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PURPOSE: To describe the vascular and nonvascular intracranial and extracranial anomalies
associated with hemangiomas and vascular malformations of the face, neck, and/or chest. METH-
ODS: Seventeen patients had a physical examination and imaging studies consisting of one or
more of the following: pneumoencephalography, conventional carotid and vertebral arteriography,
CT, MR imaging, and MR angiography. RESULTS: Conventional arteriography revealed persis-
tence of the trigeminal artery in 5 cases, absence of internal or external carotid and/or vertebral
arteries in 11 cases, persistence of intervertebral arteries in 1 case, deformities of the aortic arch in
3 cases, and anomalies of the intracranial arteries in 3 cases. MR angiography revealed persistence
of the trigeminal artery in 1 case in which conventional arteriography failed to show the malfor-
mation, and permitted visualization of narrowing of the intracranial arteries. CT and MR imaging
showed a cerebellar anomaly in 8 cases and cerebral cortical dysplasia with cerebral hemispheric
hypoplasia in 1 case. Vascular and nonvascular anomalies appeared ipsilateral to the external
vascular abnormalities in most cases. CONCLUSION: This study demonstrates the association of
cutaneous angiomas with anomalies affecting intracranial and extracranial arteries, the cerebel-
lum, and, less frequently, the cerebral hemispheres and aortic arch. This association constitutes a
relatively frequent neurocutaneous disorder, which we call the cutaneous hemangioma–vascular
complex syndrome.

Index terms: Face, neoplasms; Neck, neoplasms; Hemangioma; Phakomatoses; Children, dis-
eases
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Despite the high frequency of hemangiomas
of the head and neck—about 11% (1) to 38%
(2) of all cutaneous hemangiomas—the possi-
ble associated anomalies involving the central
nervous system (CNS) were ignored until a few
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years ago. Previous reports (3, 4) described a
syndrome in which the main features were fe-
male predominance; facial hemangioma usu-
ally located in the area of the first sensory
trigeminal branch; presence of diverse embry-
ological abnormalities of the intracranial and
extracranial arteries; and a variable degree of
cerebellar hypoplasia. These findings were first
documented by conventional arteriography and
computed tomography (CT). In recent years,
the collection of cases has been expanded with
the use of magnetic resonance (MR) imaging
and MR angiography, including reports of hem-
angiomas in a variety of locations in the body,
which provides a more complete picture of the
magnitude of the disease. In this article, we
present the clinical and imaging findings in 17
patients, and suggest that this disorder that we
have called cutaneous hemangioma–vascular
1
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complex syndrome be included as a neurocuta-
neous syndrome.

Materials and Methods
Clinical and imaging studies using pneumoencephalog-

raphy, conventional arteriography, CT, MR imaging, and
MR angiography were carried out in 17 patients (12 girls,
5 boys; age range, 1 month to 5 years at the time of initial
examination) between 1966 and 1994. The children all
had hemangiomas, located mainly on the face but also on
the neck and chest. The main reason for neurologic con-
sultation was the facial hemangioma and, secondarily,
psychomotor delay. The initial studies consisted of the
clinical examination, pneumoencephalography in 3 pa-
tients, CT in 6, conventional arteriography in 13, MR im-
aging in 8, and MR angiography in 6. Four of the patients
(cases 1, 6, 7, and 11) examined by MR angiography had
been studied by conventional arteriography several or
many years earlier. Findings in cases 1 through 7 have
been previously published (3–5).

Conventional arteriography was performed using a bra-
chial catheter in a few patients and femoral catheterization
in most. MR imaging and MR angiography were performed
on a 1.5-T system. The MR angiographic studies were
done using the following parameters: For the intracranial
structures, three-dimensional time-of-flight imaging was
done at 47/5.5/1 (repetition time/echo time/excitations);
208 flip angle; field of view, 13 cm; section thickness, 1.2
mm; and matrix, 512 3 256. For the carotid bifurcation,
two-dimensional time-of-flight imaging was done at 43/
8/1, 508 flip angle; field of view, 16 cm; section thickness,
1.9 mm; and matrix, 256 3 192.

