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Abstract There have been significant recent advances in
the past several years in the field of neurocutaneous
vascular syndromes, including the development of more
stringent diagnostic criteria for PHACE syndrome, the
renaming of macrocephaly-cutis marmorata telangiectatica
congenita to macrocephaly-capillary malformation to accu-
rately reflect the true nature of the syndrome, and discovery
of new genetic mutations such as RASA-1. There have also
been advances in the understanding and management of
Sturge-Weber syndrome.

PHACE syndrome is a constellation of neurologic,
arterial, cardiac, ophthalmologic, and sternal abnormalities
associated with infantile hemangiomas. PHACE is an
acronym for Posterior fossa malformation, Hemangioma,
Arterial anomalies, Coarctation of the aorta, Eye abnormal-
ities. Some authors include an “S” for PHACE(S) to denote
the association of ventral defects including Sternal clefting
and Supraumbilical raphe.

The accurate diagnosis and work-up of these patients
require coordination of care across multiple disciplines,
including neuroradiology, radiology, dermatology, neurolo-
gy, surgery, and interventional radiology, among others.

This paper is meant to update clinicians and researchers
about important advances in these rare, important vascular
syndromes, to improve care, and lay the foundation for
future directions for research.
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There have been significant recent advances in the past
several years in the field of neurocutaneous vascular
syndromes, including the development of more stringent
diagnostic criteria for PHACE syndrome, the renaming of
macrocephaly-cutis marmorata telangiectatica congenita (M-
CMTC) to macrocephaly-capillary malformation (M-CM) to
accurately reflect the true nature of the syndrome, and
discovery of new genetic mutations such as RASA-1. There
have also been advances in the understanding and manage-
ment of Sturge-Weber syndrome (SWS). The accurate
diagnosis and work-up of these patients require coordination
of care across multiple disciplines, including neuroradiology,
radiology, dermatology, neurology, surgery, and interven-
tional radiology, among others. This paper is meant to update
clinicians and researchers about important advances in these
rare, important vascular syndromes, to improve care, and lay
the foundation for future directions for research.

PHACE syndrome

PHACE syndrome (OMIM 606519) is a neurocutaneous
vascular disorder of relatively recent description, which is
now thought to be perhaps more common than SWS [32].
First reported under its present moniker by Frieden et al. in
1996 [15], and initially recognized by Pascual-Castroviejo
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in 1978 [36], PHACE syndrome is a constellation of
neurologic, arterial, cardiac, ophthalmologic, and sternal
abnormalities associated with infantile hemangiomas (IH).
PHACE is an acronym for Posterior fossa malformation,
Hemangioma, Arterial anomalies, Coarctation of the aorta,
Eye abnormalities. Some authors include an “S” for
PHACE(S) to denote the association of ventral defects
including Sternal clefting and Supraumbilical raphe. The
IHs of PHACE are generally segmental in appearance,
following reproducible patterns that appear to arise from
developmental units, as opposed to focal IH which seem to
develop from a single point. Recent work has elucidated
four such reproducible patterns on the face, dubbed
Segment 1 (frontotemporal forehead and upper eye with
extension to the scalp), Segment 2 (maxillary), Segment 3
(mandibular—or what has been previously described as the
“beard” distribution), and Segment 4 (frontonasal, involv-
ing a strip of skin from the superior forehead along the nose
extending to the philtrum) [21] (Fig. 1). These segments do
not follow dermatomes nor do they follow Blaschko’s lines
(embryonic cleavage lines that recur in many dermatologic
disorders). There are reports of PHACE involving segmen-
tal IH of the neck, chest and limbs, but these are much less
common, as more than 98% of IH in PHACE occur on the
face and scalp [31].

