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Abstract

Purpose We present a case of an aberrant right subclavian artery (ARSA) with extremely rare vascular anomalies.
Casereport A 69-year-old woman was suspected to have right internal carotid artery (ICA) stenosis. Computed tomography
angiography demonstrated an ARSA and hypoplasia of the right ICA. The proximal segment of the right vertebral artery
(VA) was aplasia, and a right type 1 proatlantal artery (PA) arose from the right common carotid artery. Cerebral angiog-
raphy demonstrated segmental dysplasia of the right ICA. The ascending intrapetrous segment and the ascending foramen
lacerum-horizontal intracavernous segment of the right ICA demonstrated hypoplasia. The collateral pathways promoted
reconstitution of each of the distal segments. Left internal carotid angiography demonstrated anterior communicating artery
aneurysm and sufficient cross flow to the contralateral middle cerebral artery via the AcomA.

Discussion A type 1 PA with an ARSA may result in the regression of the right dorsal aorta with persistence of the first
cervical intersegmental artery. Although there are few findings of a relationship between an ARSA and intracranial artery
anomalies, a developmental error of the right dorsal aorta may cause such complex vascular anomalies.

Conclusion Knowledge of anatomical variations in patients with ARSA is useful when performing angiography or endo-
vascular therapy, as well as during clinical follow-up.
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Introduction artery (PA) and segmental dysplasia of the right internal
carotid artery (ICA).
An aberrant right subclavian artery (ARSA) is a congeni-

tal anomaly of the aortic arch with a reported incidence of

0.5%-2.2% [16]. An ARSA often coexists with other vascu-
lar anomalies, such as an anomalous origin of the vertebral
artery (VA) or common carotid trunk [1, 6, 15]. However,
few studies have reported an ARSA with carotid-basilar
anastomosis or intracranial artery anomalies. Here, we
report a rare case of an ARSA with a right type 1 proatlantal
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Case report

A 69-year-old woman presented with dizziness. After hospi-
talization, magnetic resonance angiography was performed,
which revealed right ICA stenosis. Computed tomography
angiography and cerebral angiography were performed, and
an ARSA was confirmed. The right carotid canal exhibited
hypoplasia (Fig. 1). The right VA arose from the right com-
mon carotid artery (CCA), did not enter the transverse fora-
men of the cervical vertebra, and ran directly between the
atlanto-occipital space, indicating a type 1 PA. The right
occipital artery (OA) arose from the cervical ICA. The left
VA arose from the left subclavian artery and was normal in
size. The ascending intrapetrous segment of the right ICA
demonstrated hypoplasia. There was a collateral pathway
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Fig.1 a Computed tomography
angiography image demonstrat-
ing aberrant right subclavian
artery. b Computed tomography
image of the bone window
demonstrating hypoplasia of the
right carotid canal

from the ipsilateral VA to the caroticotympanic artery. Addi-
tionally, the ascending foramen lacerum-horizontal intracav-
ernous segment of the right ICA exhibited hypoplasia. There
was a collateral pathway from the external carotid artery
(ECA) to the inferolateral trunk. An anterior communicating
artery (AcomA) aneurysm and sufficient cross flow to the
right middle cerebral artery territory from the left ICA via
the AcomA were observed (Fig. 2).

Discussion

The primitive ICA forms from the extended dorsal aorta and
the third aortic arch. The bilateral dorsal third aortic arches
regress until the embryo is 18 mm, and the ECA and ICA
connect to the CCA. Until the embryo is 40 mm, the distal
portion of the right dorsal aorta is regressed, but its proximal
portion remains as the innominate artery (Fig. 3a) [5]. An
ARSA forms from the persistence of the right distal dorsal
aorta and regression of the right fourth aortic arch and right
dorsal aorta proximal to the seventh cervical intersegmental
artery (CIA) (Fig. 3b). As such, an ARSA can occur during
embryonic development.

An ARSA often coexists with cervical artery anoma-
lies, such as anomalies of the common carotid trunk and an
abnormal right VA origin, such as the right CCA or ICA [1,
2,6, 13, 15]. Tsai et al. [15] reported that the right VA arises
from the right CCA in 13.7% of cases of ARSA. Commonly,
this results from regression of the right mid-dorsal aorta
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with persistence of a third, fourth, or fifth CIA [5]. In such
cases, the remaining right seventh CIA connects to the left
distal dorsal aorta, leading to ARSA formation. Although
this anomaly looks like an ARSA subtype, the right fourth
aortic arch remains and connects to the right CIA [2, 5].
Thus, an ARSA with an anomalous right VA origin is differ-
ent from an ARSA that develops embryologically.

