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KEY POINTS

e Orbital diseases in children differ from those found in adults in terms of histopathologic and imaging
characteristics.

e Clinical signs are often nonspecific, and imaging is a critical step in evaluating the pediatric orbit,
optic pathway, and cranial nerves that supply the orbital contents.

e High-resolution 3-T MR imaging helps characterize orbital and ocular soft-tissue lesions, permitting
superior delineation of orbital soft tissues, cranial nerves, blood vessels, and blood flow and detec-
tion of intracranial extension of orbital disease.

@ CrossMark

e Computed tomography (CT) is reserved primarily for evaluation of orbital bony architecture.

INTRODUCTION

The wide spectrum of orbital disease seen in chil-
dren differs substantially from that found in adults
in terms of histopathologic and imaging features.
Clinical symptoms and signs such as proptosis,
strabismus, diplopia, and optic disc edema are
nonspecific, and diagnostic imaging studies play
an essential role in depicting the nature and extent
of orbital abnormalities, often providing a definitive
diagnosis or a relevant differential diagnosis. The
information provided by imaging is also important
in determining optimal medical or surgical treat-
ment and assessing response to treatment. In
this article, the salient clinical and imaging features
of various pediatric orbital lesions are described,
and the differential diagnoses are reviewed.

NORMAL ANATOMY

The orbital contents are contained within a bony
pyramid. The orbital roof is formed by the orbital

plate of the frontal bone. The lateral wall is formed
by the orbital surface of the zygomatic bone and
greater wing of the sphenoid. The frontal process
of the maxillary bone, the lacrimal bone, lamina
papyracea of the ethmoid bone, and the lesser
wing of the sphenoid make up the medial wall
from anterior to posterior. The orbital floor is
formed by the orbital surfaces of the zygomatic,
maxillary, and palatine bones. The optic foramen
forms the apex of the bony pyramid and is formed
by the lesser wing of the sphenoid. The superior
orbital fissure is limited by the lesser wing of the
sphenoid superomedially and the greater wing of
the sphenoid inferolaterally. The inferior orbital
fissure lies between the orbital floor and the greater
wing of the sphenoid. The optic canal and superior
and inferior orbital fissures transmit nerves and
vessels (Table 1); spread of tumor along these
conduits can occur from the orbit to extraorbital
compartments including intracranial extension.
The orbital contents are divided into the intraoc-
ular compartment or globe, the muscle cone, and
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Table 1
Contents of orbital foramina

Foramen Contents

Superior orbital
fissure

Cranial nerves lll, IV, V4, VI

Superior ophthalmic vein

Orbital branch of middle
meningeal artery

Inferior orbital Cranial nerve V,

fissure Infraorbital vein
Infraorbital artery
Optic canal Cranial nerve Il

Ophthalmic artery

the intraconal and extraconal spaces (Fig. 1A). The
extraocular muscles include the superior, inferior,
medial, and lateral rectus muscles and the supe-
rior and inferior obliques; all but the inferior oblique

muscles constitute the muscle cone (see Fig. 1B).
The levator palpebrae superioris lies superior to
the superior oblique muscle. The extraocular mus-
cles converge at the orbital apex to form a fibrous
connective tissue ring known as the annulus of
Zinn. The nonocular compartment of the eye is
divided by the muscle cone into conal (muscle
cone and annulus of Zinn), intraconal, and extraco-
nal spaces. The intraconal space contains fat, the
ciliary ganglion, the ophthalmic artery and vein,
and branches of the ophthalmic nerve. The
ophthalmic artery and vein and cranial nerves
enter the intraconal space through the annulus of
Zinn. The extraconal space contains fat, the
lacrimal gland, and cranial nerves (branches of
the ophthalmic and trochlear nerves). The superior
oblique muscles receive motor supply from the
trochlear nerves (cranial nerve V). The lateral
rectus muscles are innervated by the abducens

& retina

\

'.
‘ilé;m.

Intraconal

Conal

Vitreous

Perioptic
space

Optic
nerve
Optic nerve head

Fig. 1. Normal orbital anatomy. (A) High-resolution T1-weighted MR image shows the orbit divided into intraco-
nal and extraconal spaces by the muscle cone and their relationships to the globe. (B) Coronal high-resolution T1-
weighted MR image of the orbit shows the configuration of the extraocular muscles and the optic nerve. (C)
High-resolution axial T1-weighted MR image and (D) axial T2 sampling perfection with application optimized
contrasts using different flip angle evolution (SPACE) MR image showing ocular anatomy. The sclera is hypoin-
tense and continuous anteriorly with the cornea and posteriorly with dura. Normal choroid and retina are not
distinguishable from each other and appear as an intermediate-intensity structure deep to the sclera on the
T1-weighted image. The choroid is continuous anteriorly with the iris and ciliary body, and together, these struc-
tures make up the uvea. The lens appears hypointense on the T2-weighted image. Anterior to the lens is a faintly
visible linear hypointensity, which is the iris. The iris separates the anterior segment into anterior and posterior
chambers containing aqueous humor. The posterior segment lies posterior to the lens and contains the gelatinous
vitreous. CN I, cranial nerve Il (optic nerve); IRM, inferior rectus muscle; LRM, lateral rectus muscle; MRM, medial
rectus muscle; SOM, superior oblique muscle; SRM, superior rectus muscle.



nerves (cranial nerve VI), and the oculomotor
nerves (cranial nerve lll) supply motor function to
the remaining extraocular muscles.

The globe consists of 3 distinct layers from the
outside to inside: sclera, uvea, and retina (see
Fig. 1C, D). The choroid and retina are inseparable
on routine cross-sectional imaging but can be
differentiated in the presence of choroidal or
retinal detachments. The uvea consists of the
iris, ciliary body, and choroid (the most vascular
structure of the globe). The retina continues poste-
riorly as the optic nerve. The collagenous sclera is
continuous anteriorly with the cornea and posteri-
orly with the dura and appears hypointense on T1-
weighted MR images at 3T (see Fig. 1C).

IMAGING TECHNIQUE

Imaging of the orbit is primarily accomplished by
ultrasonography (US) (evaluation of the globe), CT
(bony anatomy), and MR imaging (soft-tissue char-
acterization). CT is indicated for the bony assess-
ment in craniofacial anomalies, trauma, orbital
complications of acute sinusitis (with contrast),
and assessment of bony remodeling or destruction
from orbital masses. Helical 2.5- to 3-mm axial im-
ages are obtained with multiplanar soft-tissue and
submillimeter bone reformats. CT angiography
(CTA) may be obtained for diagnosis or follow-up
of suspected orbital arteriovenous malformation
(AVM) or arteriovenous fistula (AVF). The parame-
ters for CT should use the lowest dose possible
while still providing diagnostic quality images.
Orbital MR imaging is optimally achieved at 3T
using a 32-channel phased-array head coil or
equivalent coil when possible. In some instances
specialized orbital surface coils may be used. Imag-
ing protocols depend on clinical indications. For
example, suspected tumors are imaged with
high-resolution, thin-section (<3 mm) axial and
coronal fat-suppressed T2; axial non-echo
planar diffusion-weighted imaging (DWI); axial T1
and multiplanar high-resolution, fat-suppressed,
gadolinium-enhanced T1-weighted images. MR
venography (MRV) and/or MR angiography (MRA)
are sometimes indicated for vascular assessment.
Heavily T2-weighted 3-dimensional sequences
with submillimeter-thick images (eg, sampling
perfection with application optimized contrasts us-
ing different flip angle evolution [SPACE], construc-
tive interference in steady state [CISS], fastimaging
employing steady state acquisition [FIESTA], sensi-
tivity encoding [SENSE]) are of use for ocular
assessment, especially for intraocular tumors
such as retinoblastoma and for assessment of cra-
nial nerves. Congenital strabismus and eye move-
ment disorders generally require a combination of

Imaging of Pediatric Orbital Diseases

thin-section high-resolution axial and coronal T1-
weighted images for assessment of the size, shape,
and position of the extraocular muscles and imag-
ing of the brain and relevant cranial nerves.
Conventional catheter angiography is reserved
for the delineation of orbital AVM or AVF and
sometimes for endovascular treatment.

