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Agenesis of Bilateral Internal Carotid Arteries and
Posterior Fossa Abnormality in a Patient with

Facial Capillary Hemangioma: Presumed
Incomplete Phenotypic Expression of

PHACE Syndrome
Young-Cheol Weon, Jin-Il Chung, Hyung-Jin Kim, and Hong sik Byun

Summary: PHACE syndrome is a neurocutaneous syn-
drome with the following features: posterior fossa malfor-
mations of the brain, large facial hemangiomas, arterial
anomalies, cardiac anomalies and aortic coarctation, and
eye abnormalities. We report a rare case of bilateral inter-
nal carotid artery agenesis with transcranial collaterals
from the external carotid arteries and agenesis of the ver-
tebrobasilar system in a possible PHACE syndrome. We
suggest that the patient had an incomplete phenotypic
expression of the PHACE syndrome. Although the pheno-
typic spectrum is broad and is still largely unexplored, the
extent of the cephalic neural crest cells insulted genetically
or by other causes at a certain time during the development
of the embryo might explain the variable phenotypic ex-
pression of PHACE syndrome.

Agenesis, aplasia, and hypoplasia of the internal
carotid artery are rare congenital anomalies, occur-
ring in less than 0.01% of the population (1, 2). The
term “absence” has been chosen to incorporate agen-
esis, aplasia, and hypoplasia of the internal carotid
artery. In this setting, the most common type of col-
lateral flow is through the circle of Willis. Less com-
monly, collateral flow is provided via persistent em-
bryonic vessels or from transcranial collaterals
originating from the external carotid artery system.
Agenesis of the vertebrobasilar system is relatively
common, but concomitant agenesis of the internal
carotid artery and the vertebrobasilar system is very
rare.

Agenesis of the internal carotid artery can be asso-
ciated with PHACE syndrome, a rare neurocutane-
ous syndrome, with the following features: posterior
fossa malformations of the brain, large facial heman-
giomas, arterial anomalies, cardiac anomalies and
aortic coarctation, and eye abnormalities (3). A grow-
ing list of complex syndromes links disorders of the

brain, meninges, or cerebral vessels with cutaneous
and craniofacial lesions, some of which are also asso-
ciated with congenital heart disease. However, to our
knowledge, concomitant bilateral internal carotid ar-
tery agenesis and vertebrobasilar system agenesis as a
feature of the PHACE syndrome have not been re-
ported in the literature.

We describe a patient with bilateral internal carotid
artery agenesis with transcranial collaterals from the
external carotid artery and agenesis of the vertebro-
basilar system, posterior fossa anomaly, and facial
capillary hemangioma in a possible PHACE
syndrome.

Case Report
A 14-year-old girl was admitted with decreased visual acuity.

She was born to nonconsanguineous healthy parents and pre-
sented with no family history of brain abnormalities or angio-
mas. Gestation and delivery were uneventful. She had a large
facial hemangioma on the right eyelid and cheek that appeared
soon after birth and regressed as she grew. She could open her
right eye fully only after 7 years of age. Only a small scar was
present on the right upper eyelid at admission. She had no
abnormal findings on physical examination. Blood pressure was
in the normal range. On neurologic examination, she had
intermittent nonspecific headache and low visual acuity in her
right eye and could only count fingers at a 3- to 4-m distance.
On MR imaging and MR angiography, abnormality of the
posterior fossa, no flow of the internal carotid arteries on both
sides, and abnormality of the vertebrobasilar artery were noted
(Fig 1). The right cerebellar hemisphere was hypoplastic, and
the inferior cerebellar vermis was absent, with a normally
preserved shape and size of the fourth ventricle. These features
could be explained as Dandy-Walker variants.

Digital angiography showed complete occlusion of the inter-
nal carotid artery from the cervical portion on right side and at
the origin of left internal carotid artery, with transdural collat-
erals from the external carotid arteries forming multiple chan-
nels to reconstitute the distal internal carotid arteries (Fig 2).
Injection of the right external carotid artery and left external
carotid artery demonstrated the reconstitution of the distal
internal carotid artery by branches of the internal maxillary
arteries, middle meningeal arteries, deep temporal arteries, the
artery of the foramen rotundum, ascending pharyngeal arter-
ies, and collaterals of the occipital artery. There was also the
discontinuation between the vertebral arteries and the abnor-
mally dilated proximal basilar artery with collateral branches
mainly from the left vertebral artery. Normal internal carotid
arteries were not seen in the carotid spaces, and no carotid
canals were noted on the brain CT and MRI (Fig 3). The right
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subclavian artery twisted like a screw from just distal to the
origin of right common carotid artery (Fig 4). There were no
demonstrable anomalies of the aorta and the heart.

