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PHACE syndrome (posterior fossa anomalies, hemangioma, arterial lesions, cardiac 

abnormalities/coarctation of the aorta, eye anomalies) is characterized by large infantile 

hemangiomas (IH) of the face, neck, and/or scalp that are associated with developmental 

defects. The acronym was coined in 1996 to describe a constellation of clinical features. As 

recognition of these features has improved, the clinical description has evolved. Diagnostic 

criteria were developed in 2009 and included possible and definite PHACE. There are over 

250 case reports/case series detailing the various multisystem features of PHACE. Despite 

these numerous reports, there are no established clinical guidelines for care.

Although the most apparent feature of PHACE is the infantile hemangioma, abnormalities of 

the brain, aorta, mediumsized arteries of the chest, neck, and head are common and have the 

greatest potential to cause long-term morbidity. As patients with PHACE have been followed 

over time, new age-related comorbidities have been recognized, including headaches, as well 

as endocrinologic, hearing, and dental anomalies. Evidence-based data for screening and 

monitoring these potentially progressive morbidities do not exist so clinicians must rely on 

their individual experiences with a limited number of patients to guide management 

decisions. As a result, there is significant inconsistency in practice regarding when and how 

to evaluate for PHACE and surveillance strategies once the diagnosis is established. This 

multidisciplinary consensus document provides a comprehensive review of the literature and 

details emerging comorbidities and updates the preexisting diagnostic criteria. This 

summary also presents care guidelines for both screening at-risk infants and risk-adjusted 

ongoing health surveillance of those diagnosed with PHACE.

Methods

The development of the content followed the customary consensus methodology based on a 

comprehensive review of published data and on the experience of a multidisciplinary expert 

panel. A multi-institutional PHACE syndrome workshop was held in Milwaukee, Wisconsin, 

in June 2014. Parents and advocates were asked to participate to ensure that the team 

addressed concerns and outcomes important to patients. The goal of the workshop was to 

bring together PHACE syndrome experts from various pediatric specialties to address 
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questions about diagnostic guidelines, screening recommendations, and health surveillance. 

Twenty-eight physicians from 14 institutions attended, representing 9 pediatric specialties, 

including neuroradiology, neurosurgery, neurology, cardiology, cardiothoracic surgery, 

dermatology, otolaryngology, hematology-oncology, and plastic surgery.

The evidence was gathered from clinical experience along with a review of published, peer- 

reviewed medical literature using Medline and PubMed databases. Small, specialty-focused 

groups reviewed existing literature on the associated anomalies of PHACE and developed 

organ-specific content, detailing prevalence, progression, and morbidity. Parents detailed 

issues relevant to the ongoing care of children with PHACE. The data were summarized, and 

each small group presented content summaries at the meeting, inviting further discussion. 

Within specialty-focused groups, expert participants were asked to reach consensus and 

develop recommendations regarding organ-specific screening protocols and risk-adapted 

surveillance strategies. These recommendations were then presented to the larger 

multidisciplinary group, which also refined and edited them until consensus was reached.

The final protocols were then collated into a manuscript that was circulated, edited, 

finalized, and approved by means of conference calls and electronic communication. 

Evidence is generally confined to expert opinion, case reports, and observational or 

descriptive studies. Evidence from randomized controlled studies is lacking. When there was 

controversy or lack of consensus, a more conservative approach was selected until more 

evidence-based data are available.

Family-Important Outcomes

Guidelines regarding monitoring and treatment of the abnormalities observed in the aortic 

arch and the cervical/cerebral arteries observed in PHACE are a priority for families. 

Currently, there is inconsistency among institutions and providers regarding how patients are 

evaluated. In addition, families have encountered conflicting information regarding whether 

the vasculopathy of PHACE is static or progressive. Families express concern and frustration 

with the lack of information about the potential risk for stroke in persons with PHACE. 

Cervical and cerebrovascular anomalies are found in the majority of affected individuals; 

however, these anomalies remain features of PHACE that do not have a predictable course 

for treatment.

There is also a lack of consensus on imaging protocols and how often to repeat magnetic 

resonance imaging (MRI) or magnetic resonance angiography (MRA). At some institutions, 

children undergo MRI/MRA up to every 3 months, whereas other institutions may 

recommend a repeat scan only every few years. Agreement is needed to help children 

receive the safest care and to avoid unnecessary procedures. The use of sedation and 

anesthesia also varies across sites and is of growing concern to families because of data 

potentially linking repeated anesthesia exposure in young children and an increased risk for 

learning disabilities.1

Improved understanding of the impact of cerebrovascular arteriopathy may also help clarify 

the risk/benefit profile for medications used in children with PHACE. Beta blockers, 

previously considered “too risky” for many children with PHACE with cerebrovascular 
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arteriopathy, are now used frequently for extensive IH. Furthermore, although many affected 

children are prescribed daily aspirin therapy to reduce the risk of stroke, the long-term 

impact of this treatment remains unknown.

Another primary area of concern for families is the etiology of PHACE. Without an 

identified cause, families invariably fear that there was an external event or exposure during 

pregnancy that resulted in PHACE. Studies of the genetics of PHACE are ongoing, and 

although a specific cause has not been found, families remain engaged and support this line 

of inquiry for both an explanation and potential therapies. Families recognize that through 

improved understanding of the cause, whether genetic, environmental, or multifactorial, 

better treatments can be developed. Most importantly, identification of an etiology, will 

allow families to cope better with the diagnosis and potentially clarify recurrence risk and 

prognosis.

Risk for PHACE Syndrome

Children with large, segmental facial IH are well documented to be at risk for PHACE. 

Segmental IH are defined as lesions that cover an anatomic territory of the face or body. A 

prospective study supported this finding with 31% of infants with facial IH with a surface 

area of 22 cm2 or greater (~5 cm × 4.5 cm) meeting diagnostic criteria (Figure 1).2 However, 

there has been increased recognition that some patients have major criteria for PHACE but 

lack the characteristic “facial” location of their large segmental hemangioma.3,4 Patients 

with characteristic features of PHACE may have large segmental IH located on the posterior 

scalp, upper chest, upper proximal extremity, or small, or even absent, hemangiomas on the 

head.4,5 Similarly, cases of large intraorbital IH with retro-orbital involvement causing 

proptosis with no extension to the skin surface have been described in association with 

intracranial arterial anomalies of PHACE.6 The expert group, therefore, concluded that 

although these children did not have IH involving the face, the segmental or regional 

presentation along with classic PHACE anomalies was not coincidental but represented a 

part of the continuum of IH in patients at risk for the disorder. Accordingly, it was 

recommended that a screening evaluation be performed in all infants with large segmental 

IH located on either the face or scalp. A complete screening examination should also be 

considered for infants with 1 major criterion of PHACE and a large segmental hemangioma 

of the neck, upper trunk, or trunk and proximal upper extremity. Infants with 2 major criteria 

of PHACE (eg, supraumbilical raphe and coarctation of the aorta) but lacking cutaneous IH 

should undergo complete evaluation for PHACE (Table I). The group did not have enough 

evidenced-based data to define objectively “large” IH, but the only prospective study 

examining facial hemangioma morphology and risk for PHACE used 22 cm2.2

Reconsideration of Diagnostic Criteria

There was agreement among experts regarding the general reliability of the preexisting 

diagnostic criteria for PHACE.7 However, there was also consensus to modify the 

preexisting diagnostic criteria for definite PHACE. Individuals with IH of the face or scalp 

>5 cm in diameter and 1 major diagnostic criterion are considered to have definite PHACE. 

In addition, patients with large segmental IH of the neck, upper trunk, or trunk and proximal 

upper extremity who also have 2 other major criteria should be considered to have definite 
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PHACE. Increased detail was provided regarding features of the IH in which patients would 

be designated as having “possible PHACE” (Table II).