CONGENITAL AND DEVELOPMENTAL
ANOMALIES
Anophthalmos and Microphthalmos

Anophthalmos or anophthalmia refers to congen-
ital absence of the eyes."? Anophthalmos and mi-
crophthalmos are a significant cause of congenital
blindness and can be isolated or syndromic.?™
Several genetic mutations involving PAX6, SOX2,
and RAX genes are associated with these
conditions.®

Primary anophthalmos is bilateral in approxi-
mately 75% of cases and occurs because of failure
of optic vesicle development at approximately 22
to 27 days of gestation.® Secondary anophthalmos
is lethal and occurs when the entire anterior neural
tube fails to develop. Degenerative or consecutive
anophthalmos occurs when the optic vesicles
form but subsequently degenerate; consequently
neuroectodermal elements may be present in
degenerative anophthalmos but are absent in pri-
mary and secondary anophthalmos.”

Microphthalmos refers to a small ocular globe
with an ocular total axial length (TAL) 2 standard
deviations less than that of the population age-
adjusted mean.? Microphthalmos is further classi-
fied as severe (TAL <10 mm at birth or <12 mm
after 1 year of age), simple, or complex depending
on the anatomic appearance of the globe and the
degree of TAL reduction.® Simple microphthalmos
refers to an intact globe with mildly decreased
TAL. Complex microphthalmos refers to a globe
with anterior segment dysgenesis (developmental
abnormalities of the globe anterior to the lens)
and/or posterior segment dysgenesis (develop-
mental abnormalities of the globe posterior to the
lens) with mild, moderate, or severe decrease in
TAL.® Severe microphthalmos may be difficult to
differentiate from anophthalmia.’? Both severe
microphthalmos and degenerative anophthalmos
contain neuroectodermal tissues and are consid-
ered as entities along a continuum. The diagnosis
is usually based on clinical and imaging criteria.

US is used to determine the ocular TAL in micro-
phthalmos. CT and MR imaging demonstrate an
absent globe in anophthalmos (Fig. 2). Amorphous
tissue with intermediate density on CT, intermedi-
ate signal on T1-weighted images, and low signal
on T2-weighted MR images may be noted
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Fig. 2. Unilateral anophthalmos. A 5-day-old baby girl with unilateral right-sided anophthalmos. (A) Axial and (B)
coronal T2-weighted images demonstrate complete absence of the right globe. Note the presence of amorphous
tissue and structures resembling extraocular muscles within the anophthalmic right orbit. The right optic nerve is

absent.

Fig. 3. Severe microphthalmos. Fetus with craniofacial anomalies. (A) Fetal MR image at 34 weeks reveals
apparent right anophthalmos and left microphthalmos. The fetal nose is absent. (B) Postnatal 3-dimensional
(3D) CT surface reconstruction image at 3 days of age demonstrates arrhinia and bilateral cryptophthalmos. (C)
3D CT image of the skull shows shallow malformed orbits and absence of the nares. (D) Axial T2-weighted MR
image shows a rudimentary cystic structure within the right orbit (arrow), which in retrospect can be seen on
the fetal MR image, and left microphthalmos. The infant was diagnosed with Bosma syndrome.
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Fig. 4. Unilateral microphthalmos and cyst. A 2-month-old baby girl with persistent closure of the right eye. Clin-
ical examination revealed right microcornea and microphthalmos with bluish discoloration of the lower eyelid
thought to represent a cyst. (A, B) Axial fat-suppressed T2-weighted MR images confirm microphthalmos associ-
ated with a cyst. The globe is small, deformed, and displaced superiorly. The large cyst (asterisk) is located poster-

osuperior to the globe.

particularly in degenerative anophthalmos. Orbital
dimensions and volumes are reduced in anophthal-
mos and usually in microphthalmos, unless associ-
ated with an intraorbital cyst (Figs. 3 and 4). Simple
microphthalmos demonstrates a normal albeit
small globe, with normal signal characteristics.

Mild to moderate microphthalmia is managed
conservatively with conformers, whereas severe
microphthalmia and anophthalmia are treated
with endo-orbital volume replacements (implants,
expanders, and dermis-fat grafts) and soft-tissue
reconstruction.?®

Cryptophthalmos

Embryologically, the eyelid folds appear during the
seventh week and grow toward each other and
fuse, with separation of lids occurring between
the fifth and seventh months of development.>®°
Cryptophthalmos is usually syndromic and results
from failure of development of the eyelid folds
with absence of eyebrows, eyelids, and the cornea
and continuous skin extending from the forehead to
the cheeks. Imaging is required to demonstrate the
status of the underlying ocular globes and orbital
structures before surgical intervention (see Fig. 3).

Anterior Segment Dysgenesis

Anterior segment dysgenesis results from faulty
development of the anterior ocular structures,
including the cornea, iris, ciliary body, lens, and
anterior and posterior chambers, resulting in an
increased risk of glaucoma and blindness. Anterior

segment anomalies are associated with PITX2,
FOXC1 PAX6 and related mutations and produce
findings such as aniridia, iris hypoplasia, primary
congenital glaucoma, Axenfeld-Rieger syndrome
(congenital angle anomalies with iris strands),
and Peter anomaly (corneal clouding with adhe-
sions between iris, lens, and cornea).’® Although
many of these anomalies produce ophthalmologic
abnormalities that do not require further imaging,
thin-section high-resolution T2-weighted 3T MR
images may demonstrate abnormal size and
shape of the anterior and posterior chambers
and/or buphthalmos (Fig. 5).

Macrophthalmos

Elongation of the anteroposterior (AP) diameter of
the posterior chamber of the globe is most
frequently caused by severe myopia. Buphthal-
mos refers to diffuse enlargement of the AP diam-
eter of the globe (anterior and posterior chambers)
usually due to primary congenital or infantile glau-
coma or due to syndromic glaucoma as seen in
neurofibromatosis type | (NF-1) and Sturge-
Weber syndrome.®

Imaging is required to differentiate macrophthal-
mos from other conditions resulting in enlargement
of the globe such as an intraocular mass. In buph-
thalmos, the globe is generally uniformly enlarged
but may occasionally have oval or bizarre configu-
rations.® Patients with NF-1 demonstrate proptosis,
sphenoid wing dysplasia, and orbital plexiform neu-
rofibromas in addition to buphthalmos (Fig. 6).
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Fig. 5. Anterior segment dysgenesis. (A) A 1-day-old baby girl with right proptosis, elevated intraocular pressure,
and scleralization with calcification on the anterior surface of the right eye. (B) Axial fat-suppressed T2-weighted
MR image shows mild right microphthalmos with a large, irregular anterior segment consistent with the clinical
finding of anterior segment dysgenesis. There is aniridia and aphakia. Progressive enlargement and exposure of
the right eye occurred despite medical therapy. Subsequently, with no potential for visual rehabilitation and risk
for perforation, the right eye was enucleated. ([A] Courtesy of Carolyn Wu, MD, Department of Ophthalmology,

Boston Children’s Hospital, Boston, MA.)

Fig. 6. Macrophthalmia. A 5-month-old girl with NF-1
and proptosis. Axial fat-suppressed T2-weighted MR
image reveals enlargement of the right globe, consis-
tent with buphthalmos. There is right sphenoid bone
dysplasia with associated enlargement of the right
middle cranial fossa. A plexiform neurofibroma is pre-
sent within the lateral aspect of the orbit (long ar-
row). There is also a nerve sheath tumor within the
right cavernous sinus (short arrow) and Meckel cave.