Results

In 15 patients, a large portion of the heman-
gioma involved the facial and scalp dermatome
innervated by the first sensory trigeminal
branch. Only cases 12 and 17 had hemangio-
mas completely outside the zone innervated by
the first sensory trigeminal branch. In 3 patients
(cases 2, 8, and 14) the external vascular
anomaly also involved other regions of the
body.
A summary of clinical and imaging findings in

all cases is given in Table 1. Vascular abnor-
malities are presented in Table 2, and nonvas-
cular anomalies in Table 3.
Arterial malformations were detected with

conventional arteriography and with MR an-
giography. Two types of anomalies appeared
most frequently. They were persistent embryo-
logic arteries and agenesis of some major arter-
ies. Persistence of the trigeminal artery was
found in five patients. Although conventional
arteriography showed the vascular malforma-
tion in all but one case, MR angiography simi-
larly showed the vascular malformations. In one
case, MR angiography showed the persistent
trigeminal artery after conventional arteriogra-
phy had failed to show this vessel many years
earlier (Fig 1). In this imaging study, we also
were able to observe the diminution of the thick-
ness and tortuosity of intracranial arteries,
which showed a narrower lumen in the adult
than in the child. The persistent trigeminal ar-
tery was detected ipsilateral to the facial angi-
oma in all cases. However, in some patients, the
vertebral artery, which connects with the tri-
geminal artery, had its origin on the contralat-
eral side and crossed at the level of the clivus
(Fig 2).
Absence of the internal carotid artery (Fig 3)

was found in four cases and severe hypoplasia
of one internal carotid artery was discovered in
two cases. We believe that in case 17 there was
hypoplasia of the internal carotid artery, but
only images from a cardiac catheterization were
available, which showed the aortic arch and the
origin of the cerebral vessels.
Absence of an external carotid artery was

seen in one patient. The vascular anomaly,
however, was not ipsilateral to the facial angi-
oma (Fig 4A). There were small branches that
supplied the face and originated directly from
the internal carotid artery.
The vertebral artery was absent in six pa-

tients. This vascular anomaly appeared ipsilat-
eral to the hemangioma in all patients except in
cases 6 and 9, in which the vertebral artery was
absent on the contralateral side (Fig 1E and F).
In these cases, however, the facial zone inner-
vated by the third branch of the trigeminal nerve
was partially occupied by hemangioma.
Other less severe vascular anomalies were

seen in isolated cases. These included the pres-
ence of segmental intervertebral anastomoses;
arterial angiomatous malformation involving
the territory of the left carotid siphon with hyp-
oplasia of the left posterior inferior cerebellar
artery (PICA); extremely thin appearance of one
posterior cerebral artery; and a common origin
for both anterior cerebral arteries that corre-
sponded to the same side as the facial heman-
gioma. The hemangiomas were supplied pri-
marily by hypertrophied branches of the
external carotid artery, the subclavian artery, or
the ophthalmic artery in most cases.
Eight patients had cerebellar anomalies,

which ranged from hemispheric hypoplasia with



Fig 1. Case 6.
A, Photograph of 12-month old girl with a cavernous hemangioma shows involvement of all of the right hemiface and the left lower

lip.
B, Conventional arteriogram in sagittal view shows an aneurysmal dilatation of the internal carotid artery (arrows) and most of its

branches (arrowheads).
C and D, MR angiograms obtained when the patient was 28 years old. Three-dimensional arterial phase-contrast MR angiogram

(velocity encoding, 60 cm/s; 25/8/1; flip angle, 208) in sagittal view (C) shows the presence of a trigeminal artery (arrowhead) and
disappearance of the aneurysmal image of the internal carotid artery and its branches seen on the conventional arteriogram. Three-
dimensional phase-contrast MR angiogram (velocity encoding, 60 cm/s; 25/8/1; flip angle, 208) in axial view (D) shows the trigeminal
artery (arrow) and a decrease in the caliber of the vessels in the right cerebral hemisphere, especially in the posterior cerebral artery
(arrowheads) and in the distal branches of both middle cerebral arteries.

