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Abstract

Purpose We report a case of type 1 proatlantal interseg-

mental artery (PIA) associated with multiple anomalies of

the aortic arch, and discuss the possible embryonic mech-

anism and clinical importance of the multiple cerebrovas-

cular variants in this patient.

Methods A 65-year-old woman with dizziness underwent

cerebral magnetic resonance (MR) imaging and head and

neck MR angiography using a 3-tesla scanner and com-

puted tomography (CT) angiography using a 64-slice

multidetector CT scanner.

Results MR and CT angiography demonstrated an aneu-

rysm of the distal end of the azygos anterior cerebral

arteries and hypoplasia of the proximal right vertebral

artery (VA) with an anastomotic artery, between the right

internal carotid artery (ICA) and distal right VA that passed

through the foramen magnum, indicating a type 1 PIA. She

also demonstrated an aberrant right subclavian artery

(ARSA) with hypoplasia of the right VA, and the left VA

arose directly from the aortic arch.

Conclusion To our knowledge, this is the first report of a

type 1 PIA associated with multiple vascular anomalies of

the aortic arch, such as ARSA and origin of the left VA

from the arch. In cases of persistent anastomoses between

the carotid and vertebrobasilar arteries, such as PIAs,

imaging examination should include the aortic arch to

identify associated vascular variations.

Keywords Aberrant right subclavian artery � Type 1

proatlantal intersegmental artery � Vertebral artery

originating from aortic arch

Introduction

A proatlantal intersegmental artery (PIA) is a rare con-

genital vascular anomaly and one of four types of persistent

fetal anastomosis between the carotid and vertebrobasilar

arteries. From caudal to cranial, the types are PIA, hypo-

glossal artery, otic artery, and trigeminal artery [8, 15].

Associated vascular abnormalities and variations with PIA

are reported [1, 2, 7, 14, 17, 18]. We present a rare case of

type 1 PIA associated with cerebral aneurysm and aberrant

right subclavian artery (ARSA) with hypoplasia of the right

vertebral artery (VA) and with left VA arising from the

aortic arch, and we discuss the possible embryonic mech-

anism and clinical importance of the multiple cerebrovas-

cular variants in this case.

Case report

We evaluated a 65-year-old woman with a history of

hypertension, hyperlipidemia, and Hashimoto’s disease for

dizziness. Cerebral magnetic resonance (MR) imaging

showed multiple small old cerebral infarcts, and MR

angiography of the head and neck using non-contrast three-

dimensional time-of-flight technique demonstrated an

aneurysm of the distal end of the azygos anterior cerebral

arteries and hypoplasia of the right VA with an anastomotic
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artery between the right internal carotid artery (ICA) and

distal right VA that passed through the foramen magnum

(Fig. 1) but did not enter any of the transverse foramina of

the cervical vertebrae. We therefore diagnosed PIA of type

1. To evaluate the aneurysm for treatment, we performed

additional CT angiography of the head and neck from the

aortic arch to the intracranial region which revealed an

aberrant right subclavian artery (ARSA) that had a retro-

esophageal course with hypoplasia of the right VA and

with left VA arising directly from the aortic arch, between

the left common carotid artery (CCA) and left subclavian

artery (SA) (Fig. 2). The source images of CT angiography

also showed diffuse enlargement of the thyroid gland,

which we attributed to her history of Hashimoto’s disease

(not shown). We followed the aneurysm closely without

treatment.

Discussion

PIA is one of four types of persistent fetal anastomosis

between the carotid and vertebrobasilar arteries. Lasjaunias

and associates [8] initially classified two types that both

arise from the carotid artery and enter the foramen mag-

num. Type 1 PIA corresponds to the first segmental artery,

arising from the origin of the cervical ICA and running

dorsally to the first cervical space, then passing in the

cervicocervical space, and joining its opposite counterpart

ventral to the spinal-medullary junction. Type 2 PIA arises

laterally from the external carotid artery (ECA), remains

more lateral in position than the type 1 PIA, and joins the

course of the horizontal portion of the VA before entering

the foramen magnum. Quijano and colleagues [12] repor-

ted that 38 % of PIAs they described were of type 1, 57 %

were type 2, and 5 % arose from the CCA.