In the present case, the right VA indicated a right type
1 PA which is one of the five carotid-vertebrobasilar anas-
tomoses (primitive persistent trigeminal, otic, hypoglossal,
type 1 PA, and type 2 PA). Until the embryo is 4 mm, the
paired longitudinal neural arteries are supplied by the carotid
arteries via fetal carotid-vertebrobasilar anastomoses. Until
the embryo is 5-6 mm, the anastomosis that later becomes
the posterior communicating artery develops, and the fetal
carotid-vertebrobasilar anastomoses subsequently regress
and are obliterated [11]. The remnants of these fetal carotid-
vertebrobasilar anastomoses are rarely confirmed in adults.
A type 1 PA corresponds to the first CIA, arises from the
carotid arteries at the second through fourth levels of the
cervical vertebrae, joins the VA, and runs between atlanto-
occipital space. A type 1 PA often arises from the ICA, but it
may also arises from the CCA [11]. It has been reported that
if the first or second CIA persists, the VA abnormally arises
from the ICA or ECA. Additionally, if the third through sixth
CIAs persists, the VA abnormally arises from the CCA or
aortic arch [2]. The VA normally forms from the longitu-
dinal anastomosis of the CIAs, and enters the transverse
foramen of the sixth cervical vertebra. The entry of the VA
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Fig.2 a Lateral view of the right common carotid angiography. The
type 1 PA (blue arrow) originated from the right CCA. The blue
arrowhead indicates the orifice of the type 1 PA. The ascending intra-
petrous segment of the right ICA exhibited hypoplasia (red arrow).
The caroticotympanic artery from the ipsilateral VA flowed out just
distal to the hypoplastic segment (white arrowhead). The right OA
(white arrow) arose from the cervical ICA. b Lateral view of the right
external carotid angiography in the early arterial phase and ¢ arterial
phase. The ascending foramen lacerum and horizontal intracavernous

into the transverse foramen is dependent on the correspond-
ent intersegmental artery [12]. The VA, which results from
the persistence of the lower CIA, is considered to enter the
transverse foramina of the third to sixth cervical vertebrae.
Thus, although the right VA in the present case arose from
the right CCA, it was not the remnant of the lower CIA but
instead a type 1 PA, which resulted from the regression of
the right dorsal aorta and persistence of the first CIA and
right fourth aortic arch (Fig. 3c). In the present case, the
right OA arose from the right ICA. Lasjaunias et al. hypoth-
esized that the proximal segment of the OA is the remnant
of the proatlantal intersegmental artery; thus, it is considered
that the OA arising from the ICA is the persistent proatlantal
intersegmental artery [9]. Because the OA originated from
the proximal cervical ICA, the orifice of the type 1 PA might
have lowered to the CCA. There are few reports of a PA
with an ARSA [14, 16]. Because the development of a PA
is completed before that of an ARSA, so the anomalous ori-
gin of the right VA including a right PA associated with an

segments of the right ICA exhibited hypoplasia. There was a collat-
eral pathway from the inferolateral trunk. The horizontal intrapetrous
segment was normal. d Antero-posterior view of the right external
carotid angiography. e Three-dimensional digital subtraction angiog-
raphy oblique lateral view of the right common carotid angiography.
f Antero-posterior view of the left common carotid angiography dem-
onstrated an AcomA aneurysm and sufficient cross flow to the right
middle cerebral artery territory from the left ICA via the AcomA

ARSA (which is caused by the regression of the right dorsal
aorta) may be embryologically different from an isolated PA
(which is unrelated to an ARSA).

Lasjaunias et al. [7] suggested that the ICA is made up of
seven segments, each of which lies between embryonic arteries
or their remnants. In case of segmental agenesis of the ICA,
the collateral pathway immediately distal to the missing seg-
ment promotes reconstitution [7]. In the present case, we diag-
nosed hypoplasia at the ascending intrapetrous segment and the
ascending foramen lacerum-horizontal intracavernous segment
because of the relationship between the collateral pathways and
the contrast effect of angiography. The ascending intrapetrous
segment develops from the dorsal aorta between the second
and third aortic arches, while the ascending foramen lacerum-
horizontal intracavernous segment develops from the dorsal
aorta between the first aortic arch and the inferolateral trunk
(Fig. 3d, e).