E, Two-dimensional time-of-flight arterial MR angiogram (43/8/1; flip angle, 508) in the coronal view at the level of the neck. On the
right side, note irregularly enlarged vertebral artery (stars) and a thin carotid artery (arrow). On the left side, note a thick carotid artery
and absence of vertebral artery.

F, Fast spin-echo axial MR image 3500/100/2 of the posterior fossa shows hypoplasia of the right cerebellar hemisphere; the fourth
ventricle is open to the cisternal spaces through its inferior right lateral zone (arrow); the only vertebral artery image is also seen
(arrowheads).
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a possible small arachnoidal cyst without a de-
fect of the posterior midline of the vermis (Fig
1F) to a major defect of the posterior midline of
the cerebellum, constituting a Dandy-Walker
malformation with hypoplasia of one hemi-
sphere (Fig 5) or of both. The possibility of a
larger number of cases with cerebellar malfor-
mation cannot be discounted, because CT, MR
imaging, and pneumoventriculography were
not performed in cases 2, 10, 12, 16, and 17.
The unilateral hemispheric cerebellar hypopla-
sia appeared ipsilateral to the external heman-
gioma in all cases. Vascular deficiency related
to the cerebellar anomaly was seen only in pa-
tient 5, who had a hypoplastic PICA ipsilateral
to the hemispheric cerebellar hypoplasia.
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In case 7, the left carotid artery was absent,
and there was vascularization of both cerebral
hemispheres through the right carotid artery;
this child also had cerebral cortical dysplasia
and cerebral hemispheric hypoplasia on the
same side as the facial hemangioma and ab-
sence of the internal carotid artery (Fig 6). Bi-
lateral cerebral and corpus callosal atrophy
were seen in patient 11, who had cerebral palsy
associated with birth hypoxia. Mental status was
low for all patients, with the IQ at borderline
normal or lower.

Discussion

Most large series of hemangiomas, including
those located in the head and neck (1, 2, 6–9),
have focused on their external appearance, his-
tologic nature, and extraneurologic complica-
tions. Hemangiomas have been associated with
skeletal changes (1), sternal malformation
(10), constitutional deformities (8, 9), coarcta-
tion of the aorta (11, 12), midabdominal raphe
(13), and sacral and genitourinary defects (14).
Most often they are related to cosmetic abnor-
malities.
After an early report associated facial capil-

TABLE 2: Vascular abnormalities among 17 patients with
‘cutaneous hemangioma–vascular complex syndrome’

Abnormality No. of Cases

Persistence of the trigeminal artery 5
Absence of the internal carotid artery 4
Hypoplasia of the internal carotid artery 2
Absence of the external carotid artery 1
Absence of the vertebral artery 6
Presence of segmental intervertebral anastomosis 1
Intracranial angiomatous arteries 1
Hypoplastic posterior cerebral artery 1
Common origin for both cerebral arteries 1
Hypoplastic posterior inferior cerebellar artery 1
Aortic arch coarctation 2
Aortic arch artresia 1

TABLE 3: Nonvascular abnormalities among 17 patients with
‘cutaneous hemangioma–vascular complex syndrome’

Abnormality No. of Cases

Cerebellar Anomalies 8
Dandy-Walker malformation 3
Cerebellar hemispheric hypoplasia 5