Until recently, the diagnostic criteria have been extreme-
ly broad, requiring only the presence of an IH and one
extracutaneous manifestation. A consensus statement has
been published dividing patients into categories of definite
PHACE or possible PHACE syndrome based on major and

minor criteria of cerebrovascular, structural brain, cardio-
vascular, eye, and ventral systems. To diagnose PHACE
definitively, a patient must have a segmental IH, or an IH of
more than 5 cm on the face or scalp along with one major
or two minor criteria. The diagnosis is considered as
“possible PHACE” if presentation includes an IH of more
than 5 cm on the face or scalp and one minor criterion.
Contingencies in the new criteria exist to diagnose possible
PHACE in IH of the neck, chest or upper extremities, or
without any discernible cutaneous IH. A neck or chest IH,
in association with one major or two minor criteria, can be
used to document possible PHACE. If no IH is present, two
major criteria must be met (Table 1).

Structural brain and cerebrovascular anomalies are the
most common and most potentially devastating extracuta-
neous manifestations of PHACE, and can result in significant
short and long-term morbidity. Neurologic abnormalities can
be divided between congenital malformations of the brain
and cerebral vasculature, and progressive stenoses and
occlusive disease. Structural anomalies of the brain paren-
chyma most commonly involve posterior fossa malforma-
tions such as Dandy-Walker complex or hypoplasia of the
cerebellum. Hypoplasia or agenesis of the cerebrum, corpus
callosum, septum pellucidum, and vermis are reported, as are
microcephaly, heterotopia, and empty sella turcica. Multiple
anomalies of the cerebral vasculature can occur, and range
from hypoplasia or absence of major cerebral vessels to
abnormal origin or course of such vessels. Persistent
embryonic arteries, aneurysms, moya-moya-like disease,
and sinus pericranii may also occur. Infants have also been

Fig. 1 a Infant with typical segmental telangiectatic and reticular
appearing infantile hemangioma of PHACE syndrome, primarily
involving Segment 1. b Post-Gd T1-weighted image shows lobular,
avidly enhancing hemangiomas in the left facial subcutaneous
compartment (arrow), and along the eyelid, preseptal, as well as
retrobulbar compartments of the left orbit (arrowheads). Persistent
embryronic arteries can be seen in PHACE syndrome. In this case,

evident on both MIP and axial source images of the head MRA, there
is a “true” fetal origin of the right posterior cerebral artery that is fed
by the anterior choroidal artery (curved block arrow), while a right
posterior communicating artery connects the right internal carotid to
the basilar artery (straight block arrow), in a configuration that is seen
in fetus
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reported to have progressive vascular disease resulting in
ischemic stroke [5, 13]. Dysplasia of cerebral arteries is the
most common anomaly, occurring in more than half of
patients with abnormal cerebral vasculature. Hypoplasia or
blockage and abnormal origin and course occur slightly less

frequently [5, 25]. Arterial anomalies ipsilateral or bilateral
to the cutaneous IH are much more common than those
involving the venous system, and those vessels most
frequently affected are the internal carotid artery, middle
cerebral artery, anterior cerebral artery, posterior cerebral

Table 1 Diagnostic criteria: PHACE syndrome

PHACE syndrome

Facial hemangioma >5 cm
in diameter+1 major criteria
or 2 minor criteria
Possible PHACE syndrome

Facial hemangioma >5 cm
in diameter+1 minor criteria

Hemangioma of the neck or upper
torso+1 major criteria or 2 minor criteria

No hemangioma+2 major criteria

Organ system Major criteria Minor criteria

Cerebrovascular Anomaly of major cerebral arteries Persistent embryonic artery other than trigeminal artery

Dysplasiaa of the large cerebral arteriesb Proatlantal intersegmental artery (type 1 and 2)

Arterial stenosis or occlusion with or
without mayomoya collaterals

Primitive hypoglossal artery

Absence or moderate to severe hypoplasia
of the large cerebral arteries

Primitive otic arteryc

Abberrant origin or course of the large
cerebral arteriesb

Persistent trigeminal artery

Saccular aneurysms of any cerebral arteries

Structural brain Posterior fossa anomaly Enhancing extra-axial lesion with features
consistent with aintracranial hemangiomac

Dandy-Walker complex of unilateral/bilateral
cerebellar hypoplasia/dysplasia

Midline anomalyd

Neuronal migration disordere

Cardiovascular Acortic arch anomaly Ventricular septal defect

Coarctation of aorta Dysplasiaa Right aortic arch (double aortic arch)