Discussion
This patient presented a spectrum of abnormalities,

but not the full spectrum of the PHACE syndrome: a
large facial hemangioma at birth, posterior fossa
anomaly of Dandy-Walker variants, agenesis of the
internal carotid artery, agenesis of vertebrobasilar
artery, and deformation of right innominate artery.
However, all previous studies have stressed the het-
erogeneity of the syndrome and the absence of one or
more components (4). Hemangiomas are the most
common benign tumors of infancy, occurring in up to
10% of children younger than 1 year of age and seem
to be the unifying feature of the PHACE syndrome.
Most patients are initially referred because of the
complex nature and/or large size of their facial hem-
angiomas (4). As shown in this patient, the large
hemangioma at the area of right forehead and cheek
eventually regressed and all that remained was a
small scar on the upper eyelid. The trigeminal divi-
sion V1 is the most commonly affected region, and
the extent and/or distribution of cutaneous involve-
ment correlates with the type and severity of compli-

cations in some instances (4). Hemangiomas are typ-
ically bulky plaquelike lesions, not confined by their
boundaries. Hemangiomas in PHACE syndrome are
no different from sporadic lesions, but they show a
female dominance of 9:1 (female–male ratio), com-
pared with the 3:1 ratio for the sporadic lesions (5).
Many reports recognize the association of cervicofa-
cial hemangiomas with vascular anomalies and con-
genital heart disease (6, 7), and hemangiomas have
also been associated with the Dandy-Walker syn-
drome (8). Thus the PHACE syndrome might be
considered in infants presenting with a large plaque-
like facial hemangioma, especially girls.

Classic Dandy-Walker malformation and the vari-
ants and cerebellar hypoplasia and arachnoid cysts or
cortical dysgenesis can be associated with cutaneous
hemangiomas and PHACE syndrome. Associated
posterior cranial fossa malformations are present in
32%–74% of patients with PHACE syndrome (1, 6,
9). The causes of the Dandy-Walker malformation,
however, are poorly understood, and a variety of
theories and timings have been suggested for the
provoking insult (10). These theories imply that cer-
tain insults of embryonic development at a specific
critical time may give rise to very similar developmen-
tal outcomes, such as the PHACE syndrome and

FIG 1. On axial (A) and coronal (B) T2-
weighted images, hypoplasia of the right
cerebellar hemisphere and absence of the
inferior cerebellar vermis are present. Note
that the abnormally dilated basilar artery
with numerous small signal intensity void
structures corresponds with the collateral
networks at the prepontine cistern. On MR
angiography (C, -D), both internal carotid
arteries are not seen, and the distal por-
tion of internal carotid arteries is reconsti-
tuted from the external carotid arteries.
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FIG 2. Injection of right external carotid
artery (A and B) and left external carotid
artery (C and D) demonstrates the recon-
stitution of the distal internal carotid artery
by branches of the internal maxillary arter-
ies, middle meningeal arteries, deep tem-
poral arteries, artery of the foramen rotun-
dum, ascending pharyngeal arteries, and
collaterals of the occipital artery. Injection
of the left vertebral artery (E and F) shows
the discontinuation between the vertebral
arteries and the abnormally dilated proxi-
mal basilar artery with collateral branches
mainly from the left vertebral artery.

FIG 3. Normal internal carotid arteries
are not seen in the carotid spaces, and no
carotid canals are noted on the bone win-
dow setting of the brain CT (A) and T1-
weighted brain MRI (B).
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other neurocutaneous syndromes. In our patient, the
right cerebellar hemisphere was hypoplastic and the
inferior cerebellar vermis was absent, with normally
preserved shape and size of the fourth ventricle.
These features could be explained by Dandy-Walker
variants.

Ophthalmologic findings are not as common as
posterior fossa and arterial anomalies; however, quite
a large number of abnormalities had been described,
including colobomas, arcus corneae, optic nerve hy-
poplasia, increased retinal vascularity, and glaucoma
(11). We could detect the decreased visual acuity in
our patient’s right eye without any other structural
abnormalities. No evidence of increased retinal vas-
cularity was seen on angiography, and the normal
choroidal blush was noted on both sides from collat-
erals of the external carotid arteries. The large facial
hemangioma on the right eyelid and cheek and the
lack of light stimuli might explain our patient’s low
visual acuity; thus, she could open her right eye fully
only after the age of 7 years. The eye needs to be
stimulated by light to avoid this problem; if the eye
can open slightly, a patch on the good eye might
encourage the child to use the muscles of the bad eye
optimally, helping to open the eye. Thus, early inter-
vention would be warranted in the case of a heman-
gioma on the eyelid that interferes with opening the
eye.

There are a wide variety and extent of vascular
anomalies associated with this syndrome. Two types
of arterial anomalies can occur most commonly: per-
sistent embryonic arteries, such as the trigeminal ar-
tery, always ipsilateral to the cutaneous hemangioma,
and agenesis of major arteries, such as the internal
carotid and vertebral arteries, which are usually ipsi-
lateral to the cutaneous lesion, as in our patient (3, 9).
In our patient, the cervical segments of both internal
carotid arteries were absent, with transdural collater-
als from external carotid arteries forming multiple
channels to reconstitute distal internal carotid
arteries.