Congenital Cystic Eye

Congenital cystic eye is a rare condition resulting
from failure of the optic vesicle to invaginate to
form the globe. On imaging, a cystic, sometimes
septated, orbital mass is seen in place of the
normal globe (Fig. 7). The differential diagnosis in-
cludes microphthalmia with cyst, microphthalmia
with cystic teratoma, ectopic brain tissue, and
meningoencephalocele.’ "2

Coloboma

Coloboma is a developmental anomaly that results
from incomplete closure of the embryonic
choroidal fissure, resulting in ectasia and hernia-
tion of vitreous into the retro-ocular space.’® The
developmental insult occurs during gestational
days 35 to 41.57 Colobomas may affect the iris,
lens, ciliary body, retina, choroid, sclera, or optic
nerve.'* Colobomas may be unilateral or bilateral
and can be isolated or syndromic, as seen in
CHARGE syndrome (coloboma, heart defects,
choanal atresia, retarded growth and develop-
ment, genital malformations, and ear anoma-
lies).’> "> Numerous other genetic disorders are
associated with coloboma, including focal dermal
hypoplasia, branchio-oculofacial syndrome, tri-
somies 13 and 18, and Aicardi syndrome.’®

On MR imaging, coloboma appears as a focal
defect of the posterior wall of the globe, some-
times associated with microphthalmia (Fig. 8). A



Fig. 7. Congenital cystic eye. Infant boy on day of
birth noted to have a cystic orbital mass at birth. Axial
contrast-enhanced CT reveals a large, heterogeneous
cystic mass enlarging the orbit. In contrast to other
ocular anomalies, no definite ocular structures are
seen. At surgical exploration, congenital cystic eye
was confirmed with only a small area of pigment
consistent with uveal tissue.

minimal defect results in a small excavation along
the posterior globe. A larger defect produces a ret-
robulbar cystic cavity outpouching from the poste-
rior wall of the globe.'?
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Morning Glory Disc Anomaly

Morning glory disc anomaly (MGDA) is a congen-
ital optic nerve anomaly characterized by a
funnel-shaped excavation of the optic disc with a
central glial tuft overlying the optic disc and an
annulus of chorioretinal pigmentary changes sur-
rounding the optic disc excavation.'®-'8

Although MGDA is usually diagnosed clinically,
imaging also distinguishes MGDA from optic nerve
coloboma. MGDA has 3 distinctive MR imaging
findings: (1) funnel-shaped appearance of the op-
tic disc with elevation of the adjacent retinal sur-
face; (2) abnormal tissue associated with the
ipsilateral distal intraorbital optic nerve, effacing
the adjacent perioptic nerve subarachnoid space;
and (3) lack of the usual enhancement at the lam-
ina cribrosa associated with the funnel-shaped
defect at the optic papilla (Fig. 9).'° Identification
of MGDA at imaging should prompt a search for
associated intracranial abnormalities, including
midline craniofacial and skull base defects,
vascular abnormalities, and cerebral malforma-
tions. %29 In particular, brain MR imaging and in-
ternal carotid artery MRA should be performed
because of an association with transphenoidal
basal encephalocele and congenital steno-
occlusive change of the internal carotid arteries
(moyamoya disease) in these patients.’® MGDA
can also be seen in association with PHACES
(posterior fossa anomalies, hemangioma, arterial
and aortic arch anomalies, cardiac anomalies,

Fig. 8. Coloboma. Girl with CHARGE syndrome, right microphthalmos, and colobomata. (A) Axial contrast-
enhanced CT obtained at 2 years of age reveals right micropthalmos and bilateral colobomata (arrows). (B) Axial
fat-suppressed T2-weighted MR image at 16 years of age shows an interval right retinal detachment with a small
residual cystic structure posterior to the right globe and a large choroidal coloboma involving the left eye

(arrow).
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Fig. 9. Morningglory discanomaly (MGDA). A 21-month-old boy presenting with poor vision and sensory exotropia of
the left eye. Ophthalmologic examination revealed a megalopapilla with a central glial tuft and changes consistent
with MGDA. (A) Axial 3-dimensional T2 SPACE MR image reveals a funnel-shaped appearance of the posterior optic
disc (black arrow) with elevation of the adjacent retinal surface (arrowhead). There is abnormal tissue associated
with the distal intraorbital segment of the ipsilateral optic nerve, with effacement of the regional subarachnoid space
(white arrow). (B) Axial fat-suppressed T1-weighted MR image shows discontinuity of enhancement at the lamina cri-
brosa (arrrow), with enhancement extending along the most distal aspect of the optic nerve.

eye anomalies, and sternal anomalies and/or
supraumbilical raphe).?’

Staphyloma

Staphyloma results from thinning and stretching of
the uvea and sclera and involves all layers of the
globe. Risk factors include severe axial myopia,
glaucoma, and severe ocular inflammation. Imag-
ing reveals a posterior outpouching of the globe
producing deformity in globe contour (Fig. 10).

Hypertelorism, Hypotelorism, and Cyclopia

Hypertelorism denotes increased distance be-
tween the medial orbital walls. Hypertelorism is
associated with several craniofacial disorders,
including cephaloceles, syndromic agenesis of
the corpus callosum, and syndromic coronal cra-
niosynostosis (Fig. 11A). Hypertelorism must be
distinguished from dystopia canthorum in which
the medial orbital walls are normally spaced but
the medial intercanthal distance is increased, as
seen in various types of Waardenburg syndrome.

Hypotelorism denotes decreased distance be-
tween the medial orbital walls. Hypotelorism is
also associated with a variety of disorders,
including the holoprosencephalies (HPE) and pre-
mature fusion of the metopic and sagittal sutures
(see Fig. 11B). Cyclopia or cyclophthalmia

Fig. 10. Staphyloma. A 3-year-old girl with nystagmus,
pale optic discs, and esotropia. Axial T2-weighted MR
image shows bilateral staphylomas right greater than
left. There is smooth outpouching of all layers of the
globes along the temporal aspects of the optic nerves
bilaterally (arrows). The optic nerves appear diminu-
tive in keeping with either optic nerve hypoplasia
(congenital) or atrophy (acquired).
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Fig. 11. Hypertelorism and hypotelorism associated with craniosynostosis. (A) Three-dimensional (3D) CTimageina 9-
month-old girl with brachycephaly and exophthalmos reveals hypertelorism and bilateral cleft lip and palate (long ar-
rows). There is bicoronal synostosis (short arrow) and wide patency of the metopic suture (arrowhead) consistent with
the known diagnosis of Apert syndrome. (B) 3D CTimage in a 7-month-old girl with trigonocephaly shows premature
fusion of the metopic suture resulting in frontal ridging (arrowhead) associated with hypotelorism.

denotes complete fusion of the optic vesicles
resulting in a single median eye. Synophthalmia
represents partial fusion of the optic vesicles re-
sulting in duplication of some anterior structures.
Both cyclophthalmia and synophthalmia can be
associated with HPE.® Other manifestations of
HPE include ethmocephaly (hypotelorism with me-
dian proboscis) and cebocephaly (hypotelorism
with rudimentary nose and single nostril).

Large/Small Orbit

A large orbit can be congenital or acquired and re-
sults from causes such as cephalocele, bony
deformity as seen in NF-1, and bony or orbital
masses (see Figs. 6 and 7). A small orbit accom-
panies anopthalmia and microphthalmia (see
Figs. 2 and 3). Exorbitism denotes shallow orbits
as seen in syndromic craniosynostosis (see
Fig. 11). Exorbitism should not be confused with
proptosis in which there is mass effect within the
orbit causing ventral protrusion of the globe.

