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Neurodevelopmental Abnormalities in
Children With PHACE Syndrome

Jennifer Tangtiphaiboontana, BS', Christopher P. Hess, MD, Pth,

Michelle Bayer, MD?, Beth A. Drolet, MD*, Lisa M. Nassif, MD>,

Denise W. Metry, MD%, A. James Barkovich, MD?7, llona J. Frieden, MD"*%, and
Heather J. Fullerton, MD, MAS”"?

Abstract

Prior case reports have identified neurodevelopmental abnormalities in children with PHACE syndrome, a neurocutaneous
disorder first characterized in 1996. In this multicenter, retrospective study of a previously identified cohort of 93 children
diagnosed with PHACE syndrome from 1999 to 2010, 29 children had neurologic evaluations at > | year of age (median age: 4
years, 2 months). In all, 44% had language delay, 36% gross motor delay, and 8% fine motor delay; 52% had an abnormal neu-
rological exam, with speech abnormalities as the most common finding. Overall, 20 of 29 (69%) had neurodevelopmental
abnormalities. Cerebral, but not posterior fossa, structural abnormalities were identified more often in children with abnormal
versus normal neurodevelopmental outcomes (35% vs. 0%, P = .04). Neurodevelopmental abnormalities in young children with
PHACE syndrome referred to neurologists include language and gross motor delay, while fine motor delay is less frequent.

Prospective studies are needed to understand long-term neurodevelopmental outcomes.
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Infantile hemangiomas are common benign neoplasms of the vas-
cular endothelium that are absent at birth, grow rapidly during
infancy, and slowly regress over time.' Most infantile heman-
giomas are small and well localized; “segmental” infantile
hemangiomas, however, involve a territory of skin and may
be associated with extracutaneous structural abnormalities.>”
PHACE, an acronym proposed in 1996, is a neurocutaneous syn-
drome that describes the association of segmental infantile
hemangiomas with one or more of the following structural
abnormalities: posterior fossa malformations, arterial anomalies
(cervical and intracranial), cardiovascular anomalies, and eye
anomalies.>* In a prospective study of 108 infants with facial
hemangiomas that measured > 22 cm?, 33 (31%) met criteria for
PHACE.?

Cerebrovascular anomalies, present in 91% of children with
definite PHACE, is the most common extracutaneous feature of
the disorder, followed by cardiac (67%) and structural brain
anomalies (52%).> A study of children with cervical and intra-
cranial arterial anomalies in PHACE found that the most com-
mon abnormalities were dysgenesis (56%), anomalous course
or origin (39%), and narrowing (39%).” Structural brain
abnormalities have been reported in the posterior fossa (32%)

and cerebrum (14%).° These neuroanatomical and cerebrovas-
cular anomalies may lead to the neurological sequelae that have
been reported in PHACE syndrome, including seizures, stroke,
and developmental delay.’
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Our objective was to use a previously identified cohort of
children with PHACE syndrome to describe their neurodeve-
lopmental abnormalities. A secondary objective was to deter-
mine whether brain structural abnormalities could predict
these neurodevelopmental outcomes.

Methods

This was a multicenter retrospective study of a previously identified
cohort of children with PHACE syndrome from the University of
California, San Francisco Benioff Children’s Hospital, Texas
Children’s Hospital, and Children’s Hospital of Wisconsin.>>"1
Approval from an ethical standards committee to conduct this study
was received at each site; consent was waived.

Participants

Inclusion criteria were (a) diagnosis of PHACE syndrome by a pedia-
tric dermatologist at any of the 3 participating study centers, meeting
consensus criteria of definite PHACE, between 1999 and 2010, (b) age
< 18 years, and (c¢) a documented clinical evaluation at > 1 year of age
by a child neurologist at any of the 3 participating study centers.
Although the reason for a referral to a neurologist could not be well
categorized in this retrospective study, chart review suggested that
these children were typically referred for abnormalities seen on brain
or cerebrovascular imaging, for concerns regarding development, or
simply because of a diagnosis of PHACE syndrome, without specific
neurologic or developmental concerns.

