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ORIGINAL RESEARCH
PEDIATRICS

Neuroaxial Infantile Hemangiomas: Imaging Manifestations
and Association with Hemangioma Syndromes

T. Feygin, ““ AEE. Goldman-Yassen, ““'D,J. Licht, ““J.E. Schmitt, “* A. Mian, "“’A. Vossough, ““'L. Castelo-Soccio, "“J.R. Treat,
A. Bhatia, and " A.N. Pollock
3
ABSTRACT

BACKGROUND AND PURPOSE: Infantile hemangiomas are common lesions in the pediatric population; in rare cases, an infantile he-
mangioma can be detected along the neural axis. The purposes of our study included determination of the incidence, location,
and imaging appearance of neuroaxial infantile hemangiomas and their syndromic association. We also assessed additional features
of cerebral and cardiovascular anomalies that may be associated with neuroaxial lesions.

MATERIALS AND METHODS: A retrospective cohort study was performed, searching the radiology database for patients with seg-
mental infantile hemangiomas referred for assessment of possible hemangioma syndromes. We retrospectively reviewed brain and
spine MR imaging studies, with particular attention paid to neuroaxial vascular lesions, as well as the relevant clinical data.
Neuroaxial hemangioma imaging findings were described, and comparison of segmental cutaneous infantile hemangioma location
with the imaging findings was performed in patients with confirmed hemangioma syndromes and in patients with isolated skin in-
fantile hemangioma.

RESULTS: Ninety-five patients with segmental infantile hemangioma were included in the study, 42 of whom had a hemangioma
syndrome; of those, 41 had posterior fossa brain malformations, hemangioma, arterial lesions, cardiac abnormalities, and eye abnor-
malities (PHACE) syndrome and 1 had diffuse neonatal hemangiomatosis. Neuroaxial involvement was detected in 20/42 patients
(48%) with hemangioma syndromes and in no subjects with isolated segmental infantile hemangioma (P <.001). The most common
intracranial hemangioma location was within the ipsilateral internal auditory canal (83%).

CONCLUSIONS: Many pediatric patients with segmental infantile hemangioma in the setting of hemangioma syndromes, especially
those with PHACE, had neuroaxial hemangiomas. This finding may potentially lead to requiring additional clinical evaluation and
management of these patients.

ABBREVIATIONS: IAC = internal auditory canal; IH = infantile hemangioma; MC = Meckel cave; PHACE = posterior fossa brain malformations, hemangi-
oma, arterial lesions, cardiac abnormalities, and eye abnormalities

nfantile hemangiomas (IHs) are benign vascular tumors com-
mon in infants." > IHs express endothelial glucose trans-
porter 1, differentiating them from other pediatric vascular
tumors.* Unlike congenital hemangiomas, IHs are not

Received November 24, 2020; accepted after revision January 14, 2021.

From the Division of Neuroradiology (T.F., A.V., AN.P.), Department of Radiology;
Department of Neurology (DJ.L); and Department of Dermatology (L.C.-S,J.RT),
The Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania; Department of
Radiology (A.E.G.-Y.), Children’s Healthcare of Atlanta, Atlanta, Georgia; Division of
Neuroradiology (J.E.S.), Department of Radiology, Hospital of the University of
Pennsylvania, Philadelphia, Pennsylvania; Division of Neuroradiology (A.M.),
Department of Radiology, Mallinckrodt Institute of Radiology, St. Louis, Missouri;
and Department of Radiology (A.B.), Children’s Hospital of Pittsburgh, Pittsburgh,
Pennsylvania.

Please address correspondence to Tamara Feygin, MD, Children’s Hospital of
Philadelphia, Department of Radiology, Division of Neuroradiology, 3401 Civic
Center Blvd, Philadelphia, PA 19104; e-mail: feygin@email.chop.edu

E Indicates article with online supplemental data.
http://dx.doi.org/10.3174/ajnr.A7204

