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Summary: Persistent proatlantal artery type 1 is one of the
four anastomotic vessels between the carotid and vertebro-
basilar arterial systems. Persistence of this embryonic
anastomosis is extremely rare. We present such a case with
bilateral persistent proatlantal arteries that arose from
internal carotid arteries, entered the skull via the foramen
magnum and united with the horizontal portions of verte-
bral arteries. We also mention its embryology, potential
clinical implications, and differentiating features between
two types of proatlantal arteries.

Persistence of fetal anastomoses between carotid
and vertebrobasilar arteries is a well-known anomaly,
although bilateral persistence of these anastomoses is
rare. To the best of our knowledge, only three cases
have been reported with persistent bilateral type 1 or
type 2 proatlantal arteries in the literature (1–3). Just a
single case has bilateral type 1 proatlantal arteries (3).
We present a case of persistent bilateral type 1 proat-
lantal arteries with absence of the vertebral arteries.

Case Report
A 55-year-old man had been complaining of left-sided weak-

ness and numbness for 6 weeks. Neurologic examination re-
vealed left-sided hemihypoesthesia and indistinctness of left
nasolabial sulcus. Cerebral CT imaging showed bilateral
periventricular white matter hyperlucencies and lacunar in-
farcts. Six days later, MR angiography (MRA) of the supraaor-
tic vessels was performed (2D time of flight), which showed
absence of both vertebral arteries at their origin.

The horizontal portion of vertebral arteries were constituted
by two vessels originating from the internal carotid arteries
bilaterally (Fig 1). Selective catheterization of both common
carotid arteries confirmed the findings of the MRA. An aortic
arch arteriogram revealed absence of the vertebral arteries
bilaterally (Fig 2). Evaluation of right carotid system demon-
strated the origin of anastomostic vessel from the internal
carotid artery at the level of the C2 vertebra. The vessel
coursed superiorly until the atlantooccipital junction and con-
tinued dorsally before entering the skull through foramen mag-
num (Fig 3). Evaluation of the left carotid system showed a
smaller vessel originating from the internal carotid artery at the
level of C2 vertebra. This vessel also coursed superiorly and

entered skull through foramen magnum after proceeding dor-
sally (Fig 4). The basilar artery and both posterior cerebral
arteries were supplied by these vessels, especially by the dom-
inant right one. Atherosclerotic plaques were present at the
proximal portion of both internal carotid arteries and right
persistent proatlantal artery. They probably were the source of
the emboli causing the neurologic symptoms we have
described.

Discussion
At the 4–5-mm embryonic stage, the hindbrain is

supplied by two parallel neural arteries. These two
neural arteries supply blood from the carotid system
via trigeminal, otic, hypoglossal, and proatlantal ar-
teries (4, 5).

As the posterior communicating arteries develop,
three of the four anastomoses—otic, hypoglossal, and
trigeminal arteries—regress (6). The life span of
these arteries is about a week. The proatlantal arter-
ies persist until the vertebral arteries develop. During
the 7 to 12 mm embryonic stage, the vertebral arteries
are formed from transverse anastomoses between ad-
jacent cervical intersegmental arteries, beginning with
the proatlantal intersegmental artery and proceeding
downward to the C6 intersegmental artery, which
forms the origin of adult vertebral artery and subcla-
vian artery (7). Part of the proatlantal artery becomes
the horizontal portion of the vertebral artery (4; Fig
5). The horizontal and distal portions of occipital
artery are also derived from the proatlantal artery (8).

When the proatlantal artery persists, the ipsilateral,
contralateral, or both, vertebral arteries are hypoplas-
tic in about half of the cases (9). Like the hypoglossal
artery, the persistent proatlantal artery arises from
the carotid system outside cranium and unites with
the posterior vascular system inside cranium. There-
fore, there are some difficulties in differentiating
these two anastomoses. A higher origin is expected
for hypoglossal artery. The hypoglossal artery usually
leaves the internal carotid artery at the level of C1
vertebra or C1–C2 interspace. Origin of proatlantal
artery at the C2 or C3 vertebra is typical (9).

Analysis of well-documented cases reveals two im-
portant differentiating features: 1) The suboccipital
horizontal course is characteristic of vertebral and
proatlantal arteries. The hypoglossal artery lacks this
horizontal course. 2) The proatlantal artery enters the
skull through the foramen magnum, whereas the hypo-
glossal artery enters the skull through the hypoglossal
canal. Therefore, a small dorsal curve will be enough for
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hypoglossal artery, but the proatlantal artery extends
much more posteriorly and horizontally.

Two types of proatlantal arteries have been de-
scribed, both arising from the carotid artery and en-
tering the foramen magnum (8). The type 1 proatlan-
tal artery (proatlantal intersegmental artery) rises
from the caudal internal carotid artery and ascends to
the level of the occipitoatlantal space without passing
through the transverse foramen of any cervical verte-
bra. The artery takes a dorsal course cephalad to the
transverse process of C1 and then travels rostrally to
enter the foramen magnum. The type 2 proatlantal
artery (C1 intersegmental artery) arises from the ex-
ternal carotid artery laterally, remains more lateral in
position than the type 1 artery, and joins the course of
the horizontal portion of the vertebral artery before
entering the foramen magnum (Fig 6).