There are no reports of the embryological relationship
between an ARSA and ICA dysplasia. An ARSA with a right
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Fig.3 Schematic illustrations of aortic arch development (modified
from Ref. [5]). a Normal development. b ARSA results from regres-
sion of the distal dorsal aorta from the right fourth aortic arch with
persistence of the right seventh CIA. ¢ ARSA with a right type 1 PA
originated from the CCA results from regression of the right dorsal
aorta with persistence of a first CIA. Different from simple ARSA,
the right fourth aortic arch remains and connects to the right CIA. d
Segmental concept of the ICA by Lasjaunias et al. [7]. Each segment
lies between the embryonic arteries or their remnants. ICA segments
are numbered 1-7, as follows: 1=cervical; 2=ascending intrape-
trous; 3 =horizontal intrapetrous; 4=ascending foramen lacerum;
5 =horizontal intracavernous; 6 =clinoid; and 7 =termination. In the

VA originating from the CCA results from partial regression
of the right distal dorsal aorta, as mentioned above. Simi-
larly, segmental dysplasia of the ICA results from regression
of the intracranial distal dorsal aorta. Thus, it is considered
that an ARSA with an anomalous origin of the right VA and
segmental dysplasia of the right ICA might be explained
centrally as multiple segmental regression of the right dorsal
aorta. The fact that all vascular anomalies in the present case
occurred on the right side supports this hypothesis. Dyspla-
sia of a single segment of the ICA has been reported previ-
ously, but there are few reports of separate segmental aplasia
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present case, the ascending intrapetrous and ascending-horizontal
intrapetrous segments exhibited hypoplasia (filled in red). e Schema
of the ICA in the later stage of embryonic development. The corre-
sponding segments were hypoplasia, and all were part of the dorsal
aorta (filled in red). ARSA aberrant right subclavian artery, CCA com-
mon carotid artery, CIA cervical intersegmental artery, DA dorsal
aorta, ECA external carotid artery, /A innominate artery, /CA inter-
nal carotid artery, /LT inferolateral trunk, PMA primitive mandibular
artery, POA primitive ophthalmic artery, PA proatlantal artery, SCA
subclavian artery, T7CT thyrocervical trunk, VA vertebral artery, VeA
ventral aorta, I first aortic arch, II second aortic arch, III third aortic
arch, IV fourth aortic arch (colour figure online)

or hypoplasia of more than two segments of the ICA. In gen-
eral, developmental errors occur in a step-by-step fashion.
For example, ICA aplasia results from agenesis of one ICA
segment first and of adjacent segments thereafter, and pro-
gressive aplasia of adjacent segments promotes ICA aplasia
[8]. Although hypoplasia may incidentally occur in separate
segments, it cannot be explained as a focal developmental
error considering the combination of rare vascular anomalies
of the present case. Research has shown that a PA frequently
coexists with other cerebrovascular abnormalities [14]. Con-
genital hemodynamic factors such as decreasing antegrade
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flow of the ICA caused by a PA might affect the occurrence
of the ICA dysplasia. Moreover, considering the relationship
with intracranial and extracranial vascular anomalies, multi-
segmental regression or a systemic developmental error of
the right dorsal aorta might resulted in an ARSA with a right
type 1 PA and dysgenesis of the right ICA.

PHACE syndrome causes multiple intracranial arterial
anomalies and other characteristics such as posterior fossa
anomalies, hemangioma, coarctation of the aorta, and eye
anomalies [4]. Because our patient had no remarkable medi-
cal history and had developed normally, so her multiple arte-
rial anomalies were unrelated to PHACE syndrome.

The circle of Willis is completely developed when the AcomA
is formed in the 24 mm embryo. Dysplasia of the [CA may occur
in the 20-24 mm embryo; thus, the collateral pathway via the
AcomA tends to be well developed [10]. Segmental dysplasia
of the ICA may cause a cerebral aneurysm, which most often
occurs at the AcomA complex due to hemodynamic stress [3].
Conversely, cerebral hypoperfusion in the ipsilateral hemisphere
of ICA dysgenesis may occur [3]. There is a possibility that asso-
ciated conditions result in subarachnoid hemorrhage or ischemic
stroke, so clinical and radiological follow-up is needed.

In conclusion, an ARSA often coexists with an anoma-
lous VA origin, but it rarely coexists with a right type 1 PA
and dysplasia of the right ICA. There may be an embryo-
logical relationship with the right dorsal aorta. Knowledge
of anatomical variations in patients with an ARSA is useful
when performing angiography or endovascular therapy, as
well as during clinical follow-up.
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