 5.43% (28 out of 516)

Daseler and Anson [8] 4.25% (17 out of 400)

Anson [2] 3.6% (36 out of 1000)

Argenson et al. [4] 5.8% (6 out of 104)

Nizanowski et al. [22] 3.1% (8 out of 260)

Matula et al. [20] 3.05% (7 out of 402)

Vorster et al. [26] 5% (3 out of 60)
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Australian population who died in the last decade
of the twentieth century.

The subclavian artery develops from the 7th cervi-
cal inter-segmental artery, which is initially connect-
ed to the dorsal aorta caudal to the dorsal attach-
ment of the aortic arch [3]. As the neck elongates
and the heart descends, this point of origin migrates
rostrally along the dorsal aorta and comes to lie op-
posite the dorsal end of the 4th aortic arch (Fig. 3).
Since this part of the dorsal aorta on the left side
becomes incorporated in the arch of the aorta, the
stem of the left 7th inter-segmental artery forms the
origin of the subclavian artery from the arch of the
aorta (Fig. 3).

The most common origin of the vertebral artery
is from the first part of the subclavian artery. How-
ever, it has been known to arise from the arch of the
aorta, the left common carotid artery or from the
brachiocephalic trunk (right vertebral) [6]. The ver-
tebral artery develops from elaboration of the verti-
cal anastomosis between the somatic inter-segmen-
tal arteries of the dorsal aorta (Fig. 3, 4). The inter-
segmental arteries extend from the corresponding
dorsal aorta towards the anterolateral aspects of the
developing vertebrae, where they give rise to dorsal
branches that pass between the vertebral transverse
processes to reach the posterior vertebral muscles.
The rest of the inter-segmental artery continues lat-
erally as the ventral branch. The ventral and dorsal
branches of consecutive segments are linked by
vertical anastomoses at pre-costal, post-costal and
post-transverse positions (Fig. 4). With the disappear-

Figure 2. A graph showing the incidences of the variant origin of
the left vertebral artery from the aortic arch, taken from 12 pre-
vious studies (Table 2) and the present study (7.41%). The graph
shows a general trend of increase in this variation over time. The
incidence of this variation in our sub-sample of subjects born in
South Australia (13.95%) is not shown. The correlation coeffi-
cient is significantly different from zero (p < 0.05).

Figure 3. A diagram showing the aorta (Ao), pulmonary artery (P)
and aortic arches I–VI joining the dorsal aorta (DA) on each side.
Intersegmental arteries 1–7, arise from the dorsal aortae, and
communicate via vertical anastomoses, forming the vertebral
artery (V) that passes through the foramina transversaria (FT)
of the upper 6 cervical vertebrae. The stems of the upper 6 inter-
segmental arteries regress and disappear leading to the vertebral
artery arising from the dorsal branch (DB) of the 7th intersegmen-
tal artery. The stem of the 7th intersegmental artery and its ven-
tral branch (VB) normally give rise to the subclavian artery;
BC — brachiocephalic artery; TCT — thyrocervical trunk. The
arrows indicate the cranial migration of the origin of the subclavian
arteries along the dorsal aortae. Vessels and parts of vessels that
regress during normal development are lightly shaded. Drawn
and adapted after Arey[3], with permission.

Figure 4. Diagram showing the precostal (PrC) vertical anasto-
mosis that links the ventral branches (VB) of the intersegmental
arteries (IS), and the postcostal (PoC) and post-transverse (PT)
vertical anastomoses that link the dorsal branches (DB) of the
intersegmental arteries (IS), which arise from the dorsal aorta
(DA); V — cervical vertebra.
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ance of the stems of the first 6 inter-segmental ar-
teries from the dorsal aorta (Fig. 3), the post-costal
vertical anastomosis forms the part of the vertebral
artery located within the foramina transversaria of
the upper 6 cervical vertebrae [15]. The vertebral
artery, therefore, in most cases appears as a vertical
branch from the 7th segmental artery. However, in
the present study, the origin of the vertebral artery
from the arch of the aorta may indicate that in this
variant the stem of the 7th inter-segmental artery and
part of its ventral branch have been incorporated in
the arch of the aorta (Fig. 5). This may not be sur-
prising on account of the composite developmental
origin of the arch of the aorta, which appears to
develop from the aortic sac, the left 4th aortic arch
and part of the left dorsal aorta [3].