Cerebral cortical dysplasia 1
Cardiac malformations 2
Patent ductus arteriosus 1
Tricuspid atresia 1
lary hemangiomas with extracranial and intra-
cranial vascular anomalies, cerebellar malfor-
mations, and cardiopathies with aortic arch
deformities (3), several articles appeared in
which isolated cases or small series with similar
findings were described (15–19). Vascular
anomalies are the most frequent malformation
associated with cutaneous hemangioma–vas-
cular complex syndrome. Absence of the inter-
nal carotid and/or vertebral arteries and persis-
tence of the trigeminal artery are the most
common malformations. In our series, they
were ipsilateral to the external angioma in all
cases except in patients 6, 9, and 12, who had
agenesis of the contralateral vertebral artery
(cases 6 and 9) or of the contralateral external
carotid artery (case 12). In case 12, the vascu-
lar anomaly also could be related to agenesis of
the ear, which occurred on the same side as the
vascular agenesis. Conventional arteriography
usually showed the vascular anomalies. With
the advent of MR imaging and MR angiography,
we were able to detect abnormalities that had
not been discovered by conventional arteriog-
raphy or by CT in two patients (cases 6 and 7).
In case 6, we did not find persistence of the
trigeminal artery until MR angiography revealed
this vascular malformation 27 years later. In this
case, apart from the presence of the trigeminal
artery, we found an absence of the vertebral
artery on the side contralateral to the facial he-
mangioma, and involution of the internal carotid
artery and its branches ipsilateral to the facial
hemangioma, which had appeared as aneurys-
mal vessels or megaarteries on a cerebral arte-
riogram obtained at 1 year of age (3). These
changes of the cerebral vessels were similar to
those observed in the facial angioma. In case 7,
cerebral cortical dysplasia and cerebral hemi-
spheric hypoplasia present on the same side as
the agenesis of the internal carotid artery were
shown on the MR study.
Apart from our previous reports (3–5) and the

present series, only isolated cases have been
studied angiographically (15, 18), in which
some vascular anomalies have been revealed.
On the basis of these results, we believe that in
patients with hemangioma of the face, scalp,
neck, and chest, CT or MR studies should be
performed together with conventional arteriog-
raphy or, preferably, MR angiography. Vascular
imaging should include the intracranial and ex-
tracranial vessels as well as the aortic arch.
All arteries that supply the brain, face, and



Fig 2. Case 3.
A, Photograph of a 6-month-old girl with capillary telangiectatic malformation involving the skin of the left facial zone innervated by

the first and second sensory branches of the trigeminal nerve and a part of the right facial zone innervated by the third trigeminal branch.
B and C, Early and late phases of conventional arteriography performed in the lateral projection to obtain right carotid and vertebral

arteriogram from right retrograde brachial injection. In the early phase (B), the carotid artery appears tortuous but shows a normal
configuration at the carotid siphon (stars). The basilar artery bifurcates upon reaching the middle upper portion of the clivus (solid thick
arrow), continuing its trajectory on one side (open arrow) to give rise to the superior cerebellar arteries and posterior cerebral arteries
(thin arrowheads). It also gives rise to a thick and tortuous branch directed forward and superiorly (solid thin arrows) to form
hemispheric ramifications, giving the impression that this last branch might be a persistent trigeminal artery that fills via the vertebral
artery. In the late phase (C), the carotid artery is not seen, but the vertebrobasilar system shows along with filling of the middle cerebral
artery (thick arrowheads) through the trigeminal artery (solid thin arrows).

D and E, Anteroposterior projection of the same study in early and late phases. The early (D) phase shows a normal distribution from
the cerebral arteries (open arrows) arising from the right internal carotid artery and filling of the anterior cerebral arteries from the right
carotid artery (stars). The basilar artery is situated far laterally to the left and bifurcates (arrowhead) to give continuity to the basilar artery
on one side (short thin arrow) and, on the other side, to fill the left trigeminal artery (thick arrows) through which all left carotid branches
except the anterior cerebral artery are supplied. The late phase (E) shows the same view of the vertebrobasilar system, but the superior
portion of the trigeminal artery (long arrow) is seen as well as its continuity in the middle cerebral artery (stars).
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Fig 3. Case 8.
A, Photograph of a 6-month-old girl

with cavernous hemangioma in the left fa-
cial zone innervated by the first and second
branches of the trigeminal nerve, thorax,
shoulder, and upper limb.