1520 Feygin Aug 2021 www.ajnr.org

discernable prenatally because they are known to proliferate
and evolve after birth.” The clinical evolution of all IHs pro-
gresses through several predictable phases: faint pink/red
patches during the nascent phase (shortly after birth), rapid
proliferation (for the first 3-6 months), a plateau phase until
approximately 12 months, followed by slow involution.®
Infantile hemangioma lesions may differ by clinical presenta-
tion, location, and morphology; therefore, each lesion may
require a different approach. According to the latest update of the
International Society for the Study of Vascular Anomalies (2018),
IHs are characterized by their distribution pattern: focal, multifo-
cal, segmental, and indeterminate types.7’9 Of the 4 types, focal
IHs are the most common, with a round or oval shape represent-
ing the most common morphology. Segmental IHs appear as
broader geometric lesions that correspond to the embryonic
boundaries that exist among the various facial primordia derived
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FIG 1. Segmental IH. A, A 3-month-old girl with PHACE syndrome.
Clinical photograph shows a bilateral segmental IH in an SI distribu-
tion predominantly and with minimal S2 involvement. B, Diagram of
the Haggstrom classification, used for clinical assessment of superficial
IH distribution. It divides the face on the 4 following segments:
S1= frontotemporal, S2 = maxillary, S3 = mandibular, S4 = frontonasal.

from neural crest cells.'” Segmental IHs that cover a broad cuta-
neous territory (Fig 1) may be associated with hemangioma syn-
dromes and may be detected immediately after birth.'' Deep
cutaneous lesions may be diagnosed at several months of age, and
they may appear as nonspecific soft-tissue masses.''> Segmental
IHs may occur in multiple locations within the head and neck,
extremities, and/or body."

Segmental IHs are a requisite for the diagnosis of hemangi-
oma syndromes, such as posterior fossa brain malformations, he-
mangioma, arterial lesions, cardiac abnormalities, and eye
abnormalities (PHACE).'*'> PHACE syndrome denotes the fol-
lowing: posterior fossa and other structural brain malformations;
large hemangiomas of the face, neck, and/or scalp; anatomic
anomalies of the cerebral or cervical arteries; cardiac anomalies/
coarctation of the aorta; and eye abnormalities.'®"® If sternal
anomalies are present, the term “PHACES syndrome” is used, with
S standing for sternal anomalies. PHACE syndrome is associated
with segmental IHs in the head and neck region with a trigeminal
nerve distribution.'”'*"” THs within the lower body, especially
involving the perineal region, may be a marker of the relatively
recently defined LUMBAR, SACRAL, or PELVIS association/syn-
drome.***® Hemangioma syndromes are now perceived as a spec-
trum of manifestations rather than fixed imaging and clinical
features."” The exact criteria for these complex heterogeneous
conditions are still under debate, though consensus guide-
lines for definite-versus-possible PHACE syndrome were
introduced in 2016 (Online Supplemental Data).'**® These
consensus criteria may evolve with time as more data on eti-
ology and pathophysiology become available. Nonetheless,
the presence of a superficial segmental IH remains the domi-
nant essential feature of these syndromes. Diffuse neonatal
hemangiomatosis is another less common hemangioma syn-
drome with numerous IHs in the skin of the neonate, and it
has a high association with visceral and neuroaxial lesions.

Although neuroaxial (intracranial and/or intra-/paraspi-
nal) IHs are rare in the general population, occurring in 1%
of all patents with skin hemangiomas,'” several studies have
described an increased frequency in patients with hemangi-
oma syndromes.'>*”~" Additional intracranial abnormalities

have also been described in PHACE syndrome, including
midline anomalies, neuronal migration disorders, and asym-
metric enlargement of Meckel's cave.'****?

The purposes of our retrospective study include determina-
tion of the incidence, location, imaging appearance, and natural
history of neuroaxial infantile hemangiomas and their syndromic
association. We also assessed additional cerebral and/or cardio-
vascular abnormalities that were associated with neuroaxial

hemangiomas.

MATERIALS AND METHODS

Cohort Selection

After obtaining institutional review board approval, we searched
the Children's Hospital of Philadelphia radiology database,
Mluminate search software (Softek Illuminate), for patients with
segmental IH referred to our institution for imaging and clinical
evaluation of suspected underling systemic hemangioma syn-
dromes between 2002 and 2017. We performed Boolean searches
using the keywords “segmental,” “infantile hemangioma,” “he-
mangioma,” “PHACE,” “PELVIS syndrome,” and “MR imaging.”
All patients were referred for initial imaging because of cutaneous
hemangiomas. Inclusion criteria were the following: 1) the pres-
ence of subcutaneous/cutaneous vascular segmental lesions in the
head, neck, or trunk; 2) available MR imaging of the brain and
spine with contrast administration; and 3) younger than
12 months of age at the time of first imaging (the known time-
frame for regression of superficial infantile hemangiomas).
Exclusion criteria included technically suboptimal studies due to
excessive motion and absence of contrast administration.