Medical Record Review

Clinical data were collected from medical records using standardized
data abstraction forms with detailed data abstraction instructions to
ensure consistency across the sites. A single reviewer at each site per-
formed medical record abstraction; University of California, San
Francisco investigators centrally reviewed and analyzed completed
data collection forms. When questions arose regarding the abstracted
data, University of California, San Francisco investigators reviewed
redacted copies of source data, and made coding decisions regarding
specific variables.

We collected data regarding gender, race, maternal age at delivery,
PHACE syndrome characteristics, and pharmacological treatment for
the hemangioma (steroids, propranolol, or vincristine). Congenital
heart defects were defined as the presence of aortic arch anomalies
or other cardiac anomalies associated with PHACE syndrome.* Patent
ductus arteriosus and patent foramen ovale were not categorized as
defects.

Outcome variables for developmental delay included documented
presence of motor or language delay, use of or referral to physical,
occupational, or speech therapy, and pathological early handedness.
Developmental delay was defined as any documented physician diag-
nosis of fine motor, gross motor, or language delay, or documentation
of delayed milestones: walking at > 15 months (gross motor delay);
scribbling at > 18 months (fine motor delay); first word at > 14
months, less than a 5-word vocabulary at 18 months, or combining
2 words at > 2 years (language delay).

Outcome variables for neurological examination included head cir-
cumference percentile, hypotonia (appendicular or axial), ataxia, and
gait and speech abnormalities. Ataxia included limb ataxia (dysme-
tria) and midline ataxia (truncal or gait ataxia). Gait abnormality was

defined as an unsteady, ataxic, or otherwise impaired gait. Speech
abnormality was defined as dysarthria, aphasia, or other documen-
tation of impaired expressive or receptive language. Other aspects
of the neurological assessment that were abstracted included other
cognitive and behavioral concerns, cranial nerve palsy, Horner’s
syndrome, sensorineural hearing loss, hemiparesis, and hemiatrophy.
Records were also reviewed for diagnoses of stroke, epilepsy, and
chronic headaches.

Neuroradiologic Review

Two neuroradiologists (CPH and AJB), blinded to the clinical data,
reviewed all available brain MRI and magnetic resonance angio-
graphy studies. Arterial anomalies were categorized into dysplastic
or anomalous vessels, and stenotic or hypoplastic vessels. Brain
structural abnormalities were categorized as either infratentorial,
involving the brainstem or cerebellum, or supratentorial, involving
the cerebrum.

Segmental Hemangioma Review

Data regarding the segmental hemangiomas were collected by the
study pediatric dermatologist at each site (IJF, DWM, BAD) on
review of photographs taken with patient consent. Segments were
categorized into S1-S4 on a previously published facial map.'® S1 is
defined as frontotemporal, with involvement of lateral frontal and
anterior temporal scalp. S2 is defined as maxillary, involving the med-
ial and lateral cheek sparing the preauricular region, nasolabial sulcus,
and philtrum. S3 is defined as mandibular, including the skin overly-
ing the mandible, the vermilion lip, and the preauricular region. S4 is
defined as the frontonasal region. Segmental hemangioma data were
further characterized as partially (< 50%) or fully (> 50%) occupying
the specified segment.

Statistical Analysis

All statistical analyses were performed using Stata 11 (College Station,
Tex) and alpha was set at .05. Because our sample was limited by referral
bias, as only a subset of children with PHACE syndrome was referred to
neurology, our primary analyses were descriptive. In an exploratory anal-
ysis, we tried to identify predictors of neurodevelopmental abnormalities
within this select group of children referred to neurology. To determine
whether data from the 3 sites could be combined, cohort characteristics
and outcome variables were compared between sites using chi-squared
test (or Fisher’s exact, where appropriate) for dichotomous variables and
Kruskal-Wallis rank sum tests for continuous variables. After determin-
ing that there were no significant differences between sites, the data were
combined for the remaining analyses.