Update on Clinical Features of PHACE Syndrome

As more patients receive systematic clinical and imaging evaluations for PHACE, the 

frequency of extracutaneous anomalies can be more accurately estimated (Table III). By 

recognizing all associated abnormalities, and their clinical manifestations and respective 

morbidity, practitioners can better direct screening and surveillance testing. It is especially 

important to recognize anomalies that may not manifest clinically during infancy but can 

later cause morbidity if missed or are untreated.

PHACE Syndrome Associated Arteriopathy and Risk of Acute Ischemic 
Stroke.—Congenital anomalies of the vasculature are the most common extracutaneous 

finding in PHACE (Figure 2; available at www.jpeds.com). Abnormalities of the aorta and 

the medium-sized arteries of the chest, neck, and head are common and have the greatest 

potential to cause long-term morbidity. The natural history associated with these arterial 

abnormalities is poorly understood. Burrows et al were the first to document progressive 

narrowing in a subset of patients with PHACE with congenital arterial anomalies.8 Arterial 

stenoses or occlusions, with or without moyamoya-like vasculopathy, have been further 

characterized in single case reports and small case series.9 The presence of blood flow-

limiting cerebral vascular lesions confers a risk of arterial ischemic stroke (AIS). Pediatric 

AIS is often a multifactorial disorder and patients with PHACE have several potential stroke 

risk factors, including progressive steno-occlusive disease and blood flow-limiting arterial 

narrowing and thromboembolism related to cardiac and supra-aortic arterial lesions. Several 

cases of stroke have been reported in patients with PHACE; however, the precise risk of AIS 

in PHACE is not known.10 Siegel et al10 reviewed all 22 published cases of stroke in 

PHACE; the presenting signs of AIS were seizure and hemiparesis and the average age at 

time of stroke was 13.6 months. They found that all patients with PHACE with stroke had 

acute ischemic stroke in the distribution of at least 1 narrow or nonvisualized major cerebral 

artery, and 79% had 2 or more abnormal arteries. Patients with PHACE and stroke also were 

more likely to have an incomplete circle of Willis and coexisting cardiac and aortic arch 

anomalies. Based on this observational study, this multidisciplinary group described 3 risk 

strata for AIS, based on initial MRA results. All patients with PHACE previously reported to 

have AIS would be deemed high risk. Recommendations for further health surveillance are 

based on these risk strata: low risk, intermediate risk, and high risk.

1. Low Risk – This category includes arterial anomalies frequently seen in a 

general screening population. It also includes findings that have either no or very 

minimal clinical impact on patient outcome, even if rarely seen in the general 

population. Examples are persistent embryonic arteries, anomalous arterial origin 

or course, circle of Willis variants, and other isolated hemodynamically 

insignificant variants.

2. Intermediate Risk – This category includes patients with nonstenotic dysgenesis, 

including patients with ectatic or segmentally enlarged arteries. It also includes 

patients with narrowing or occlusion of arteries proximal to the circle of Willis, 
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with no perceived hemodynamic risk. An example is a patient with stenosis or 

atresia of a proximal portion of the internal carotid artery, with otherwise normal 

anatomy and capacious collateral blood flow in the anterior and posterior 

communicating arteries, and normal distal flow (Figure 2). This assessment 

hinges on an evaluation of the patency of the Circle of Willis.

3. High Risk – This category includes patients with one or more of the following:

• Significant narrowing (>25%) or occlusion of principal cerebral vessels 

within or above the circle of Willis that results in an “isolated” 

circulation. For example, severe or progressive stenosis of the 

supraclinoid internal carotid artery in a patient without an ipsilateral 

anterior or posterior communicating artery would prompt additional 

risk stratification using catheter angiography and other tests to 

determine whether revascularization might be indicated.

• Tandem or multiple arterial stenoses associated with complex blood 

flow that may potentially result in diminished cerebral perfusion. 

Similarly, patients with cerebrovascular stenosis in the setting of 

coarctation of the aorta are likely at higher risk of transient and 

permanent neurologic ischemic events.

• Imaging findings in the brain parenchyma suggestive of chronic or 

silent ischemia, or progressive steno-occlusive disease. These 

parenchymal brain MRI findings include existing infarction, chronic or 

border zone ischemic changes, and presence of lenticulostriate 

collateral dilation or pial collaterals.

The above categorizations were recommended by the expert panel without evidence-based 

data. A first step to collect empirical or evidence-based data would consist of validating 

these strata through selection of a group of patients with PHACE and adverse neurologic 

outcomes and comparing their imaging to a matched group of patients with PHACE without 

such adverse outcomes.

PHACE Syndrome Associated Structural Brain Abnormalities.—Multiple brain 

lesions affecting the posterior fossa and the cerebrum have been described in PHACE.7,11-23 

The posterior fossa abnormalities range from focal regions of cerebellar dysplasia to various 

cystic malformations of the posterior fossa including the Dandy-Walker complex. The 

overall frequency of posterior fossa anomalies in patients with PHACE varies by published 

report from 30.4% to 81%.7,14,16 In a study characterizing the neuroimaging features of 

PHACE, 24 (41%) of 59 patients had structural brain abnormalities detected.17 All brain 

lesions that were unilateral had associated cerebral arteriopathy and cutaneous hemangioma 

on the ipsilateral side. Cerebral anomalies occur less commonly than the posterior fossa 

lesions. When present, they comprise a variety of abnormalities that include congenital 

cystic lesions and cerebral dysplasia, diffuse cerebral volume loss, neuronal migration 

abnormalities (eg, pachygyria, polymicrogyria, and heterotopic gray matter), midline and 

pituitary defects, and acquired AIS.13,17-23 Much like the regions of cerebellar dysplasia, 
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when a focal cerebral lesion is present, it tends to occur on the same side as the facial 

hemangioma.

PHACE Syndrome Associated Congenital Heart Disease, and Aortic Arch and 
Brachiocephalic Abnormalities.—In a comprehensive review of the literature, the 

prevalence of congenital heart disease in patients with PHACE ranges from 41%-67% with 

coarctation of the aorta in 19%-30%.2,24 This is significantly higher than the general 

population and those with many other syndromes well known to be associated with 

congenital heart disease.2,24 Aortic arch anomalies observed in PHACE are unusually 

complex, with involvement of the transverse and descending aorta arch (Figure 3; available 

at www.jpeds.com). The arch obstruction is most often long-segment, rather than the typical 

discrete juxtaductal narrowing seen in coarctations of patients without PHACE. The 

obstruction is frequently characterized by regions of arch narrowing or interruption with 

adjacent segments of marked aneurysmal dilatation. In addition, the obstruction may be 

difficult to assess clinically in those with PHACE because of the commonly associated 

aberrant subclavian origin where both subclavian arteries arise distal to the obstruction. This 

makes 4-extremity blood pressure assessment of gradient between upper and lower 

extremities inaccurate for identifying the arch obstruction. Consequently, ongoing imaging 

evaluation of children with congenital aortic arch abnormalities is recommended, even if 

they are asymptomatic.