Image Interpretation

All imaging was performed on 1.5 or 3T MR imaging scanners,
including Skyra, Prisma and Vario Scanners, (Siemens) during
the course of routine clinical care. All patients were imaged with
standard MR imaging protocol using multiplanar T1- and T2-
weighted sequences, FLAIR, diffusion-weighted, arterial spin-
labeling perfusion imaging, and multiplanar postcontrast T1-
weighted sequences. Specific acquisition parameters varied across
time and scanners. Vascular imaging was performed using TOF-
MRA. Three pediatric neuroradiologists, blinded to the clinical
history, independently retrospectively reviewed MR imaging of
the brain and spine for all cases and recorded imaging findings,
with a special focus on the following: 1) the presence and imaging
characteristics of neuroaxial vascular lesions; 2) abnormalities of
the posterior fossa; 3) head and neck vascular anomalies; and 4)
additional brain anomalies, including the symmetry of the
Meckel cave (MC). A consensus reading was then performed for
potential discrepancies. In addition, in those cases that had serial
imaging, the temporal evolution of neuroaxial and superficial IHs
was assessed.

Clinical Evaluation

Cutaneous IHs involving the head and neck were evaluated
by pediatric dermatologists, who used the classification described
by Haggstrom et al'®* (S1 = frontotemporal, S2= maxillary,
$3 = mandibular, S4 = frontonasal, Fig 1B), which corresponds
with the embryonic boundaries that exist among the various
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Table 1: Characteristics of subjects with IH as part of a hemangioma syndrome

compared with isolated IH

was performed on STATA, Version 12.1
(StataCorp) and R statistical and computing soft-

Hemangioma

Isolated Superficial P

ware (http://www.r-project.org). A 2-tailed P

Syidiommel (=) Lil{iSss) LT value <.05 was used for statistical significance.
Age (median) (IQR) (mo) 2(3-2) 2(3-2) .53
Female sex (%) (n) 74% (31) 86% (46) 12
Side/location of 78 RESULTS
cutaneous IH (%) (n) Subject Characteristics
Right face only 45:° (19) 40:4’ (21 Ninety-eight subjects with superficial IHs in a
Iéielf;tt:z:;:lef::ely ﬁoz ?g;) ?;;: E;)Z) segmental distribution were identified from
Other 7% (3) 4% (2) 2002 to 2017. We excluded 3 patients: 2 sub-
Facial segment (%) (n) jects, both with vascular lesions within the lower
S1 65% (27) 30% (16) .002 spinal canal and diagnoses of LUMBAR/
52 50:" (21 66:/’ (35) 14 PELVIS syndrome, did not have brain imaging,
:i 4231; ?98)) 2‘8‘;‘: ?2'? 109] 0 and 1 who was older than the defined inclusion
Multiple facial segments 57% (24) 34% (18) .037 criteria age range (3 years of age) at initial imag-
All facial segments 14% (6) 0% (0) .006 ing. The final cohort, therefore, contained 95
Intracranial IH (%) (n) 45% (19) 0% (0) <.001 subjects, including 42 subjects with diagnosed
'Ijjéa:f:ilz?l ;I:ng’ﬁ)t ((f;l) . 61322 8)8) 8;‘: Egi <8:)5] hemangioma syndromes (41 with a diagnosis of
Posteriorgfossa 48% (20) 0% (0) <001 PHACE syndrome and 1 with diffuse neonatal
abnormality (%) (n) hemangiomatosis) and 53 subjects with isolated
Cardiovascular 95% (40) 0% (0) <.001 segmental skin hemangiomas. The final diagno-
abnormalities (%) ((n) ses had been made on the basis of a multidisci-
Note:—IQR indicates Interquartile range. plinary clinical team specializing in vascular
malformations. Subject characteristics are sum-
Table 2: Locations of neuroaxial IH and agreement between 3 readers marized in Table 1.
Neuroaxial IH Location ~ Reader Reader Reader P Seventy-seven subjects (81%) were female,
(n=95) 1 2 3 Kk Value Consensus without a significant difference in rates
IAC 15 15 15 100 <.001 15 between subjects with syndromic and isolated
Cochlea 3 4 3 0.85 <.001 3 segmental TH (74% versus 86%, P=.12). The
Cerebellopontine angle > > > 100 <.001 > median age of the subjects at the time of imag-
MC 2 2 2 100 <.001 2 .
Cavernous sinus 5 5 5 100 <001 5 ing was 2 months (range, 0.5-11 months), and
Pterygopalatine fossa 1 1 1 100 <.001 1 it was not significantly different between syn-
Vidian canal 1 1 1 100 <.001 1 dromic and nonsyndromic subjects (P =.53).
Leptomeningeal 10 10 8 0.89 <.001 10 Among the patients with identified hemangi-
Dural base ) 4 4 4 100 <.001 4 oma syndromes, 93% of patients (39/42) had
Intra-/paraspinal 5 5 5 1.00  <.001 5

