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INTRODUCTION

Congenital anomalies of the aortic arch complex can 
present diagnostic challenges. Understanding the 
embryogenesis of these malformations is often even 
more difficult. We present an unusual case of what has 
been called anomalous origin of the left innominate 
(brachiocephalic) artery from the descending aorta in 
the right aortic arch and suggest that the name does not 
accurately reflect the anatomy.

CASE REPORT

A neonate was referred for evaluation of a suspected 
aortic arch anomaly. A prenatal ultrasound at 21 weeks of 
gestation identified a right aortic arch. An echocardiogram 
performed soon after birth suggested a double aortic arch. 
The infant girl was asymptomatic without stridor, other 
respiratory symptoms, or feeding difficulties. 

A repeat echocardiogram confirmed the right aortic 
arch and right descending aorta. The first branch 

was the right common carotid artery followed by 
the right subclavian artery. A large diverticulum 
passed leftward from the descending aorta and 
was not visible as it passed behind the tracheal air 
shadow. From the left chest, a large, tortuous vessel 
was seen emerging from behind the trachea, giving 
rise to the left subclavian artery, the left common 
carotid artery, and finally the left ductus arteriosus. 
Because of the tortuosity and unusual appearance of 
the anomalous vessel, a computed tomography (CT) 
scan was performed. The three-dimensional (3D) 
reconstruction of the CT scan [Figure 1] confirmed 
the anatomy as described above and showed that 
the vascular ring created by this anatomy was quite 
loose and not causing tracheal compression. No 
intervention was undertaken and the infant continues 
to do well with normal growth and no symptoms at 
8 months of age.

Anomalous origin of the left innominate (brachiocephalic) artery 
in the right aortic arch: How can it be anomalous when the left 
innominate artery is absent?
Francesca Raimondi, Damien Bonnet, Tal Geva1,2, Stephen P Sanders2,3

Centre de Référence Malformations Cardiaques Congénitales Complexes-M3C Université Paris Descartes, Sorbonne Paris Cité, Hôpital Necker-Enfants 
Malades, Paris, France, Departments of 1Cardiology and 3Cardiology, Pathology, and Cardiac Surgery, Boston Children’s Hospital, 2Department of 
Pediatrics, Harvard Medical School, Boston, Massachusetts, USA

ABSTRACT

An unusual case of a rare vascular ring, which has been called right aortic arch with aberrant left innominate 
artery, is presented. The appearance of this case led to the realization that there is really no innominate artery 
present in this anomaly but only the left dorsal aorta. We present a clarification of the nature and likely 
development of the vessels present.

Keywords: Cardiac computed tomography (CT), development, vascular ring

CASE REPORT

Access this article online
Quick Response Code:

Website:

www.annalspc.com

DOI:

10.4103/0974-2069.181497

This is an open access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non-commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Raimondi F, Bonnet D, Geva T, Sanders SP. 
Anomalous origin of the left innominate (brachiocephalic) artery in the 
right aortic arch: How can it be anomalous when the left innominate artery 
is absent?. Ann Pediatr Card 2016;9:170-2.



Raimondi, et al.: Left carotid from dorsal aorta

171Annals of Pediatric Cardiology 2016 Vol 9 Issue 2

DISCUSSION

Although we have used the term in past reports,[1,2] 
the morphology of the left-sided vessel in this case 
suggests that the name innominate artery is applied 
inappropriately. The entire large vessel on the left, from 
the ductus arteriosus to the descending aorta, appears 
to derive from the left dorsal aorta. There does not seem 
to be an opportunity for contribution from the aortic 
sac or another arch vessel because the ductus arteriosus 
is the derivative of the 6th aortic arch, the caudal-most 
arch, and the entire vessel lies between that and the 
descending aorta. In contrast, an innominate artery 
is composed of, from proximal to distal, the horn or 
branch of the aortic sac, which divides into the common 
carotid artery (3rd arch) and subclavian artery composed 
of the 4th aortic arch, a dorsal aorta segment, and the 
7th segmental artery.[3] Many of these components do 
not appear to be present in this case and others similar 
to it. Consequently, the vessel giving origin to the left 
internal and external carotids and subclavian arteries 
and to the ductus arteriosus is not morphologically an 
innominate artery but rather only the left dorsal aorta. 
The embryological explanations proposed for what has 
been called anomalous left innominate artery from the 
descending aorta in the right aortic arch are: 
1.	 Involution of the left horn of the tronco-aortic sac 

with or without the persistence of the right 4th aortic 
arch,[3] and

2	 “Regression of the left fourth embryonic arch 
proximal to the left common carotid artery, with 
persistence of the left dorsal aortic root and the left 
ductus arteriosus.”[4]

We propose a simpler explanation. The subclavian artery 
needs no special explanation since it derives from the 
7th segmental branch of the dorsal aorta. Similarly, the 
ductus arteriosus normally connects the pulmonary 
artery (aortic sac derivative) with the dorsal aorta. 
Further, the internal carotid artery derives from the 
continuation of the dorsal aorta cranial to the insertion 
of the 3rd aortic arch. Persistence of the carotid duct 
maintains continuity of the cranial and caudal portions 
of the left dorsal aorta. The external carotid artery is 
said to form by fusion of the proximal residua of the 
1st and 2nd aortic arch arteries and is sometimes called 
the anterior pharyngeal artery.[5,6] It ramifies from the 
cranial end of the horn of the aortic sac at the base of 
the 3rd aortic arch and eventually migrates onto the 3rd 
arch. At this stage, involution of the left horn of the aortic 
sac, along with dissolution or failure of formation of the 
left 4th aortic arch, would leave the left 3rd aortic arch, 
carrying the left external carotid artery in connection 
with the dorsal aorta but freed from connection with 
the aortic sac. This explanation fits the anatomy shown 
in Figures 1 and 2. 