Thirty-seven percent of those with arch anomalies will require surgical intervention, and 

extensive arch reconstruction is commonly required.24 Careful preoperative assessment is 

necessary to characterize fully the aortic, and cerebrovascular arterial and venous 

abnormalities.25 Recurrent obstruction is common because of the nonnative tissue 

techniques (ie, interposition graft or patch angioplasty) needed to relieve the arch anomaly.25 

Standard intraoperative monitoring for patients with PHACE should include advanced 

neurophysiologic monitoring given the increased risk for ischemic brain injury and need for 

cardiopulmonary bypass. As noted above, aberrant origin of a subclavian artery, with or 

without a vascular ring, is also commonly found in patients with PHACE with heart disease 

(50%).24 In addition, a right or double aortic arch, a ventricular septal defect, and systemic 

venous anomalies are other cardiac abnormalities associated with PHACE.24

Protocols to Screen for Associated Abnormalities in at Risk Children

These screening recommendations are designed to obtain the critical clinical information 

required to make a diagnosis and assign risk in PHACE, while minimizing patient exposure 

to both anesthesia and contrast agents (eg, gadolinium) and finally, to reduce unnecessary 

cost. A complete physical examination should be performed at presentation with special 

attention to ocular abnormalities and midline fusion defects such as sternal pits, clefting, and 

abdominal raphe (Figure 4; available at www.jpeds.com). A screening echocardiogram 

should be performed in all at-risk children. If abnormalities are identified, a cardiac 

MRI/MRA is recommended to better delineate the arch and brachiocephalic anatomy. A 

screening MRI with and without gadolinium and MRA of the head, neck, and aortic arch 

should be performed as part of the baseline diagnostic evaluation for PHACE. (Table IV; 

available at www.jpeds.com) MRI is not sufficient for delineating arterial abnormalities. If 
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renal function is normal, gadolinium contrast should be used to demonstrate fully the extent 

of the cutaneous hemangioma and to detect subglottic, periorbital, and intracranial 

hemangioma(s). Other imaging modalities, such as computed tomography (CT) angiography 

and catheter-based angiography, may provide better resolution of the vascular anatomy, but 

are not recommended as initial diagnostic tests because of the potential risks. The invasive 

nature of catheter angiography and significant radiation exposure outweigh the potential 

diagnostic benefits, except for evaluation prior to surgical intervention. In institutions with 

appropriate expertise, a feed-and-wrap technique can be attempted for MRI/MRA in young 

infants, to avoid sedation or anesthesia.

Risk-Adjusted Health Surveillance Protocol to Facilitate Early Identification and Treatment 
of PHACE-Related Morbidities

There is significant phenotypic variation in PHACE, affecting both disease severity and risk 

for progressive morbidity. The results of the initial screening examinations should guide 

clinical care and future monitoring (Figure 5). The following guidelines represent current 

knowledge; it is understood that clinical guidelines may evolve as new research findings 

emerge.

Physical Examination.—A significant sternal defect and/or abdominal raphe may require 

a referral to pediatric surgical specialists for evaluation and potential intervention.

Echocardiogram.—Intracardiac and aortic arch anomalies identified by screening 

echocardiogram require urgent evaluation by a pediatric cardiologist. If arch abnormalities 

are suspected, a cardiac MRI/MRA is recommended to delineate better the arch and 

brachiocephalic anatomy. Arch obstruction is common and complex in PHACE and may be 

difficult to appreciate clinically because of the associated aberrant subclavian origin.

Detailed multimodality preoperative imaging is needed to characterize fully the aortic and 

cerebrovascular arterial anomalies. If nonobstructive aortic arch anomalies are identified, 

ongoing pediatric cardiology evaluation with yearly echocardiography is recommended as 

progressive narrowing of coarctation and/or progressive aneurysmal dilation have rarely 

been observed in children with PHACE with congenital abnormalities of the aortic arch.24,25

MRI of Head and Neck.—The presence of baseline structural brain abnormalities and the 

emergence of neurologic signs or symptoms will guide health surveillance. The presence of 

a Dandy-Walker complex with or without hydrocephalus, warrants neurosurgical evaluation. 

Structural pituitary abnormalities or symptoms suggesting endocrine abnormalities should 

prompt an endocrine assessment. Most structural brain abnormalities are static lesions (eg, 

unilateral cerebellar hypoplasia and malformations of cortical development) that do not 

require surveillance neuroimaging. In rare cases, patients with posterior fossa cystic 

abnormalities, such as Dandy-Walker malformation or arachnoid cyst can develop cyst 

enlargement or hydrocephalus. The presence of structural brain lesions warrants evaluation 

and monitoring by pediatric neurologists and/or neurosurgeons for potential symptoms, 

including developmental delays, seizures, and headaches. Additional neurodiagnostic 
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testing, such as electroencephalography (EEG) for seizures is not recommended as part of 

routine PHACE screening, but should be performed when clinically indicated.

MRA Head, Neck, and Arch.—MRA is an adequate imaging modality to screen for the 

common cerebral vascular anomalies of PHACE. Other imaging modalities, including 

magnetic resonance perfusion, may be indicated based on the MRA results. Patients with 

vascular abnormalities that are associated with an increased stroke risk should be evaluated 

and managed by clinicians with expertise in pediatric stroke. The initial imaging of the 

cervical and cerebral arteries can help to categorize patients into one of the risk strata 

detailed above.

1. Low Risk – No further surveillance imaging is needed after the baseline scan. 

Repeat imaging should be done as indicated by the emergence of new signs or 

symptoms.

2. Intermediate Risk – Referral to a pediatric neurologist is recommended for risk 

evaluation and clinical monitoring of neurologic signs and symptoms. Elective 

imaging surveillance may be done later, preferably when anesthesia is no longer 

required. If there is narrowing or occlusion of a single artery, the redundancies in 

the cerebral vasculature will allow for the occlusion of a cerebral artery without 

consequent stroke and without substantial effects on neurologic outcomes. 

However, families should be counseled about the significance of unilateral 

arterial abnormalities as risk factors in later life. Examples include the onset of 

atherosclerotic disease or in the setting of a traumatic or sports-related vascular 

injury to the uninvolved side. We recommend that patients avoid contact sports 

and activities that involve extreme neck positions (eg, wrestling). When an 

individual is reliant on a single anterior artery, care should be taken to minimize 

potential traumatic injury to that blood vessel. Patients with marked vessel 

tortuosity and turbulent blood flow may be at increased risk for thrombus 

formation or aneurysm in adulthood.

3. High Risk – Pediatric neurologist referral and shortterm imaging surveillance at 

6 months and 1 year is recommended. For patients in this category, we believe 

that the potential risk of progressive vascular changes and stroke outweigh the 

potential risks of anesthesia for repeat imaging. Specific intervals for repeat 

imaging and continued surveillance beyond 1 year should be determined on a 

case-by-case basis by the managing specialists. The use of contrast agents and 

the specific MRI sequences or use of other imaging techniques used for 

surveillance should be determined by the type(s) of abnormalities present. 

Avoidance of contact sports as described above for the intermediate risk group is 

also recommended. Although evidenced-based data are lacking, prophylactic 

aspirin therapy at a dose of 4-5 mg/kg/d up to 81 mg should be considered for 

high-risk patients. If progressive vascular changes, such as a moyamoya-type 

vasculopathy, are present, the patient should be referred to a pediatric neurology 

and neurosurgery team at a tertiary center with expertise in vascular neurology.
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Other Long-Term Morbidities Associated with PHACE Syndrome

Treatment of Hemangiomas.—Propranolol is the only US Food and Drug 

Administration (FDA) approved agent for the management of problematic IH and is 

considered first line therapy in patients with IH requiring systemic treatment. However, 

controversy exists for its use in patients with PHACE with arterial disease who are at risk for 

stroke. Siegel et al10 reported acute ischemic stroke in 2 patients with PHACE on an oral 

beta-blocker. Both patients were also treated simultaneously with oral corticosteroids, and 

had severe arteriopathy. Metry et al26 reported treatment in a group of 32 infants with 

PHACE and arterial anomalies including 7 patients at high stroke risk. The majority of 

patients tolerated treatment well. For patients with life-threatening or function-threatening 

hemangiomas, such as obstruction of the visual axis or airway involvement, treatment with 

oral propranolol may be considered before imaging data are obtained. Parents should be 

counseled regarding theoretical increased risks should the child prove to have abnormalities 

of the cerebrovascular and/or great arteries on subsequent imaging. Lower target doses than 

the standard 2 mg/kg/d and/or a slower escalating schedule should be considered, and 

patients should be monitored. The total daily dose should be divided into 3 doses to 

minimize fluctuations in peak blood levels. The dose may be increased as clinically 

indicated with appropriate reassessments and monitoring.

Extracutaneous IH arise in children with PHACE and include intraorbital/ periorbital IH 

resulting in vision impairment, intracranial hemangiomas, segmental IH of the intestinal 

tract leading to gastrointestinal bleeding, and airway IH causing respiratory compromise. 

