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INTRODUCTION
Infantile hemangioma (IH) is the most frequent benign tu-

mor in the pediatric population, with an incidence of 5% to 10%.1 
These tumors usually do not present with systemic involvement. In 
cases of extensive and segmental IH, especially on the face, scalp, 
and cervical region, a clinical and imaging workup is recommended 
to detect the changes that are described in PHACE syndrome.2

The most remarkable feature of PHACE syndrome is IH, 
but abnormalities in the brain, aortic, thoracic, and cervical arteries, 
which are not obvious on clinical examination, have considerable 
potential for morbidity.3,4

DEFINITION OF PHACE SYNDROME
The first description of the association of PHACE syndrome 

with brain abnormalities was reported in 1978 by Pascual-Castro-
viejo.5 In 1996, Frieden et al. created the acronym PHACE (posterior 
fossa malformations, hemangioma, arterial anomalies, coarctation of the 
aorta/cardiac defects, and eye abnormalities) to detail the most represen-

tative features of the syndrome.6 Subsequently, sternal malformations 
was added, giving rise to the acronym PHACES.7

In 2009, the diagnostic criteria for PHACE syndrome were 
established 8 and then revised in 2016 by Garzon et al.3 It is a neuro-
cutaneous condition in which extensive or segmental IH, usually on 
the face, scalp, or cervical region, can be associated with posterior 
fossa malformations, arterial abnormalities [primarily in the central 
nervous system (CNS)], coarctation of the aorta, cardiac defects, and 
ocular abnormalities.6

PREVALENCE
PHACE syndrome is observed in 2% to 3% of IH cases. 

There are over 300 cases in the literature, and it is considered one 
of the most frequent neurocutaneous vascular disorders in child-
hood. According to several studies, when the IH develops on the 
face and is segmental or large, the likelihood of it being associated 
with PHACE syndrome is 20% to 31%. PHACE syndrome affects 
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Abstract: Infantile hemangioma can be linked to other organ malformations. In 1996, PHACE syndrome was first defined as 
the association of large and segmental infantile hemangioma, usually on the face, head, or cervical region, with malformations 
of the posterior fossa of the brain, arterial anomalies of the central nervous system, coarctation of the aorta, cardiac defects, and 
ocular abnormalities. Over 300 cases of PHACE syndrome have been reported, and it is cconsidered one of the most common 
neurocutaneous vascular disorders in childhood. Knowledge of the features and locations of lesions that imply a greater 
risk of systemic involvement is crucial for the diagnosis and proper management of PHACE syndrome patients. This review 
highlights the diagnostic criteria for PHACE syndrome, the imaging workup for extracutaneous involvement, the treatment 
of infantile hemangioma, and the importance of a multidisciplinary approach in the management of these patients. 
Keywords: Aortic coarctation; Hemangioma; Magnetic resonance imaging; Neurocutaneous syndromes; Propranolol; Stroke



females more frequently (9:1). Infantile hemangioma (most cases), 
cerebrovascular (83% to 91%) and cardiac (41% to 67%) changes are 
among its most common manifestations.2,9,10

PATHOGENESIS
The pathogenesis of PHACE syndrome is unknown. It has 

been postulated to result from defective embryogenesis between 
weeks 3 and 12 of gestation, before or during vasculogenesis, be-
cause certain malformations and IH can affect the same side of the 
body.11

There is no evidence of genetic abnormalities that contrib-
ute to the development of PHACE syndrome.12

DIAGNOSTIC CRITERIA 

In 2009, a group of various specialties (dermatology, neurol-
ogy, oncology, genetics, cardiology, and ophthalmology) established 
criteria for the diagnosis of PHACE syndrome, stratifying it into 2 
categories:

1. PHACE syndrome, defined by the presence of segmental 
IH larger than 5cm on the face, scalp, or cervical region, associated 
with 1 major criterion or 2 minor criteria.