In our analysis of predictors of neurodevelopmental abnormalities,
our primary outcome variable was a dichotomous composite variable
of abnormal neurodevelopmental outcome, defined as documentation
of any developmental delays and/or any neurological exam abnormal-
ities, or ongoing need for services (physical, occupational, or speech
therapy) after one year of age. Secondary outcomes included motor
delay, language delay, and hypotonia. Predictor variables assessed
were gender, race, location of segmental hemangiomas (S1-S4), brain
structural abnormalities (infratentorial or supratentorial), arterial
anomalies, congenital heart defect, and pharmacological treatment
of the hemangioma. Because hemangioma locations were not
mutually exclusive, each segment (S1-S4) was treated as a dichoto-
mous variable. Proportions of children with and without abnormal
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Table I. Combined Cohort Characteristics for 29 Children With
PHACE Syndrome Evaluated by a Neurologist at > | Year of Age at
the University of California, San Francisco Benioff Children’s Hospital,
Texas Children’s Hospital, or Children’s Hospital of Wisconsin.

No. Total %
Gender
Female 26 29 90
Race
White/Caucasian 20 29 69
Latino/Hispanic 6 29 21
Native American/Indigenous people | 29 3
Unknown 2 29 7
Maternal age at delivery, year, 31 (18-42)
median (range), n = 18
Segmental hemangioma
Sl 20 27 74
S2 14 27 52
S3 19 27 70
S4 9 27 33
Congenital heart defect 13 29 45
Coarctation of aortic arch 9 29 31
Atrial septal defect 2 29 7
Ventricular septal defect | 29 3
Tortousity of aortic arch | 29 3
Tricuspid atresia | 29 3
Radiologic findings
Arterial anomalies 23 25 92
Dysplasia/anomalous 16 25 64
Stenosis/hypoplasia 12 25 48
Brain structural abnormalities 13 26 50
Infratentorial (posterior fossa) 12 26 46
abnormalities
Hypoplastic/dysplastic cerebellum 12 26 46
Hypoplastic brainstem 2 26 8
Supratentorial abnormalities 6 26 23
Abnormal corpus callosum 2 26 8
Polymicrogyria | 26 4
Heterotopia | 26 4
Arterial infarction | 26 4
Intracranial hemangiomas 3 26 12
Medication
Steroid treatment 24 29 83
Propranolol treatment 4 29 14
Vincristine treatment 3 29 10

Chi-square analysis for differences between each site resulted in P values that
were not statistically significant.

neurodevelopmental outcome were analyzed using the chi-squared
test (or Fisher’s exact when appropriate). Univariate logistic regres-
sion analysis was used to test for associations and determine odd ratios
and 95% confidence intervals. Similar analyses were done for second-
ary outcomes.

Results
Cohort Characteristics

A total of 93 children received a diagnosis of PHACE syn-
drome from a pediatric dermatologist at 1 of the study centers
and were entered into a registry. Of these, 29 (31%) had a

clinical assessment by a child neurologist at > 1 year of age and
were therefore included in this analysis. The proportion with a
neurological evaluation after the first birthday varied by site:
10/21 (48%) at University of California, San Francisco Benioff
Children’s Hospital, 10/35 (29%) at Texas Children’s Hospital,
and 9/37 (24%) at Children’s Hospital of Wisconsin. Cohort
characteristics are summarized in Table 1; characteristics were
similar among the 3 sites (data not shown). As is typical of
PHACE, the majority of patients in the cohort were female
(90%) and white/Caucasian (69%). A total of 13 patients
(45%) were diagnosed with congenital heart defects at the med-
ian age of 3 months (range 0-39 months); the most common
defect was coarctation of the aorta. In all, 10 patients received
corrective cardiac surgery, and 1 patient was placed on bypass
(duration, 72 minutes). Most of the 29 children had clinical
imaging studies available for review: brain MRI (n = 26) and
magnetic resonance angiography (n = 25). Brain structural
abnormalities were seen in 50% of patients with imaging, and
nearly all (92%) had cervical or cerebral arterial anomalies. Of
29 patients, 24 (83%) received corticosteroid treatment with
either prednisone or prednisolone for their hemangioma. These
patients were treated prior to the common use of propranolol in
hemangioma treatment.

Neurodevelopmental abnormalities

Dates of neurological assessments ranged from June 2002 to
July 2010, with the majority of assessments (90%) taking place
in an outpatient setting. A total of 17 patients (59%) had mul-
tiple assessments (> 1 visit). The median age at time of the last
assessment was 4 years, 2 months (range: 1 year 1 month to 12
years). Developmental assessments were documented in 27
(93%) of the 29 children with neurological assessments.