Aneurysm

Aberrant origin of the subclavian artery with
or without a vascular ring

Ocular Posterior segment abnormality Anterior segment abnormality

Persistent fetal vasculature (persistent
hyperplastic primary vitreous)

Sclerocornea

Renital vascular anomalies Cataract

Morning glory disc anomaly Coloboma

Optic nerve hypoplasia Microphthalmia

Peripapillary staphyloma

Coloboma

Vertral of midline Sternal Defect Hypopituitarism

Sternal cleft Ectopic thyroid

Supraumbilical raphe

Sternal defects

Reprinted with permission from 31
a Includes kinking, looping, tortousity, and/or dolicheoctasia
b Internal carotid artery, middle cerebral artery anterior cerebral artery, posterior cerebral artery, or vertebrobasilar system
c See PHACE syndrome section for discussion
d Callosal agenesis or dysgenesis, septum pellucidum agenesis, pituitary malformation, or pituitary ectopia
e Polymicrogyria, cortical dysplasia or gray matter heterotopia
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artery, and the basilar and vertebral arteries [25, 31]. These
multiple abnormalities can result in seizures, developmental
delay, and late-onset migraine.

The most common cardiovascular abnormality is coarc-
tation of the aorta, and in PHACE syndrome, the
coarctation is thought be unique in that right-sided aortic
arch is significantly more common, and the transverse
aortic arch is most often involved with associated aneurysm
and abnormal brachiocephalic vessels [31]. Ventral septal
defect is included as a minor criterion for diagnosis.
Ophthalmologic abnormalities are less common, and it
should be noted that astigmatism associated with an
overlying IH does not constitute a criterion for diagnosis.
Hypoplasia of the optic nerve, persistence of fetal vessels,
morning glory disc anomaly, and microphthalmia are the
most commonly reported eye findings. Sternal clefting and
supraumbilical raphe represent ventral developmental
anomalies.

Macrocephaly-capillary malformation

The syndrome, now known as macrocephaly-capillary
malformation, was initially described by separate authors
in 1997, Moore et al. and Clayton-Smith et al., and was
initially known under the name macrocephaly-cutis mar-
morata telangiectatica congenita [6, 33]. Support had been
building in the literature for the last several years after the
proposal by Toriello and Mulliken [47] that subsequently
clarified that the vascular malformation associated was
neither cutis marmorata nor cutis marmorata telangiectatica
congenita, and instead argued that the majority of patients
have capillary malformations (CM)—commonly referred to
as “port wine stains” or “salmon patches”—which are often
reticular but which may be confluent, most commonly seen
on the central face (confluent), limbs, and trunk. Unlike
CMTC, there is no associated atrophy, ulceration, or limb
hypotrophy. In addition to macrocephaly greater than the
95th percentile and the aforementioned capillary malforma-
tions, patients can have asymmetry of the brain, face, and
limbs; somatic overgrowth; cognitive, speech or motor
developmental delay and other neurologic abnormalities
including neonatal hypotonia; limb ray defects including
syndactyly or polydactyly; soft, thick, doughy skin; laxity
of joints; and characteristic facial anomalies [28]. The CM
of M-CM often exhibit marked fading in the first several
years of life.

Similar to PHACE syndrome, both structural cerebral
anomalies and functional progressive neurologic disease
have been described. In M-CM, the progressive brain
abnormalities are due to rapid brain growth in the first
few years of life [10]. Structural brain abnormalities in M-
CM include progressive ventriculomegaly (obstructive or