facial primordia derived from neural crest cells. Additionally, the
electronic medical record was queried to obtain relevant clinical
and demographic data, specifically age, sex, cardiac history, and
the diagnosis of systemic vascular hemangioma syndrome.
Available information about the presence of developmental or
hearing issues was obtained from patients’ charts.

Statistical Analysis

We compared the imaging and clinical findings between the sub-
jects with diagnosed hemangioma syndromes and those with iso-
lated superficial segmental IHs. Continuous variables were not
normally distributed and were, therefore, compared using the non-
parametric Mann-Whitney U test. Categoric variables were com-
pared using the Fisher exact test. Comparisons within the syndrome
group were similarly analyzed. To assess the degree of agreement
among the 3 readers, we calculated the Fleiss k coefficients and
interpreted them according to Landis and Koch.” Statistical analysis
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segmental facial hemangiomas, 2 (5%) had
body truncal surface hemangiomas, and 3
(8%) had hemangiomas of the tongue, subglot-
tis, or upper airway (2 patients had IHs in mul-
tiple locations). Nonsyndromic subjects had a similar proportion
of facial hemangiomas (96% [51/53], P = .65), with neck IHs in 4
subjects and a midchest IH in 1.

Neuroaxial IH

Twenty subjects were found to have neuroaxial IH, all of whom
had identified hemangioma syndromes (20/42): 15 with only in-
tracranial IHs, 1 with only a paraspinal IH, and 4 with both. The
agreement among the 3 readers for the presence and location of
neuroaxial TH was almost perfect for all locations, with k ranging
from 0.85 to 1.00 (Table 2).

All intracranial lesions were ipsilateral to the cutaneous he-
mangiomas. Intracranial IHs were more prevalent in patients with
S1 segment lesions compared with subjects without S1 segment
IHs (59% versus 20%, P=.023). There were no significant differ-
ences in the prevalence of intracranial IH in subjects with S2 (62%
versus 29%, P =.06), S3 (39% versus 50%, P = .54), or S4 (67% ver-
sus 39%, P =.26) segment IHs compared with those without those
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millimeters of focal enhancement to
rounded 1.5-cm tumors. Three of the
lesions within the IAC demonstrated
cochlear involvement of varying degrees
(Fig 2C). Three of the 15 patients (20%)
with IAC involvement had hearing loss.
One had severe ipsilateral sensorineural
hearing loss, 1 had mild sensorineural
hearing loss at 6 months of age that
resolved by 4years of age, and 1 had
early conductive hearing loss that
resolved later. The cause of the conduc-
tive hearing loss is unknown. Five
patients (33%) had normal hearing, and
the hearing results of the remaining 8
patients were not available in our retro-
spective review.

The other intracranial masses were
dural-based lesions in the anterior and
middle cranial fossa (n=4), extending
along the anterior surface of the frontal
or the temporal lobes (Fig 2D). Small
masses in the sella turcica and basal cis-
terns were seen in 4 patients. In several
cases, there was extension of vascular
masses through the skull base foramina,