Overall, 19 (70%) of 27 had evidence of developmental
delay, and 15 of 29 (52%) had an abnormal neurologic exam
(Table 2). Motor delay was the most common developmental
delay observed (44%); gross motor delays predominated over
fine motor delays (36% vs 8%). However, the gross motor
delay tended to be mild: the median age at walking among
those 9 children who met our study definition of gross motor
delay was 17 months, with a range of 14-30 months. The child
who walked at 14 months met our study definition because of a
documented physician diagnosis of gross motor delay; the
child’s gross motor skills were noted to be clumsy. Of the 25
children with documented motor development, only 4 (16%)
walked after 18 months of age. Language delay was documen-
ted in 40% of patients, and all those with language delay were
receiving or were referred to speech therapy. Also, 7 patients
(24%) were noted to have other cognitive and behavioral
concerns including impulsivity (n = 2), attention-deficit/hyper-
activity disorder (n = 2), “tactile sensitivity” (n = 1), opposi-
tional defiant behaviors (n = 1), moderate mental retardation
(n = 1), and dyslexia (n = 2).

Of the 17 patients who had their head circumference mea-
sured, 3 patients were macrocephalic (> 95th percentile), and
1 was microcephalic (< 5th percentile). Half of the children had
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Table 2. Neurological Assessment of 29 Children With PHACE
Syndrome Evaluated by a Neurologist at > | Year of Age.

No. Total® %
Age at assessment, median 4 years 2 months
(range) (1-12 years)
Developmental assessment
Any developmental delay 19 27 70
Motor delay 10 25 40
Gross motor 8 25 32
Fine motor 2 25 8
Language delay 10 25 40
Receiving speech therapy 14 28 50
Receiving physical or 12 26 46
occupational
therapy
Other cognitive and 7 29 24
behavioral
concerns
Physical exam
Head circumference 55 (3-100)
percentile
(n = 17), median (range)
Any abnormalities on 15 29 52
neurologic exam
Abnormal speech 9 27 33
(dysarthria, aphasia)
Abnormal gait 6 29 21
Hypotonia 5 29 17
Ataxia 4 29 14
Hemiparesis 3 29 10
Cranial nerve palsy 2 29 7

? The total reflects the number of children who had documented presence or
absence of that feature or finding in their neurological evaluation.

an abnormal neurological exam; the most common finding
described was an abnormality of speech (33%). Hypotonia was
noted in only 5 (17%). Other neurologic issues included
chronic headaches in 7 (24%), epilepsy in 5 (17%), sensori-
neural hearing loss in 3 (10%), and hemiparesis in 3 (10%).
Documentation of a clinical stroke was noted in the records
of 2 patients, as previously reported.’

Predictors of Neurodevelopmental Abnormalities

Overall, 20 of the 29 children met our composite study defini-
tion of abnormal neurodevelopmental outcome (Table 3). Brain
structural abnormalities were present in 59% of children with
abnormal outcomes, compared to 33% of those with normal
outcomes (P = .22). Although supratentorial (ie, cerebral)
structural abnormalities were less common than infratentorial
ones, they appeared predictive, present in one third of children
with abnormal outcome versus none of children with normal
outcomes (P = .04). Infratentorial lesions were not predictive,
although this study lacked sufficient power to detect a modest
effect.

We performed additional analyses to explore the implica-
tions of infratentorial structural abnormalities on MRI. Of 12
children with infratentorial abnormalities, 6 (50%) had motor

delay, 4 (33%) had language delay, and 3 (25%) had hypotonia.
In univariate analyses, the presence of infratentorial abnormal-
ities did not predict any of these secondary outcomes: odds
ratio 3.0 (95% confidence interval 0.53-17) for motor delay,
1.1 (0.21-6.4) for language delay, and 2.0 (0.27-15) for
hypotonia.

Pharmacological treatment for segmental hemangiomas (eg,
steroids, vincristine, or propanolol) similarly did not predict
either the primary or secondary outcomes (data not shown).
Of the 24 patients who were treated with steroids and had a
neurological assessment at > 1 year of age, 5 patients (21%)
had evidence of hypotonia, while 19 patients (79%) had normal
tone.