Forty-seven percent of children with classic “beard area” IH and associated airway 

involvement met the diagnostic criteria for PHACE.27 Intracranial hemangiomas are 

generally rare but may be seen with increased frequency in PHACE. They are typically 

found within the auditory canal or cavernous sinus ipsilateral to other central nervous system 

anomalies and to the skin IH.17

Headache.—Headache is more prevalent and severe and may present at an earlier age 

among persons with PHACE compared with other children.28 If a patient develops new 

headaches, an evaluation for secondary headache causes including vasculopathy and cerebral 

ischemia should be conducted regardless of the presence or absence of abnormalities on the 

initial MRI. Age-appropriate neurology referral should be considered for any patient with 

severe headaches, headaches that cause functional disability, headaches that do not respond 

to simple analgesics, or headaches with suspected secondary etiologies. The presence of 

arterial abnormalities in PHACE is a relative contraindication for vasoconstrictive headache 

medicines including triptans, dihydroergotamine, and ergotamine tartrate.

Hearing Abnormalities.—Hearing loss and speech-language delays are reported in 

patients with PHACE. Speech-language delays may be a consequence of hearing deficits, 

prolonged hospitalizations, or may occur as a result of other neurodevelopmental anomalies. 

Sensorineural hearing loss is the most common type and is usually ipsilateral to the IH 

which may involve the ipsilateral cranial nerve VIII.29 The IH may also lead to conductive 

hearing loss with eustachian tube compression with otitis media or tympanic membrane 

involvement.29,30 Early detection is crucial as some hearing loss is difficult to reverse, but 
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can be managed with amplification or restorative hearing surgery. All patients with PHACE 

should undergo hearing screening in the newborn period or at the time of diagnosis if not 

done previously. Individuals with higher risk for hearing impairment should have at least 1 

follow-up hearing test even if initial screening is normal.

Dysphagia, Speech, and Language Abnormalities.—A subset of individuals with 

PHACE experience dysphagia, feeding disorders, speech disorders, and/or language delay. 

This risk seems to be increased in patients with posterior fossa malformations, lip/

oropharynx or airway hemangiomas, hearing loss, and those with history of cardiac surgery.
30 Children with these risk factors should undergo initial speech-language evaluation with a 

pediatric speech-language pathologist no later than 24 months of age and/or referred to the 

local early intervention program for ongoing monitoring. Earlier evaluation may be 

indicated if there is evidence of delayed milestones. Children displaying feeding difficulties, 

failure to advance to solid foods, or possible aspiration, should be referred for evaluation by 

a pediatric speech-language pathologist at any age. Dysphagia may be secondary to the 

disease location (lip, oral cavity, and pharynx) or oral motor coordination.

Endocrine Abnormalities.—The association of PHACE with endocrine abnormalities is 

well recognized. Although thyroid dysfunction and hypopituitarism resulting in growth 

hormone deficiency are the most frequently reported abnormalities, other manifestations of 

hypopituitarism including hypogonadotropic hypogonadism and adrenal insufficiency have 

been described.14,22,31-33 Hypothyroidism may be caused by abnormalities in the 

hypothalamus, pituitary, or thyroid gland. Ectopic thyroid tissue, and dysgenesis or 

malformations of the thyroid may also occur. Pituitary dysgenesis can present as an empty 

sella turcica noted on MRI.14,31-36 Consumptive hypothyroidism caused by the abnormal 

production of type 3 iodothyronine deiodinase by large hepatic IH has been rarely reported. 

Although some infants with PHACE and hepatic hemangiomas have been reported, 

consumptive hypothyroidism has not to date been reported in patients with PHACE.37,38 

Normal levels of thyroid stimulating hormone and T4 have been reported in the newborn 

period in children with PHACE who are subsequently found to have hypothyroidism. 

Although neonatal screening is diagnostic in some cases, it may miss cases with later onset. 

Repeat studies are indicated if symptoms related to endocrine abnormalities arise.31

Growth hormone deficiency is increasingly recognized in association with PHACE. The 

majority of reported cases are associated with hypopituitarism with empty or partially empty 

sella turcica noted on MRI but may also occur without evident central nervous system 

malformations.39 Neonatal hypoglycemia can be a sign of hypopituitarism and should 

prompt additional endocrinologic evaluation in patients with PHACE. Other consequences 

of pituitary dysfunction include hypogonadotropic hypogonadism manifesting with delayed 

pubertal onset and late-onset adrenal insufficiency. These findings emphasize the importance 

of focused assessment of height, weight, and developmental milestones in the care of 

children with PHACE.

Dental Anomalies.—Enamel hypoplasia is a newly recognized association with PHACE. 

A study of 18 children with PHACE or possible PHACE revealed that 28% had enamel 

hypoplasia. All of the affected children had intraoral hemangiomas; 5 of 11 (45%) with 
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intraoral hemangiomas had enamel defects. Children with enamel hypoplasia are at 

increased risk for developing caries. We recommend that children with PHACE be examined 

for the presence of intraoral hemangiomas and if present should be referred to a pediatric 

dentist by 1 year of age for early screening and management with intraoral hemangioma.40

Psychological Impact and Quality of Life.—Although the medical complications and 

morbidity have been well described in PHACE, little qualitative or quantitative data about 

the psychological and social implications and quality of life (QoL) in patients with PHACE 

have been reported. However, the psychosocial impact of IH has been investigated.41

Notably, Tanner et al42 interviewed the parents of 25 children with IH and reported parent’s 

feelings of disbelief, guilt, sadness, panic, or fear related to their child’s hemangioma. Social 

interactions were described as stressful by most parents and accusations of child abuse were 

reported by 36% of interviewees. When generic QoL instruments and hemangioma-specific 

questions were administered to Dutch children age 1-15 years with a history of IH, panic 

and disbelief among parents were reported. In addition, the parents related that public 

reactions made them and their children more aware of the hemangioma.43 Moreover, the 

Infantile Hemangioma QoL Scale, a validated QoL scale in children under the age of 18 

months with hemangiomas, supports a significantly larger effect on QoL with increasing 

hemangioma size and facial location.44 Physicians caring for children with PHACE should 

address parental concerns regarding their child’s hemangioma, including the psychosocial 

ramifications, and make appropriate referrals for support. Patient support groups such as the 

PHACE Family Community can be invaluable in helping families navigate the medical and 

emotional complexities that can arise both with initial diagnosis and over time. ■
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Glossary

AIS Arterial ischemic stroke

IH Infantile hemangiomas

MRA Magnetic resonance angiography

MRI Magnetic resonance imaging

PHACE Posterior fossa anomalies, hemangioma, arterial lesions, cardiac 

abnormalities/coarctation of the aorta, eye anomalies

QoL Quality of life

References

1. Smart Tots. San Francisco: c2012–2015. http://www.smarttots.org. Accessed December 2015.

Garzon et al. Page 12

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.smarttots.org


2. Haggstrom AN, Garzon MC, Baselga E, Chamlin SL, Frieden IJ, Holland K, et al. Risk for PHACE 
syndrome in infants with large facial hemangiomas. Pediatrics 2010;126:e418–26. [PubMed: 
20643720] 

3. Brandon K, Burrows P, Hess C, Metry D. Arteriovenous malformation: a rare manifestation of 
PHACE syndrome. Pediatr Dermatol 2011;28:180–4. [PubMed: 21504447] 

4. Chan YC, Eichenfield LF, Malchiodi J, Friedlander SF. Small facial haemangioma and 
supraumbilical raphe—a forme fruste of PHACES syndrome? Br J Dermatol 2005;153:1053–7. 
[PubMed: 16225625] 

5. Nabatian AS, Milgraum SS, Hess CP, Mancini AJ, Krol A, Frieden IJ. PHACE without face? 
Infantile hemangiomas of the upper body region with minimal or absent facial hemangiomas and 
associated structural malformations. Pediatr Dermatol 2011;28:235–41. [PubMed: 21453307] 