B, Cerebral arteriogram shows that
both cerebral hemispheres are supplied by
the right internal carotid artery through an
enlarged anterior communicating artery
(arrowhead). The carotid siphon has a
very irregular appearance (arrows).
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neck can be affected by angiomas of the face,
neck, or chest. Primitive, internal and external
carotid, and vertebral arteries (including their
origin in the aortic arch), and even embryonic
arteries that would disappear early in develop-
ment, can be associated with these angiomas.
To understand these vascular anomalies, it is
necessary to place the embryonic development
of the cerebral arteries, including both their or-
igin at the aortic arch and their intracranial tra-
jectories, into ontogenic perspective, a chrono-
logic summary of which appeared in a previous
article (4).
The most frequent vascular anomaly in pa-

tients with cutaneous hemangioma–vascular
complex syndrome is persistence of the primi-
tive trigeminal artery, which constitutes a ca-
rotid-basilar anastomosis. The primitive trigem-
inal artery may have received its name from its
intimate relation with the gasserian ganglion
(20). This assertion is confirmed by the findings
observed in our patients for whom there was
evidence of an association of the trigeminal ar-
tery and hemangioma in zones of the face and
scalp innervated by the trigeminal nerve.
The trigeminal artery first appears when the

embryo is 3 mm in size (31⁄2 weeks). It is derived
from the first aortic arch as the second of the
three vascular arms; it passes dorsally, arching
next to the medial zone of the gasserian gan-
glion. When the embryo reaches 4 mm (4
weeks), the trigeminal artery communicates
with fragments of the walls of the neural longi-
tudinal arteries, from which the basilar artery
Fig 4. Case 12. Photographs of a
1-year-old girl with a hemangioma show
central regression in the left cheek (A) and
absence of the right ear (B).



Fig 5. Case 14.
A, Photograph of a 4-month-old boy

with capillary-venous stain involving the
right facial zone innervated by the first and
second sensory branches of the trigeminal
nerve.

B, Axial CT scan shows a Dandy-
Walker malformation with right cerebellar
hypoplasia.
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forms fully when the embryo is 7 to 12 mm (41⁄2
to 5 weeks). The formation of the basilar artery
is accompanied by the involution of the trigem-
inal artery or its annexation by the internal ca-
rotid artery, becoming complete in the embryo
of 14 mm (5 to 51⁄2 weeks). In the embryo of 9
to 11 mm (32 days), the completely formed
basilar artery is still in an intermediate phase of
anastomosis with the carotid and the vertebral
systems. The vertebral arteries begin to form
when the embryo has reached 9 mm (32 days)
by longitudinal anastomosis between superior
longitudinal segmental arms of the dorsal aorta;
and their formation is nearly complete by the
time the embryo measures 12.5 mm (35 days).
But they still originate from the wall of the aorta.
The maturity of the vertebral arteries is reached
when the embryo is between 14 and 16 mm (36
to 40 days), with their origin having been dis-
placed to the level of the ductus arteriosus. If the
vascular development suffers arrest or occlu-
sion between 32 and 36 days, the basilar artery
could exist without the vertebral artery’s having
formed.
The internal carotid artery was absent in four

patients and hypoplastic in two patients. This
arterial anomaly was ipsilateral to the external
angioma in all six cases. The internal carotid
artery appears in the embryo at 3 mm, and by 4
mm this vessel begins to divide anteriorly, a
division that will become the future anterior ce-
rebral, middle cerebral, and anterior choroidal
arteries. The posterior division gives origin to
the posterior communicating and posterior ce-
rebral arteries in the embryo of 5.3 mm. At this
time, the anterior cerebral artery is well defined
and extends from the third aortic arch. When the
embryo is in the third and last phase of the
brachial stage, with a length of approximately 7
to 12 mm (32 to 35 days), the internal carotid
Fig 6. Case 7.
A, Photograph of a 3-year-old girl with

a regressing hemangioma in the left facial
zone innervated by the first sensory branch
of the trigeminal nerve and nose.