Fig. 1 Magnetic resonance (MR) angiography demonstrating an

anastomotic artery between the right internal carotid artery (ICA) and

right vertebral artery (VA) (thick arrows). The proximal segment of

the right VA is hypoplastic. Also note an aneurysm of the distal end

of the azygos anterior cerebral arteries (thin arrow)

Fig. 2 Computed tomographic (CT) angiography demonstrating an

aneurysm of the distal end of the azygos anterior cerebral arteries

(thin white arrow), an aberrant right subclavian artery (arrowhead)

with hypoplasia of the right vertebral artery (VA), and the left VA

arising directly from the aortic arch (thick black arrow)
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Associated vascular variations have been reported with

PIA [2, 7, 14, 17, 18], with VA anomalies most common.

Among their cases in which PIA persisted, Kolbinger’s

group [7] found that the ipsilateral, contralateral, or both

VAs were 46 % hypoplastic. It can be theorized that the

persistence of carotid-basilar anastomoses, including PIAs,

is related to a teleologic effort to preserve blood flow to the

posterior fossa that has been compromised by hypoplastic

or aplastic VAs [6]. Basekim and associates [2] also

reported an aortic arch variation with PIA that involved a

left brachiocephalic trunk of aortic origin that gave rise to

the left CCA and SA. In our case, the ipsilateral VA was

hypoplastic and originated from the ARSA. To the best of

our knowledge, this is the first report of a type 1 PIA

associated with vascular anomalies of the aortic arch, such

as ARSA and left VA originating from the arch.

ARSA is an anomaly with reported incidence of

0.5–2 % [13]. Edwards [3] has hypothesized a double

aortic arch system comprising an aortic arch and ductus

arteriosus on each side, with right carotid artery and SA

arising from the right arch and with left carotid artery and

SA originating from the left arch. A normal arch system

results from interruption of the dorsal segment of the right

arch between the right SA and descending aorta with

regression of the right ductus arteriosus. However, various

anomalies arise when the arch system is interrupted at

different locations. ARSA occurs as a result of interruption

between the right carotid artery and right SA, and its

associated anomalies include a common origin of the

CCAs, replaced VA, coarctation of the aorta, and right-

sided aortic arch [4].

The most common VA variant, with a reported inci-

dence of 2.4–5.8 %, is the left VA originating directly from

the aortic arch between the left CCA and left SA [9], and

this variant is thought to represent the persistence of the

sixth intersegmental artery. Embryologically, the left SA

develops from the C7 intercostal artery, and the VA arises

from the postcostal longitudinal anastomosis between the

C1 and C7 intercostal arteries and the cervical intercostal

obliteration zone [5, 10]. Therefore, we attributed the aortic

branching pattern in our patient to the interruption of the

arch system between the right carotid artery and right SA

combined with persistence of the left sixth intersegmental

artery.

A 59 % incidence of cerebrovascular abnormalities has

been reported in patients with PIA, 10 % of whom had

intracranial aneurysms [7]. Arteriovenous and Galen’s vein

malformations have also been associated with PIA [1, 11,

18], suggesting that some changes in congenital hemody-

namic factors caused by a PIA might affect the pathogen-

esis of cerebrovascular abnormalities. In our case,

however, we discovered the aneurysm only incidentally by

its different location from the PIA.

Patients with PIAs and anomalies of the aortic arch are

generally asymptomatic, but ARSA may cause dysphasia

as a result of extrinsic compression of the esophagus

caused by the vessel’s retroesophageal course [16]. As in

our case, most PIAs are discovered incidentally, but it

remains important to recognize these associated vascular

anomalies, particularly before undertaking endovascular

and surgical treatment of the brain, neck, and chest.

Conclusion

We present the first report of type 1 PIA associated with

multiple vascular anomalies of the aortic arch, including

ARSA and left VA originating from the aortic arch.

Imaging examination should include the aortic arch to find

other associated vascular variations and abnormalities in

cases of persistent anastomoses, between the carotid and

vertebrobasilar arteries like PIAs.
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