FIG 2. Intracranial infantile hemangioma. A and B, A 1.5-month-old girl with segmental IH of the
right face and PHACE syndrome. A, Axial T2-weighted image shows an extra-axial T2-
hyperintense mass in the right cerebellopontine angle cistern (small arrow) and a similar lesion
in the enlarged right MC (arrowhead). A long arrow points to an asymmetrically small right cere-
bellar hemisphere, which is an additional common manifestation of PHACE syndrome. Both
lesions reveal diffuse enhancement on postcontrast imaging and markedly increased perfusion
on arterial spin-labeling imaging (B). C, A 3-month-old girl with right orbital segmental IH and
PHACE syndrome. Axial postcontrast Tl-weighted image with fat suppression shows linear
enhancement in the right IAC (large arrow) and linear enhancement of the cochlear basal turn
(arrowhead). D, A 2-month-old girl with segmental IH of the right face and PHACE syndrome.
Coronal postcontrast Tl-weighted image with fat suppression shows a dural base extra-axial
enhancing mass in the right frontal lobe undersurface (arrowhead). Additional IHs are demon-
strated in the right face (large arrow) and the right skull base and inferior orbit (small arrow).

which included MC (n=2), cavernous
(n=2),
(n=1), and vidian canal. One patient
with an isolated large IH of the forehead
in the S4 segment had complete agenesis

sinus fossa

pterygopalatine

of the corpus callosum and an interhe-
mispheric vascular mass (Fig 3A, -B).
An additional pattern of intracranial IH
consisted of foci of leptomeningeal
enhancement (Fig 3C), observed in 10
subjects. Intracranial IHs were found in

segmental lesions. The prevalence of intracranial IHs in syndromic
subjects with all 4 facial segments involved unilaterally was found
to be 83% compared with subjects with =3 segments (39%),
though this was not statistically significant (P =.08).

Imaging Features

Imaging features of neuroaxial mass lesions were similar to those
of superficial infantile hemangiomas. Briefly, the lesions were T1
isointense, T2 hyperintense compared with brain parenchyma,
and enhanced diffusely, with markedly increased perfusion on ar-
terial spin-labeling sequences (Fig 2 A, -B). None of the lesions
demonstrated reduced diffusion.

Intracranial IHs most often presented as enhancing extra-
axial masses in variable locations. The distribution of intracranial
IHs is summarized in Table 2. Of the 19 subjects, the most com-
mon intracranial IHs were located within the internal auditory
canals (IACs) (n=15) and at the cerebellopontine angle (1 =>5).
There was substantial variation in size, ranging from a few

multiple locations in 11/19 subjects. No

definite connection between intracranial
and superficial IHs was demonstrated in all cases, though skull
base foraminal lesions involving the ipsilateral cavernous sinus,
vidian canal, hypoglossal canal, or orbital fissures were in close
proximity to the superficial cutaneous lesions (Fig 3D).

The intra-/paraspinal vascular masses were all extradural and
varied from small unilateral lesions, spanning 1 or 2 vertebral seg-
ments, to large bilateral masses causing cord compression on
imaging in 1 patient (Fig 4). None of the neuroaxial lesions origi-
nated in or invaded the cerebral parenchyma or the spinal cord.

Neuroaxial IH Follow-up

Of the 19 subjects with intracranial IHs, 10 underwent follow-up
MR imaging with contrast and 3 underwent follow-up MR imag-
ing without contrast. Of those 10, the median follow-up was
5years (interquartile range, 2-7years). Five intracranial IHs
resolved completely, 4 demonstrated partial resolution, and 1
lesion in the IAC had no change during 2 years of monitoring. In
the 1 subject with only a paraspinal IH, resolution was
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FIG 3. Intracranial infantile hemangioma. A and B, A 2-month-old girl, born with a very large seg-

inferior vermian hypoplasia (n=14),
hypoplasia of a cerebellar hemisphere
(n=13), and Dandy-Walker malforma-
tion (n=4) (Fig 5B). No posterior fossa
abnormalities were identified in the
(P<.001),
which would be expected because they
are part of the definition of PHACE. In
patients with identified hemangioma

nonsyndromic  patients

syndromes, the prevalence of posterior
fossa abnormalities was similar between
patients with and without neuroaxial
IHs (40% versus 50%, P =.55). No asso-
ciation was found between the location
of the segmental facial IH or intracranial
IH and the presence of posterior fossa
abnormalities (P>.05 for all compari-
sons). Unilateral MC enlargement was
found more frequently in syndromic
subjects with posterior fossa abnormal-
ities than in those without posterior
fossa anomalies (85% versus 48%,
P=.020) (Fig 5).>* Sex was not associ-
ated with the presence of intracranial
IHs, an enlarged MC, or posterior fossa
abnormalities (P> .05).