In the case reported here, the arteries arise from
the internal carotid artery at the C2 level. They as-

cend to the level of transverse processes of C1 and
course dorsally in the occipitoatlantal space. This sub-
occipital horizontal sweep is characteristic of proat-
lantal artery 1. They also extend farther posteriorly
than would be expected of hypoglossal artery. There-
after, they enter the skull through the foramen mag-
num bilaterally and combine with the horizontal seg-
ment of vertebral artery to form the basilar artery.

As in our case, most of the proatlantal arteries are
incidentally found. Associated vascular anomalies are
more common with persistent primitive anastomoses,
although neither the reported persistent bilateral
proatlantal artery cases nor our case was associated
with such an anomaly. It can be theorized that per-
sistence of carotid-basilar anastomoses relate to a
teleologic effort to preserve blood flow to the poste-
rior fossa compromised by hypoplastic or nonexistent
vertebral arteries. Also environmental, mechanical,
and genetic factors before the 14-mm stage of the
embryo may cause predisposition to multiple vascular
anomalies (10). It is important for the surgeon to be

FIG 1. MR angiogram (2D time of flight). Right proatlantal artery
originating from internal carotid artery can be seen in its full
course (arrows), but only the proximal portion of left proatlantal
artery can be seen (arrowhead).

FIG 2. Aortic arch angiogram, showing the absence of both
vertebral arteries.

FIG 3. Right common carotid artery digital subtraction arterio-
gram, lateral projection. Proatlantal artery (arrow) originates from
the internal carotid artery. The vessel extends to the posterior
aspect of atlas with a horizontal sweep characteristic of a type 1
proatlantal artery (arrowhead) before turning upward to join the
horizontal segment of the vertebral artery.

FIG 4. Left common carotid artery digital subtraction arterio-
gram, lateral projection. Proatlantal artery (arrow) courses dor-
sally above C1 before joining the vertebral artery.
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aware of these primitive anastomoses while perform-
ing endarterectomy (11) or ligation of the external
carotid artery. If the anomalous vessel is the only
source for posterior circulation and there is stenosis
or occlusion in the carotid system, symptoms of pos-
terior fossa ischemia may ensue. Furthermore, inter-
ventional neuroradiologic procedures may require
modification if such anomalies exist.

References
1. Lode I. Persistence of both proatlantal arteries with occlusion of

the internal carotid arteries. Acta Radiologica 2000;41:410–411
2. Lui CC, Lui YH, Wai YY, Tsai CC. Persistence of both proatlantal

arteries with absence of vertebral arteries. Neuroradiology
1987;29:304–305

3. Woodcock RJ, Cloft HJ, Dion JE. Bilateral type 1 proatlantal
arteries with absence of vertebral arteries. AJNR Am Neuroradiol
2001;22:418–420

4. Luh GY, Dean BL, Tomsick TA, Wallace RC. The persistent fetal
carotid-vertebrobasilar anastomoses. AJR Am J Roentgenol
1999;172:1427–1432

5. Caldemeyer KS, Carrico JB, Mathews VP. The radiology and em-
bryology of anomalous arteries of the head and neck. AJR Am J
Roentgenol 1998;170:197–203

6. Yilmaz E, Ilgit E, Taner D. Primitive persistent-carotid basilar and
carotid-vertebral anastomoses: a report of seven cases and a review
of literature. Clin Anat 1995;8:36–43

7. Barismar J. Persistent hypoglossal artery, diagnostic criteria: re-
port of a case. Acta Radiologica Diagnosis 1976;17:160–166

8. Lasjaunias P, Theron J, Moret J. The occipital artery. Neuroradi-
ology 1978;15:31–37

9. Anderson RA, Sondheimer FK. Rare carotid-vertebrobasilar anas-
tomoses with notes on differentiation between proatlantal and
hypoglossal arteries. Neuroradiology 1993;117:232–238

10. Tanaka Y, Hara H, Momose G, et al. Proatlantal intersegmental
artery and trigeminal artery associated with an aneurysm. J Neu-
rosurg 1983;59:520–523

11. Parkinson D, Reddy V, Ross RT. Congenital anastomoses between
the vertebral artery and internal carotid artery in the neck: case
report. J Neurosurg 1979;51:697–699

FIG 5. A, At the 4–5-mm embryonic
stage bilateral longitudinal neural arteries
(arrows)—one set of longitudinal neural
arteries, dorsal aorta, and cervical inter-
segmental arteries is shown—are supplied
by trigeminal artery (TA), otic artery (OA),
hypoglossal artery (HA), proatlantal inter-
segmental artery (PA), and cervical inter-
segmental arteries (CIA1–6)

B, At the 7–12-mm embryo vertebral ar-
tery (VA) develops through the transverse
anastomoses between adjacent cervical
intersegmental arteries and distal part of
the proatlantal artery becomes the hori-
zontal portion of the vertebral artery (ar-
rowheads) while proximal part regresses
completely. Failure of this regression re-
sults as persistent proatlantal artery
(dashed lines). Also note that at this stage of embryo TA, OA, and HA has disappeared after development of posterior communicating
artery (PCA). AA, fourth aortic arch; DAo, dorsal aorta; ECA, external carotid artery; ICA, internal carotid artery; VAo, ventral aorta.

FIG 6. A, Persistent proatlantal artery
type I (PPA 1) arises from the caudal part
of the internal carotid artery and courses
along the anterior aspect of the vertebral
bodies to the level of the occipitoatlantal
space before coursing dorsally.

B, Persistent proatlantal artery type II
(PPA 2) arises from the external carotid
artery; it crosses the C1 or C2 vertebra
obliquely. Both PPA-1 and PPA-2 enter
the skull via the foramen magnum.
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