non-obstructive), which is reported in more than half of the
cases. Cerebral asymmetry, progressive white matter
abnormalities, and acquired cerebellar tonsillar hernia-
tion (CTH) or Chiari type I malformations are the other
neuroradiologic findings most commonly reported. Ven-
tricular asymmetry, cavum septum pellucidum, cortical
dysplasia, and polymicrogyria are also reported, with
slightly lesser frequency. Polymicrogyria is most often
observed in the perisylvian region. Thick optic nerve
sheaths can also be seen [10, 49]. The CTH is associated
with early rapid brain growth causing crowding in the
posterior fossa, and therefore, is an acquired event in the
majority of cases. Both ventriculomegaly and CTH are age
dependent and on repeat imaging, change from the
neonatal period to infancy and early childhood as a result
of brain growth. Similarly, Conway et al. suggest that
white matter disease is a function of abnormal and delayed
myelination in early life. These authors also note in their
series of 17 patients, that progressive enlargement of
venous sinuses occurs during the first years of life, and is
absent in the neonatal period [10, 46].Based on their
findings, Conway et al. suggest magnetic resonance
imaging (MRI) at diagnosis, bi-yearly for the first 2 years
of life, and again at age three. Rapid increase in head
circumference, seizures, new-onset paresis, focal neuro-
logic findings, signs of increased intracranial pressure
such as lethargy or headache, or oculomotor abnormalities
should prompt evaluation by neurology, neurosurgery, and
new neuroradiologic imaging.

Cardiac abnormalities appear to be rare, but have been
reported and include arrhythmias such as atrial flutter and
complex congenital heart disease. Baseline electrocardio-
gram is recommended to rule out arrhythmia. In a review of
112 cases, two cases of Wilms tumor were reported, which
is significantly higher than that expected in the general
population (1 in 10,000). Wright et al. recommend
abdominal ultrasound repeated every 3–6 months until
7 years of age [49].

Gripp et al. have recently suggested that megalencephaly
polymicrogyria-polydactyly hydrocephalus syndrome
exhibits clinical features that overlap with M-CM, and that
the two may involve a similar functional genetic pathway or
gene mutation [20]. As the genetic underpinnings of both
disorders remain to be elucidated, further research is
necessary to prove or disprove this hypothesis.

Capillary malformation-arteriovenous malformation
and RASA1 mutations

Capillary malformation, presenting as a red macular stain
that can darken over years, is a common birthmark that
affects about 0.3% of newborns [26]. Even though most of
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these lesions have a sporadic occurrence, recently, a series
of heritable CMs with variable phenotypic expression
caused by mutations in RASA1 have been discovered.
RASA1 encodes the protein RAS p21 protein activator 1, a
GTPase activating protein which negatively regulates Ras
activity by converting it to an inactive state [16, 48].
Essentially, the gene products are involved in the signaling
pathway of various growth factor receptors regulating cell
survival, cellular proliferation, adhesion, and migration [4,
27, 51]. Mutations in RASA1 result in loss of function,
therefore, there’s an increased level of activated Ras, which
has been linked to various tumors. By interaction with
glucocorticoid receptor DNA binding factor 1, this RasGTP
has also been implicated in establishing cell polarity by
regulating actin cytoskeleton in response to wounds [27].
Furthermore, a deficient vascular network is found in
mutant knockout mice lacking this RAS p21 activator 1
protein [22].

Heterozygous inactivating RASA1 mutations, located on
5q13.3, were initially identified in six families exhibiting
atypical, multifocal, small (1–2 cm diameter) round or
ovoid cutaneous CMs in association with high-flow lesions,
including arteriovenous malformation (AVM) and arterio-
venous fistula (AVF) [14], which the authors dubbed
capillary malformation-arteriovenous malformation. These
high-flow lesions may be located in the soft tissue, bone or
brain, and can hence cause life-threatening complications
due to the risk of hemorrhage. In the initial investigation, a
RASA1 mutation was documented in one of the families in a
case of Parkes Weber syndrome, a syndrome characterized
by limb hypertrophy, extensive overlying CM, and under-
lying AVM/AVF in the affected extremity; it was previously
thought to occur sporadically, rather than as a heritable
disorder [34]. More extensive study in 44 families
subsequently revealed that a third of patients with multifo-
cal CMs have associated fast-flow lesions, either AVM/
AVF, including vein of Galen aneurysmal malformation, or
Parkes Weber syndrome (PWS) [4, 41].