mental IH of the forehead. A, Clinical photograph shows an IH in the S4 segment (according to

the Haggstrom classification). B, Axial postcontrast TI-weighted image with fat suppression of
the same patient shows a lobulated enhancing interhemispheric mass (arrow). A superficial fore-
head IH is indicated by arrowheads. C, A different 2-month-old girl with right facial IH and
PHACE syndrome. Coronal postcontrast Tl-weighted image with fat suppression shows focal
leptomeningeal enhancement along the right tentorium (arrowhead). D, A 1.5-month-old boy
with left facial IH. Axial postcontrast Tl-weighted image with fat suppression shows enhancing
hemangiomas in the left cerebellopontine angle cistern (white arrow) and in the enlarged left
MC (small white arrowhead) and enhancing vascular tissue along the lateral orbital wall (black
arrow), which seems to communicate between the intra- and extracranial components.

demonstrated after 12 years. Only 1 case of recurrence of an in-
tracranial IH was demonstrated, which occurred simultaneous to
the recurrence of skin lesions occurring after propranolol (beta
blocker) therapy was weaned.

Meckel Cave Asymmetry

Unilateral asymmetric enlargement of the MC (Figs 24, 3D, and
5A) was observed in 28/42 cases with an identified syndrome
(67%), in 17/20 cases with neuroaxial vascular lesions (85%), and
in no patients without an identified syndrome (0%) (P < .001).
MC enlargement was associated with S1 segmental facial hemangi-
omas, occurring in 85% (23/27) of syndromic subjects with S1 IH,
compared with 33% (5/15) of those with segments other than S1
(P=.001). No significant association was found with MC enlarge-
ment and S2-54 segment involvement. MC enlargement was not
noted in subjects with only para-/intraspinal neuroaxial IHs.

Posterior Fossa Abnormalities
Twenty of 42 subjects with syndromic hemangiomas (48%) dem-
onstrated anomalies of the posterior fossa. Those included
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Cardiovascular Abnormalities

Ninety-five percent (40/42) of patients
with hemangioma syndromes had cardi-
ovascular anomalies, ranging from
minor developmental variants to severe
dysplastic vasculopathy of the large
arteries (Fig 5B), including aortic arch
anomalies and cardiac defects. We did
not observe serious vascular events or is-
chemic lesions in our group, though 1
patient was treated with pial synangiosis in response to develop-
ing Moyamoya vasculopathy identified after presenting with

headaches on presymptomatic brain MR imaging.

DISCUSSION

Most authors agree that infants presenting with large segmental
hemangiomas of the head, neck, chest, and lower body may be
manifesting an underlying hemangioma syndrome; hence, careful
patient work-up is recommended.”® We found that 42% of
patients referred to our institution with segmental IHs who
underwent brain and/or neck and spine imaging were ultimately
diagnosed with an underlying hemangioma syndrome, PHACE,
and diffuse neonatal hemangiomatosis.

We detected a high rate of neuroaxial lesions in the group
with confirmed hemangioma syndromes (48% of our subjects),
substantially higher than reported in the general population.*®"'
The reason for this higher prevalence is not entirely clear, but
possible reasons include the resolution of our multiplanar imag-
ing, the presence of multiplanar postcontrast imaging in all cases,
and the focus of the study team on the detection of neuroaxial



lesions. The lesions were extra-axial without parenchymal
involvement and extradural in location within the spine, corre-
sponding to the existing literature.>'»'>!¢!%273037 The most
common location of intracranial hemangiomas in our cohort was
the auditory apparatus. The degree of involvement varied from
subtle linear enhancement of the vestibulocochlear nerve or basal
turn of the cochlea to large masses extending from the cerebello-
pontine angle and filling the IAC and cochlea. Duffy et al*®
reported an under-recognized association of hearing loss with
PHACE syndrome in 6 patients, emphasizing the variety of clini-
cal manifestations in patients with auditory lesions. The data
from our series indicating a high prevalence of internal auditory
canal involvement add to this literature. Some authors suggest
dedicated imaging of the auditory apparatus, as well as thorough
assessment of auditory functions in patients with superficial he-

. . . g
mangiomas involving the external ear,””*’

though as we have
shown, JAC hemangiomas can be seen in patients having seg-
mental hemangiomas in segments not involving the external ear.
Even subtle imaging findings of auditory apparatus involvement
with hemangiomas may, therefore, result in a monitoring strategy
toward a more detailed clinical evaluation and imaging follow-
up. In one of our patients, there was improvement of sensorineu-
ral hearing loss. It is possible to speculate that the timing of audi-
tory testing may influence the hearing test results because there
are changes in the size of the IAC hemangiomas with time. The
long-term effect of internal auditory apparatus involvement by
IH is not fully known, to our knowledge.

