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Various branch anomalies of the aortic arch have been reported, but cases with separate origins of
the internal and external carotid arteries with combined direct aortic arch origin of the left vertebral
artery are extremely rare. Herein, we present a rare case of aplasia of the left common carotid artery
with separate origins of the ipsilateral internal and external carotid arteries and vertebral artery from
the aortic arch in a 10-year-old girl. In addition, we review the embryological development and clini-
cal implications of these anatomical variations.

Index terms Internal Carotid Artery; External Carotid Artery; Common Carotid Artery;
Magnetic Resonance Angiography; Computed Tomography Angiography

INTRODUCTION

The aplasia of the common carotid artery (CCA) is a rare congenital vascular anomaly that
is often associated with separate origins of the internal carotid artery (ICA) and external ca-
rotid artery (ECA) (1). In particular, separate origins of the ICA and ECA combined with the
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aortic arch origin of left vertebral artery (VA) are extremely rare (2, 3). Although these vascu-
lar anomalies are mostly asymptomatic, the identification of these anatomical variations can
be a significant diagnostic and therapeutic challenge in clinical practice (4). Herein, we pres-
ent a rare case of co-existence of direct aortic arch origins of the left ICA, ECA, and VA in a
10-year-old girl that was incidentally detected on head and neck CT angiography (CTA). More-
over, we discuss the embryological mechanisms and clinical implications of these anomalies.

CASE REPORT

A 10-year-old girl visited our hospital’s outpatient department with a 7-day history of con-
junctival injection. Her medical history was unremarkable and her vital signs were stable.
Ophthalmological examination raised concerns of bilateral papilledema. She underwent
contrast enhanced brain MRI and intracranial time-of-flight MR angiography (MRA) to evalu-
ate the cause of bilateral papilledema. On intracranial MRA, the left ICA showed diffuse nar-
rowing up to the fetal type of the posterior communicating artery (Fig. 1A). Subsequent head
and neck CTA revealed the agenesis of the left CCA with separate origins of the left ICA and
ECA from the aortic arch (Fig. 1B). On axial CT images, the diameters of the left ICA and ipsi-
lateral carotid canal were smaller than those of the contralateral ICA, which was a consistent
finding to that of intracranial MRA (Fig. 1C, D). The left VA was also directly originated from
the aortic arch with anomalous entering into the transverse foramen at the 5th cervical ver-
tebra, which was at a lower level than the contralateral side (Fig. 1E). There was no signifi-
cant abnormality in the brain parenchyma.

This study was approved by the local Institutional Review Board, and patient’s informed
consent was waived (IRB No. ISPAIK 2022-04-019).

DISCUSSION

The aplasia of the CCA with separate origins of the ICA and ECA is a rare congenital vascu-
lar anomaly. A previous study reported 87 cases of CCA aplasia of which 34 had left CCA apla-
sia (5). Combined anatomical anomalies of direct aortic arch origins of the left ICA, ECA, and
VA are extremely rare, and to our best knowledge, only two cases have presented these
anomalies to date (2, 3). Braun et al. (2) reported a case of vascular anomalies similar to those
reported in the present study. However, unlike our case, the left ICA first originated before
the left ECA in their case. Bhat et al. (3) also reported a case with the similar anomalies as de-
scribed in our case; however, that case had no available images of the intracranial vessels.

During embryonic development, the third primitive aortic arch develops into the CCA and
proximal ICA (5). The ductus caroticus connects the third and fourth primitive aortic arches
and normally regress during development. However, if the ductus caroticus does not regress
and persists with regression of the third primitive aortic arch, it forms a separate origin for
the ICA (5).

The VA usually arises at the ipsilateral subclavian artery and the variant origin of left VA from
the aortic arch has been reported in 2.9% cases (6). The VA is formed through the development

of a postcostal longitudinal anastomosis of the cervical intersegmental arteries (7). If the
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Fig. 1. Coexistence of separate origins of the left ICA and ECA from the aortic arch and the anomalous origin of the left VA from the aortic
archin a 10-year-old girl.

A. Atime-of-flight MR angiography maximum intensity projection image is presented. The anteroposterior view of the intracranial arteries
depicts the diffuse narrowing of the left distal ICA. The diameter of the left distal ICA became is to that of the right distal ICA (arrow) at dis-
tal locations beyond the origin of the left posterior communicating artery (arrowhead).

B. Left anterior oblique and lateral projections of three-dimensional volume-rendered CT angiography reveal five vessels that originate
directly from the aortic arch: right brachiocephalic trunk (B), left ECA (E), left ICA (1), left VA (V), and LS.

C. The axial CT image shows that the diameter of left ICA (arrow) is smaller than those of the right ICA (arrowhead) and left ECA (blank arrow).
D. The axial CT image shows that the left carotid canal (arrow) is narrower than the right carotid canal (arrowhead).

E. The axial CT image acquired at the 6th cervical vertebra level shows the right VA (arrowhead) located in the right transverse foramen.
The left VA (arrow) is not visible in the left transverse foramen in this figure, but it is located anteriorly.