6. Antonov NK, Spence-Shishido A, Marathe KS, Tlougan B, Kazim M, Sultan S, et al. Orbital 
hemangioma with intracranial vascular anomalies and hemangiomas: a new presentation of PHACE 
Syndrome? Pediatr Dermatol 2015;32:267–72. [PubMed: 25243845] 

7. Metry D, Heyer G, Hess C, Garzon M, Haggstrom A, Frommelt P, et al. Consensus statement on 
diagnostic criteria for PHACE Syndrome. Pediatrics 2009;124:1447–56. [PubMed: 19858157] 

8. Burrows PE, Robertson RL, Mulliken JB, Beardsley DS, Chaloupka JC, Ezekowtiz RA, et al. 
Cerebral vasculopathy and neurologic sequelae in infants with cervicofacial hemangioma: report of 
eight patients. Radiology 1998;207:601–7. [PubMed: 9609880] 

9. 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;46:227–33. [PubMed: 14758450] 

10. Siegel DH, Tefft KA, Kelly T, Johnson C, Metry D, Burrows P, et al. Stroke in children with 
posterior fossa brain malformations, hemangiomas, arterial anomalies, coarctation of the aorta and 
cardiac defects, and eye abnormalities (PHACE) syndrome: a systematic review of the literature. 
Stroke 2012;43:1672–4. [PubMed: 22442177] 

11. Pascual-Castroviejo I. Vascular and nonvascular intracranial malformation associated with external 
capillary hemangiomas. Neuroradiology 1978;16:82–4. [PubMed: 740218] 

12. Reese V, Frieden IJ, Paller AS, Esterly NB, Ferriero D, Levy ML, et al. Association of facial 
hemangiomas with Dandy- Walker and other posterior fossa malformations. J Pediatr 
1993;122:379–84. [PubMed: 8441091] 

13. Heyer GL, Dowling MM, Licht DJ, Tay SK, Morel K, Garzon MC, et al. The cerebral 
vasculopathy of PHACES syndrome. Stroke 2008;39:308–16. [PubMed: 18174492] 

14. Frieden IJ, 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;132:307–11. [PubMed: 8607636] 

15. Metry DW, Dowd CF, Barkovich AJ, Frieden IJ. The many faces of PHACE syndrome. J Pediatr 
2001;139:117–23. [PubMed: 11445804] 

16. Poetke M, Frommeld T, Berlien HP. PHACE syndrome: new views on diagnostic criteria. Eur J 
Pediatr Surg 2002;12:366. [PubMed: 12548487] 

17. Hess CP, Fullerton HJ, Metry DW, Drolet BA, Siegel DH, Auguste KI, et al. Cervical and 
intracranial arterial anomalies in 70 patients with PHACE syndrome. AJNR Am J Neuroradiol 
2010;31:1980–6. [PubMed: 20705698] 

18. Aeby A, Guerrini R, David P, Rodesch G, Raybaud C, Van Bogaert P. Facial hemangioma and 
cerebral corticovascular dysplasia: a syndrome associated with epilepsy. Neurology 2003;60:1030–
2. [PubMed: 12654977] 

19. Grosso S, De Cosmo L, Bonifazi E, Galluzzi P, Farnetani MA, Loffredo P, et al. Facial 
hemangioma and malformation of the cortical development: a broadening of the PHACE spectrum 
or a new entity? Am J Med Genet A 2004;124A:192–5. [PubMed: 14699619] 

20. Oza VS, Wang E, Berenstein A, Waner M, Lefton D, Wells J, et al. PHACES association: a 
neuroradiologic review of 17 patients. AJNR Am J Neuroradio 2008;29:807–13.

21. Pascual-Castroviejo I, Viano J, Pascual-Pascual SI, Martinez V. Facial Haemangioma, agenesis of 
the internal carotid artery and dysplasia of cerebral cortex: case report. Neuroradiology 
1995;37:692–5. [PubMed: 8748908] 

Garzon et al. Page 13

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



22. Poindexter G, Metry DW, Barkovich AJ, Frieden IJ. PHACE syndrome with intracerebral 
hemangiomas, heterotopia, and endocrine dysfunction. Pediatr Neurol 2007;36:402–6. [PubMed: 
17560503] 

23. Tangtiphaiboontana J,Hess CP, Bayer M, Drolet BA, Nassif LM, Metry DW, et al. 
Neurodevelopmental abnormalities in children with PHACE syndrome. J Child Neurol 
2013;28:608–14. [PubMed: 22805249] 

24. Bayer ML, Frommelt PC, Blei F, Breur JM, Cordisco MR, Frieden IJ, et al. Congenital cardiac, 
aortic arch, and vascular bed anomalies in PHACE syndrome (from the International PHACE 
Syndrome Registry). Am J Cardiol 2013;112:1948–52. [PubMed: 24079520] 

25. Caragher SP, Scott JP, Siegel DS, Mitchell ME, Frommelt PC, Drolet BA. Aortic arch repair in 
children with PHACE Syndrome. J Thorac Cardiovasc Surg 2016;doi:10.1016/j.jtcvs.2016.03.082. 
IN PRESS.

26. Metry D, Frieden IJ, Hess C, Siegel D, Maheshwari M, Baselga E, et al. Propranolol use in 
PHACE syndrome with cervical and intracranial arterial anomalies: collective experience in 32 
infants. Pediatr Dermatol 2013;30:71–89. [PubMed: 22994362] 

27. Haggstrom AN, Skillman S, Garzon MC, Drolet BA, Holland K, Matt B, et al. Clinical spectrum 
and risk of PHACE syndrome in cutaneous and airway hemangiomas. Arch Otolaryngol Head 
Neck Surg 2011;137:680–7. [PubMed: 21768412] 

28. Yu J, Siegel DH, Drolet BA, Blei F, Epstein LG, Metry D, et al. Prevalence and clinical 
characteristics of headaches in PHACE Syndrome. J Child Neurol 2016;31:468–73. [PubMed: 
26271792] 

29. Duffy KJ, Runge-Samuelson C, Bayer ML, Friedland D, Sulman C, Chun R, et al. Association of 
hearing loss with PHACE syndrome. Arch Dermatol 2010;146:1391–6. [PubMed: 20713775] 

30. Rudnick EF, Chen EY, Manning SC, Perkins JA. PHACES syndrome: otolaryngic considerations in 
recognition and management. Int J Pediatr Otorhinolaryngol 2009;73:281–8. [PubMed: 19081148] 

31. Goddard DS, Liang MG, Chamlin SL, Svoren BM, Spack NP, Muliken JB. Hypopituitarism in 
PHACES association. Pediatr Dermatol 2006;23:476–80. [PubMed: 17014646] 

32. Kronenberg A, Blei F, Ceisler E, Steele M, Furlan L, Kodsi S. Ocular and systemic manifestations 
of PHACES (Posterior fossa malformations, Hemangiomas, Arterial anomalies, Cardiac defects 
and coarctation of the Aorta, Eye abnormalities, and Sternal abnormalities or ventral 
developmental defects) syndrome. J AAPOS 2005;9:169–73. [PubMed: 15838446] 

33. Denzer F, Denzer C, Lennerz BS, Bode H, Wabitsch M. A case of phace syndrome and acquired 
hypopituitarism? Int J Pediatr Endocrinol 2012;2012:20. [PubMed: 22747526] 

34. Torer B, Gulcan H, Kilicdag H, Derbent M. PHACES syndrome with small, late-onset 
hemangiomas. Eur J Pediatr 2007;166:1293–5. [PubMed: 17219128] 

35. Carinci S, Tumini S, Consilvio NP, Cipriano P, Di Stefano A, Vercellino N, et al. A case of 
congenital hypothyroidism in PHACE syndrome. J Pediatr Endocrinol Metab 2012;25:603–5. 
[PubMed: 22876567] 