2. Possible PHACE syndrome, defined by the presence of IH 
and 1 minor criterion.

Major and minor criteria have been determined, based on 
the vascular and structural involvement of the brain, cardiovascular 
system, eye, and midline (Chart 1). 8

In 2016, new recommendations for the diagnosis and fol-
low-up of patients with PHACE syndrome were published by a 
multidisciplinary group, comprising neuroradiology, neurosurgery, 
neurology, cardiology, cardiothoracic surgery, dermatology, otorhi-
nolaryngology, hematology-oncology, and plastic surgery. In addi-
tion to medical experience and a literature review of the extracu-
taneous involvement, prevalence, progression and morbidity of 
PHACE syndrome, follow-up and family care were included.3

CUTANEOUS INVOLVEMENT 

At birth, IH can be absent or present as a precursor lesion 
that is represented by a pale or slightly erythematous or telangi-
ectatic area. However, nearly all IHs are already visible at the end 
of the first month of life. Regarding its progression, 3 phases have 
been described: proliferation (with increased growth in the first 5 
months of life), stabilization, and spontaneous involution (lasting 
for years).10,13

IHs that are associated with PHACE syndrome tend to be 
large (>5cm in diameter) or segmental—a term that has been propo-
sed to describe the morphology of the hemangioma that affects one 
region and does not arise from a focal point. These IHs can present 
as telangiectasias, solitary lesions, confluent plaques, small papu-
les that assume a specific distribution, and tumors with deeper in-
volvement.14 Haggstrom et al. suspected a relationship between the 
facial location and extracutaneous involvement of an IH.9 Hence, 
the face was divided into 4 segments that are not related to the der-
matomes or Blaschko lines but to the prominences of facial develo-
pment: frontotemporal, frontonasal, maxillary, and mandibular. IHs 
on the frontotemporal and frontonasal segments bear a higher risk 

Chart 1: Diagnostic criteria for PHACES syndrome

System Major criteria Minor criteria 

Brain 
(vascular)

Anomalies of larger 
brain vessels

Persistence of em-
bryonic arteries

Arterial dysplasia, 
stenosis or occlusion 

Proatlantal in-
tersegmental artery

Absence or hypo-
plasia 

Primitive hypo-
glossal artery 

Aberrant origin or 
course

Primitive ophthal-
mic artery

Persistence of trigem-
inal artery

Saccular aneurysms

Brain 
(structural)

Posterior fossa 
anomaly

Extra-axial lesion 
compatible with 
intracranial he-
mangioma

Dandy-Walker

Unilateral/bilateral 
hypoplasia/dyspla-
sia of the cerebellum

Cardiovascular Aortic arch anomaly Defect of the ven-
tricular septum

Coarctation of the 
aorta

Right-sided aortic 
arch (double aortic 
arch)

Aneurysm

Aberrant origin of 
subclavian artery 
with or without 
vascular ring

Ocular Posterior segment 
anomalies

Anterior segment 
changes

Persistence of fetal 
vascularization

Sclerocornea

Vascular anomalies 
of the retina

Cataracts

Optic disc anomalies, 
morning glory-type

Coloboma

Optic nerve hypo-
plasia

Microphthalmia

Coloboma 

Peripapillary staphy-
loma

Midline Sternal deformities Hypopituitarism

Sternal cleft Ectopic thyroid 

Supraumbilical raphe

Sternal defects

An Bras Dermatol. 2018;93(3):405-11.

Source: Adapted from Metry D et al., 2009. 8

of ocular and CNS involvement, whereas those on the mandibular 
segment are linked to a greater risk of midline and cardiovascular 
defects (Figures 1 to 4).11
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Figure 1: In-
fantile heman-
gioma on the 
frontotemporal 
segment

Figure 2: In-
fantile heman-
gioma on the 
frontonasal and 
frontotemporal 
segments

Figure 3: Infan-
tile hemangioma 
on the maxillary 
segment

Figure 4: Infan-
tile hemangioma 
on the mandibu-
lar segment

Approximately 90% of the hemangiomas in PHACE syn-
drome are located on the cephalic segment. The face is the most 
commonly affected site, but lesions can develop on the scalp and 
postauricular and cervical regions. Large and segmental IHs on the 
occipital, upper thoracic, trunk, and proximal upper limb regions 
have also been described in PHACE syndrome.15

Large IHs on the infraorbital region that cause proptosis can 
be associated with the typical arterial anomalies in PHACE syndro-
me (Figure 5).16 Further, in the definition of possible PHACE syn-
drome, a small, nonsegmental IH or even the absence of cutaneous 
hemangiomas can be observed.7,17,18