Optic Nerve Hypoplasia

Optic nerve hypoplasia (ONH) is a developmental
anomaly characterized by optic nerve underdevel-
opment. Bilateral ONH is associated with syn-
dromic disorders such as septo-optic dysplasia.
On imaging, the affected optic nerves and part or
all of the optic chiasm and tracts appear small
(see Fig. 10). The differential diagnosis for optic
hypoplasia is optic atrophy resulting from a variety

of causes such as prior infection/inflammation,
trauma, irradiation, retinopathy of prematurity
(ROP), and vascular insult.

Persistent Hyperplastic Primary Vitreous

Persistent hyperplastic primary vitreous (PHPV) re-
sults from failure of the embryonic hyaloid vascula-
ture to involute, resulting in persistence of
hyperplastic primary vitreous and the capillary
vascular network covering parts of the lens.
PHPV is typically unilateral and results in congen-
ital microphthalmos, leukocoria, and cataract.
Bilateral PHPV is associated with congenital con-
ditions such as Norrie disease and Warburg
disease.??

The appearance of PHPV has been likened to
that of a martini glass with the glass represented
by triangular retrolental fibrovascular tissue and
the martini glass stem represented by the stalk of
hyaloid remnant extending to the optic disc in Clo-
quet canal (Fig. 12).?> On CT, PHPV appears as
increased density of the vitreous with a V-shaped
or linear structure presumed to represent a
remnant of the Cloquet canal. On MR imaging,
the retrolental fibrovascular tissue and stalklike hy-
aloid remnant are hypointense on T1- and T2-
weighted images with contrast enhancement.
Hemorrhage and layering vitreous debris may be
seen on imaging. Absence of calcification on CT
is an important distinction from retinoblastoma
(Box 1).
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Fig. 12. PHPV. A 1-year-old girl with esotropia,
nystagmus, and bilateral chorioretinal colobomas.
Axial 3-dimensional T2 SPACE MR image shows a
triangular deformity at the posterior aspect of the
left lens (black arrow) that is contiguous with a linear
hypointensity extending toward the optic disc repre-
senting the stalk of hyaloid remnant of the Cloquet
canal (arrowhead). There are also bilateral chorioreti-
nal colobomas (white arrows).

Coats Disease

Coats disease is a sporadic disorder characterized
by a defect in retinal vascular development result-
ing in telangiectactic retinal vessels with vessel

Box 1

Differential diagnosis of leukocoria
Normal-sized eye

Calcified mass

e Retinoblastoma (single or multiple
enhancing lesions, grows into vitreous or
choroid)

Noncalcified mass

e Coats disease (no enhancing mass, lipoprotei-
naceous hyperintense subretinal exudate)

Microphthalmia
Unilateral

e PHPV (subhyaloid or subretinal blood-fluid
levels, retrolental tubular mass along the hy-
aloid canal that enhances)

Bilateral

e ROP (no or minimal enhancement, dystrophic
calcification late in disease)

o Bilateral PHPV (see earlier)

leakage, subretinal exudate, and retinal detach-
ment.??24 Coats disease is unilateral in 80% to
90% of cases, with a male predilection. Common
signs are leukocoria and strabismus.??2* On CT,
Coats disease appears as a hyperdense exudate,
typically without calcification (Fig. 13). On MR im-
aging, the lipoproteinaceous subretinal exudate
appears hyperintense on T1- and T2-weighted im-
ages. The absence of an enhancing mass helps
differentiate Coats disease from retinoblastoma
(see Box 1).

Retinopathy of Prematurity

ROP or retrolental fibroplasia is a postnatal fibro-
vascular organization of the vitreous humor that
may lead to retinal detachment. ROP is related to
excessive oxygen therapy in premature, low-
birth-weight infants but is now uncommon
because of therapeutic advances. ROP is bilateral
and asymmetric.

ROP presents with microphthalmia and a shallow
anterior chamber on CT and MR imaging. On CT,
there is hyperattenuation within the globe. Dystro-
phic calcifications are not typically a feature of
ROP until late in the disease (Fig. 14A). The associ-
ation of dystrophic calcifications with microphthal-
mia distinguishes ROP from retinoblastoma, in
which there is a calcified mass or masses in a
normal-sized globe (see Box 1). On MR imaging,
there may be hyperintensity within the globe on
T1- and T2-weighted imaging due to subretinal

Fig. 13. Coats disease. A 3-year-old boy with decreased
vision left eye. On examination, there was funnel-
shaped retinal detachment and neovascular glaucoma
consistent with Coats disease of the left eye. Axial CT
image shows the V-shaped left retinal detachment (ar-
row). No mass lesion or calcification is seen.
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Fig. 14. Retinopathy of prematurity. A 20-year-old ex 24-week premature infant resulting in blindness. (A) Axial
CT image reveals microphthalmia with foci of mineralization. (B) Axial fluid attenuated inversion recovery (FLAIR)
MR image shows that there are bilateral retinal detachments with increased signal intensity compared with
normal vitreous. There is a small hypointense retrolental lesion on the left (arrow).

hemorrhages. In addition, a hypointense retrolental
mass may be noted within the globe (see Fig. 14B).

Orbital and Ocular Abnormalities with Central
Nervous System Malformations

Orbital and ocular anomalies are a feature of
several craniofacial disorders as alluded to in
earlier sections. Orbital manifestations of NF-1
include spheno-orbital dysplasia, buphthalmos,
optic nerve glioma, nerve sheath tumors (neurofi-
bromas, plexiform neurofibromas, and malignant
peripheral nerve sheath tumor) (see Fig. 6), and
occasionally rhabdomyosarcoma (RMS). Orbital
lesions in Sturge-Weber syndrome include buph-
thalmos, glaucoma, venous dysplasia, and venous
hypertension (Fig. 15A).2°> Tuberous sclerosis is
characterized by retinal neuroglial hamartoma
(see Fig. 15B),2° and retinal hemangioblastomas
are a feature of von Hippel-Lindau disease.?’~%¢
Joubert syndrome is characterized by abnormal
eye movements and optic nerve and/or chorioreti-
nal coloboma, less commonly retinal abnormal-
ities.®! Several ocular abnormalities occur in
congenital muscular dystrophies such as Walker-
Warburg syndrome, including cataracts, micro-
phthalmos, buphthalmos, retinal pigmentary
changes, PHPV, retinal detachment, vitreous hem-
orrhage, coloboma, Peter anomaly, and ONH.*?
Aicardi syndrome is a rare X-linked disorder
characterized by agenesis of the corpus callosum,
cortical malformations, and chorioretinal
lacunae.®® Additional central nervous system
(CNS) and ocular findings are seen with varying

frequency, including microphthalmos, anomalous
retinal vessels, retinal detachment, dysplasia or
coloboma of the optic nerve, persistent pupillary
membrane, iris synechiae, posterior iris or
choroidal staphylomas, and cataracts.®*** Morn-
ing glory disc-like anomalies, involving ring-
shaped pigment deposits surrounding or within a
colobomatous optic nerve head, have also been
described in patients with Aicardi syndrome.3335

Nasolacrimal Duct Cyst and Mucocele

Nasolacrimal duct (NLD) cyst and mucocele is
typically congenital in nature due to failure of cana-
lization of the distal NLD at the valve of Hasner.
This common anomaly is detected incidentally or
because of a cystic medial canthal swelling or
neonatal nasal obstruction and respiratory
distress. On imaging, there is cystic expansion of
the intranasal NLD, which protrudes beneath the
inferior turbinate, sometimes with enlargement of
the lacrimal sac (Fig. 16). The differential diagnosis
includes meningocele and neuroglial heterotopia,
which can appear cystic but project into the nasal
cavity above the inferior turbinate.