36. Merheb M, Hourani R, Zantout MS, Azar ST. Endocrine dysfunction in a patient with PHACE 
syndrome, including port-wine stain of the right periorbital area. Endocr Pract 2010;16:255–9. 
[PubMed: 20061274] 

37. Metry DW, Hawrot A, Altman C, Frieden IJ. Association of solitary, segmental hemangiomas of 
the skin with visceral hemangiotosis. Arch Dermatol 2004;140:591–6. [PubMed: 15148105] 

38. Huang SA, Mulcahey MA, Crescenzi A, Chung M, Kim BW, Barnes C, et al. Transforming growth 
factor-beta promotes inactivation of extracellular thyroid hormones via transcriptional stimulation 
of type 3 iodothyronine deiodinase. Mol Endocrinol 2005;19:3126–36. [PubMed: 16037131] 

39. Altin H, Alp H, Sap F, Karatas Z, Baysal T, Karaaslan S. PHACE syndrome with growth hormone 
deficiency and absence of bilateral internal carotid arteries: a case report. Pediatr Dermatol 
2012;29:316–9. [PubMed: 22010790] 

40. Hartemink DA, Chiu YE, Drolet BA, Kerschner JE. PHACES syndrome: a review. Int J Pediatr 
Otorhinolaryngol 2009;73:181–7. [PubMed: 19101041] 

41. Zweegers J, van der Vleuten CJ. The psychosocial impact of an infantile haemangioma on children 
and their parents. Arch Dis Child 2012;97:922–6. [PubMed: 22863688] 

Garzon et al. Page 14

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



42. Tanner JL, Dechert MP, Frieden IL. Growing up with a facial hemangioma: parent and child coping 
and adaptation. Pediatrics 1998;101:446–52. [PubMed: 9481012] 

43. Hoornweg MJ, Grootenhuis MA, van der Horst CM. Health-related quality of life and impact of 
haemangiomas on children and their parents. J Plast Reconstr Aesthet Surg 2009;62:1265–71. 
[PubMed: 18602360] 

44. Chamlin SL, Mancini AJ, Lai JS, Beaumont JK, Cella D, Adams D, et al. Development and 
validation of a quality-of-life instrument for infantile hemangiomas. J Invest Dermatol 
2015;135:1533–9. [PubMed: 25615551] 

Garzon et al. Page 15

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Large segmental infantile hemangioma of the face in a 2-month-old girl with definite 

PHACE.
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Figure 2. 
MRA of the brain (maximum intensity projection and three dimensional reformatted images 

obtained by time of flight Multiple Overlapping Thin Slab Acquisition technique) in a 

female child with definite PHACE demonstrating absence of the right internal carotid artery 

with reformation of the right middle and anterior cerebral arteries via circle of Willis 

collaterals (anterior and posterior communicating arteries).
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Figure 3. 
Cardiac MRI of the aortic arch and brachiocephalic vessels in a patient with PHACE with 

coarctation of the aorta and long segment bizarrely twisted areas of narrowing in the 

transverse arch (large arrows). The right subclavian artery also has a “corkscrew” twist in the 

proximal segment (small arrow). The left ventricle (LV) and ascending aorta (AAo) are 

normal.

Garzon et al. Page 18

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Example of 3-month-old female with midline defect of sternal cleft and abdominal raphe 

and definite PHACE.
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Figure 5. 
Recommended health surveillance of patients with PHACE based on results of initial 

screening examinations.

Garzon et al. Page 20

J Pediatr. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 21

Ta
b

le
 I.

W
ho

 s
ho

ul
d 

be
 s

cr
ee

ne
d 

fo
r 

PH
A

C
E

 s
yn

dr
om

e

•
Se

gm
en

ta
l i

nf
an

til
e 

he
m

an
gi

om
a 

of
 th

e 
he

ad

•
In

fa
nt

s 
w

ith
 in

fa
nt

ile
 h

em
an

gi
om

a 
(s

m
al

le
r 

or
 la

ck
in

g 
ty

pi
ca

l m
or

ph
ol

og
y 

or
 d

is
tr

ib
ut

io
n)

 a
nd

 c
ha

ra
ct

er
is

tic
/m

aj
or

 a
no

m
al

ie
s 

fo
un

d 
in

 P
H

A
C

E
 (

eg
, m

id
lin

e 
ve

nt
ra

l d
ef

ec
ts

, c
oa

rc
ta

tio
n 

of
 

th
e 

ao
rt

a,
 e

tc
)

•
In

fa
nt

s 
w

ith
ou

t c
ut

an
eo

us
 in

fa
nt

ile
 h

em
an

gi
om

as
 w

ith
 o

th
er

 c
ha

ra
ct

er
is

tic
 a

no
m

al
ie

s 
fo

un
d 

in
 P

H
A

C
E

 (
m

aj
or

 c
ri

te
ri

a)

J Pediatr. Author manuscript; available in PMC 2019 June 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 22

Ta
b

le
 II

.

D
ia

gn
os

tic
 c

ri
te

ri
a-

re
vi

se
d

O
rg

an
 s

ys
te

m
s

M
aj

or
 c

ri
te

ri
a

M
in

or
 c

ri
te

ri
a

A
rt

er
ia

l a
no

m
al

ie
s

A
no

m
al

y 
of

 m
aj

or
 c

er
eb

ra
l o

r 
ce

rv
ic

al
 a

rt
er

ie
s*

D
ys

pl
as

ia
†  o

f 
th

e 
la

rg
e 

ce
re

br
al

 a
rt

er
ie

s
A

rt
er

ia
l s

te
no

si
s 

or
 o

cc
lu

si
on

 w
ith

 o
r 

w
ith

ou
t m

oy
am

oy
a 

co
lla

te
ra

ls
A

bs
en

ce
 o

r 
m

od
er

at
e-

se
ve

re
 h

yp
op

la
si

a 
of

 th
e 

la
rg

e 
ce

re
br

al
 a

nd
 c

er
vi

ca
l a

rt
er

ie
s

A
be

rr
an

t o
ri

gi
n 

or
 c

ou
rs

e 
of

 th
e 

la
rg

e 
ce

re
br

al
 o

r 
ce

rv
ic

al
 a

rt
er

ie
s 

ex
ce

pt
 c

om
m

on
 a

rc
h 

va
ri

an
ts

 s
uc

h 
as

 
bo

vi
ne

 a
rc

h.
Pe

rs
is

te
nt

 c
ar

ot
id

-v
er

te
br

ob
as

ila
r 

an
as

to
m

os
is

 (
pr

oa
tla

nt
al

 s
eg

m
en

ta
l, 

hy
po

gl
os

sa
l, 

ot
ic

, a
nd

/o
r 

tr
ig

em
in

al
 

ar
te

ri
es

)