Discussion

Knowledge of the neurological complications and neurodeve-
lopmental outcomes in PHACE syndrome has been limited to
case reports and small case series. We present the largest cohort
to date of children with neurological assessments, and retro-
spectively describe their early neurodevelopmental abnormal-
ities. The predominant findings included gross motor delay,
language delay, gait and speech abnormalities, and hypotonia.
Supratentorial brain structural abnormalities, though present in
only a quarter of our cohort, appeared to be associated with
abnormal neurodevelopmental outcome.

There are limited data on the neurological morbidity and
outcomes seen in patients with PHACE syndrome. Reports
describing smaller series of children with PHACE syndrome
have described seizures, “borderline mental level,” and devel-
opmental delay.'” Although we cannot describe rates of abnor-
mal outcomes in PHACE syndrome because of the obvious
referral bias in our cohort, we found that 69% of those 29 chil-
dren referred for a neurological assessment after their first
birthday had a documented neurodevelopmental abnormality.
If the 64 children who lacked a neurological evaluation are all
neurologically normal, then the rate of neurodevelopmental
abnormalities would be 22% (20/93), suggesting at least a
lower limit of the rate of abnormal early outcomes. Gross
motor and language delay were the most predominant findings.
However, the motor delay tended to be mild; most children
who met our study definition of gross motor delay still walked
before 18 months of age. Our study measured only early out-
comes; long-term consequences of the brain structural abnorm-
alities in PHACE syndrome may not be apparent in infancy or
early childhood, and children with PHACE syndrome may also
acquire brain injury because of cerebral vascular anomalies.’
Hence, the full impact of PHACE syndrome on neurodevelop-
mental outcomes is underestimated by this study.

Other notable neurologic findings observed in this cohort
included seizures, migraine-like headaches, and sensorineural
hearing loss. Of the 3 patients with sensorineural hearing loss,
2 have been reported in a prior study.® In that study, Duffy et al
reported hearing loss in 6 patients and suggested that this may
be an underrecognized risk.® Steroid treatment in children can
affect linear growth and diminish weight gain; however, these
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Table 3. Predictors of Neurodevelopmental Abnormalities Among 29 Children With PHACE Syndrome Evaluated by a Neurologist at > | Year

of Age (median: 4 years 2 months, range: | to 12 years).

Neurodevelopmental Outcome

Abnormal n = 20

Normaln =9

No. / Total (%) No. / Total (%) Odds Ratio (95% Cl) P value
Female 18 /20 (90) 8/9 (89) 0.89 (0.07-11) 93
Race .09%*
White/Caucasian 12 /20 (60) 8/9 (89) — —
Latino/Hispanic 6 /20 (30) 0/9(0) — —
Black/African American — — — —
Asian/Pacific Islander — — — —
Native American/Indigenous people 0/20(0) 179 (1) — —
Unknown 2/20(10) 0/9(0) — —
Segmented hemangioma
Sl 13719 (68) 718 (88) 0.31 (0.03-3.1) .32
S2 10/ 19 (53) 4/8 (50) 1.1 (0.21-5.8) 9
S3 13719 (68) 6/8(75) 0.69 (0.11-4.7) 73
S4 7119 (37) 2/8(25) 1.8 (0.27-11) .59
Congenital heart defect 8/ 20 (40) 5179 (56) 0.53 (0.11-2.6) 44
Medication
Steroid treatment 17 /20 (85) 719 (78) 1.6 (0.22-12) .64
Vincristine treatment 3/20 (15) 0/9(0) — 22
Propanolol treatment 3/20(15) 179 (1) 1.4 (0.13-16) .78
Radiologic findings
Arterial anomalies, any® 14/ 16 (88) 9179 (100) — 27
Dysplasia/anomalous 91716 (56) 719 (78) 0.37 (0.06-2.4) 29
Stenosis/hypoplasia 7116 (44) 5179 (56) 0.52 (0.12-3.2) .57
Brain structural abnormalities, any® 10/ 17 (59) 3/9(@33) 2.8 (0.52-15) 22
Infratentorial abnormalities 91717 (53) 3/9(3) 2.3 (0.42-12) .35
Supratentorial abnormalities 6/ 17 (35) 0/9(0) — .04
Intracranial hemangiomas® 3/17 (18) 0/9(0) — .18

* P value represents chi-square test for whole group comparison.