The development of blood vessels is associated
with local release of certain growth factors such as
placental growth factor, fibroblast growth factor-2,
angiopoietins and the vascular endothelial growth
factor [7, 21]. These factors are a crucial aspect of
the tissue development processes, and are released
by the developing tissues to ensure that they obtain
an adequate blood supply. Thus variation from the
normal pattern of arterial morphology may result
from premature or late release of these factors.
Alternatively, the level of these factors of angiogen-
esis may be increased or decreased. This interpreta-
tion may be applicable to the aortic arch and its
branches. Therefore variations in the arterial mor-

phology of aortic arch branches may be a conse-
quence of, or a reflection of, alterations in tissue
development. The vertebral arteries provide blood
supply to the posterior neck musculature, the
rhombencephalon, the mesencephalon, the occipi-
tal lobe and part of the temporal lobe of the brain.
A direct origin of the vertebral artery from the arch
of the aorta may be a reflection of variation in de-
mand by these supplied structures.

The increased incidence of aortic origin of the
left vertebral artery in this study may be due to both
genetic and environmental causes. Environmental
perspectives may include changes in maternal nutri-
tion, exercise patterns, psychological stressors, health
care and a multitude of other environmental factors
that have altered over the last century. Social and
environmental changes have caused, amongst oth-
er things, a tripling in newborn life expectancy, sig-
nifying the relaxation of the opportunity for natural
selection through differential mortality [17]. Socio-
environmental factors, combined with increased
geographical mobility over the same period, may
result in an increase in the range of variability of
anatomical structures [16]. An example of the im-
pact that environment can have on developing em-
bryonic tissues can be observed in the reduction in
the incidence of neural tube defects associated with
increased folic acid intake [13]. In relation to the
present study, the changes in society and environ-
ment may have impacted upon the variability of ar-

Figure 5 A. Depicts the most commonly seen origin of the vertebral artery (V) from the subclavian artery (S). The proximal part of the
vertebral artery, from its origin to its entrance into the 6th cervical foramen transversarium, represents the proximal part of the dorsal
branch of the 7th intersegmental artery. The subclavian artery (S) is formed from the stem and the ventral branch of the 7th intersegmen-
tal artery. On the left side, segment „A” represents the stem of the 7th intersegmental artery (arising from the aorta, Ao). Segment „B”
represents the proximal part of the ventral branch of the 7th intersegmental artery. B. Depicts the variant seen in the present study,
where the left vertebral artery (V) arises directly from the arch of the aorta (Ao), between the left common carotid artery (CC) and the left
subclavian artery (S). The diagram depicts our hypothesis that in such situation segments „A” and „B” are pulled proximally into the wall
of the aorta and contribute to the development of the arch of the aorta.

A B
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terial structures. A previous study has reported
a progressive increase in the incidence of persistence
of the median artery of the forearm [18]. The role of
environmental factors in the findings in the present
study may be strengthened by the fact that all 6 sub-
jects in whom this variant was seen were born in
South Australia. Thus it is likely that these subjects
have been exposed to similar environmental factors
during prenatal development. Social changes and
environmental factors present in South Australia at
the turn of the twentieth century are discussed be-
low. However, the suggested impact of socio-envi-
ronmental factors on the findings of the present
study is purely speculative, and could only be prov-
en through more specific studies of their effects on
angiogenesis in the embryo. The fact that there is
no evidence of first or second-degree genetic rela-
tion between any of the cadavers reduces, but does
not exclude, the chance that there is genetic linkage
between the cadavers. In addition, genetic studies
assessing both genotype and phenotype would be
required to assess the role of genetic factors on ar-
terial variations.