Enhancing dural-based masses were present in approximately
12% of subjects, which demonstrated imaging features in some
ways similar to meningiomas. This type of vascular lesion should
be added to a list of differential lesions mimicking meningioma if

visualized in the appropriate clinical setting,”” In 1 case, the small
FIG 4. Paraspinal IH. A 2-month-old girl with face and neck segmental ~ dural-based hemangioma was the only intracranial vascular mass
IH. Coronal (A) and axial (B) postcontrast Tl-weighted images with fat  present, representing the pertinent feature contributing to the di-
suppression show extensive bilateral enhancing paraspinal masses
along the thoracic spine (arrows), with extension into the spinal canal
and focal cord compression (arrowhead).

agnosis of PHACE syndrome.
Wright and Wycoco® reported asymmetric MC enlargement
as an imaging marker highly supportive a diagnosis of PHACE

Pituitary stalk
Cavernous Supraclinoid
sinus wall A

Enlargement of
Meckel's cave

Preganglionic
trigeminal
nerve

ral lining
of Meckel's
cave

FIG5. A, Asymmetrical enlargement of Meckel's cave in patients with PHACE syndrome, an illustration showing a relationship between skull base he-
mangioma and adjacent nerves and vascular structures. Modified from a previously published image.® B, Posterior fossa abnormality in patients with
PHACE syndrome. A 6-week-old girl with a left facial IH. An axial T2-weighted image shows an enlarged retrocerebellar CSF space (black arrow), an
asymmetrically small left cerebellar hemisphere (white arrow), and a small posterior vitreous coloboma in the left globe (arrowhead), which is another
infrequent feature of PHACE syndrome. C, Arteriopathy of PHACE syndrome. A 6-month-old girl with a right-face IH and PHACE syndrome. Coronal
TOF-MRA reconstructed image shows the diffusely small caliber of intracranial right ICA (arrow). Fig 5A courtesy of Malhotra, A, Tu, L, Kalra, V.B. et al.
Neuroimaging of Meckel's cave in normal and disease conditions. Insights Imaging 9, 499510 (2018). https://doi.org/10.1007/513244-018-0604-7.
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syndrome. They reported that 82% of patients with confirmed
PHACE syndrome revealed asymmetric MC enlargement and
that this finding has a positive predictive value of 100%, a nega-
tive predictive value of 91%, and an accuracy of 93% in predicting
a clinical diagnosis of PHACE or possible PHACE syndrome. We
found MC asymmetry in 67% (28/42) of patients with hemangi-
oma syndromes, noting a particularly high frequency (85%) of
unilateral MC enlargement in patients with coexisting intracra-
nial lesions, without MC asymmetry in the isolated superficial IH
group. We observed a statistically significant association of MC
enlargement with superficial segmental facial IH in the distribu-
tion involving the frontotemporal segment (S1); this observation
is concordant with the literature.”> Several theories have been
suggested to explain this finding. Early hemangioma involvement
of the trigeminal V1 division traversing the MC, which may be
small or have regressed by the time of imaging, could influence
fluid dynamics and may cause remodeling of the affected MC.
Additionally, IHs secrete numerous signaling factors that affect
multiple cell types, including osteoblasts and meningeal cells, as
well as changes in local endothelial proliferation via the vascular
endothelial growth factor, Insulin-like growth factor and other
growth factors.*’

Another theory of MC enlargement proposes an aberrant/de-
ficient migration of the cephalic neural crest in a metameric dis-
tribution, noting a common origin of skull base tissues and
trigeminal nerve ganglia. It assumed that a postzygotic mutation
or early prenatal insult to the fetal skull base may cause dysplasia
of the MC.”* Although being highly suggestive of the diagnosis
of PHACE, this sign was not seen in all cases, especially in
patients with symmetric or midline face or neck lesions. Most
interesting, we found a higher rate of MC enlargement than pos-
terior fossa abnormalities in PHACE syndrome. An additional
study with follow-up monitoring of imaging findings and clinical
data may elucidate the significance of an asymmetric MC.
Overall, our findings support asymmetric enlargement of the MC
as highly suggestive of an underlying diagnosis of PHACE syn-
drome in the appropriate clinical setting.