2 Of 20 children with abnormal outcomes, 16, and all of the 9 children with normal outcomes, had cerebrovascular imaging available for review.
5 Of 20 children with abnormal outcomes, 17, and all of the 9 children with normal outcomes, had brain parenchymal MRI available for review.

effects may be transient.'®'? Of children in our cohort who
were treated with steroids, 21% had hypotonia; however, the
incidence of hypotonia was not significantly increased in these
children compared with those that did not receive steroids.

Although our cohort was biased because it included only
those children referred to neurology, we performed an explora-
tory analysis to identify potential predictors of neurodevelop-
mental abnormalities. Supratentorial structural abnormalities
were uncommon but were the only predictor of abnormal out-
come observed in our cohort. These abnormalities included
agenesis of the corpus callosum, gray matter heterotopia, and
polymicrogyria, all of which have been associated with motor
delay, language delay, behavioral disorders, and epilepsy out-
side of the setting of PHACE syndrome.?*%*

Infratentorial structural abnormalities were identified in
53% of patients who had an abnormal neurodevelopmental out-
come, versus 33% of those with a normal outcome (odds ratio
2.3, 95% confidence interval 0.42-12). Although this difference
was not significant, our study may have been underpowered to
detect a difference, and prior literature indicates that the poster-
ior fossa may play an important role in neurodevelopment.
Cognitive and psychomotor developmental delays are not

uncommon in patients with posterior fossa abnormalities (such
as Dandy—Walker complex or enlarged cisterna magna).>**>
Speech and language disorders and severe behavioral disorders
can also be seen, in addition to psychomotor developmental
delay, in patients with unilateral cerebellar hypoplasia.?®?’
Further studies are needed to assess the significance of infraten-
torial abnormalities in patients with PHACE syndrome. How-
ever, our study suggests that some children with such
abnormalities may have normal outcomes.

The presence of congenital heart defects may also put
children with PHACE syndrome at risk for abnormal neuro-
developmental outcome. Prior studies have identified motor
delays in infants who received cardiac surgery, and suggested
that those requiring surgery as neonates are at particularly
high risk of adverse neurodevelopmental outcomes.’®?° Of
20 children in our study with abnormal neurodevelopmental
outcomes, 6 (29%) had undergone cardiac surgery, compared
to 4 (44%) of those with normal outcomes, but we were likely
underpowered to detect a difference (P = .84).

Stroke, perhaps the most feared complication in PHACE syn-
drome, has been reported in several cases and in some cases been
associated with a moyamoya pattern of vasculopathy."’>%3 In
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our study, only 2 children had received a diagnosis of stroke, as
previously reported.” However, the retrospective study design
severely limits the ability to understand the true incidence of
stroke in this population. Although cerebrovascular anomalies
were common, few had hemiparesis, which is the most common
finding after childhood stroke.

As indicated above, our study’s greatest limitation was that
we assessed a select cohort of children referred to neurology
clinic; hence, we could not describe the true prevalence of neu-
rodevelopmental abnormalities among children with PHACE
syndrome. Furthermore, only 59% of the children included in
our cohort had > 1 neurological assessment, and the median age
at last assessment was only 4 years, 2 months. Therefore, we
have not captured all neurological sequelae that may be mani-
fested, or acquired, later in life. Long-term follow-up of chil-
dren with PHACE syndrome is needed to better understand
the full impact of this disorder. Our study is also limited by a
small sample size and is underpowered to detect anything but
strong associations. Other limitations are the retrospective
study design, which can result in missing data and misclassifi-
cation. Uncommon variables such as Horner’s syndrome were
assumed to be absent if not mentioned in the medical records.
This presumption may result in the underdetection of some
measured variables within our study.