A
ne

ur
ys

m
 o

f 
an

y 
of

 th
e 

ce
re

br
al

 a
rt

er
ie

s

St
ru

ct
ur

al
 b

ra
in

Po
st

er
io

r 
fo

ss
a 

br
ai

n 
an

om
al

ie
s

D
an

dy
-W

al
ke

r 
co

m
pl

ex
O

th
er

 h
yp

op
la

si
a/

dy
sp

la
si

a 
of

 th
e 

m
id

 a
nd

/o
r 

hi
nd

 b
ra

in

M
id

lin
e 

br
ai

n 
an

om
al

ie
s

M
al

fo
rm

at
io

n 
of

 c
or

tic
al

 d
ev

el
op

m
en

t

C
ar

di
ov

as
cu

la
r

A
or

tic
 a

rc
h 

an
om

al
ie

s
C

oa
rc

ta
tio

n 
of

 th
e 

ao
rt

a

D
ys

pl
as

ia
*

A
ne

ur
ys

m
A

be
rr

an
t o

ri
gi

n 
of

 th
e 

su
bc

la
vi

an
 a

rt
er

y 
w

ith
 o

r 
w

ith
ou

t a
 v

as
cu

la
r 

ri
ng

V
en

tr
ic

ul
ar

 s
ep

ta
l d

ef
ec

t
R

ig
ht

 a
or

tic
 a

rc
h/

do
ub

le
 a

or
tic

 a
rc

h
Sy

st
em

ic
 v

en
ou

s 
an

om
al

ie
s

O
cu

la
r

Po
st

er
io

r 
se

gm
en

t a
bn

or
m

al
iti

es
Pe

rs
is

te
nt

 h
yp

er
pl

as
tic

 p
ri

m
ar

y 
vi

tr
eo

us
Pe

rs
is

te
nt

 f
et

al
 v

as
cu

la
tu

re
R

et
in

al
 v

as
cu

la
r 

an
om

al
ie

s
M

or
ni

ng
 g

lo
ry

 d
is

c 
an

om
al

y
O

pt
ic

 n
er

ve
 h

yp
op

la
si

a
Pe

ri
pa

pi
lla

ry
 s

ta
ph

yl
om

a

A
nt

er
io

r 
se

gm
en

t a
bn

or
m

al
iti

es
 

M
ic

ro
ph

th
al

m
ia

Sc
le

ro
co

rn
ea

C
ol

ob
om

a
C

at
ar

ac
ts

V
en

tr
al

/m
id

lin
e

A
no

m
al

y 
of

 th
e 

m
id

lin
e 

ch
es

t a
nd

 a
bd

om
en

•
St

er
na

l d
ef

ec
t

•
St

er
na

l p
it

•
St

er
na

l c
le

ft

•
Su

pr
au

m
bi

lic
al

 r
ap

he

E
ct

op
ic

 th
yr

oi
d 

hy
po

pi
tu

ita
ri

sm
M

id
lin

e 
st

er
na

l p
ap

ul
e/

ha
m

ar
to

m
a

D
ef

in
it

e 
P

H
A

C
E

H
em

an
gi

om
a 

>
5 

cm
 in

 d
ia

m
et

er
 o

f 
th

e 
he

ad
 in

cl
ud

in
g 

sc
al

p 
PL

U
S 

1 
m

aj
or

 c
ri

te
ri

a 
or

 2
 m

in
or

 c
ri

te
ri

a

H
em

an
gi

om
a 

of
 th

e 
ne

ck
, u

pp
er

 tr
un

k 
or

 tr
un

k 
an

d 
pr

ox
im

al
 u

pp
er

 e
xt

re
m

ity
 P

L
U

S 
2 

m
aj

or
 

cr
ite

ri
a

P
os

si
bl

e 
P

H
A

C
E

H
em

an
gi

om
a 

>
 5

 c
m

 in
 d

ia
m

et
er

 o
f 

th
e 

he
ad

 in
cl

ud
in

g 
sc

al
p 

PL
U

S 
1 

m
in

or
 c

ri
te

ri
a

H
em

an
gi

om
a 

of
 th

e 
ne

ck
, u

pp
er

 tr
un

k 
or

 tr
un

k 
an

d 
pr

ox
im

al
 u

pp
er

 e
xt

re
m

ity
 P

L
U

S 
1 

m
aj

or
 o

r 
2 

m
in

or
N

o 
he

m
an

gi
om

a 
PL

U
S 

2 
m

aj
or

 c
ri

te
ri

a

* In
te

rn
al

 c
ar

ot
id

 a
rt

er
y,

 m
id

dl
e 

ce
re

br
al

 a
rt

er
y,

 a
nt

er
io

r 
ce

re
br

al
 a

rt
er

y,
 p

os
te

ri
or

 c
er

eb
ra

l a
rt

er
y,

 o
r 

ve
rt

eb
ro

ba
si

la
r 

sy
st

em
.

J Pediatr. Author manuscript; available in PMC 2019 June 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 23
† In

cl
ud

es
 k

in
ki

ng
, l

oo
pi

ng
, t

or
tu

os
ity

, a
nd

/o
r 

do
lic

ho
ec

ta
si

a.

J Pediatr. Author manuscript; available in PMC 2019 June 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 24

Ta
b

le
 II

I.

C
lin

ic
al

 f
ea

tu
re

s 
of

 P
H

A
C

E

O
rg

an
 s

ys
te

m
s

C
om

m
on

 >
20

%
 o

f 
pa

ti
en

ts
L

es
s 

co
m

m
on

R
ar

e/
si

ng
le

 c
as

e 
re

po
rt

A
rt

er
ia

l
D

ys
pl

as
ia

, n
ar

ro
w

in
g,

 a
be

rr
an

t 
or

ig
in

 o
r 

co
ur

se
 o

f 
ce

rv
ic

al
, 

ce
re

br
al

, a
nd

 b
ra

ch
io

ce
ph

al
ic

 
ar

te
ri

es

M
oy

am
oy

a-
lik

e 
ar

te
ri

op
at

hy
A

ge
ne

si
s 

of
 c

er
vi

ca
l, 

ce
re

br
al

, a
nd

 b
ra

ch
io

ce
ph

al
ic

 a
rt

er
ie

s
A

ne
ur

ys
m

s 
of

 c
er

vi
ca

l, 
ce

re
br

al
 o

r 
br

ac
hi

oc
ep

ha
lic

 a
rt

er
ie

s
Pe

rs
is

te
nt

 c
ar

ot
id

-v
er

te
br

ob
as

ila
r 

an
as

to
m

os
is

 (
pr

oa
tla

nt
al

 s
eg

m
en

ta
l, 

hy
po

gl
os

sa
l, 

ot
ic

, a
nd

/o
r 

tr
ig

em
in

al
 a

rt
er

ie
s

A
rt

er
io

ve
no

us
 d

ur
al

 f
is

tu
la

e/
m

al
fo

rm
at

io
n

St
ru

ct
ur

al
 B

ra
in

Po
st

er
io

r 
fo

ss
a 

br
ai

n 
an

om
al

ie
s

D
an

dy
-W

al
ke

r 
co

m
pl

ex
O

th
er

 h
yp

op
la

si
a/

dy
sp

la
si

a 
of

 th
e 

m
id

- 
an

d/
or

 h
in

d 
br

ai
n

M
al

fo
rm

at
io

ns
 o

f 
co

rt
ic

al
 d

ev
el

op
m

en
t

•
Po

ly
m

ic
ro

gy
ri

a

•
H

et
er

ot
op

ia

•
C

or
tic

al
 d

ys
pl

as
ia

M
id

lin
e 

br
ai

n 
an

om
al

y

•
H

yp
op

la
si

a/
 a

ge
ne

si
s 

of
 th

e 
co

rp
us

 c
al

lo
su

m

•
H

yp
op

la
si

a/
ag

en
es

is
 o

f 
th

e 
se

pt
um

 p
el

lu
ci

du
m

A
bs

en
t p

itu
ita

ry
 o

r 
pa

rt
ia

lly
 e

m
pt

y 
se

lla
 tu

rc
ic

a
In

tr
ac

ra
ni

al
 h

em
an

gi
om

a

•
In

te
rn

al
 a

ud
ito

ry
 c

an
al

•
C

er
eb

el
lo

po
nt

in
e 

an
gl

e 
ci

st
er

n

C
ar

di
ov

as
cu

la
r

A
no

m
al

ie
s 

of
 th

e 
ao

rt
a

•
C

oa
rc

ta
tio

n 
of

 th
e 

ao
rt

a

•
D

ys
pl

as
ia

 o
f 

th
e 

ao
rt

ic
 a

rc
h

A
be

rr
an

t o
ri

gi
n 

of
 a

 s
ub

cl
av

ia
n 

ar
te

ry

R
ig

ht
 a

or
tic

 a
rc

h 
(d

ou
bl

e 
ao

rt
ic

 a
rc

h)
In

te
rr

up
te

d 
ao

rt
ic

 a
rc

h
St

ru
ct

ur
al

 a
no

m
al

ie
s 

of
 h

ea
rt

•
V

en
tr

al
 s

ep
ta

l d
ef

ec
t

V
as

cu
la

r 
ri

ng
Sy

st
em

ic
 v

en
ou

s 
an

om
al

ie
s

•
R

et
ro

ao
rt

ic
 in

no
m

in
at

e 
ve

in

•
B

ila
te

ra
l v

en
a 

ca
va

 w
ith

 a
 le

ft
 s

up
er

io
r 

ve
na

 c
av

a 
dr

ai
ni

ng
 

to
 th

e 
co

ro
na

ry
 s

in
us

Te
tr

al
og

y 
of

 F
al

lo
t

E
ct

op
ic

 c
or

di
s

Pu
lm

on
ar

y 
st

en
os

is
A

tr
ia

l s
ep

ta
l d

ef
ec

t

O
cu

la
r

Po
st

er
io

r 
se

gm
en

t a
no

m
al

y

•
Pe

rs
is

te
nt

 f
et

al
 v

as
cu

la
tu

re
 (

Pe
rs

is
te

nt
 h

yp
er

pl
as

tic
 

pr
im

ar
y 

vi
tr

eo
us

)