B = brachiocephalic artery, E = left ECA, ECA = external carotid artery, ICA = internal carotid artery, | = left ICA, LS = left subclavian artery,
RS =right subclavian artery, V = left VA, VA= vertebral artery

anastomosis does not develop between the left 6th and 7th intersegmental arteries and the
left 6th intersegmental artery does not regress, the left VA originates from the aortic arch (7).
In addition, a previous study suggested that the VA's origin is related to the entry level of
transverse foramen, and the left VA originating from the aortic arch most commonly enters
the transverse foramen of the 5th cervical vertebra as seen in our case (7).

Some cases of hypoplasia of the ICA accompanied by CCA aplasia have been reported simi-
lar to our case (5). Although, most cases of this anomaly are asymptomatic, symptoms related
to ICA hypoplasia have been reported previously (8-10). Bryan et al. (8) reported a case of
transient ischemic attack that may have occurred due to a hypoplastic left ICA. Hiratsuka et

al. (9) reported a patient who presented with intracerebral hemorrhage in the right basal
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ganglia and left ICA hypoplasia. Warschewske and Benndorf (10) reported a case of a contra-
lateral giant ICA aneurysm. The authors suggested the possibility of hemodynamic stress
from left ICA hypoplasia (9). In our case, the diameter of the left distal ICA became similar to
that of the right distal ICA after the origin of the posterior communicating artery, and the left
Al segment of the anterior cerebral artery was hypoplastic. This may indicate that collateral
circulation through the circle of Willis provides left cerebral blood supply and may cause he-
modynamic stress on the right side and vertebrobasilar system. Thus, the careful attention
and follow-up is needed, although no aneurysms were observed in our case.

In conclusion, we present a rare case of combined anatomical variations of direct aortic
arch origins of the left ICA, ECA, and VA. Although these anomalies are usually asymptomat-
ic, they can confound the diagnosis and treatment process. The accompanying ICA hypopla-
sia also can cause hemodynamic stress on the contralateral side. Thus, recognizing the con-
genital vascular anomalies of the aortic arch is important for diagnosis and treatment, and
follow-up is needed.

Author Contributions

Conceptualization, L.B.; data curation, H.Y.J.; investigation, H.Y.J.; methodology, H.Y.J.; project ad-
ministration, L.B.; supervision, L.B.; validation, H.Y.J.; visualization, P.D.Y.; writing—original draft,
P.DY,; and writing—review & editing, L.B.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Funding
None

REFERENCES

1. Quinones G, Srinivasan A. Absence of the right common carotid artery: a rare case without separate origins
of theinternal and external carotid arteries. Clin Imaging 2017;43:184-187

2. Braun R, Velayudhan V, Loona J. Absent left common carotid artery in a trauma patient. J Vasc Interv Radiol
2017;28:230

3. BhatV, Gadabanahalli K, Sharma R, Shah S. Unique branching pattern of aortic arch in a patient with aor-
topulmonary window. BJR Case Rep 2016;2:20150298

4. Choi KH, Baek HJ, Jung HK. Separate origins of the internal and external carotid arteries depicted on CT
angiography: a case report. J Korean Soc Radiol 2015;73:124-126

5. Vasoviv L, Trandafiloviv M, Vlajkoviv S. Congenital aplasia of the common carotid artery: a comprehensive
review. Biomed Res Int 2019;2019:9896138

6. Popieluszko P, Henry BM, Sanna B, Hsieh WC, Saganiak K, Pekala PA, et al. A systematic review and meta-
analysis of variations in branching patterns of the adult aortic arch. J Vasc Surg 2018;68:298-306.e10

7. Park C, Lee BH. Anomalous origins of the bilateral vertebral arteries arising from the aortic arch: a case re-
port.J Korean Soc Radiol 2021;82:743-748

8. Bryan RN, Drewyer RG, Gee W. Separate origins of the left internal and external carotid arteries from the
aorta. AJRAm J Roentgenol 1978;130:362-365

9. Hiratsuka Y, Endo H, Okamura N, Mikamoto M, Asayama B, Kamiyama K, et al. Separate origins of the left in-
ternal and external carotid arteries from the aorta in a patient with intracerebral hemorrhage. Radiol Case
Rep 2022;17:1770-1772

10. Warschewske G, Benndorf G. Separate origin of the left internal and external carotid artery from the aortic

arch associated with contralateral intracranial giant aneurysm. Interv Neuroradiol 1999;5:261-263

https://doi.org/10.3348/jksr.2022.0065 289



Separate Origins of the Left ICA, ECA, and VA from Aortic Arch

JOURNAL of
THE KOREAN SOCIETY of
RADIOLOGY

EHEDHQOH N EZIXOZ J|A[SH= QI A2 =0
sitie - o|He* - Yo

HEuE Z7]0] Chaks 7] Aol s & delA] Qloi} SR s} upgEEole] Sa4el
Mo} Sl H25aRe] clolg 23 71A0] ek Bk ol$ SRk ARHES 104
olojoll ] Y LBEuo] By it 55 £B5u uZEEN 9 Yool tlEago|
A A ZIAShE vk = 53 HolE S| = Eastaial ek, w5k o] F2f Hals F
St Blo] o] HhAlEHA 7| M3} o)A o] o] 2 Alm B gl

olA|chaha o]zt Akl ojAbolatut

290

jksronline.org