Children with PHACE syndrome should be monitored for
neurodevelopmental abnormalities so that they can receive
timely and appropriate therapeutic interventions. Dedicated
study of the association of neurological sequelae with neuro-
anatomical abnormalities in this syndrome would provide
important prognostic information to families. Longitudinal
studies must be performed to better understand the risk of
neurological disability associated with PHACE syndrome.
Currently, there is an ongoing prospective study looking at
neurologic, cognitive, and radiologic outcomes in children ages
4-6 years with a diagnosis of PHACE syndrome.

Acknowledgement

The authors acknowledge Maria Kuchherski for submission assis-
tance. This work was presented at the 40th Annual Meeting of the
Child Neurology Society, Savannah, Georgia, October 2011.

Author Contributions

HIJF was involved with conceptualization and study design. JT and
HIJF were involved in data analysis and interpretation. JT, CPH,
MB, BAD, DWM, AJB, and IJF were involved with data collection for
the study. JT, LMN, and HJF wrote the first draft of the manuscript,
and all authors were involved in critically revising the manuscript for
content. All authors approved the final version for publication.

Declaration of Conflicting Interests

The authors declared no conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research and/or
authorship of this article.

Ethical Approval

Approval from an ethical standards committee to conduct this study
was received at each site; consent was waived.

References

1. Heyer GL, Millar WS, Ghatan S, Garzon MC. The neurologic
aspects of PHACE: case report and review of the literature.
Pediatr Neurol. 2006;35:419-424.

2. Frieden 1J, Reese V, Cohen D. PHACE syndrome: the association
of posterior fossa brain malformations, hemangiomas, arterial
anomalies, coarctation of the aorta and cardiac defects, and eye
abnormalities. Arch Dermatol. 1996;132:307-311.

3. Metry DW, Haggstrom AN, Drolet BA, et al. A prospective study
of PHACE syndrome in infantile hemangiomas: demographic fea-
tures, clinical findings, and complications. Am J Med Genet A.
2006;140:975-986.

4. Metry D, Heyer G, Hess C, et al. Consensus statement on diagnos-
tic criteria for PHACE syndrome. 2009;124:
1447-1456.

5. Hess CP, Fullerton HJ, Metry DW, et al. Cervical and intracranial
arterial anomalies in 70 patients with PHACE syndrome. AJNR.
2010;31:1980-1986.

6. Chang LC, Haggstrom AN, Drolet BA, et al. Growth characteris-
tics of infantile hemangiomas: implications for management.
Pediatrics. 2008;122:360-367.

7. Drolet BA, Dohil M, Golomb MR, et al. Early stroke and cerebral
vasculopathy in children with facial hemangiomas and PHACE
association. Pediatrics 2006;117:959-964.

8. Duffy KJ, Runge-Samuelson C, Bayer ML, et al. Association of
hearing loss with PHACE syndrome. Arch Dermatol. 2010;146:
1391-1396.

9. Haggstrom AN, Skillman S, Garzon MC, et al. Clinical spectrum
and risk of PHACE syndrome in cutaneous and airway hemangio-
mas. Arch Otolaryngol Head Neck Surg. 2011;137:680-687.

10. Haggstrom AN, Garzon MC, Baselga E, et al. Risk for PHACE
syndrome in infants with large facial hemangiomas. Pediatrics.
2010;126:e418-e426.

11. Poindexter G, Metry DW, Barkovich AJ, Frieden 1J. PHACE syn-
drome with intracerebral hemangiomas, heterotopia, and endo-
crine dysfunction. Pediatr Neurol. 2007;136:402-406.

12. Rao RP, Drolet BA, Holland KE, Frommelt PC. PHACES associ-
ation: a vasculocutaneous syndrome. Pediatr Cardiol. 2008;29:
793-799.

13. Metry DW, Siegel DH, Cordisco MR, et al. A comparison of
disease severity among affected male versus female patients
with PHACE syndrome. J Am Acad Dermatol. 2008;58:
81-87.

14. Haggstrom AN, Drolet BA, Baselga E, et al. Prospective study of
infantile hemangiomas: clinical characteristics predicting compli-
cations and treatment. Pediatrics. 2006;118:882-887.

15. Haggstrom AN, Drolet BA, Baselga E, et al. Prospective study of
infantile hemangiomas: demographic, prenatal, and perinatal
characteristics. J Pediatr. 2007;150:291-294.