Lacrimal Gland Anomalies

Aplasia or hypoplasia of the lacrimal gland is a rare
disorder that is sometimes associated with aplasia
of the salivary glands in the aplasia of the lacrimal
and salivary gland syndrome®® or with abnor-
malities of the ears, teeth, and digits in the lacri-
moauriculodentodigital  syndrome.>”  Patients
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Fig. 15. Ocular abnormalities with CNS malformations. (A) Sturge-Weber syndrome (SWS) in a 3-year-old boy.
Axial contrast-enhanced T1 magnetization-prepared rapid acquisition gradient-echo (MPRAGE) image shows
abnormal right choroidal enhancement (long arrow) associated with venous dysplasia. Other typical features
of SWS are demonstrated, including enlargement of the right choroid plexus (short arrow) and abnormal
enhancement around the right temporal lobe related to abnormal venous drainage (arrowheads). (B) Tuberous
sclerosis in a 10-month-old girl. Axial T2-weighted MR image reveals a small retinal neuroglial hamartoma (long
arrow). Subcortical tubers are seen within the temporal lobes (short arrows).

present with alacrima, and imaging reveals
absence or marked paucity of lacrimal tissue.

Congenital Cranial Dysinnervation Disorders

The congenital cranial dysinnervation disorders
(CCDDs) result from abnormal development of

cranial motor nuclei, absence or hypoplasia of
affected cranial nerves, and resultant fibrosis of
abnormally innervated extraocular muscles.
CCDDs include congenital fibrosis of the extraoc-
ular muscles (CFEOM; TUBB3 and other
mutations), Bosley-Salih-Alorainy syndrome and
Athabascan brain dysgenesis syndrome (HOXAT

Fig. 16. Nasolacrimal duct cyst (NLDC). A 1-day-old baby girl presenting with nasal obstruction. (A) Axial and (B) cor-
onal fastspin echo inversion recovery T2-weighted MR images reveal bilateral NLDCs, left larger than right (arrows).
The coronal image shows that the NLDCs protrude inferior to the inferior turbinates (T). This finding is a helpful
distinction from a cephalocele or neuroglial heterotopia that would reside superior to the inferior turbinate.



mutations), HOXB1 mutations, Duane syndrome
(CHN1, SALL4 and SALL1 mutations), Moebius
syndrome, and horizontal gaze palsy with progres-
sive scoliosis (HGPPS; ROBO3 mutations).>8 Clin-
ical signs depend on the underlying genetic
mutation and affected cranial nerves and include
strasbismus, gaze limitation or ophthalmoplegia,
ptosis, and poorly reactive pupils. Imaging reveals
absence or hypoplasia of the affected cranial
nerves and diminutive affected extraocular mus-
cles (Fig. 17). Additional malformations of the brain
or inner ears occur depending on the underlying
genetic mutation.

ORBITAL MASSES
Dermoid and Epidermoid

Dermoids, also known as developmental choristo-
mas, are the most common congenital orbital
masses.'>'* These lesions likely arise from
sequestered epithelial rests entrapped in orbital
bony sutures and can be subcutaneous or intraor-
bital in location.®3° Both dermoids and the less
common epidermoids are composed of cysts
lined by keratinized, stratified squamous epithe-
lium with dermoids also containing adnexal struc-
tures such as hair and sebaceous glands.
Clinically, these lesions manifest as subcutaneous
nodules adjacent to the orbital rim or as unilateral
proptosis.

Imaging does not reliably distinguish between
dermoids and epidermoids. On contrast-
enhanced CT, these lesions

present as
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well-defined low-density masses that remodel
adjacent bone, with mild thin rim contrast
enhancement. Thick, irregular rim of enhancement
suggests inflammation secondary to rupture. Fatty
components usually present as negative attenua-
tion values within the mass and a fat-fluid level
may occasionally be noted within a dermoid.
Calcification is seldom seen in children. On MR im-
aging, dermoids/epidermoids typically demon-
strate hypointensity on T1-weighted and variable,
usually hyperintense signal on T2-weighted im-
ages with decreased diffusivity. Fat contents
result in T1 shortening (Fig. 18). There is minimal,
if any, thin peripheral contrast enhancement.

VASCULAR LESIONS

The most common vascular lesions in infants and
children are infantile hemangiomas (IHs),
lymphatic malformations (LMs), and venous mal-
formations (VMs). MR imaging is the modality of
choice for characterizing and distinguishing be-
tween these lesions based on degree of vascu-
larity, the presence of a solid or cystic mass,
fluid-fluid levels/hemorrhage or phleboliths, and
the degree of contrast enhancement.

Lymphatic Malformation

LM is an unencapsulated mass of thin-walled
lymphatic channels and represents the most com-
mon vascular malformation in childhood.*%*2 Clin-
ically, LMs grow commensurate with growth of the

Fig. 17. Congenital cranial dysinnervation disorder. Teenaged boy with Moebius-type syndrome and TUBB 3 mu-
tation. Clinical examination revealed facial palsy and limited adduction and elevation of the eyes. (A) Axial T1-
weighted MR image shows diminutive medial rectus muscles bilaterally (arrows). The superior and inferior rectus
muscles were also small (not shown). (B) Axial 3D T2 SPACE image at the level of the midbrain and interpedun-
cular cistern demonstrates absence of cranial nerve Il bilaterally (arrows).
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Fig. 18. Dermoid cyst. A 2-year-old boy with a left medial canthal mass. (A) Axial T2-weighted (T2W) MR image
shows a sharply circumscribed left preseptal mass (arrow) that is isointense with gray matter. (B) Diffusion-
weighted imaging apparent diffusion coefficient map reveals that the lesion has decreased diffusivity (arrow).
(C) Axial T1-weighted (T1W) image demonstrates mild T1 shortening within the mass (arrow). (D) Gadolinium-
enhanced fat-suppressed T1W image shows that the lesion does not enhance (arrow). These features are consis-
tent with a dermoid cyst, which was confirmed following surgical excision. Dermoids have variable, typically
homogeneous signal intensity on TIW and T2W images and typically show decreased diffusivity and minimal,
if any, marginal enhancement.

patient but may enlarge suddenly as a result of the extraconal spaces may occur. Characteristic

propensity to bleed or become infected. fluid-fluid levels usually associated with hemor-
On US, CT, and MR imaging, LMs appear micro- rhage are well seen on MR imaging and are a
cystic or macrocystic, lobulated, and septated. typical feature of LM (Fig. 19). Hemorrhage also al-

Transpatial involvement of the intraconal and ters the signal intensity on MR imaging, sometimes

54

Fig. 19. Lymphatic malformation (LM) with venous component. An 8-month-old girl with recent-onset left prop-
tosis. (A) Axial T2-weighted MR image reveals a macrocystic, hemorrhagic left intraconal mass that contains fluid-
fluid levels (arrow), characteristic of LM complicated by hemorrhage. (B) Axial T1-weighted (T1W) MR image shows
the hyperintense hemorrhage (H). (C) Gadolinium-enhanced fat-suppressed T1W MR image shows some enhance-
ment of the lesion consistent with a venous component (arrow). Nonenhancing LM is also seen (arrowhead).



producing T1 and T2 shortening. Pure LMs
demonstrate mild enhancement of septations
only, and the contained fluid does not enhance.
High flow vascularity is not a feature of LMs.
Enhancement of fluid within the cystic septations
is consistent with a venous component (see
Fig. 19), as evidenced also by the presence of
phleboliths. Evaluation of the brain is indicated to
assess for associated intracranial venous lesions
such as cavernous malformations, prominent
developmental venous anomalies, and occasion-
ally high-flow arteriovenous fistulae.*?