The pattern of facial segmental IH distribution may help in
predicting underlying structural defects.*' We observed a high fre-
quency of intracranial hemangiomas in patients with S1 segmental
facial hemangiomas, as well as multiple segments involved, which
is in concordance with literature data.!” Therefore, the presence of
S1 and/or multisegmental superficial segmental IH mandates a
careful imaging search for even subtle neuroaxial hemangiomas.
Viswanathan et al'? reported clear continuity of neuroaxial lesions
with subcutaneous/cutaneous lesions. In our cohort, a definite con-
nection between intracranial vascular masses and its superficial
counterpart was not demonstrated in all cases, though skull base
foramina lesions were seen in close proximity to the superficial cu-
taneous lesions.

A high percentage of all patients had cardiovascular anoma-
lies, ranging from minor developmental variants to severe dys-
plastic vasculopathy of large arteries, including aortic arch
anomalies and cardiac defects. However, PHACE syndrome is
rarely associated with progressive vascular disease, and we did
not observe serious vascular events or ischemic lesions in our
group, though 1 patient was treated with synangiosis in response
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to the development of Moyamoya vasculopathy (this patient had
been treated with systemic steroids, not propranolol).** Although
the intracranial lesions mostly regressed on available follow-up
imaging, some of the residual lesions remained visible at 4-5 years
of age. One patient did have recurrence of intracranial IH at 3 years
of age, which was simultaneous with the recurrence of skin lesions.
Decisions regarding the scheduling of follow-up imaging may,
therefore, be considered on a case-by-case basis rather than only in
the event of new neurologic signs or symptoms.

Our study has limitations inherent to the retrospective design.
Because our institution is a referral center, the overall rate of sub-
jects with facial segmental TH with hemangioma syndromes may
have been higher in our study compared with the general popula-
tion. However, it is unlikely that this rate affected the differences in
rates of neuroaxial IH and other findings associated with such syn-
dromes. Imaging studies were retrospectively reviewed and could
not be tailored to specific indications as needed. Neuroimaging of
2 subjects with LUMBAR/PELVIS syndrome was not available;
therefore, these patients were excluded from the study.
Additionally, follow-up imaging in the retrospective cohort was
inconsistent, and a formal assessment of the longitudinal pattern
of neuroaxial lesions was not possible. Clinical data were limited to
what was available in the electronic medical record.

The results of our study suggest the necessity of a methodic
approach in the evaluation of patients with segmental TH. These
patients require a thorough imaging search for vascular lesions
involving the neural axis. Imaging usually begins with brain MR
imaging, occasionally neck MR imaging (if the superficial lesion
involves the neck), and vascular MR imaging, including head and
neck MRA with TOF or dynamic MRA with contrast if indicated.
Contrast administration may be considered in cases of S1 and/or
multisegmental distribution of IH, which is notable for a higher
association of intracranial or intraspinal lesions. We demonstrate
spinal involvement by neuroaxial hemangiomas in a subset of the
patients. However at this point, beyond increasing awareness of
spinal involvement, no firm conclusion can be drawn for changing
clinical practice or the necessity of spinal imaging in this group of
patients without further knowledge of the short- and long-term
clinical implications of these spinal neuroaxial hemangiomas.

CONCLUSIONS

Although CNS involvement by IH is an overall unusual occur-
rence, a substantial number of pediatric patients with hemangi-
oma syndromes, especially PHACE syndrome, have a high rate
(48%) of neuroaxial lesions. Therefore, detection of neuroaxial
IHs may be potentially considered as one of the criteria for diagno-
sis of this hemangioma syndrome. The neuroaxial lesions appear
to behave similar to superficial lesions (imaging features and clini-
cal course of development and regression). The neuroaxial IHs
were not demonstrated in patients with isolated cutaneous seg-
mental IHs. Further studies would be necessary to determine how
these findings may influence the management and potential impli-
cations of neuroaxial lesions on patient development.

Disclosures: Tamara Feygin—UNRELATED: Employment: The Children’s Hospital
of Philadelphia. Aashim Bhatia—UNRELATED: Consultancy: Guerbet. Avrum
Pollock—UNRELATED: expert testimony A. Pollock MD, LLC.
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