16. Haggstrom AN, Lammer EJ, Schneider RA, Marcucio R, Frieden
1J. Patterns of infantile hemangiomas: new clues to hemangioma

Pediatrics.



614

Journal of Child Neurology 28(5)

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

pathogenesis and embryonic facial development. Pediatrics.
2006;117:698-703.

Metry DW, Dowd CF, Barkovich AJ, Frieden 1J. The many faces
of PHACE syndrome. J Pediatr. 2001;139:117-123.

Boon LM, MacDonald DM, Mulliken JB. Complications of sys-
temic corticosteroid therapy for problematic hemangioma. Plast
Reconstr Surg. 1999;104:1616-1623.

Olney RC. Mechanisms of impaired growth: effect of steroids on
bone and cartilage. Horm Res. 2009;72(suppl. 1):30-35.
Montenegro MA, Cendes F, Lopes-Cendes I, Guerreiro CA, Li
LM, Guerreiro MM. The clinical spectrum of malformations of
cortical development. Arq Neuropsiquiatr. 2007;65:196-201.
Leventer RJ, Jansen A, Pilz DT, et al. Clinical and imaging het-
erogeneity of polymicrogyria: a study of 328 patients. Brain.
2010;133:1415-1427.

Wieck G, Leventer RJ, Squier WM, et al. Periventricular nodular het-
erotopia with overlying polymicrogyria. Brain. 2005;128:2811-2821.
Paul LK. Developmental malformation of the corpus callosum: a
review of typical callosal development and examples of develop-
mental disorders with callosal involvement. J Neurodev Disord.
2011;3:3-27.

Sasaki-Adams D, Elbabaa SK, Jewells V, Carter L, Campbell JW,
Ritter AM. The Dandy—Walker variant: a case series of 24 pedia-
tric patients and evaluation of associated anomalies, incidence of
hydrocephalus, and developmental outcomes. J Neurosurg
Pediatr. 2008;2:194-199.

Niesen CE. Malformations of the posterior fossa: current perspec-
tives. Semin Pediatr Neurol. 2002;9:320-334.

Poretti A, Limperopoulos C, Roulet-Perez E, et al. Outcome of
severe unilateral cerebellar hypoplasia. Dev Med Child Neurol.
2010;52:718-724.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Shevell MI, Majnemer A. Clinical features of developmental dis-
ability associated with cerebellar hypoplasia. Pediatr Neurol.
1996;15:224-229.

Majnemer A, Limperopoulos C, Shevell M, Rosenblatt B, Rohli-
cek C, Tchervenkov C. Long-term neuromotor outcome at school
entry of infants with congenital heart defects requiring open-heart
surgery. J Pediatr. 2006;148:72-77.

Laing S, Walker K, Ungerer J, Badawi N, Spence K. Early devel-
opment of children with major birth defects requiring newborn
surgery. J Paediatr Child Health. 2011;47:140-147.
Bhattacharya JJ, Luo CB, Alvarez H, Rodesch G, Pongpech S,
Lasjaunias PL. PHACES syndrome: a review of eight previously
unreported cases with late arterial occlusions. Neuroradiology.
2004;46:227-233.

Prieto Espunes S, Santos-Juanes J, Medina Villanueva A, Concha
Torre A, Rey Galan C, Sanchez Del Rio J. Death from cerebrovas-
cular infarction in a patient with PHACES syndrome. J Am Acad
Dermatol. 2004;51:142-143.

James PA, McGaughran J. Complete overlap of PHACE syn-
drome and sternal malformation—vascular dysplasia association.
Am J Med Genet. 2002;110:78-84.

Lin MC, Chen CH, Chi CS. PHACE syndrome: report of one case.
Acta Paediatr Taiwan. 2003;44:379-382.

Burrows PE, Robertson RL, Mulliken JB, et al. Cerebral vasculo-
pathy and neurologic sequelae in infants with cervicofacial
hemangioma: report of eight patients. Radiology. 1998;207:
601-607.

Baccin CE, Krings T, Alvarez H, Ozanne A, Lasjaunias PL. A
report of two cases with dolichosegmental intracranial arteries
as a new feature of PHACES syndrome. Childs Nerv Syst.
2007;23:559-567.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




