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ANATOMIC VARIATIONS

Type 2 left proatlantal artery with normal left vertebral artery 
and association with an aberrant right subclavian artery 
and a bi‑carotid trunk
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Abstract
Type 2 proatlantal artery (PA) is a rare type of the carotid-vertebrobasilar anastomosis that arises from the external carotid 
artery and enters the posterior fossa via the foramen magnum (FM). The type 2 PA is usually large and takes a similar course 
to the occipital artery (OA). The peripheral branch of the OA arises from the distal segment, just proximal to the FM. The 
ipsilateral vertebral artery (VA) is usually aplastic or hypo-plastic. We diagnosed a case of relatively small type 2 left PA in 
a patient with a normally developed ipsilateral VA. Furthermore, the patient had an aberrant right subclavian artery associ-
ated with a bi-carotid trunk. The combination of these extracranial arterial variations has not been reported in the relevant 
English language literature.
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Introduction

Several types of carotid-vertebrobasilar anastomosis have 
been reported [8]. The most caudally located type of anas-
tomosis is persistent second cervical intersegmental artery 
[10], followed by persistent first cervical intersegmental 
artery, which has been named type 2 proatlantal artery (PA) 
[4]. The type 2 PA arises from the proximal external carotid 
artery (ECA) and runs posteriorly, similarly to the course of 
the occipital artery (OA). Finally, it enters the posterior fossa 
via the foramen magnum and continues to the V4 segment of 
the vertebral artery (VA). Because the proximal segment of 
the ipsilateral VA is usually aplastic or hypo-plastic, the type 
2 PA is large. We herein report a case involving a relatively 
small type 2 PA with a normally developed ipsilateral VA. 
The patient also had an aberrant right subclavian artery (SA) 
associated with a bi-carotid trunk [3, 11].

Case report

An 81-year-old man with cerebral infarction in the right 
basal ganglia underwent cranio-cervical CT angiography for 
the evaluation of arterial lesions. A 64-slice CT machine was 
used (SOMATOM Definition Flash, Siemens Healthineers, 
Erlangen, Germany).

There were no significant steno-occlusive lesions in the 
intracranial arteries. CT angiography of the neck region 
showed the right SA arising from the aortic arch (AA), distal 
to the origin of the left SA, which was indicative of an aber-
rant right SA. The left common carotid artery (CCA) arose 
from the right CCA, forming a bi-carotid trunk (Fig. 1). 
There was an anastomotic artery between the left OA and 
left VA at the level of the foramen magnum (FM), indicative 
of type 2 PA (Fig. 2). The left VA was normally sized and no 
stenotic lesions were observed from its origin to the anasto-
motic point. The right VA was relatively small. No carotid-
vertebrobasilar anastomosis was observed on the right side. 
Schematic illustrations are presented in Figs. 3 and 4.

The patient was treated conservatively and showed a good 
clinical course.

 *	 Akira Uchino 
	 auchino0528@gmail.com

1	 Department of Radiology, Saitama Sekishinkai Hospital, 
2‑37‑20 Irumagawa, Sayama, Saitama 350‑1305, Japan

2	 Department of Neurosurgery, Saitama Sekishinkai Hospital, 
Sayama, Japan

http://orcid.org/0000-0002-4043-8168
http://crossmark.crossref.org/dialog/?doi=10.1007/s00276-022-02896-w&domain=pdf


420	 Surgical and Radiologic Anatomy (2022) 44:419–421

1 3

Discussion

Extremely rarely, a large artery arises from the proximal ECA, 
takes a similar course to the OA, and fuses with the VA at the 
level of FM. Just before entering the posterior cranial fossa via 
the FM, the distal occipital artery arises. This type of carotid-
vertebrobasilar anastomosis is considered a persistent first 
cervical intersegmental artery and is termed type 2 PA [4]. In 
contrast, the type 1 proatlantal artery arises from the cervical 
ICA and fuses with the VA at the level of FM, and this type 
of carotid-vertebrobasilar anastomosis is considered to be a 
persistent proatlantal artery [4]. Usually, ipsilateral or bilateral 
proximal VA is aplastic or hypo-plastic [2]. Thus, type 2 PA is an 
important collateral pathway from the ECA to the VA. Normally, 

Fig. 1   AP (a), left lateral 
(b), and PA (c) projections 
of CT angiography show an 
anastomotic artery between 
the left external carotid artery 
and left vertebral artery (VA) 
(long arrows). An aberrant 
right subclavian artery (short 
arrows) and bi-carotid trunk 
(dotted arrow) are observed. A 
normally developed left VA and 
slightly hypo-plastic right VA 
are observed. The left VA has 
no stenotic lesion from its origin 
to the anastomotic point

Fig. 2   Slightly left anterior oblique projection of CT angiography 
shows the anastomotic artery arising from the proximal segment of 
the left occipital artery and fusing with the VA at the level of the 
foramen magnum, indicative of type 2 proatlantal artery (arrows)
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Fig. 3   A schematic illustration of branching variations of this patient 
in AP projection. AA aortic arch, LCCA​ left common carotid artery, 
LSA left subclavian artery, LVA left vertebral artery, RCCA​ right com-
mon carotid artery, RSA right subclavian artery, RVA right vertebral 
artery
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Fig. 4   A schematic illustration of the left carotid and vertebrobasilar 
system of this patient in the left lateral projection. BA basilar artery, 
LCCA​ left common carotid artery, LECA left external carotid artery, 
LICA left internal carotid artery, LOA left occipital artery, LVA left 
vertebral artery
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small anastomoses are found between the OA and VA. If a pres-
sure gradient occurs between the OA and VA, these anastomoses 
subsequently dilate. These postnatal collateral vessels should 
not be confused with this rare variation [7]. In our patient, there 
is normally developed left VA without a stenotic lesion at the 
proximal segment, suggesting that there was no pressure gradi-
ent between the OA and VA. Therefore, in our patient, the anas-
tomotic lesion is considered to have a congenital origin.