Additional novel mutations have been found in RASA1
that result in variable phenotypic expression. For example,
an infant of Jewish Ashkenazi descent presenting with
cutaneous CM in the left lower extremity, neck, and lower
abdomen was described in association with left leg
hypertrophy without evidence of AVM or AVF [24]. The
symptomatology was suggestive of Parkes Weber syndrome
and possibly Klippel-Trenauney syndrome, the latter
characterized by cutaneous CMs associated with soft tissue
and bony hypertrophy of the affected limb, varicose veins,
and underlying venous and/or lymphatic malformations.
Further characterization of three families comprised of 14
individuals with CMs by the same group demonstrated
RASA1 mutations may also cause hereditary CMs without
associated AVMs [23].

Sturge-Weber syndrome

Sturge-Weber syndrome (SWS), also called encephalotri-
geminal angiomatosis, is a rare congenital neurocutaneous
disorder that occurs sporadically at 1 in 40,000–50,000
live births [45]. It is characterized by angiomatous
vascular malformation of the face, eye, and central
nervous system, and is classified into three types accord-
ing to the variable extent of involvement [42]. Type I is
most common, with a classic manifestation of facial CM–
commonly called port wine stain–and intracranial lepto-
meningeal vascular malformation, with or without ocular
abnormalities such as glaucoma. Type II involves facial
CM and possible glaucoma, but no brain abnormalities.
Type III is characterized by leptomeningeal angiomatosis
without cutaneous lesion or ocular abnormalities.

The underlying pathogenesis has been most widely
postulated to reflect primary venous dysplasia, with failure
of regression of primordial embryonic venous plexus that is
normally present at 5–8 weeks of gestation. It has been
suggested that spontaneous somatic mutation occurs during
this period of embryonic development [7], although, to
date, no specific genetic abnormality has been identified.
That the primitive embryonic venous plexus develops
around the cephalic portion of the neural tube and under
the ectoderm in the region that is destined to form the facial
skin offers an explanation of the association of facial CM
and abnormal vascularity of the ipsilateral brain.

Facial CM is present at birth, and may be the first
indication of possible SWS. The port wine stains are
generally flat, pink and blanch under pressure, and may
gradually darken in color in later childhood or adulthood.
They are made of ectatic dermal capillaries and small
venules, and found to have diminished perivascular
innervations. However, only about 8% of individuals with
port wine stains have intracranial involvement [44]. If the
CM involves the forehead to one side or the eyelid, the risk
of brain and eye involvement becomes higher, ranging 10–
35%. In SWS, the CM is most common in the trigeminal I
(V1) sensory distribution, but may be more widespread
extending to the second (V2) and third (V3) divisions of
trigeminal distribution of the face, and occasionally
involving the neck and trunk (Fig. 2). Bilateral involvement
occurs in up to 20% of cases [39]. No association has been
found between the presence or extent of facial CM and
neurological symptoms [11, 38]. Five to fifteen percent of
individuals affected by SWS, in fact, have leptomeningeal
vascular malformations without cutaneous stigmata (type
III) [7, 37].

In patients with SWS involving the central nervous
system, seizures typically develop within the first year of
life. While the greatest neurologic decline commonly
occurs during the first few years of life, neurologic
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deterioration with stroke-like episodes can occur into
adulthood [29]. The fundamental central nervous system
abnormality in SWS is venous stasis due to the lack of
normal cortical venous development, and a persistent but
ineffectual embryonic venous plexus that leads to a
hypoperfused state in the affected brain parenchyma, with
progressive inability to meet the metabolic demands,
particularly in the presence of seizures [29]. Patients with
early onset of epilepsy are more likely to have hemiparesis,
status epilepticus, and developmental delay compared to
those whose seizures start later in life [3]. Other neurolog-
ical symptoms and signs include mental retardation, head-
aches, and stroke-like symptoms presenting with

hemiparesis and visual field defects [11, 38]. Glaucoma is
the most common ocular complication of SWS, affecting
30–70% of patients with a bimodal presentation: 60%
develop in infancy and 40% in childhood to early
adulthood [43].