B, Axial T2-weighted MR image (2000/
100) obtained at 12 years of age shows a
left hemispheric hypoplasia with cerebral
cortical dysplasia (arrowheads).
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artery is already filled with blood in its intrace-
rebral course. The external carotid artery was
absent in only one of our cases. However, it was
discovered on the contralateral side of the facial
angioma, although on the same side as an
aplastic ear. Absence of the external carotid
artery or some of its branches in mandibulofa-
cial dysplasia with ear deformities was found in
a large series of angiographic studies (21).
There is disagreement with respect to the devel-
opment of the external carotid arteries. Cogdon
(22) concluded that they originate as an exter-
nal growth from the aortic sac after the first and
second aortic arches have disappeared. Their
subsequent origin displaces the third aortic
arch, becoming separated into a proximal part
that forms the primitive carotid artery and a
distal portion that gives origin to the proximal
part of the internal carotid artery.
It is not difficult to distinguish the cutaneous

hemangioma–vascular complex syndrome
from other angioblastic neurocutaneous dis-
eases, such as the Sturge-Weber syndrome and
the Wyburn Mason syndrome. Cutaneous le-
sions are different in appearance (4). In Sturge-
Weber syndrome, nevus flammeus consists of
vascular ectasias that continue to increase in
size with age. The location of all or part of the
nevus flammeus in the zone corresponding to
the first trigeminal branch is a fundamental
characteristic of Sturge-Weber syndrome. Intra-
cranial lesions in Sturge-Weber syndrome con-
sist of leptomeningeal angiomatosis and pro-
gressive atrophy of the ipsilateral cerebral
hemisphere. Arterial changes are rare, whereas
absence of cortical veins and presence of deep
hemispherical veins are common. The Wyburn
Mason syndrome is not always accompanied by
cutaneous nevus or angioma, but it usually in-
cludes angiomatous vessels in the retina. This
syndrome always includes arteriovenous angi-
omas of the retina and cerebral cortex.
Dandy-Walker malformation has been re-

lated to angiomas located on the face or any-
where on the trunk or extremities (3, 4, 16, 17,
23–29). Less severe cerebellar defects, mostly
of the type of unilateral hypoplasia located on
the same side as the facial angioma, have been
reported frequently (3, 4, 15, 17, 19). The time
of intrauterine development of Dandy-Walker
malformation remains uncertain, although the
malformation of the posterior fossa and the as-
sociated anomalies suggest a teratogenic influ-
ence between embryonic weeks 4 and 61⁄2. Ear
malformations, exemplified in our study by case
4, correspond to a phase of development at the
embryonic stage of 13 mm (61⁄2 weeks’ gesta-
tion), and the malformation in the origin of the
carotid and vertebral arteries in the aortic arch
corresponds to between 41⁄2 and 61⁄2 weeks’
gestation, at which time the embryo measures 7
to 14 mm (4).
Segmental intervertebral anastomosis was

seen in only one patient (case 2), who had an
associated patent ductus arteriosus and aortic
coarctation, and seems not to be related to the
external hemangioma or vascular malformation
but rather to a common finding in cardiac mal-
formations. Aortic arch anomalies, atresia, or
coarctation were found in three patients. Car-
diac malformations associated with the aortic
arch defects appeared in two cases. One patient
had an intraabdominal hemangioma affecting
an extensive part of the intestines.
As compared with the number of cases re-

ported in a major series of patients with cutane-
ous hemangiomas (1, 7) and with those de-
scribed in reports of the most frequent classic
neurocutaneous diseases—neurofibromatosis
type 1 (30), tuberous sclerosis (31), and nevus
of Ito (32)—cutaneous hemangioma–vascular
complex syndrome may be one of the most
common neurocutaneous diseases.
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