A second notable result in this study is the ab-
sence of the thyroidea ima artery amongst all
81 cadavers. Incidence of the thyroidea ima artery
has been reported as being 4–10% [6]. Normally the
thyroid gland migrates caudally towards the root of
the neck, and receives an adequate blood supply
from the superior and inferior thyroid arteries. When
present, the thyroidea ima artery arises from the bra-
chiocephalic artery, aortic arch, right common ca-
rotid artery, subclavian artery or internal thoracic
artery. Absence of the thyroidea ima artery from an
individual may be a consequence of a delayed mi-
gration of the thyroid gland along the path of the
thyroglossal duct, in a such way that it lags behind
the descending arch of the aorta, leading to attenu-
ation and regression of any arterial contribution to
the gland from the arch of the aorta. On the other
hand, acquisition of a higher functional significance
for the inferior thyroid artery may lead to regression
of the arterial contribution from the aortic arch to
the gland. The inferior thyroid artery is a branch from
the thyrocervical trunk, which develops from the
vertical pre-costal anastomosis (Fig. 4) from the 7th

inter-segmental artery [15].
Knowledge of variations of the branches of the

aortic arch is important in the practice of emergen-
cy medicine and cardiothoracic surgery. Furthermore,
in certain medical conditions (subclavian steal syn-
drome) [9] brain ischaemia is known to occur in pro-

ximal stenosis of the subclavian artery, particularly
with ipsilateral limb exercise, as the extra blood sup-
ply to the upper limb on the affected side is main-
tained at the expense of blood flow to the brain via
the vertebral artery. A variant of this syndrome can
occur when such a stenosis is combined with a ver-
tebral artery of aortic origin [10, 24]. Knowledge of
the incidence of the variation of the vertebral artery
originating from the aortic arch is relevant in the
management of such syndromes.

Discussion of social and environmental factors
in South Australia from 1870 to 1930

During the late nineteenth and early twentieth cen-
turies the South Australian population consisted of lo-
cal Aboriginal peoples, South Australian born people
of European descent, and European immigrants [19].
A large influx of German immigrants to South Austra-
lia in the late nineteenth and early twentieth centuries
is reflected in our sample through the presence of
11 subjects born in Germany. The majority of the South
Australian economy and labour force was focused in
the fields of agriculture and mining. Prior to World
War I most employed women were engaged in do-
mestic work. A large proportion of the South Austra-
lian population lived in what could be regarded as the
lower and middle socio-economic classes [19].

There was a sharp decline in infant mortality rates
between 1875 and 1895 and then again between
1900 and 1920 [25]. Prior to 1875 communicable dis-
eases, such as typhoid fever, dysentery, diphtheria,
whooping cough and measles, were responsible for
the majority of infant deaths in the South Australian
population; these diseases stemmed from a poor
water supply, poverty, deficient sewerage drainage,
inadequate disposal of animal wastes and meat, and
inadequate health facilities [19]. The installation of
a deep drainage system and sewerage farm in Ade-
laide in 1881 saw the death toll in Adelaide drop from
23.5/1,000 in 1880 to 14.3/1,000 in 1886, mostly via
a reduction in gastrointestinal infections [19]. There
was a significant decline in the crude birth rate in
South Australia between 1880 and 1900, resulting in
an overall reduction in the size of the average South
Australian family [25]. The reduction in birth rate eased
the financial strain on families, perhaps allowing family
members greater access to food and health resourc-
es. This plus the improvements in public health and
the drop in mortality may have resulted in a relax-
ation of natural selection pressures.

From 1914 onwards large proportions of the
South Australian male population enlisted or were
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drafted into the Allied Forces to fight in World War I
(1914–1918). A large number of females entered the
labour force and many were employed in factories,
which required women to work long hours for a pit-
tance in compensation [19]. Laborious work, com-
bined with the loss of spousal support and overall
reduction in food and financial resources, may have
created a high stress environment for pregnant wom-
en of the time. Modern studies show that maternal
stress and anxiety have a negative impact upon foe-
tal development in utero. A recent study [14] showed
that anxious or stressed mothers had impaired blood
flow through the uterine arteries, which may explain
the increased incidence of premature birth and small
birth weights in such pregnancies. The study also
showed a strong correlation between maternal stress
and cortisol levels released in the mother and the
foetus, and suggested a direct effect on the devel-
opment of the foetal brain [15]. A high-stress ma-
ternal environment can have a significant impact on
the development of the central nervous system, re-
sulting from increased activity of the placental-foet-
al neuroendocrine axis in the form of increase in the
secretion of placental corticotropin-releasing hor-
mone (CRH) [28]. Placental CRH may also have a sig-
nificant impact on the development of the vascular
system [27]. Because the development of the verte-
bral arteries will be influenced by the development
of both the central nervous system and the vascular
system, it is likely that maternal stress may impact
on the development of these arteries in utero.
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