•
R

et
in

al
 v

as
cu

la
r 

an
om

al
ie

s

•
M

or
ni

ng
 g

lo
ry

 d
is

c 
an

om
al

y

•
O

pt
ic

 n
er

ve
 h

yp
op

la
si

a

•
Pe

ri
pa

pi
lla

ry
 s

ta
ph

yl
om

a

C
at

ar
ac

t A
nt

er
io

r 
se

gm
en

t a
bn

or
m

al
ity

-
Sc

le
ro

co
rn

ea

J Pediatr. Author manuscript; available in PMC 2019 June 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 25

O
rg

an
 s

ys
te

m
s

C
om

m
on

 >
20

%
 o

f 
pa

ti
en

ts
L

es
s 

co
m

m
on

R
ar

e/
si

ng
le

 c
as

e 
re

po
rt

•
C

ol
ob

om
a

M
ic

ro
ph

th
al

m
ia

M
id

lin
e

A
no

m
al

y 
of

 th
e 

m
id

lin
e 

ch
es

t a
nd

 a
bd

om
en

•
St

er
na

l d
ef

ec
t

•
St

er
na

l p
it

•
St

er
na

l c
le

ft

•
Su

pr
au

m
bi

lic
al

 r
ap

he

O
m

ph
al

oc
el

e
M

id
lin

e 
fa

ci
al

 a
no

m
al

y

N
eu

ro
lo

gi
c 

si
gn

s 
an

d 
sy

m
pt

om
s

M
ig

ra
in

e-
lik

e 
he

ad
ac

he
s

Se
iz

ur
es

C
yc

lic
 v

om
iti

ng
D

ev
el

op
m

en
ta

l d
el

ay
s

•
Sp

ee
ch

/la
ng

ua
ge

 d
el

ay

•
G

ro
ss

 m
ot

or
 d

el
ay

•
Fi

ne
 m

ot
or

 d
el

ay

H
yp

ot
on

ia
T

re
m

or
D

ys
ph

ag
ia

O
pi

st
ho

to
nu

s
H

ea
ri

ng
 lo

ss

•
C

on
du

ct
iv

e 
he

ar
in

g 
lo

ss

•
Se

ns
or

in
eu

ra
l h

ea
ri

ng
 lo

ss

M
ix

ed
 h

ea
ri

ng
 lo

ss
Fa

ci
al

 n
er

ve
 p

al
sy

•
H

or
ne

r/
pt

os
is

/h
et

er
oc

hr
om

ia

•
T

hi
rd

 n
er

ve
 p

al
sy

•
O

pt
ic

 n
er

ve
 h

yp
op

la
si

a

E
nd

oc
ri

ne
H

yp
op

itu
ita

ri
sm

H
yp

og
on

ad
is

m
H

yp
ot

hy
ro

id
is

m
E

ct
op

ic
 th

yr
oi

d 
gl

an
d

G
ro

w
th

 h
or

m
on

e 
de

fi
ci

en
cy

D
ia

be
te

s 
in

si
pi

du
s

H
em

an
gi

om
a-

re
la

te
d 

co
m

pl
ic

at
io

ns
Im

pa
ir

m
en

t o
f 

vi
su

al
 a

xi
s

St
ri

do
r 

re
la

te
d 

to
 s

ub
gl

ot
tic

 h
em

an
gi

om
a

U
lc

er
at

io
n 

of
 h

em
an

gi
om

a

G
I 

bl
ee

di
ng

 f
ro

m
 G

I 
he

m
an

gi
om

a

M
is

ce
lla

ne
ou

s
D

en
ta

l a
bn

or
m

al
iti

es
Fe

ed
in

g 
di

so
rd

er
s

D
ys

ph
ag

ia

Sp
in

al
 d

ys
ra

ph
is

m
 M

ic
ro

gn
at

hi
a

O
ro

fa
ci

al
 c

le
ft

in
g

A
ur

ic
ul

ar
 h

yp
op

la
si

a

J Pediatr. Author manuscript; available in PMC 2019 June 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garzon et al. Page 26

Ta
b

le
 IV

.

M
ag

ne
tic

 r
es

on
an

ce
 te

ch
ni

ca
l s

pe
ci

fi
ca

tio
ns

 f
or

 s
cr

ee
ni

ng
 a

t r
is

k 
ch

ild
re

n

•
M

ag
ne

t s
tr

en
gt

h 
ad

eq
ua

te
 to

 d
et

ec
t a

rt
er

ia
l a

no
m

al
ie

s 
in

 y
ou

ng
 c

hi
ld

re
n

•
M

R
I 

of
 b

ra
in

 a
nd

 n
ec

k

•
G

ad
ol

in
iu

m
 c

on
tr

as
t

•
M

R
A

 o
f 

br
ai

n,
 n

ec
k,

 a
nd

 a
or

tic
 a

rc
h

•
M

R
A

 p
ar

am
et

er
s 

ap
pr

op
ri

at
e 

to
 th

e 
pa

tie
nt

's
 a

ge

•
E

xc
lu

si
on

 o
f 

co
m

m
on

 a
rt

if
ac

ts

•
T

he
 e

xa
m

in
at

io
n 

sh
ou

ld
 b

e 
pe

rf
or

m
ed

 a
t a

 c
en

te
r 

fa
m

ili
ar

 w
ith

 im
ag

in
g 

ch
ild

re
n,

 a
nd

 w
ith

 e
xp

er
tis

e 
in

 th
e 

in
te

rp
re

ta
tio

n 
of

 b
ra

in
 s

tr
uc

tu
ra

l a
nd

 v
as

cu
la

r 
le

si
on

s,
 p

re
fe

ra
bl

y 
w

ith
 

ne
ur

or
ad

io
lo

gy
 tr

ai
ni

ng

J Pediatr. Author manuscript; available in PMC 2019 June 30.


	Methods
	Family-Important Outcomes
	Risk for PHACE Syndrome
	Reconsideration of Diagnostic Criteria
	Update on Clinical Features of PHACE Syndrome
	PHACE Syndrome Associated Arteriopathy and Risk of Acute Ischemic Stroke.
	PHACE Syndrome Associated Structural Brain Abnormalities.
	PHACE Syndrome Associated Congenital Heart Disease, and Aortic Arch and Brachiocephalic Abnormalities.

	Protocols to Screen for Associated Abnormalities in at Risk Children
	Risk-Adjusted Health Surveillance Protocol to Facilitate Early Identification and Treatment of PHACE-Related Morbidities
	Physical Examination.
	Echocardiogram.
	MRI of Head and Neck.
	MRA Head, Neck, and Arch.

	Other Long-Term Morbidities Associated with PHACE Syndrome
	Treatment of Hemangiomas.
	Headache.
	Hearing Abnormalities.
	Dysphagia, Speech, and Language Abnormalities.
	Endocrine Abnormalities.
	Dental Anomalies.
	Psychological Impact and Quality of Life.


	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Table I.
	Table II.
	Table III.
	Table IV.