Surgery to reduce compression on the optic nerve
and improve cosmetic appearance may be associ-
ated with recurrence. Sclerotherapy with sodium
tetradecyl sulfate or OK-432 may be helpful in the
management of macrocystic LMs; however, the
use of sclerotherapy in the postseptal orbit is limited
because of the risk of postprocedural increased in-
traorbital pressure caused by swelling.*®

Venous Malformation

Orbital VM is a distensible low-flow lesion charac-
terized by dilated venous channels. VMs increase
in size with Valsalva maneuver, crying, and strain-
ing. VMs must be distinguished from orbital vari-
ces that arise secondary to arteriovenous
shunting or venous occlusive diseases such as
venous sinus thrombosis.**

US, CT, and MR imaging show a well-defined
cystic, septated lesion. The venous blood en-
hances gradually with contrast. VMs are some-
times complicated by thrombosis, which affects
the echogenicity on US and density or signal inten-
sity on CT and MR imaging, respectively. Phlebo-
liths are a characteristic feature of VMs (Fig. 20).
As with LMs, high-flow vascularity is not a feature
of VMs. As mentioned, sometimes lesions

.Y
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demonstrate mixed characteristics of VM and LM
with associated intracranial VMs.*

Arteriovenous Malformation and Carotid
Cavernous Fistula

Orbital AVMs are uncommon high-flow vascular
anomalies that may present with proptosis and
orbital bruit. Imaging usually consists of MR imag-
ing with MRA and CTA or conventional angiog-
raphy to demonstrate the arterial and venous
anatomy and the presence of a nidus or tangle of
vessels between the enlarged arterial feeders
and early draining veins. Therapeutic options
vary depending on the anatomy of the lesion and
can include endovascular embolization and/or
surgery.

A carotid cavernous fistula (CCF) is an abnormal
connection between the internal carotid arterial
system and the cavernous venous sinuses. Direct
CCF can be caused by craniofacial injury or
trauma. Spontaneous CCF may develop from
rupture of an intracavernous aneurysm or second-
ary to vessel weakness in conditions such as
Ehlers-Danlos  syndrome or fibromuscular
dysplasia.*>~*® Although CCF is uncommon in chil-
dren, the signs and symptoms seem to be similar
to those seen in adults.*>*"

CT and MR imaging demonstrate dilation of the
superior ophthalmic vein and exophthalmos with
enlarged extraocular muscles (Fig. 21A). On MR
images, there may be distension of the cavernous
sinuses with abnormal cavernous sinus flow voids.
Conventional angiography identifies the exact
location of the CCF so as to plan definitive treat-
ment (see Fig. 21B).

NEOPLASMS

Pediatric ophthalmic tumors are classified into
orbital neoplasms and intraocular tumors. Many

Fig. 20. Venous malformation (VM). Teenaged girl with blue rubber bleb nevus syndrome. (A) Axial CT image
shows a phlebolith within the left orbit (arrow). (B) Coronal T2 short tau inversion recovery (STIR) MR image
shows a large, hyperintense, multicystic intraconal lesion. (C) Coronal fat-suppressed contrast-enhanced T1-
weighted MR image shows that the lesion enhances. These features are diagnostic of VM.
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Fig. 21. Carotid cavernous fistula (CCF). A 6-year-old girl with remote eye trauma, headaches, and vertigo. (A)
Axial contrast-enhanced CT shows marked enlargement of the right superior ophthalmic vein (SOV) (short arrow)
and the right cavernous sinus/cavernous right internal carotid artery (ICA) (long arrow). (B) Cerebral angiography
with selective right ICA injection confirms the direct CCF (long arrow) with principal drainage into an enlarged
right SOV (short arrow) and both cavernous sinuses and their tributaries (long arrow).

of these tumors are benign; however, they have a
significant impact on vision and may result in sig-
nificant morbidity and mortality. This section pre-
sents common orbital and intraocular lesions.

Orbital Neoplasms

Infantile hemangioma

IH is the most common vascular tumor of infancy.
Orbital hemangioma typically presents shortly after
birth with proptosis and/or a strawberry red mass
involving the periorbital skin. IH is characterized by
proliferation with rapid growth during the first year
of life followed by gradual involution by 7 to 8 years
of age.*>*° True congenital hemangiomas are un-
common and are divided into those that involute
rapidly (rapidly involuting congenital hemangioma)
and those that do not (noninvoluting congenital
hemangioma). Imaging is indicated to detect the
extent of the lesion and to distinguish IH as a cause
of proptosis from other orbital masses.

The imaging features of IH are characteristic and
diagnostic. US demonstrates a hyperechoic, bos-
selated mass with prominent high-flow vascularity
noted on color Doppler US. CT demonstrates a
well-defined mass with intense homogeneous
enhancement. MR imaging demonstrates a solid,
circumscribed, and somewhat lobulated mass
that is isointense with white matter on T2-
weighted images. Characteristic signal voids are
a feature of proliferating IH and reflect prominent
vascularity. Proliferating IH also demonstrates

intense, homogeneous contrast enhancement
(Fig. 22). Involution is associated with decreased
vascularity and enhancement and increasing fibro-
fatty matrix. Bony remodeling may occur. IH must
be distinguished from cystic lesions such as LMs,
VMs, or mixed low-flow vascular anomalies and
from solid tumors such as RMS. The key feature
distinguishing IH from RMS is the intense
enhancement and vascularity of IH. Orbital hem-
angioma can be associated with other anomalies
as a manifestation of PHACES association.?’

Most hemangiomas are treated conservatively
anticipating involution. However, tumors that
compromise vision can be treated with systemic
propranolol.

Teratoma

Orbital teratomas are derived from more than 1
primitive germ cell layer and are usually benign.
CT and MR imaging demonstrate a multilocular
cystic and solid mass (comprising fat, calcifica-
tion, or both) within the orbit that may displace
the normal globe and result in expansion of the
bony orbit. Surgical resection of benign teratoma
is curative.

Rhabdomyosarcoma

RMS is the most common mesenchymal tumor in
children®°-°? and the most prevalent pediatric ex-
traocular orbital malignancy.>®** Two histologic
subtypes of RMS are prevalent in children: the
embryonal subtype is the most common orbital
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Fig. 22. Infantile hemangioma. A 4-month-old girl with ptosis. (A) Axial T2-weighted MR image shows a sharply
marginated extraconal, preseptal, and frontonasal mass (arrow) that is isointense with white matter and contains
vascular signal voids (arrowhead). (B) Coronal T1 precontrast and (C) postcontrast fat-suppressed T1-weighted im-
ages demonstrate the avidly enhancing soft-tissue mass (arrow) centered within the medial aspect of the right
orbit. These findings are characteristic of proliferating infantile hemangioma.

variant and is the least aggressive subtype; the
more aggressive alveolar subtype is less prevalent
in the orbit.>® Orbital RMS typically presents with
rapidly progressive, unilateral proptosis and
diplopia. The median age of presentation is 6 to
8 years,® although the alveolar subtype generally
affects older children or adolescents.*?

CT, PET-CT, and MR imaging are important in
the preoperative evaluation and staging of orbital
RMS and provide complementary information.
CT demonstrates osseous erosion and/or remod-
eling, whereas MR imaging demonstrates soft-
tissue characterization and intracranial extension.
MR imaging and PET-CT are used for follow-up
and assessment of therapeutic response.

On CT images, orbital RMS generally appears as
an extraconal, ovoid, well-circumscribed mass
that is isodense relative to muscle, with moderate
to marked contrast enhancement. Remodeling of
bone or frank aggressive bony destruction can
occur. Eyelid thickening is a common associated
finding whether or not the tumor extends to the
eyelid.

On MR imaging, RMS is isointense to muscle on
T1-weighted images and hyperintense to muscle
on T2-weighted images, often appearing isoin-
tense with cerebral cortex, with decreased diffu-
sivity and moderate to marked contrast
enhancement (Fig. 23). The mass may distort or
displace but does not typically invade the globe.
The extraocular muscles are similarly distorted
and are sometimes inseparable from tumor. Inva-
sion of adjacent paranasal sinuses or intracranial
contents may be seen, and comparison of nonen-
hanced and enhanced T1-weighted images helps
distinguish tumor extension into the paranasal si-
nuses from trapped sinus secretions.