VASCULAR AND STRUCTURAL INVOLVEMENT OF THE BRAIN 
Cerebrovascular changes in PHACE syndrome increase the 

risk for a cerebrovascular accident (CVA). Although it is rare, its in-
cidence peaks when—in addition to CNS changes—there are cardi-
ac malformations, such as coarctation of the aorta.19

Cerebrovascular accidents in the pediatric population have 
a multifactorial etiology, and patients with PHACE syndrome have 
several risk factors, such as possible vascular stenosis and occlu-
sion, with the subsequent reduction in blood flow and thromboem-
bolism, related to potential cardiac and supraaortic arterial lesions.3

In 2013, Metry et al. described the changes that were seen 
on brain magnetic resonance angiography (MRA) that predicted the 



risk of CVA. These alterations included a severe narrowing or lack 
of visualization of the principal cerebral and cervical arteries, asso-
ciated with insufficient collateral circulation. Chart 2 lists the main 
cerebrovascular changes that occur in patients with PHACE and 
stratifies the risk of CVA development into high and standard. Even 
cases that are classified as standard are at risk of a brain lesion due 
to hypoperfusion. Further, in cases in which the MRA shows severe 
vascular changes, the presence of collateral flow must be studied 
more extensively with a test that details perfusion.20

In 2010, Hess et al. described the main magnetic resonance 
imaging (MRI) and computed tomography angiography findings in 
70 children with PHACE syndrome and arteriopathy. Dysgenesis 
was the most common malformation, followed by an abnormal vas-
cular origin and course of the cervical and cerebral arteries and a 
narrowing and lack of visualization of the affected vessel.2

In 2012, Siegel et al. registered 22 cases of PHACE syndrome 
and ischemic cerebrovascular accident (iCVA). By MRI, there was a 
lack of visualization or narrowing of at least 1 principal cerebral ves-
sel in 19 of 22 cases. In 15 cases, more than 2 vessels were affected, 
and in 13 patients, there was associated aortic arch malformation.19

Based on the brain MRA findings, the risk of CVA in pa-
tients with PHACE syndrome can be classified as low, intermediate, 
and high.3 The low-risk findings include frequently detected chang-
es in the population, with minimal or no clinical impact, such as 
persistence of the embryonic artery; an abnormal arterial origin or 
course; and variations in the circle of Willis, which are insignificant 
with regard to hemodynamics.

The intermediate risk group comprises patients with non-
stenotic dysgenesis and narrowing or occlusion of the arteries of the  
Circle of Willis or located in its vicinity, with no effects on hemody-
namics.

The patients in the high-risk group show significant narro-
wing or occlusion of cerebral vessels that are close to or are part of 
the Circle of Willis, resulting in isolated circulation; multiple steno-
ses that are associated with complex blood flow, potentially inter-
fering with brain perfusion; and findings in the brain parenchyma 
that suggest chronic and silent ischemia. Patients with cerebrovas-
cular stenosis and coarctation of the aorta are also considered to be 
at high risk for neurological ischemic events (Figure 6).

Figure 5: Brain MRI with a hemangioma on the right periorbital 
region

Chart 2: Risk stratification for cerebrovascular accidents 
according to brain magnetic resonance angiography findings

Risk Cerebrovascular changes

High Severe narrowing or stenosis by >75% or 
lack of visualization of a main vessel (in-
ternal carotid, middle/anterior/posterior 
cerebral, basilar, and vertebral artery), with 
no evidence of collateral circulation

Standard Narrowing or stenosis by <75% or lack of 
visualization of a main vessel with collater-
al circulation 
Narrowing or stenosis by <75% of a main 
vessel.
Hypoplasia, dysplasia, aberrant origin and 
course of main vessels. Aberrant subclavi-
an artery. Persistence of embryonic arteries.