The internal carotid arteries originate from the
dorsal aorta and the third aortic arch at approxi-
mately the 4- to 5-mm embryonic stage, with full

development of the internal carotid artery by 6 weeks
(12). Some investigators argue that both the proximal
internal carotid artery and the external carotid artery
arise jointly from the third aortic arch; thus, agenesis
of the internal carotid artery should be accompanied
by absence of the ipsilateral external carotid artery, or
the external carotid artery and the common carotid
artery can develop normally in the setting of internal
carotid artery agenesis, because the former arises
independently from the aortic sac (13, 14).

Others describe the internal carotid artery as re-
lated to the third aortic arch, where the external
carotid artery corresponds to the ventral aorta. The
existence of both systems is unrelated, as is the exis-
tence of each internal carotid artery segment (15).
The latter seems more plausible because numerous
cases of internal carotid artery agenesis with normally
developed external carotid artery systems are re-
ported in the literature. As Le Douarin and Kalcheim
(16) have shown in avian embryos, neural crest cells
forming the walls of the internal and external carotid
arteries and their branches arise from the same
metameric levels as the developing cerebellum; cer-
tain insults before migration of the neural crest and
mesodermal cells may give rise to very similar devel-
opmental outcomes and the widespread lesions, as
seen in the PHACE syndrome. However, a lesion of
the neural crest (or even the crest and adjacent neural
plate for cerebellar involvement) alone may not ex-
plain the spectrum of abnormalities in the PHACE
syndrome. The putative insult must occur before mi-
gration of the neural crest and mesodermal cells to
account for the widespread lesions.

All blood vessels are composed of an inner layer of
endothelial cells and an immediately adjacent layer of
pericytes. The outer wall layers, though originating
from the mesoderm in the body, can be made by
neural crest cells in the head (16). Cephalic neural
crest cells contribute to the muscular and connective
walls of large arteries derived from the branchial
arches (17), including the cardiac septum that sepa-
rates the aorta from the pulmonary artery trunk (18).
The cephalic neural crest cells from the posterior
diencephalons contribute to part of the wall of the

FIG 4. Injection of the innominate artery
(A) and CT scan obtained at the level of
thoracic inlet (B) demonstrate the unusual
subclavian artery turning like a screw.
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internal carotid artery and neural crest cells from the
upper part of the rhombencephalon to the proximal
maxillary artery, the stapedial artery, and the com-
mon carotid artery. Neural crest cells from the lower
part of the rhombencephalon are distributed within
the musculoconnective wall of the large arteries of
great vessels (19). Because of damaged neural crest
cells in each site or both, abnormalities of the internal
carotid arteries, common carotid arteries, and great
vessels, including the aorta and the heart, could be
present. Thus, damaged neural crest cells in the di-
encephalons and the rhombencephalon could lead to
anomalies of the posterior fossa and the arteries, as a
complete phenotypic expression of PHACE syn-
drome (5). Posterior diencephalons and more rostral
neural crest cell involvement may not have the fea-
tures of anomalies in the aorta, heart, and sternum as
a spectrum of the PHACE syndrome as in our
patient.

Extradural arteries are segmental, and the seg-
ments of the fully developed internal carotid artery
correspond to embryonic structures. These are auton-
omous from an embryologic viewpoint, and each may
be present or absent independently or in association
with the adjacent ones (20). As shown in our patient,
each of the embryonic arteries can be a potential
source of reconstitution of the distal flow in internal
carotid artery segmental agenesis. These vascular net-
works, the rete mirabile, are rare in humans but can
be observed in some vertebrates such as cobaye, cat,
cow, and sheep. The first few cases of rete mirabile
reported by Minagi and Newton (21) and Danziger et
al (22) were associated with a hypoplastic cervical and
petrous internal carotid artery; a rich anastomotic
intradural network at the base of the skull and a
cavernous internal carotid artery bypassed the absent
segments. In our patient, the reconstitution of the
distal internal carotid artery probably occurred by
forming rete mirabile from branches of the internal
maxillary arteries, middle meningeal arteries, deep
temporal arteries, artery of the foramen rotundum,
ascending pharyngeal arteries, and collaterals of the
occipital artery. The discontinuation between the ver-
tebral arteries after joining of the large left and small
right vertebral arteries and the abnormally dilated
proximal basilar artery with collateral branches
mainly from the left vertebral artery suggests the
agenesis at the level of the proximal basilar artery.

In conclusion, we report a case of bilateral internal
carotid artery agenesis with transcranial collaterals
from the external carotid arteries and vertebrobasilar
artery agenesis in a PHACE syndrome. The extent of
the cephalic neural crest cells insulted genetically or
by other causes at a certain time during the develop-
ment of the embryo might explain the variable phe-
notypic expression of PHACE syndrome.
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