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Introduction

Persistent fetal, or primitive, anastomoses between the 
carotid and vertebrobasilar systems are known variations 
resulting from a failure of regression during embryogenesis. 
Fetal trigeminal arteries are most likely to persist followed 
by hypoglossal, otic, and proatlantal intersegmental arteries 
(Fig. 1) [1, 2]. These variations, which typically connect the 
internal carotid artery to the vertebral artery, are estimated 
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Fig. 1. The four persistent carotid-vertebrobasilar anastomoses. 

Corresponding author: 
Joe Iwanaga 
Department of Neurosurgery, Tulane Center for Clinical Neurosciences, 
Tulane University School of Medicine, New Orleans, LA 70112, USA
E-mail: iwanagajoeca@gmail.com

Rare anastomosis between the ascending 
pharyngeal and vertebral arteries via the 
hypoglossal canal: A cadaveric case report
Stephen J. Bordes1, Sina Zarrintan2, Joe Iwanaga3,4,10, Marios Loukas5, Aaron S. Dumont3,  
R. Shane Tubbs3,4,5,6,7,8,9

1Department of Surgery, Louisiana State University, New Orleans, LA, USA, 2Division of Vascular and Endovascular Surgery, Department of 
Surgery, Tabriz University of Medical Sciences, Tabriz, Iran, 3Department of Neurosurgery, Tulane University School of Medicine, New Orleans, 
LA, 4Department of Neurology, Tulane University School of Medicine, New Orleans, LA, USA, 5Department of Anatomical Sciences, St. George’s 
University, St. George’s, Grenada, 6Department of Surgery, Tulane University School of Medicine, New Orleans, LA, 7Department of Structural and 
Cellular Biology, Tulane University School of Medicine, New Orleans, LA, 8Department of Neurosurgery, Ochsner Neuroscience Institute, Ochsner 
Health System, New Orleans, LA, USA, 9Queensland University, Brisbane, Australia, 10Division of Gross and Clinical Anatomy, Department of 
Anatomy, Kurume University School of Medicine, Kurume, Fukuoka, Japan

Abstract: We present a rare case of external carotid artery-vertebral artery anastomosis via the ascending pharyngeal artery, 
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is a variation of a true persistent fetal hypoglossal artery. Knowledge of persistent carotid-vertebrobasilar anastomoses is 
important as these fetal vessels can contribute significantly to the posterior cerebral circulation. Only 10 cases of external 
carotid artery-vertebrobasilar artery anastomoses have been reported to our knowledge, and our case presents the first 
cadaveric dissection of this rare variation.
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to occur in 0.027% to 0.26% of the population [1-4]. We pres-
ent a rarer variation. An anastomosis was identified between 
the external carotid and vertebral arteries via a hypoglossal 
branch of the ascending pharyngeal artery. Only 10 cases 
of this uncommon variation can be found in the literature 
[4]. To our knowledge, our case is the first cadaveric report. 
All other reported cases have identified this variation using 
magnetic resonance or computed tomography angiography. 
Knowledge of these persistent fetal anastomoses is crucial as 
they can contribute significant blood flow to the vertebro-
basilar system and posterior cerebral circulation.

Case Report

During a cadaveric head and neck dissection, the left as-
cending pharyngeal artery was found to give off a branch to 
the hypoglossal canal (Fig. 2). The specimen was a 79-year-
old at death male with no signs of previous trauma or pathol-
ogy to the area dissected. This hypoglossal arterial branch 
was followed cranially and found to join the ipsilateral verte-
bral artery at the level at which it gave off the posterior inferior 
cerebellar artery (Fig. 3). The hypoglossal artery was 1.28 mm 
in diameter and 38 mm long. The hypoglossal canal was not 
enlarged on this side. Thus, this variant anastomosis con-
nected the external carotid artery with the vertebrobasilar 
system (Fig. 4). There was no similar finding on the contra-

lateral side.

Discussion

Embryology
During early embryonic stages (approximately weeks 6–8), 

the fetal carotid arteries supply much of the anterior and 
posterior cerebral circulation. The basilar artery is formed by 
the fusion of two paired neural arteries that course along the 
surface of the hindbrain [1, 2]. The carotid arteries initially 
supply these neural arteries via trigeminal, hypoglossal, otic, 
and proatlantal intersegmental anastomoses [1, 2, 4]. When 
the posterior communicating arteries form from the fusion 

Fig. 2. Variant anastomosis i.e., hypoglossal artery (arrows) between 
the ascending pharyngeal artery (APA) and ipsilateral vertebral artery 
(VA4) via the hypoglossal canal, which has been dissected open and 
the hypoglossal nerve (CNXII) reflected inferiorly. Note the internal 
carotid artery (ICA) with its proximal part to the left and its distal 
part to the right and reflected up. Also note the external carotid artery 
(ECA) and third segment of the vertebral artery (VA3). The left 
vertebral artery where the anastomosis is seen is shown giving off the 
posterior inferior cerebellar artery (PICA). The sympathetic trunk 
is elevated with suture and the pharyngeal branches of the ascending 
pharyngeal artery are shown at the green arrows. 