Source: Adapted from Metry D et al., 2013. 20

Structural brain changes occur in 30% to 80% of patients 
with PHACE syndrome (Figure 7). When the lesions are unilateral, 
the vascular changes and cutaneous IH tend to be on the same side. 
In most cases, the cerebral lesions do not progress, but the associa-
ted signs and symptoms of neuropsychomotor developmental de-
lay, seizures, and headaches should be monitored. Pituitary struc-
tural abnormalities or symptoms that are suggestive of endocrine 
diseases should be examined in these cases.21

Because structural and vascular brain changes can lead to 
neurological sequelae, such as seizures and developmental delays, 
Tangtiphaiboontana et al. followed the neurological development of 
29 children with PHACE syndrome aged over 1 year. In 20 children, 
delays in speech and changes in gross motor development were 
seen.22

However, there are few studies on the morbidity and neu-
rological outcome in these patients. Neurological follow-up is im-
portant in determining the prognosis and appropriate therapeutic 
intervention.23

CARDIAC INVOLVEMENT 
The prevalence of congenital cardiac diseases in patients 

with PHACE syndrome is 41% to 67%, being coarctation of the aorta 
responsible for 19-30% of these cases.24 Approximately 50% of pa-
tients with cardiac involvement have an aberrant origin of the sub-
clavian artery, with or without a vascular ring.25 The most frequent 
changes to the aortic arch arise in the transverse and descendent 
portions. An obstruction usually occurs in the long segment instead 
of the juxtaductal portion, which is the most affected area in patients 
with malformations that are unrelated to PHACE syndrome. This 
obstruction is characterized by a narrowing or interruption, with 
subsequent aneurysmatic dilatation of the adjacent segments.

In patients with PHACE syndrome, 37% of cases with aortic 
arch anomalies will need surgical intervention. Nonsurgical cases 
should be followed with an annual echocardiogram due to the pos-
sibility of lesion progression.3
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Figure 6: MRA showing stenosis and tortuous 1. right internal 
carotid artery and 2. right posterior cerebral artery

Figure 7: 
Brain MRI 
showing 
hypoplasia 
of the right 
cerebellum

OTHER INVOLVEMENT 
During the follow-up of PHACE syndrome patients, new 

comorbidities can be detected, such as headaches and endocrine, 
auditory, and dental changes. 3

Headaches are more frequent and intense and begin at an 
early age. In these cases, a neurological assessment and an investi-
gation of vasculopathy and cerebral ischemia should be performed 
using imaging tests, even in the absence of cerebrovascular changes 
on the initial MRI.

Auditory deficiency and speech delay are common findings. 
Delayed language can be due to an auditory deficit from neurosen-
sory involvement when the IH affects cranial nerve VIII (vestibu-
locochlear). In these cases, the diagnosis should be made as early 
as possible to ensure therapeutic success and avoid sequelae. All 
patients with PHACE syndrome should be assessed in the neonatal 
period and, if they have a high risk for auditory deficiency, undergo 
an annual audiological evaluation.26

Certain patients with PHACE syndrome can present with 
dysphagia, feeding difficulties, and speech delays.27 These changes 
are usually observed in patients with posterior fossa malforma-
tions; lip, oropharyngeal, and airway IHs; and previous cardiac 
surgery. Dysphagia can be secondary to the location of the IH (lips, 
oral cavity, and pharynx) or to motor coordination. Speech delays 
that are detected early should be followed by an otorhinolaryngol-
ogist; an approach with timely speech therapy will determine its 
progress.3,26

Endocrine abnormalities have been described in PHACE 
syndrome, such as thyroid dysfunction, hypopituitarism with 
growth hormone deficiency, and adrenal insufficiency.28 Hypothy-
roidism can be caused by changes in the hypothalamus, pituitary 
gland, or thyroid, which can be ectopic or malformed.29

Neonatal hypoglycemia can be a sign of hypopituitarism 
and warrants endocrine screening. Other effects of pituitary dys-
function include hypogonadotropic hypogonadism, which mani-
fests as delayed puberty and adrenal insufficiency.28

Dental abnormalities, including enamel hypoplasia, which 
increases the risk of cavities, have also been described. They are more 

frequent when the hemangioma is located in the oral cavity, and den-
tal follow-up is recommended starting in the first year of life.30,31