Boukobza et al. [1] reported a case of left type 2 PA that was 
associated with a common origin of the brachiocephalic trunk 
and left CCA. Our patient also had an aberrant right SA with 
a bi-carotid trunk. The association of type 2 PA and persistent 
trigeminal artery has also been reported [9]. Extremely rarely, 
congenital anastomosis between the proximal segment of the 
ECA and the proximal V3 segment of the VA is found. The OA 
can be seen separately. Thus, this is not type 2 PA (persistent 
first cervical intersegmental artery) and is instead regarded as 
persistent second cervical intersegmental artery [10].

An aberrant right SA forms when an abnormal regression of 
the right aortic arch at the segment between the primitive right 
CCA and right SA occurs. Based on CT angiography [11], it 
was reported that approximately 0.5% of the general popula-
tion has an aberrant right SA. According to a cadaver study 
[5], its prevalence is 2.2%, which is much higher than the rate 
detected by CT angiography. This discrepancy may be caused 
by the limited number of cases in the cadaver study. Because 
an aberrant right SA is seldom overlooked on CT angiogra-
phy due to its typical appearance, most examples of this vari-
ation in the adult population are found incidentally. However, 
because this artery crosses the midline via the retro-esophageal 
space, and may cause esophageal dysfunction, especially in 
children. Moreover, because neither a right trans-radial nor 
a trans-brachial approach can be successfully applied in for 
cranio-cervical intervention, this common variation should be 
recognized before the procedure. Similar to our patient, a bi-
carotid trunk, which is observed in cases where the bilateral 
CCAs have a common trunk, is seen in approximately 1/3 of 
cases of an aberrant right SA [11]. The reason for this highly 
frequent association is unknown. Recently, a patient with mul-
tiple cerebral arterial variations has been reported [6].

The clinical significance of these arterial variations is 
limited; however, to avoid complications, it is important 
to recognize the presence of type 2 PA before performing 
cranio-vertebral junction surgery and trans-catheter inter-
vention in the ECA territory. Recognition of an aberrant 
right SA before the procedure is also important for reducing 
both the examination time and the rate examination failure 
during catheterization of the cervical arteries.

Conclusion

We encountered an extremely rare case of type 2 left PA with 
a normally developed left VA. Because the pressure gradient 
between OA and VA seems to absent, the anastomotic artery 
was considered to have a congenital origin. The patient also 
had an aberrant right SA with a bi-carotid trunk, which is a 
relatively common variation. Recognition of these variations 
is important before surgery and catheterization.

Author contributions  AU carried out the study design and drafted the 
manuscript. All authors reviewed the manuscript critically, and have 
read and approved the final manuscript.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Boukobza M, Guinebert S, Laissy JP (2021) Persistent left type 2 
proatlantal artery and aortic arch variation. Diagn Interv Imaging 
102:269–270

	 2.	 Cohen JE, Grigoriadis S, Itshayek E (2011) Type II proatlantal artery 
(occipital subtype) with bilateral absence of the vertebral arteries. 
Clin Anat 24:950–952

	 3.	 Kumar S, Kumar P (2014) Truncus bicaroticus with aberrant right 
subclavian artery and origin of right vertebral from right common 
carotid artery. Surg Radiol Anat 36:829–831

	 4.	 Lasjaunias P, Théron J, Moret J (1978) The occipital artery. Anat-
omy–normal arteriographic aspects–embryological significance. 
Neuroradiology 15:31–37

	 5.	 Natsis K, Didagelos M, Gkiouliava A, Lazaridis N, Vyzas V, Piag-
kou M (2017) The aberrant right subclavian artery: cadaveric study 
and literature review. Surg Radiol Anat 39:559–565

	 6.	 Rădoi PM, Rusu MC, Dincă D, Toader C (2021) Combined rare 
anatomical variants: persistent primitive olfactory artery and azygos 
pericallosal artery. Surg Radiol Anat 43:1305–1308

	 7.	 Ray HM, Kuban JD, Tam AL, Huynh TT, Pisimisis GT (2020) Percuta-
neous retrograde left external carotid artery coil embolization for man-
agement of hemorrhage from a persistent proatlantal intersegmental 
artery type 2. J Vasc Surg Cases Innov Tech 6:250–253

	 8.	 Uchino A (2019) Carotid-vertebrobasilar anastomosis: magnetic 
resonance and computed tomographic angiographic demonstration. 
Jpn J Radiol 37:565–578

	 9.	 Uchino A, Saito N, Inoue K (2012) Type 2 proatlantal intersegmen-
tal artery associated with persistent trigeminal artery diagnosed by 
MR angiography. Surg Radiol Anat 34:773–776

	10.	 Uchino A, Saito N, Kurita H (2018) Anastomosis of the external 
carotid artery and the V3 segment of the vertebral artery (presumed 
persistent second cervical intersegmental artery) diagnosed by CT 
angiography. Surg Radiol Anat 40:233–236

	11.	 Uchino A, Saito N, Okada Y, Kozawa E, Nishi N, Mizukoshi W, 
Nakajima R, Takahashi M, Watanabe Y (2013) Variation of the ori-
gin of the left common carotid artery diagnosed by CT angiography. 
Surg Radiol Anat 35:339–342

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Type 2 left proatlantal artery with normal left vertebral artery and association with an aberrant right subclavian artery and a bi-carotid trunk
	Abstract
	Introduction
	Case report
	Discussion
	Conclusion
	References