Fig. 3. Zoomed in photo of Fig. 2 . Note the hypoglossal artery 
(arrows) traveling from the ascending pharyngeal artery and joining 
the ipsilateral and intracranial vertebral artery. The left posterior 
inferior cerebellar artery (PICA) is shown arising from the vertebral 
artery (VA4) segment of the vertebral artery near the joining of the 
hypoglossal artery.
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Fig. 4. The case reported herein following excision. PICA, posterior 
inferior cerebellar artery.
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between distal internal carotid and neural arteries, the four 
carotid-vertebrobasilar anastomoses regress and under nor-
mal circumstances the vertebral arteries become the major 
suppliers of the posterior cerebral circulation [2]. Failure of 
the primitive carotid-vertebrobasilar anastomoses to regress 
leads to persistent fetal anastomoses in adulthood.

True persistent primitive hypoglossal artery
A persistent fetal hypoglossal artery is the second most 

common anastomosis between the carotid and vertebro-
basilar arterial systems (Figs. 5, 6) [1, 2, 4]. This variation is 
more common on the left side and in females [1]. The most 
frequent of these anastomoses originates from a persistent 
fetal trigeminal artery [4]. Less common anastomoses in-
volve the otic and proatlantal arteries. If there is a persistent 
fetal hypoglossal artery, Brismar’s diagnostic criteria suggest 
that an extracranial branch should originate from the inter-
nal carotid artery and anastomose with the vertebrobasilar 
trunk after passing through the hypoglossal canal [5]. The 
anastomosis typically originates between the C1 and C2 lev-
els of the internal carotid artery [1]. The branch then passes 
through a commonly enlarged hypoglossal canal and joins 
to an ipsilateral inferior segment of the basilar or vertebral 
artery. If this anastomosis is large, ipsilateral posterior com-
municating or vertebral arteries can be absent or hypoplas-
tic. As mentioned previously, this communication is thought 

to occur in 0.027% to 0.26% of the population [2, 4].

Variant ascending pharyngeal-vertebral anastomosis
In our case, we identified an external carotid-vertebrobas-

ilar anastomosis (Figs. 2–4), which is rarer than the variation 
mentioned above that arises from the internal carotid artery 
[3, 4]. To our knowledge only 10 cases have been reported 
previously and all have been identified using angiography [4]. 
Our cadaveric dissection (Figs. 2–4) showed the ascending 
pharyngeal branch of the external carotid artery giving off a 
hypoglossal branch that then coursed through the hypoglos-
sal canal prior to joining the ipsilateral vertebral artery.

The ascending pharyngeal artery normally divides into 
two major trunks: an anterior pharyngeal trunk and a pos-
terior neuromeningeal trunk. The latter trunk gives off 
jugular and hypoglossal branches with both supplying the 
dura mater of the posterior cranial fossa [6]. The hypoglossal 
branches also supply the hypoglossal nerve rootlets and con-
tribute to the arterial arcade supplying the dens by joining 
the posterior ascending branch of the vertebral artery [6, 7]. 

Yamamoto et al. [4] and Uchino et al. [8] termed this 
persistent hypoglossal arterial variation a dilated ascending 
pharyngeal artery; they proposed that proximal fetal pro-
atlantal intersegmental and distal fetal hypoglossal arteries 
contribute to this anastomosis. Lasjunias et al. [9] identified 
two types of proatlantal artery: type I and type II. A type I 
proatlantal intersegmental artery originates from the inter-

Fig. 6. Hypoglossal artery (black arrows) arises from the right internal 
carotid artery (outlined white arrow). The right external carotid 
artery is indicated by the black arrowhead. 

Fig. 5. Adult patient found to have a persistent hypoglossal artery 
(arrowhead) emerging from the hypoglossal canal on 3 dimensional 
reconstruction from a contrasted head and neck computed tomography. 
The vertical continuation of the vessel is the basilar artery.
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nal carotid artery and represents a true persistent fetal pro-
atlantal artery. A type II originates from the external carotid 
artery and shares a common trunk with the occipital artery. 
Uchino et al. [8] Okahara et al. [10] suggested that this varia-
tion represents a persistent first cervical intersegmental ar-
tery. In our case, and in the cases of Yamamoto et al. [4] and 
Uchino et al. [3] the proximal anastomoses originated from 
the ascending pharyngeal artery as opposed to the occipital 
artery, further defining this variant anastomosis.

Persistent carotid-vertebrobasilar anastomoses can be 
associated with atherosclerotic disease, intracranial isch-
emia, and intracranial aneurysms [1-3, 8]. These variations 
should be identified prior to carotid endarterectomy (CEA), 
intravascular embolization, and other skull base surgeries 
as these persistent fetal vessels can serve as significant sup-
pliers of the posterior cerebral circulation. In the presence 
of this variation, endarterectomy of external carotid during 
CEA is warranted. Some vascular surgeons believe that end-
arterectomy of external carotid artery may be neglected [11] 
without a significant consequence. However, neglecting end-
arterectomy of the external carotid artery is not suggested in 
the presence of a persistent external carotid-vertebrobasilar 
anastomosis. In addition, modification of technique during 
carotid artery stenting may be necessary in patients with this 
variation. These modifications include but are not limited to 
the selection of stent type (closed cell vs. open cell stents) and 
introduction of guidewires into the external carotid artery. 
Technical modifications in patients with persistent carotid-
vertebrobasilar anastomoses should be individualized based 
on pre-operative angiographic findings. Establishment of 
external carotid artery flow would be more important when 
vertebral artery hypoplasia is present on the contralateral 
side. 
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