Neuroimaging is important in establishing intracranial
involvement. Both computed tomography (CT) and MRI
have been used to provide morphologic information. CT is
particularly useful for depicting dystrophic calcification in
the involved brain region, typically in a tram-track
appearance along the cortex reflecting cortical laminar
calcification (Fig. 3a), but may also be present as a finer
calcification that is predominantly distributed in the
subcortical white matter (Fig. 3b). In addition to calcifica-
tion, brain atrophy can be readily identified on CT. The
regions of brain involvement are most commonly the
parietal and occipital lobes, gradually progressing into
the frontal and temporal lobes resulting in hemiatrophy.
Gadolinium-enhanced MRI is considered the most sensitive
modality for depicting leptomeningeal enhancement, re-
flective of the pial angiomatosis that is the hallmark of
SWS (Fig. 4) [17, 29]. Increased permeability of the
dysplastic vessels in SWS suggested by several authors
[11, 12] may explain the superior depiction of pial
angiomatosis on post-contrast FLAIR images [19].
Contrast-enhanced MRI is also useful for revealing some-
times subtle bilateral hemispheric involvement (Fig. 5),
compensatory venous drainage pathways via transmedullary
venous malformations, enlarged choroid plexus glomus, as
well as cerebellar and eye involvement. However, diagnosis
in presymptomatic infants remains challenging, as initial CT
and MRI in the newborn period are usually negative [8, 50].

Fig. 2 Capillary malformation (port wine stain) in Sturge-Weber
syndrome

Fig. 3 Different calcification patterns in SWS demonstrated on
unenhanced head CT. a Thick tram-track calcification along the right
occipital–parietal cortex in a 20-year-old male with SWS, and
recurring episodes of headache and speech arrest. b Fine calcification

in the subcortical white matter underlying atrophic left frontal lobe in
a 3-month-old male infant who was diagnosed with SWS at birth. He
had a port wine stain overlying the left side of his face down to the
upper lip and presented with increasing seizures
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Functional neuroimaging with single photon emission
computed tomography (SPECT) and positron emission
tomography (PET) is useful for depicting deficits in cerebral
perfusion and metabolism. Cerebral perfusion imaging using
99mtechnetium hexamethylpropyleneamineoxime SPECT
demonstrated hypoperfusion in the area of vascular malfor-
mation, at times more extended compared to abnormalities
evident on CT and MRI [2, 18]. In a few cases, the perfusion
(estimated using SPECT) and metabolism (assessed using
[18F] fluorodeoxyglucose PET) abnormalities were evident
before the development of structural abnormalities [40],
suggesting that functional measures may be more sensitive
for early diagnosis of cerebral involvement. Furthermore,
longitudinal studies were useful in identifying regional
reductions in perfusion and glucose metabolism in young
children within the first 2 years of life that corresponded to
the patient’s patterns of neurological deterioration [30].
Impaired autoregulation of blood flow to meet metabolic
demand during seizures in SWS patients is suggested by the

absolute reduction in blood flow in the involved or remote
brain regions on ictal SPECT studies [1, 35].

Treatment is primarily targeted to symptoms, particularly
in controlling seizures. That seizures may exacerbate brain
injury in SWS strongly argue for more aggressive epilepsy
management, particularly early in the course of the disease
[3, 9]. In addition to anticonvulsants, current practice also
advocates administration of low-dose aspirin at the time of
diagnosis, upon or prior to the onset of first seizure or other
focal neurological deficits, with the rationale that this will
prevent the progression of impaired cerebral flow and
further brain injury [8, 9]. Finally, surgical lobectomy or
hemispherectomy may also be indicated in cases where
seizures are refractory to medical therapy. A retrospective
surgical series of 27 children suggests that early surgery is
important in improved developmental outcomes [3].
Seizure control was best correlated with the degree of
resection of diseased brain tissue, but not patient age at the
time of surgery.

Fig. 5 Six-month-old with
extensive intracranial involve-
ment of SWS. Coronal
post-Gd T1-weighted images
show leptomeningeal
enhancement in the bilateral
cerebral hemispheres, left
greater than right, and mild
brainstem and cerebellar
involvement

Fig. 4 MRI of the same patient
in Fig. 3a. a Axial T2-weighted
image shows mild focal atrophy
in the right occipital lobe,
associated with dark signal
along the cortex reflecting
cortical calcification. b Post-Gd
T1-weighted image shows
leptomeningeal enhancement in
the same region, and an
enhancing enlarged choroid
plexus glomus in the right
atrium
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