We have recently realized that the left 3rd aortic 
arch appears to be absent in two of our previously 
reported cases (Case 2).[1,2] In both cases, the left carotid 
bifurcation but not the right is very low [Figure 3], as 
has been reported in homeobox A3 (Hoxa3) mutant mice 
in which the 3rd aortic arch does not form.[7] As in our 
human cases, the external carotid arteries are present 
and connected to the internal carotid arteries in Hoxa3 
mutant mice despite absence of the 3rd aortic arch. 
Consequently, at least some cases of this anomaly could 
be explained by the failure of formation or involution of 
the entire left aortic part of the aortic sac — the left horn 
of the aortic sac, left 4th aortic arch, and left 3rd aortic 

Figure 1: 3D reconstruction of the CT angiogram (3D Slicer 4.1.1, 
http://www.slicer.org [Last access on 10 Aug 2015]). Frontal (a) and 
posterior (b) views showing the right aortic arch, right common carotid 
artery (RCCA), and right subclavian artery (RSCA). The tortuous left 
dorsal aorta (LDA) continues cranially as left common carotid artery 
(LCCA) and left internal carotid artery (LICA). If the left 3rd aortic arch 
is formed, its junction with the LDA is at the black arrowhead. The 
ductus arteriosus (DA) in gold connects the LDA with the pulmonary 
artery (PA). The tracheal air column (Tr) is minimally narrowed

Figure 2: (a)  A depiction of normal aortic arch anatomy in the 
Carnegie Stage 16 embryo. The dashed outline indicates the 
portion, which we propose involutes or never forms in this anomaly 
(b) A drawing of the proposed anatomy in our case at this stage 
of development III = 3rd aortic arch, IV = 4th aortic arch, otherwise 
as in Figure 1



Raimondi, et al.: Left carotid from dorsal aorta

172 Annals of Pediatric Cardiology 2016 Vol 9 Issue 2

arch; only the left-sided pulmonary components (left 6th 
aortic arch and left pulmonary artery) being present.

What is left unexplained is the looping, tortuous course 
of the left dorsal aorta in this case. This was present in 
neither of our previous cases[1,2] nor in other reports,[4] 
suggesting that tortuosity is peculiar to this case rather 
than intrinsic to the underlying pathology. A potential 
explanation is marked growth of the segment of the 
dorsal aorta between the origin of the left subclavian 
artery (7th segmental artery) and the left common carotid 
artery or even the left carotid bifurcation. Normally, 
cell proliferation in this segment of the dorsal aorta is 
minimal and likely explains the paucity of longitudinal 
growth that results in the apparent migration of the left 
subclavian artery toward the left common carotid artery.[8] 
This segment of dorsal aorta remains nearly constant in 
length during later embryogenesis while the descending 
aorta distal to the left subclavian artery elongates 
significantly. In the previous cases,[1,2,4] the proximity of 
the left subclavian and common carotid arteries suggests 
a normal growth pattern of the left dorsal aorta, that is 
essentially no growth. In contrast, the wide separation of 
the left subclavian and common carotid arteries in the 
current case as well as the tortuosity of the vessel suggest 
marked longitudinal growth of this segment of the dorsal 
aorta. In fact, this excessive growth could also explain the 
nearly normal height of the carotid bifurcation in the 
absence of a left 3rd aortic arch.

We suggest that there is no left innominate artery present 
in this anomaly. Instead, the left dorsal aorta is the source 

of the left common and internal carotid arteries. The 
left 3rd aortic arch appears to be absent in at least some 
cases but could be the source of the proximal external 
carotid artery in others. Even in cases with the carotid 
bifurcation at the usual location, the left 3rd aortic arch 
does not seem likely to be the source of the common 
carotid artery. Perhaps a more accurate name for this 
anomaly would be right aortic arch with left common 
carotid and subclavian arteries from the left dorsal aorta. 
Of note, this mechanism also explains the origin of what 
is called isolation of the left innominate artery in right 
aortic arch.[4] One has only to include involution of the 
left dorsal aorta between the left 7th segmental artery 
(future left subclavian artery) and the descending aorta, 
as usually occurs in formation of a right aortic arch.
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Figure 3: A 3D reconstruction of a CT angiogram from a previously 
published case (case 2 from ref. 2) showing the early bifurcation 
of the left carotid artery into internal (LICA) and external (LECA) 
branches. The right common carotid artery (RCCA) continued 
out of the field of view without branching LSCA = Left subclavian 
artery, LVA = Left vertebral artery, RSCA = Right subclavian artery