Many benign and malignant entities share clin-
ical features of RMS. Proliferating IH presents in
younger children and demonstrates characteristic

vascular flow voids and more intense and homo-
geneous enhancement. RMS may appear indistin-
guishable from orbital lymphoma, which is the
chief differential diagnostic consideration.

Orbital RMS treatment usually consists of surgi-
cal resection, followed by radiation therapy and
chemotherapy. Prognosis depends on histologic
and molecular subtype and feasibility of complete
surgical resection. Parameningeal spread of tumor
suggests a worse prognosis. The 5-year survival
rates for embryonal and alveolar subtypes are
94% and 74%, respectively.®’

Langerhans cell histiocytosis

Langerhans cell histiocytosis (LCH) represents a
spectrum of disease ranging from benign unifocal
bone disease to more aggressive multisystem dis-
ease.®” Eosinophilic granuloma, the most localized
and benign form of LCH often presents as unifocal
bone disease with orbital bone involvement; the
lesion usually manifests in children (boys > girls)
younger than 4 years with proptosis, ptosis, ery-
thema, and enlarging palpebral fissures.>®

CT and MR imaging help delineate the extent of
disease and bony involvement. On CT, LCH typi-
cally appears as a well-defined, moderately to
markedly enhancing osteolytic soft-tissue mass.
Bony margins are characteristically sharply
defined with beveled edges (Fig. 24A).

On MR images, the soft-tissue component can
be heterogeneous or homogeneous on T1-
weighted images and hyperintense, isointense,
or hypointense relative to cerebral cortex on T2-
weighted images. Moderate to marked homoge-
neous or heterogeneous enhancement occurs.
MR imaging is the modality of choice for demon-
strating intracranial extension. The MR features
of LCH can simulate more aggressive sarcoma-
tous lesions or metastasis; however, the CT fea-
tures of LCH are usually characteristic (see
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Fig. 23. Embryonal rhabdomyosarcoma. A 4-year-old boy with right proptosis. (A) Axial T1-weighted (T1W) MR
image shows a mass (asterisk) along the medial aspect of the orbit, which is isointense to muscle. (B) Axial T2-
weighted MR image shows that the mass is hyperintense to muscle. (C) Axial fat-suppressed contrast-enhanced
T1W image demonstrates moderate tumoral enhancement. (D) Diffusion-weighted imaging shows that there
is decreased diffusivity within portions of the mass (asterisk). The lack of vascular flow voids distinguishes rhab-

domyosarcoma from hemangioma.

Fig. 24). In young children, the differential diag-
nosis includes other histiocytic tumors such as ju-
venile xanthogranuloma. Surgical resection of
isolated lesions is usually curative.

Leukemia
Chloroma (granulocytic sarcoma) represents the
most common form of acute myelogenous
leukemic involvement of the orbit."®8 These solid
tumors typically present in children with proptosis
and diplopia. These lesions may be bilateral in
contrast to RMS."®

On CT, chloroma presents as an irregular mass
of homogeneous density with poor contrast
enhancement and frequent lytic, permeative
bony erosion. On MR imaging, the lesion is isoin-
tense to muscle on T1- and T2-weighted images
with decreased diffusivity and variable, homoge-
neous enhancement (Fig. 25). In addition to chlor-
omas, orbital leukemia may result in optic nerve
infiltration; intraocular involvement of the choroid,
retina, or anterior chamber; and infiltration of
extraocular muscles. The differential diagnosis in-
cludes RMS, Iymphoma, and metastatic
neuroblastoma.

Treatment of chloroma is usually systemic
chemotherapy and bone marrow transplanta-
tion."® Leukemic infiltration of the optic nerve is a
medical emergency because of the potential for
permanent visual loss if left untreated. The treat-
ment in such cases is low-dose radiation therapy
often combined with intrathecal chemotherapy.'®

Lymphoma

Lymphoproliferative disease accounts for approx-
imately 10% of pediatric orbital tumors; lymphoid
hyperplasia accounts for 10% to 40% of the
lesions, whereas non-Hodgkin lymphoma ac-
counts for 60% to 90% of the lesions.®® Patients
typically present with gradual, painless progres-
sive proptosis.

On CT and MR imaging, lymphoma typically
presents as a mass resulting in associated
enlargement of the lacrimal glands or extraocular
muscles. Lymphoma is characteristically homoge-
neous on T2-weighted MR images and appears
isointense with white matter, with mild homoge-
neous contrast enhancement (Fig. 26). The differ-
ential diagnosis for a defined mass involving the
extraocular muscles is primarily RMS. However,
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Fig. 24. Langerhans cell histiocytosis (LCH). (A) Three-dimensional CT in a 5-year-old boy with supraorbital LCH
shows sharply marginated bony destruction with beveled edges. (B) Axial bone window CT in a 2-year-old boy
with LCH showing sharply marginated bony destruction of the lateral wall of right sphenoid bone (asterisk).
(C) Axial T2 STIR MR in a 4-year-old male with LCH shows a slightly heterogeneous mass that is isointense with
cortex eroding the lateral wall of the left orbit (asterisk). (D) Contrast-enhanced axial T1-weighted MR in the
same child shows that the mass enhances avidly (asterisk).

Fig. 25. Leukemia. A 3-year-old girl with prior history of acute myelogenous leukemia (AML) with recent right
nasal drainage and proptosis. (A) Axial diffusion-weighted imaging apparent diffusion coefficient map shows
a right sinonasal mass characterized by decreased diffusivity (asterisk). (B) Coronal fat-suppressed T2-weighted
(T2W) MR image reveals the homogeneous, hypointense tumor that is isointense with white matter. The sino-
nasal tumor erodes the medial and inferior walls of the right orbit. (C) Coronal contrast-enhanced fat-suppressed
T1-weighted image shows mild enhancement of the tumor. Chloroma was confirmed after biopsy. The homoge-
neous hypointensity on T2W image is indistinguishable from lymphoma.
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Fig. 26. Lymphoma. A 4-year-old boy with headache and vomiting. (A) Axial CT bone window reveals an erosive
sphenoethmoidal mass (asterisk) extending to the orbital apices. There is a permeative pattern of bony destruc-
tion in the sphenoid bone (arrow), consistent with an aggressive process. (B) Axial T2-weighted MR shows the
homogeneous and markedly hypointense tumor invading the cavernous sinuses and surrounding and compress-
ing the optic nerves (arrows). Biopsy revealed Burkitt lymphoma.

the differential diagnosis for lymphoma involving
the bony orbit also includes leukemia, other sar-
coma, and metastasis.

Malignant lymphoproliferative lesions confined
to the orbit are usually treated with radiation de-
pending on histologic type.

Neuroblastoma metastases

Neuroblastoma is the most common primary
childhood cancer to metastasize to the orbits.®°-¢"
The most common clinical presentation of orbital
neuroblastoma metastases is unilateral or bilateral
proptosis and periorbital or eyelid ecchymosis
(raccoon eyes) in a child younger than 2 years.%®

On CT, metastases appear as ill-defined, hyper-
dense, sometimes mineralized masses. There is
permeative, lytic destruction of bone (Fig. 27A),
sometimes with a characteristic spiculated perios-
teal reaction. On MR imaging, the lesions appear
isointense with cerebral cortex on T2-weighted im-
ages, with decreased diffusivity and heteroge-
neous or homogeneous contrast enhancement
(see Fig. 27B).