DIAGNOSTIC SCREENING
In cases of suspected PHACE syndrome, the initial physical 

examination should include an assessment for ocular and sternal 
midline abnormalities, in addition to neurological and cardiac eval-
uations. An echocardiogram should always be performed, and if 
there are any abnormal findings, cardiac MRI and MRA are indicat-
ed to better examine the heart and brachiocephalic anatomy. Gad-
olinium MRI and MRA of the brain, neck, and aortic arch should 
be performed in the diagnostic screen for all suspected cases of 
PHACE syndrome. MRI is insufficient to detect all arterial abnor-
malities, necessitating an MRA.2,3,8,32

There is no consensus regarding the frequency with which 
imaging should be performed. In certain institutions, especially for 
high-risk cases, the tests are performed every 3 months, whereas 
others conduct them annually. Each case must be considered indi-
vidually according to its abnormalities and associated symptoms.

The indications for such tests must be carefully evaluated due 
to exposure to the anesthetic and contrast agent. Several services have 
adopted the restraining technique to avoid sedation and anesthesia.3

INFANTILE HEMANGIOMA TREATMENT 

Propranolol is the preferred medication for IH when sys-
temic treatment is indicated.33 The safe use of propranolol in pa-
tients with PHACE syndrome is based on a careful examination of 
potential extracutaneous anomalies that are associated with the IH, 
and the therapeutic choice depends on the recommendations of a 
multidisciplinary team.

There are several controversies regarding the use of pro-
pranolol in PHACE syndrome patients who have arterial disease 
due to the risk of CVA. However, the few CVA cases in the literature 
had severe arteriopathies.8,19

In PHACE syndrome, propranolol use should be consid-
ered carefully due the risk of lowered flow and cerebrovascular 



accidents, especially when there are CNS arterial anomalies, such 
as narrowing or lack of visualization of the principal cerebral or cer-
vical arteries, associated with cardiac and aortic arch anomalies. 20

The medication can be initiated in the outpatient setting, 
limiting hospitalization to children aged under 8 weeks who have 
cardiovascular and respiratory comorbidities. The optimal dose is 
achieved slowly to minimize sudden changes in blood pressure. The 
initial dose is 0.5 to 1mg/kg/day in the first week, increasing pro-
gressively to 2 to 3mg/kg/day b.i.d. or t.i.d. The medication should 
be preferably  administered during the day, followed immediately 
by food. Propranolol should be discontinued if upper airway infec-
tions develop with bronchospasm and in situations of reduced food 
intake.20

Metry et al. reported 32 cases of children with PHACE syn-
drome who were treated with oral propranolol, 7 of whom were at 
high risk for CVA, based on the MRA, and in whom the syndrome 
was associated with cardiovascular abnormalities. Of the patients 
who were being followed, one presented with hemiparesis; in this 
case, treatment with propranolol was maintained, and there was re-
covery from motor deficits. The authors concluded that the risk for 
CVA in these patients is related to several factors, including arterial 
stenosis, abnormalities of the circle of Willis, the degree of collateral 
circulation, and the coexistence of cardiac and aortic arch anomalies 
that can lead to thromboembolic events.20

Although the resolution of IH is well documented during 

treatment with oral propranolol, several authors have reported the 
possibility of recurrence and tumor growth on discontinuation.34 We 
believe that in these cases, the medication was halted premature-
ly—in the proliferative phase and especially for deep and segmental 
IHs. We conclude that the treatment duration will depend on the 
intrinsic features and clinical progression of each IH. Thus, the treat-
ment should be discontinued when there is no further reduction in 
the lesion while on the medication.35,36 It is necessary to follow the 
patient after he stops taking propranolol, and in cases of recurrence, 
the medication can be restarted.

OUTCOME AND PROGNOSIS 
Recent studies have detailed the features of PHACE syn-

drome, but the long-term outcomes for such patients are poorly 
described. Brain and cervical vascular anomalies are observed in 
most cases, but there are no reports on the clinical outcomes of these 
changes after propranolol use.

The most common extracutaneous involvement is structur-
al and vascular in the brain. Thus, neurological and cognitive im-
pairments are potential causes of morbidity in these patients.2

A multidisciplinary assessment that identifies possible 
CNS, cardiac, ocular, hormonal, auditory, language, and swallow-
ing abnormalities in a timely manner allows effective interventions 
to be implemented to prevent future complications. q
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