Treatment of metastatic neuroblastoma depends
on clinical features, histopathologic analyses, chro-
mosomal abnormalities, and expression of the N-
Myc oncogene.®®

Intraocular Neoplasms

Retinoblastoma
Retinoblastoma is the most common intraocular
malignancy of childhood, usually manifesting

before 5 years of age. Retinoblastomas are bilat-
eral in 40% of cases.? Trilateral retinoblastoma
(bilateral ocular tumors and a midline intracranial
neuroblastic tumor, typically pineal) and quadrilat-
eral retinoblastoma (bilateral ocular disease, pi-
neal and suprasellar tumors) may be present.®?
There are both heritable and nonheritable forms
of retinoblastoma.®? In the heritable form, the first
mutation is constitutional, whereas the second is
somatic, which causes early onset of bilateral or
multifocal tumors in most patients.®® These chil-
dren are at increased risk for the development of
other head and neck malignant tumors (eg, osteo-
genic sarcoma and RMS). In the nonheritable
form, both allelic mutations are somatic, resulting
in unilateral tumors with an older age of presenta-
tion than the heritable form.®®

Leukocoria, in which the normal red reflex of the
retina is replaced by yellowish-white light reflecting
off the tumor, occurs in 56% to 72% of patients with
retinoblastoma and is the most common initial pre-
senting sign. Other less common clinical manifes-
tations include decreased vision, anisocoria,
spontaneous hyphema, and heterochromia iridis.®?

Imaging plays an important role in confirming
the diagnosis of retinoblastoma and determining
staging. CT demonstrates a hyperattenuating
and typically calcified mass in the posterior globe
(Fig. 28A). The mass may extend into the vitreous
or subretinal space, sometimes resulting in retinal
detachment. The size of the globe is normal or
slightly enlarged.
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Fig. 27. Neuroblastoma. A 3-year-old boy with a headache. (A) Axial CT image showing lytic, permeative destruc-
tion of the sphenoid and ethmoid bones (asterisk). (B) Coronal contrast-enhanced fat-suppressed T1-weighted
MR image shows a large, expansile, enhancing sphenoid bone mass encircling the optic nerves (arrows). Although
the appearance on MR imaging could simulate a meningioma in an older child, the appearance is highly charac-
teristic of neuroblastoma in a child of this age. The tumor demonstrated metaiodobenzylguanidine (MIBG) avid-
ity (not shown) with a suprarenal primary neuroblastoma.

Fig. 28. Retinoblastoma (RB). (A) Axial contrast-enhanced CT in a 17-month-old girl with leukocoria. Calcified
masses are demonstrated within the globes bilaterally consistent with RB. On the left, there is abnormal density
and enhancement due to extension of tumor along the optic nerve. (B) Axial contrast-enhanced fat-suppressed
T1-weighted MR image shows that the right ocular tumor (arrow) is associated with retinal detachment (asterisk).
There is extensive enhancement around and within (arrowhead) the left optic nerve due to invasion by tumor. (C)
Axial T2 SPACE MR image showing bilateral RB in a 30-month-old boy with the bilateral hypointense RB. The
smaller left RB (arrow) is well contrasted against the hyperintense vitreous. (D) Axial diffusion-weighted imaging
apparent diffusion coefficient map showing decreased diffusivity of a left RB (arrow) in a 3-month-old boy.
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Three-tesla MR imaging is the modality of
choice for evaluating patients with suspected or
known retinoblastoma and for surveillance for syn-
chronous and metachronous tumors of the CNS
and head and neck. Retinoblastoma approximates
the signal of gray matter on MR imaging, with the
tumor appearing hyperintense to vitreous on T1-
weighted images and hypointense to vitreous on
T2-weighted images, with decreased diffusivity
and contrast enhancement (see Fig. 28B-D). A
small percentage of retinoblastomas present with
a diffuse infiltrative pattern without a discrete
mass or calcifications; these can be challenging
to diagnose on imaging.®?

The differential diagnosis includes other
causes of leukocoria such as PHPV, Coats dis-
ease, toxocara endophthalmitis, and ROP (see
Box 1). PHPV, Coats disease, and toxocara en-
dophthalmitis typically lack calcifications early
in the disease. ROP can be bilateral and may
show calcification but is distinguished by a his-
tory of prematurity and microphthalmia (see
Fig. 14).

Treatment of retinoblastoma is complex and is
based on the size, location, and extent of tumor.
Small tumors are treated with cryoablation, laser
photocoagulation, chemotherapy, or plaque radia-
tion therapy.®? Larger tumors may be treated with
chemoreduction followed by surgical resection.
Tumors larger than half the globe are treated
with enucleation.

Medulloepithelioma

Medulloepithelioma (diktyoma or teratoneuroma)
is a rare embryonal neoplasm that arises from
the primitive medullary epithelium of the ciliary
body. The mean age of presentation of this tumor
is 5 years, with the most common presenting
symptoms being poor vision and pain.®?

On CT, medulloepithelioma appears as a dense
irregular mass arising from the ciliary body with
associated dystrophic calcifications seen in
approximately 30% of cases. On MR imaging, the
lesion is moderately hyperintense to vitreous on
T1-weighted images and hypointense on T2-
weighted images with moderate to marked
contrast enhancement. Tumor involving the ciliary
body should suggest the diagnosis; however, if tu-
mor arises from or spreads to the retina, histopath-
ologic examination may be required to differentiate
medulloepithelioma from retinoblastoma.

Treatment is usually enucleation to prevent local
recurrence; however, distant metastasis and mor-
tality are uncommon.

Optic pathway glioma

Optic pathway glioma has been covered in
another article elsewhere in this issue by Tanti-
wongkosi and colleagues and is not discussed
again in this section.

Papilledema and pseudopapilledema
Papilledema, defined as optic disc swelling, often
occurs as a result of raised intracranial pressure

Fig. 29. Papilledema and drusen. (A) A 3-year-old boy with exotropia, myopia, and papilledema. (A) Axial
3-dimensional T2 SPACE MR image shows elevation of the optic papillae bilaterally (arrows). Mildly abnormal
contour of the globes may be attributable to myopia with early staphyloma. No intracranial mass, hydrocephalus,
or other cause for papilledema was seen. Lumbar puncture confirmed elevated opening pressure consistent with
idiopathic intracranial hypertension. (B) Ultrasound image in an 18-year-old girl with suspected papilledema re-
veals an echogenic focus (arrow) at the optic papilla consistent with drusen.



from intracranial neoplasms, hemorrhage, idio-
pathic intracranial hypertension (pseudotumor
cerebri), venous sinus thrombosis, or hydrocepha-
lus.5+%° Papilledema is usually a bilateral condition,
although asymmetry may be seen on clinical exam-
ination. Imaging is indicated to evaluate the under-
lying cause. The modality of choice is MR imaging,
as it allows visualization of the entire optic pathway,
brain, and dural venous sinuses. MR imaging find-
ings suggestive of papilledema include enlarge-
ment of the optic nerve sheaths, flattening of the
posterior sclera, protrusion of the optic discs into
the vitreous humor, and tortuosity of the optic
nerves (Fig. 29A). Beyond evaluation of the optic
pathways, MR imaging and MRV of the brain
should be performed, with contrast as indicated,
to evaluate for the various causes of papilledema.
Pseudopapilledema like papilledema may pre-
sent with optic disc swelling but unlike papilledema
is not associated with raised intracranial pressure
and is typically a normal physiologic variation or
secondary to causes such as Down syndrome,
high hyperopia, or optic disc drusen.®* Drusen usu-
ally presents with intraocular calcifications; when
located at the optic nerve head, bulky drusen may
mimic papilledema on fundoscopy and on thin-
section, high-resolution T2-weighted MR images.
In such patients, ocular US demonstrates the char-
acteristic echogenic, mineralized focus at the optic
papilla (see Fig. 29B), appearing as punctate
increased density at the optic papilla on CT.

SUMMARY

This article discusses a wide spectrum of pediatric
orbital diseases commonly encountered in clinical
practice. By understanding the clinical presenta-
tion and characteristic imaging characteristics of
pediatric ophthalmic disease, a narrow differential
diagnosis can be formulated and appropriate
timely management can be initiated.
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